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ABSTRACT »

A microcomputer based image processing and display system was
constructed, consisting of an Intel 8080 microcomputer development system,
a 128 kilobyte memory, a colour television monitor, and an image display
controller and interface. This display system was used to compare images
from airport surveillance radar and meteorological satellites. The main
purpose of the comparison was to detect and classify hazards to aircraft,
particularly weather and migratory birds. The image display system is a
relatively inexpensive means of performing basic processing of images for
a variety of applications. .

Data from the Winnipeg airport radar and from the NOAA 5 meteoro-
logical satellite, of the same area, was simultaneously obtained during
May 1978, the time of the bird migration. The two images were geometri-
cally transformed into the same map projection and then compared. It was
found that some clouds were common to both images, but many were not.
Birds, on the other hand, are only detected by the radar. More data needs
to be Eollected and analyzed, under different weather conditions and the

radar optimized for detecting clouds.
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CHAPTER 1

1.1 P‘ROBLEM

Airport surveillance radar is a major instrument for monitoring
and controlling air traffig in the vicinity of airports. 'The most
serious hazard to aircraft is one of collisions with other aircraft.
The major tasic surveillance radar 'perf‘onns is to detect aircraft and
plot their‘positions in real time. Navigational equipment'. other than
radar, has been d2veloped for determining positions of aircraft for
guiding the aircraft to its destination and avoiding collision with
other aircraft, particularly ’important when the aircraft is out of range

of radar. N
Y ]

Ot’her hazards to aircraft are weather and migratory birds. These
hazards .can also be detected by radar, although they are often not
detectqd. When they are detected, the hazard may not be recognized.
Identifying these targets 1is often difficult since their sﬁatistieal
nature has a large degree of variability. The problem is further
éanplgicated by the fact t}gat airport redar is optimized for detecting
aireraft and suppressing other objects such ‘as weather and birds.

The\ problem has been generally addressed with radar signal
processing techniques. A;iother approach to the problem is through the
methods of remote’ sensing. Remote sensing, of which radar is "ope
technique, is the detection, classification, identification and
measurement of objec‘ts generally through the use of elechrom;ngnetic

rediation, Radar uses microwave rediation in the active ,mode for

E ’
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observation of the air-space around an airport. The success of many
remote densing projects and investigations (sdch as earth resources
satellites) is largely due to the "multispectral™ aspect, Imaging
sensors operate on more than one spectral region, since observing
several spectral bands contains more information than one. Due to the
availability of meteorological satellite data, images were compared to
corresponding radar images. It is hoped that they will supply
information, hot found in the radar signals, which will aid in

identifying radar echoes.,

1.2 CQRRENT TECHNIQUES IN RADAR

Airport surveillance radar installations generally use
c?nventional processing and display techniques. A plan position
k;hdicator (PPI) is a large, long-pgrsistence CRT which plots the radar
signals in a ‘map form, where azimuth and range of - the target can be
determined. Since aircraft are the primary targets, the received signal
is processed to enhance the aircraft signals. This 1is done largely
through a moving target indicator (MTI) f}lter which passes signals with
a Doppler shift, elimindting stationary targets such as ground terrain.
The major problem with MTI is its blind spots, where a fast moving
target in a tangental direction to the radar Qeam has ho radial
velocity and hence is eliminated™by the MTI filter. There is a growing
interest in weather and birdlolutter. both hazards to aircraft. These
types of targets are difficult to detect and identify ;n~éaﬁparison to
aircraft since they are slower, weaker and less deffned targets than
aircraft.

Weather and bird clutter are often indistinguishable from ground

& T



clutter and are often filtered out by the MTI. These hazards are more
important at close range where unfortunately the ground clutter is the
worst,

On low dynamic range displays, such as PPI displays, weaker and
less reflective weather and bird targets often appear dim, despite
clipping and logarithmic amplitude compression. The only advantage a
distributed target, such as weather, has over point targets, such as
aircraft, is that the received signal from a distributed target has a
power which is proportional to 1/R2. Point targets conform to a 1/Ru
relationship.

With increasing emphasis on these hazerds, many efforts are
directed towards radar signal processing in orde;bto analyze the signals
and determineif they contains such targets, Signals known to contain
varioﬁs classes of targets must be analyzed in order to determine the
characteristics of each type of target that separate and identify it
from the rest. Haykin and Carter [3) sumarize known characteristics of
bird Q;d weather élutter. One important amplitude signature of birds is
the "wingbeat" modulation. Bird echoes often are non-uniform spatially,
having a granular pattern., Spectral analysis of the baseband signals,
using the Maximum Entropy Method , may offer success. Radar signal
processing is difficult due to the high sampling rate required and the

fact that the characteristics of the targets to be detected are not well

defined,

1.3 CAPABILITIES OF SATELLITE REMOTE SENSING

Earth satellites probably have had the greatest impact on the

i

science of remote sensing! particularly since the Earth Resources
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Technology Sa‘tellite (ERTS~1) was launched in 1972, Orbit‘i'ng imaging
\sate/llites have proven to h;ve considerable advantages over aircraft.
Satellites\ offer a continuously op;arating system which can cover the
entire earth in a little as half a day, where the satellite can scan the
earth in sections up to 3200 km. wide. Imaging satellites have a wide
range of ground resolution available, from a resolution of 10 km. in
global meteorological satellites to a few meters in military
surveillance satellites., The main disadvantage of satel'lites is their
cost.

The science of remote sensing makes the use of electromagnetic
radiation emitted from objects of interest in order to detect them and
gather information about them. In the passive mode, radiation is
emitted or reflected where the original source of energy is the sun. 1In
the active mode, the source of energy is the satellite, such as
side~looking radar satellites, A problem with remote sensing system is
the great amount of data available. Although a scene may have an almost
infinite number of resolution cells, the resolution is limited to suit
the requirements of the applicaation and to aljlow : reasonable area of
coverage. In general, higher resolution scen2s have a smaller region of
coverage. Hence the principle of the "close-up" 1is employed. In
addition, each resolution cell has a characteristic wavelength spectr\un.
It *is the spectral characteristic which provides a great deal of inform-
ation and forms most of the basis of remote sensing. The colour c;f an
object only represents the visible spectrum. To fulfill the need for
spectral analysis, satellites have mul tichannel imaging sensors, which

produce images with different spectral bands. Again, the information

has been limited to a practical emount. The sensors only samble small



regions of a large spectrum or they can sample the spectrum with wide
sensor windows. A typical earth resource satellite contains five
sensors in different spectral regions, usually in the visible and
infrared regions.

Of particular interest are the meteorological satellites. The
use of these satellites is the most widespread of any remote sensing
systems, Meteorological satellites have been in use since 1960 on an
experimental basis and since 1965 on a daily operational basis.
Continuous operational systems are important since weather systems are
very dynamic in contrast to natural land and water resources which
change with the seasons. ERTS-I, primarily concerned with natural
resources, provided coverage of a given area on the earth's surface
every 18 days. ERTS images are 185 km. square with a resolution of
100m. Meteorological satellites cover a much larger area, but with a
lower resolution of the order of 1 km, These satellites are primarily
concerned with weather systems. Since weather systems are very dynamic
with mechanisms too complex for accurate analysis and prediction, high
resolution data provides 1little useful information on a day-to-day
basis.

‘Two spectral channels are of prime concern; the visible and
infrared channels, The visible image simplyshows the physical cloud
structure, The infrared image allows temperature measurement of ground
and cloud temperature. Infrared "light" allows night-time visibility
since temperature is correlated with optical reflectivity. <Clouds with
a much higher brightness than land are also colder. If the infrared
imege represents temperature with grey levels, with white corresponding

to cold and black corresponding to warm temperatures, the infrared image



has a very close resemblance to the visual image.

Recent developments in remote sensing have expanded experimental
and operational satellite observation of other aspects of meteorology
(43. These include vertical temperature profiles, atmospheric
composition of carbon dioxide, ozone and water vapour, wind flelds,
precipitation estimation, and ice pack structure. With respect to
radar, important aspects of remote sensing are precipitation detection
and measuremenp, moisture and water vapour, vertical temperature

—

profiles and atmospheric turbulence measu;gmentf//

1.4 RADAR AND SATELLITE IMAGERY COMPARISONS IN METEOROLOGY

sThere have been many investigations involving satellite imagery
and radar. The purpose of most of these investigations was to attempt
to .estimate rainfall- from satellite imagery, particularly in
thunderstorms.

Woodley and 3ancho [5] used 10 cm. meteorological radar to
measure rainfall rate, A previous study determined the radar
reflectivity-rainfall ‘equation. The precipitation echoes were
superimposed on ATS-3 satellite photographs of the southern Florida
area. ATS-3 (Appplicatiéns Technology Satellite-3) is a geosynchronous
satellite in orbit over eastern South Americawith a spin-scan imaging
system, producing visual full-disc images of the earth (Western
hemisphere), The processing of the images was largely optical. The
radar display presented Eontoured echoes. The sétellite photograph was
brightness-contoured with a coléur densitometer. It is interesting to
note that these optlical processing methods were considered superior to

the laborious and expensive computer enhancement procedures, at the time
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this study wa;s done (1970). Slides of the densitometer scope were then
projected over a map and the projection was adjusted for best fit.
Despite problems of calibration and brightness normalization, the
results were encouraging on at least a qualitative basis, Radar cloud
echoes corresponded to brighter cloud masses, Bright clon masses
produced echoes since the water vapour density 1is high, often producing

v

precipitation, In general, small, bright $cloud masses (young active
.y

thunderstorm systems) had the same area ag the radar echoes from the
same clouds. In the case of extensive cloud masses (decaying storms
systems with cirrus cloud canopy), the echoes were much less correlated.

Martin and Suomi [6] perf‘o‘rmed a similar study. They also
confirmed that bright cloud masses, with deep convection, corresponded
to radar echoes, particularly large echoes. Small echoes corresponded
with small, isolated clouds to such a high degree that they were used for
radar and satellite image alignment. A major problem was distortion and
scaling errors in the optical processing, and also ATS navigation error
and radar azimuth error. It was also found that timing differences
between the radar and satellite data collection greater than 5 minutes
produced sizeable changes in the cloud structure, particularly active
ones. Despite distortions, radar echoes and clouds were compared over
limited sections of the image. |

Blaclkmer [9] conducted a study wusing Defense Meteorological
Satellites (DMSP) and weather radar.\_A’g}v{ the purpose of the study was
to show how visual cloud brightness and thermal IR radiance indicated
the presence and intensity of precipitation. DMSP .satellites provided a

much higher resolution (.5 km,) than ATS. Hand analysis and computer

processing was performed on the digitized radar and satellite data. A
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major problem was determining the geographical location of image‘points.
The data was printed out as a matrix of intensity values.

From these, cloud contours are drawn, B-scan radar data was used
since it was felt that scan conversions introduced distortion in the
radar data. To minimize co-ordinate transformations, the satellite data
was averaged over neighbouring points. This study showed a fairly good
relationship between cloud radiance and brightness , where radiance is
directly proportional to.brightness. High radiance values correspond to
low temperatures. Because of this relationship, IR images can well
approximate visual images, particularly for night-time purposes. It
must be recognized that extensive high cirrus clouds associated with a
storm complex may obscure the underlying precipitating clouds. It was
concluded that cloud brightness and radiance do provide information on
precipitation distribution although there are exceptions to the rule.

Precipitation intensity generally increases with cloud size up to a

-

limit. In very large complexes, cloud brightness and radiance may be
constant but the precipitation may be more localized. Another problem .
was' that satellite data was only available in the morning, when storm
systems were not developed. The study recommended that
three-dimensional radar data and satellite microwave radiometers would
give a much better indication of cloud water content. )
Griffith [10] made a study to estimate rainfall froJ
geosynchronous satellite imagery, again using ATS-3. Although
raingauges would give an accurate measurement of rainfall, radar
(S-band) was used since it can give a fairly accurate measurement of

rainfall. The radar was calibrated from a previous study relating echo

intensity with raingauge measurements. Again, convective systems were



studied. A densitometer was used to digitize photographs. A TV camera
is aimed at the photograph and video processing translates photograph
density into a colour coding scheme, Chosing a cloud brightness
threshold value above which produced radar echoes was a problem,
although this study showed that the greater the maximum cloud brightness
was, a greater percentage of clouds had echoes. This relationship was
found to be time dependent, in the life cycle of cloud systems. Maximum
_cloud size occured after maximum echo size and the echoes were smaller
and lasted a shorter period than what was visible from.the satellite.
The results were favourable, with satellipe measurements over at least 5

hours were within a factor of 1.5 of radar and raingauge measurements.

1.5 A NEW APPROACH

The major problem in previous approaches was that the amount of
data was very large and much of it was not handled through computer
techniques but rather stand alone densitometers were used “f‘or
enchancement. If computers were used, a major problem was the lack of
convenient display devices. The ideal way of processing ithe data is to
use digital techniques throughout, from the raw satellite and radar data
to final figures and displays. Computer processing allows various
techniques to be applied to large amounts of data not possible by hand.
Although computer techniques and imege displays are available, they are
generally limited to larger, expensive and less accessible systems.

A small system was developed which included a microcomputer and
an imege display. This allowed extreme flexibility in processing and
disp}aying imege data, yet <;ou1d be used for a task previously not

possible due to cost restraints,



CHAPTER 2

2.1  CURRENT TECHNOLOGY IN IMAGE DISPLAYS

2.1.1 Commercial Display Systems

In 1978, there was a very substantial increase in commercially
available image display systems, utilizing a standard colour or black
and white television monitor and a large (32 kilob*ytes or larger) memory
for screen refresh. Image display systems are becoming popular due. to
the large reduction in solid state memory cost and increasing density
and speed of RAM devices, Manufacturers offering such display systems
include Ramtek Corp., Llexidata Corp., and Norpak Ltd.

Manufacturers have a wide variety of features and options for
their display systems. A very large percentage of image and graphie
display systems are microprocessor-based. Although these systems are
often interfaced with a host minicomputer, the internal microprocessor
performs various functions in manipulating the image data. Image
displays are available in a wide variety of picture element density and
number of bits (colours) per element, depending on the application and
allowable cost. The range of application fo;~ image display Systems 1is
unlimited, the more notable applications are in the areas of medicine
(e.g. tomography) and remobe sensing (e.g. satellite imagery). 1Image
display and graphic display systems must be differentiated.

Graphic displays are more widespread in use, particularly for
computer outputs. Typically, graphic displays are used for drawing
single colour lines (straight or curved) with overlay characters and
symbols on a colour background. A given line, character and background

may be one of a set of available colours. Since each display element
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has few number of bits assigned to it, the total number of elements is
usually large. A good density (resolution) would be 1024 x 1024
horizontal and vertical elements, A graphics display is more
complicated than just a simple array of picture elements, each with a
certain number of data bits. Instead, the data for a graphics display
is usually "compressed"”. For example, a line is specified by its colour
and its start and end points (i.e. a vector) rather than being specified
element by element. An entire'character consisting of many elements
only requires colour, position, size and character code to be specified.
In other words. the information for a graphics display is coded. Hence
a graphics display requires considerably less memory capacity than an
image display of the same element density. The simplest display is a
basic matrix of picture elements, essentially a one bit per element
image display.

Image displays require much more memory due to the random nature
of the data and many colours or levels per element. A minimum element
density is generally considered to be 256 x 256 elements, with 4 bits
per element or 16 levels or colours. At a density of 512 x 512, the
fdigitization effect” is almost invisible, 1024 x 1024 elements produce
a superb quality image with up to 4096 colours.

Typical display functions available include vertical and
horizontal scrolling and scaling, programmable grey level and colour
translation tables, character and symbol generation, vector drawing and
cursor functions. A user can control these functions using high-level
language type commands for interactive processing. Standard Fortran
programs for the host computer used for data acquisition and analysis

can be linked to the display controller for output purposes. Although
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some displays are a sequential write-only device, many have randomly
accessible memory. The memory used for display refresh can also be used
as read/write data memory for processing purposes, Data may be
transferred sequentially using a serlal interface or DMA (direct memory
access),

Since many data bits are required to represent the large number
of colours distinguishable by the human eye, display systems often have
a restricted set of displayable colours, but this set of colours may be
reprogramed using colour and level translation tables. For example, a
display system may offer 4096 colours (Lexidata 6400) per element, but
these 4096 colours are chosen as a subset of 22u - 1 possible colours,
A colour translatio; table inputs a given colowr code word (as an
address) and produces 3 data output words, each of which produce a red,
green, or blue video signal through a digital to analogue converter.
Hence, each colour code word is "mapped" onto a corresponding colour in

an arbitrary fashion defined by the translation table,

2.1.2 Special Systems

Due to the wide variety of image processing and display systems,
there are many specially designed systems in use, of varying degrees of
complexity. A problem in image processing is the large amount of data
to be processed, sometimes by complex algorithms. When the constraint
of real time processing is included, very powerful and fast processors
are required. For this purpose, array and parallel proéessors have been
developed. Consider an image with an array of 512 x 512 elements with a
refresh rate of 30 Hz., The real time data rate 15 about 8 MHz. As a

result, most imédge processing is not done in real time. Early efforts
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in image processing, even using large computers, required hours or days
of computer time, A desirable yet achlievable approach is that of
interactive processing, where an operator controls the processing and
makes judgements on what i{s to be done next, on the basis of previous
results, A maximum turn-around time for interactive ilmage processing is
considered to be about 1 minute. One example of a facility is at the
U.S. Army Engineer Topographic Laboratories. Here, the Digital Image
Analysis Laboratory consists of a PDP 11/50 minicomputer, a CDC 6400

-

extended core computer and a PDP 11/20 interfaced with a Staran array
processor, In addition, there is a wide variety of peripherals such as ;

tape drives, terminals, displays, disks, etc. .

The Staran array processor is designed for extremely fast image
processing, being at least an order of magnitude faster than a CDC 6400
computer. It consists of sev_eral array modules and a main control unit
and memory. Each array module has a multi-dimensional memory (256 of
256-bit words), a pgrmutation network and 256 processing elements. 2‘ﬁl\n
N-point fast Fourier transform can be performed in log2 N steps. What
the Staran can process in 2 seconds requires 1552 seconds for the HP3000
computer, The Staran performs basic image processing algorithms such as
spatial warp, magnification, convolution, spatial filtering; all basic
enhancement techniques as well as pattern recognition and
classification,

For exgple. if an imzge is to be deblurred, the operator can
try various filters based on previous experience. He can try several
filters on an interactive basis, with a fast turn-around rate.

Another application of image processing is in astronomy, us.ing

similar facilities described previously. One rather unique problem in
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astronomy is the enormous dynamic range of modern photon detectors with
image intensifiers, requiring more than 12 bits of data for each sample.
18 bits are required for representation in linear form. The raw data is
input in 20-bit words format. Filtering operations produce more bits of
signifiocghce than the input data and the precision must be preserved.
In typical applications, a 20-bit 256-square RAM i3 used. One notable
application of processing is restoration and deblurring of images which
were blurred by étmospheric turbulence, S

Many scientific image processing requirements are very demand;ng
of processor performance. Very large scale integration will make large
improvements in memory devices and make array processors more powerful
and less expensive and hence available to a larger number of

applications and users.

2.2  GENERAL SYSTEM QVERVIEW

The basis of the system used in the satellite radar study was an
Intellec MDS-800 development system, which uses the 8080 microprocessor
for the CPU, Tne MDS-800 unit is a microcomputer, complete with CPU, 16
kilobytes of dynamic RAM, a 2 kilobyte ROM monitor, peripheral
interfaces and power supply. The Intellec MDS chassis and motherboard
provide the housing and interconnection for up to 18 ci;cuit cards. The
circuit cards plug into the motherboard using 86-pin connectors,
.which supplies DC power and signal lines, The Intellec MDS is capable
of considerable expansion. As well as additional RAM, ROM and I/0, the
system is capable of supporting multi-processors and a 16-bit data bus.

Fig. 2,1 shows the system block diagram,

-

. et i e s o -
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The present Intellec MDS system uses an ASR-33 Teletype as the
main console device for command and program entry. Programs (both
system and user-orientated) are stored on paper tape, which are read in

using the high-speed paper tape reader. The remaining basic peripheral

unit is a Universal Prom Programmer, which can program a variety of

PROM's and EPROM's.

Software development 1is done mainly in 8080 assembly language.
Although Intel-supplied text editor and assembler are avaixgble, a much
more useful package is the IMSAI 8080 Self-contained system, This is a
complete text editor rand assembler package which occupies only 4 kilo-
bytes of RAM for object code. Although it only has simple commands, its
. usefulness and power is due to the fact that programs can be
interactively written and debugggd in assembly langqage very quickly.
The program is entered and edit;d using the text editor. The text
editor stores the sourée text in a RAM buffer. The program is then
aséembled into object code. The assembler read the source code from the
text buffer and converts it into abﬁglute object code which is written

%
into RAﬁ with the address speéified by the user. Due to this
"self-contained" concept, the assembly is essentially instantaneous.
The program can then be run and tested, normally using the Intel ROM
monitor. Errors are quickly‘corrected by text editing and re-assembly.
The main disadvantage of this type of operating system is that program
size is limited by available RAM and 1is very vulgerable to program
"erashes". Hence a new program should be checked-out very carefully the
first time it is run, particularly with respect to memory write

instructions, stack operation béiancing, and iterative loops. For

typical user programs, 16-K of RAM is normally sufficient.

i
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For programs numerically orientated, which do not require fast
execution, a'Basic interpretive language is available. It is simple to
use and is an ideal high level language for microcomputers, also being
extremely popular. In many respects, Basic is superior to Fortran, The
particular Basic language used on this microcomputer system can access
"particular memory locations and 1/0 ports directly as program
statements. The main disadvantage of Basic is its slow execution speed.
Appendix 1 contains a descr‘iption of’operating the assemﬁler/editor and
Appendix 2 describes the use of Basiec. ’

—_~—

The Intellec MDS system has been expanded to include an image
_display system as shown in Fig. 2.2. The interface and display board
has two main functions. First, it interfaces the 128 kilobyte image
memory to the colour television monitor by providing screen refresh data
from the image memory. Second, it allows the microcomputer to access
the image memory. The colour display has a 256 square matrix of
elements, with each element having 16 discrete grey leve-ls or colours,
The remaining 3/4 image memory capacity is not used for direct display
purposes but is used for workspace and image storage, as so many image
processing algorithms require additional storage« beyond the image
itself.

The remaining peripherals and interfaces deal with data
acquisition and mass storzge. For mass storage purposes, magnetic ta(q\e
is used. Although cassette recorder interfaces are common with micro;-
computers, they are too slow for storing image data. Instead, a medium
or high performance audio open reel recorder is used. The data transfer

.

rate is 9600 baud, which provides a minimum reasonable data transfer

rate of 873 byteé/sec. At this. rate, .a simple 256 x 256 i-bit display
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image <;an be read and written in 38 sec., while the entire 128-K RAM can
be transferred in 150 sec. The data format is 9600 baud asynchronous
serial data, with 8 data bits and two stop bits, The recording
technique is phase-encoding, a very widely used commercial technique,
It is reliable and simple to implement. At 9600 baud, the bandwidth
requirement is 19.2 KHz., easily achievable oh an open reel recorder. A
significant advantage of phase-encoding over other standard techniques
(such as NRZI) is that no modifications are required to the r.ecorder.
The phase-encoded signals are routed through the normal audio inputs and
outputs, In contrast to commercial saturation recording, normal
analogue recording 1is used, which achieves sufficient performance and
reliability. On a good quality recorder, no pre- or post-equalization
is reqﬁ:ired. Al though phase-encoding is a synchronous, self-clocking
technique, the data format is asynchronous in order to maintain
compatibility with standard serial interfaces, such as the one:'in the
Intellec MDS system. Here a UART is used, which is controlled, written
'and read by the CPU. Without hardware changes, the 2400 baud CRT serial
interface in 4he MDS system is changed, under software control, to a
9600 baud serial rate. The serial data lines are connected to the
recorder via‘ the tape interference unit (it may be conceptually
considered as a mode;n).

Radar data is recorded in two forms; on video magnetic tape and
on PPI display photographs. The image processing system can acquire
data from both sources. The real-time rate analogue data from the video
recorder 18 too fast for the CPU to handle directly. Instead, the
digitized video data is transferred to the image memory using DMA. The

memory control signals and memory address are supplied by the wvwideo

PV ST
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recorder interface unit. The video recorder has available video, ACP,
ARP, and system trigger signals. 'The memoryhdata is supplied by an A/D
converter, The present format consists of an entire radar sweep, with
2048 scans and 128 samples per scan, Each sample has a 4-bit code and
hence there are 262, 144 samples take% for one sweep, filling the entire
image memory.

Data in the form of photographs can be digitized using an
opto-mechanical scanner, often referred to as a facsimile transmitter.
This device has a rotating drum (180 RPM), to which a photograph is
attached. The drum is slowly, laterally-fed, which produces a raster
scan on the photograph. A high-intensity lamp with beam forming optics,
focuses a bright spot of light on the drum. The reflected light is
focused onto a pin-hole aperture which selects a small resolution cell
to be "seen"™ by a phototube. The video from the phototube is amplified
and low-pass filtered before A/D conversion. The data is then read in
by the computer. Normally a photograph is digitized to 2566 x 256

elements, each element/with a 4-bit code.

2.3 IMAGE DISPLAY HARDWARE

2.3.1 Introduction

The display format chosen was a 256 x 256 element matrix, with
each element having a 4-bit code. This format is generally considered a
minimum resolution display for image purposes. This was found
sufficient for most purposes. In order to present a flicker-free,
stable image, the TV screen must be continuously updated or refreshed.
In accordance with television standards, the entire display memory

(65,536 elements) must be scanned through 60 times per second. This
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{
means that consecutive memory locations must be read every 250 n sec.

Since “;ne minimum cycle time of the memory unit is 450 n sec., two
piciu%e elements (pixels) are read at a time. An 8-bit memory byte will
pontain two pixels. The 8-bit data is de-multiplexed into two U-bit
words. The first memory location is "mapped" onto the upper-left corner
of the display'and the last memory location corresponds to the
lower-right—-corner.

To display the image in black and white mode, thp 4-bit pixels
produce the TV video signal by a H4-bit D/A converter, A binary code of
0 produces a fully black display pixel and a code of 15 produces a full
white pixel, with equal increments of intensity in between. When the TV
display is switched to colour mode, it requires 3 video signals
corresponding to the 3 primary colours: red, green, and blue. Here,
three D/A converters are used, Almost any colour, as perceived by the
human eye, can be produced by appropriate combinations of red, green,
and blue video levels. White, for example, is produced by all 3 video
signals at maximum level. It is important to realize that, to the human
eye, twp colours may appear identical even though the wavelength spectra
of the two sources may be completely different., To the human eye, a
source appears "white"™ whether it is a continuous wavelength source
("flat" spectrum) or three monochromatic red, green and blue sources
adding together.

Each colour has 3 dimensions; luminance (brightness), hue
(tint), and saturation (purity). In order to display an image in black
and white format, at least 16 levels of brightness are required so that
the quantization or contouring effect ;g not objectionable. In colour

format, the minimum number of bits in a code word is considerably
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greater, at least 12, Since the impgge display system is not designed
for high-quality colour viewing but rather pseudo-colour display of
remote-sensing data of limited resolution, 4 bits per pixel or 16
colours is sufficient. The colour set chosen to correspond to the 16
binary codes 1is shown in Fig. 2.3. It consists mainly of fully
saturated colours (with the exception of pink) in addition to blafk and
white. The colours are arranged in mainly spectral order as shown in
Table 2.1. The coiours make a fairly sneg&h transition frgm one end of
the scale to the other, yet are far apart .if they are plotted on a CIE
Chromaticy Diagram, In other wprds, each colour 1is easily
distinguishable from the next yet the human observer can easily
associate a colour with, for example, a signal intensity, temperature,
or other physical quantities. One advantage of using colours which are

fully saturated is that they are easier to photograph, being less

ceritical to exposure time, aperture, or film qualities.

Binary colour code Display colour
0000 black
0001 purple
0010 violet
0011 dark blue
0100 blue
0101 cyan
0110 green
01N green-yellow
1000 yellow-green
1001 yellow
1010 orange
101 red-orange
1100 red
1101 magenta
1110 light-pink
111 white

Table 2.1 Display colour-coding
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2.3.2 Address and Data Formatting

For image processing applications, a major limitation of most
8-bit microprocessors (and many minicomputers) 1is their 64 K-byte
address space, as the case for the 8080. A simple, straightforward
addressing scheme was chosen, common to many commercially available
image display systems. The x,y image co-ordinate is selected through 2,
8-bit output ports, a total of 16 bits or 64 K-bytes., The ordinary CPU
address bus (16 bits as well) 1is used for its normal purpose .of
addressing internal RAM and ROM. It must be remembered that the image
RAM is external to the microcomputer (a peripheral device) and is not
used for storing or executing program code., The two port addressing
scheme is ideal for matrix or image operations using a 256 by 256 array,
although is much slower than using the normal register-indirect
addressing scheme., 1If the data is not of a two dimensional nature or
does not require much storage (e.g. lookup tables), the internal RAM is
more desirable;

The imagé display RAM is actually two independent 64-K byte RAM
units, @hich will be called channels (channel 0 and channel 1). For
simplicity, the address lines have been made common. However, the data
lines are separate. . In order for the microcomputer to read or write to
memory, after setting-up the address, an input and output port is used,
transferring 8 bit data. In order to select which channel is used, a
fourth output port is Q\ed. This serves as a control port, providing
several functions, as sbown in Table 2.2. Table 2.3 is a simple

\

assemﬁly language program for filling the entire memory with a constant.

PR
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.
Port Function
80H output b0 unassigned

b1 unassigned

b2 0 = chan 0, 1 = chan 1

b3 1 = select chan 0 after write

b4 1 = select chan 1 after read

b5 1 = increment address after write

b6 1 = increment address after read

b7 unassigned
81 output High-order address (Y co-ordinate or row #)
82  output Lo-order address (X co-ordinate or column #)

83 input and output 8-bit data read and write
Table 2.2 1/0 Port Functions

Since the output ports are latched, the control and address lines
remain constant until a new output instruction 1is executed. Hence
address or control output is only necessary when changes are required.

The image display uses the lower U bits'(b0~b3) of memory data
in channel 0, The upper 4 bits of channel 0 and all of channel 1 are
"invigible®, Two Iimages may be stored in channel 0, each occupying

lower and upper byte halves, one being displayed and the other not.

-

2.3.3 Memory Cycle Sharing

The memory ﬁ? cycled near its maximum rate (450 n sec.,). If the’
microcomputer requires a memory access, it "steals" a memory cycle from
the display refresh operation, although the display address counter for
the mepory remains running. The memory address switches from the

comnter to the two output ports of the microcomputer for this one cyecle.



3000
3000
0000
0080
0083
0081

oog2
0006
3000
3000
3003
3006
3008
3009
3008
300C
300E
3010
3012
3015
3017
3019
301C
301D
3020
3021

3024
3027
3027
3028
302a
302C
302D
302E

31803E
210000
0EOO
7C
D384
7D
D382
3E00
D380
CDh2730
3EO04
D380
€CD2730
2C
€20B30
24
c20830
CD0000

79
D383
DB8 3
B9
c8
76

Table 2.3

0000
0001
0010
0020
0030
0040
0050
0055
0060
0100
0110
0120
0130
0140
0150
0160
0170
0171
0172
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
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*PROGRAM T@ FILL RAM WITH CONSTANT
*AND DETECT MEM@RY READ/WRITE ERROGRS

CANST EQU O 3 CLEAR MEM@RY
CTRL EQU 80H 3 CONTRAL PORT
DATA EQU 83H $DATA 176 PORT
HIADR EQU 81!H 3HI (Y) ADDRESS
LOADR EQU 82H ;L@ (X) ADDRESS
SP EQU 6
GRG 3000H 3 SET @BJECT CODE ADDRESS
LX! SP, 3EBOH 3 SET STACK
LX! H,0 3 SET Y,X=0,0
MVI C,CONST 3 SET C=CONST
BUTER:MGV A, H 3 SET HI ADDRESS
8UT HIADR
INNER:MOV A,L ; SET L@ ADDRESS
GUT LOADR
MVI A,O 3 CHAN 0 MODE
@UT CTRL
CALL SUB
MVI A, 4 3 CHAN | M@DE
@UT CTRL
, CALL SUB
INR L 3X=X+1
JNZ INNER 3 TEST FOR END OF LINE
INR H 3NEXT ROV
JNZ @QUTER 3MUST SET L@®&H! ADDRESS
CALL O 3 RETURN TG ROM MONI T@R
* SUBRBUTINE
SUB: M@V A,C SJWRITE CONST T2 RAM
@UT DATA .
IN DATA 5 READ BACK
CMP C~ 3 READ SAME AS WRITTEN?
RZ JRETURN IF @K
HLT 3HALT 6N ERROR

Example Assembly Language Program
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2.3.4 Image Memory Interfacing

The image memory is a 128 kilobyte static RAM unit manufactured
by Electronic Memories and Magnetics Corporation; the Microram 3400N.
This is a self-contained unit with a housing, power supply and cooling
fans. The memory capacity can be expanded to 256 kilobytes by adding
two more circuit cards. It utilizes 5220-B 4K x 1 static RAM's. For
maximum flexibility, the memory is arranged as two independent 64
kilobyte units or channels. Each channel is arranged as 32,384 words by
18 bits. In normal computer memory applications, only 16 bits are used
for data and the remaining bits are used for parity and memory write
protect indicator. For the image memory system, the remaining 2 bits
are unused which has proven useful for correcting failures. The unused

*

RAM IC's can be moved into a socket where a faulty RAM was located.
Since the memory is arranged as 32 K-words, there are 15 address lines.
All memory read operations result in a word being read to the 16 (or 18)
data output lines. In order to read a byte (8 bits), the two halves of
a word must be multiplexed into one byte. Hence, the multiplexer select
input serves as the 16th address bit when addressing the memory as 64
kilobytes. In the write mode, the two BCL inputs allow data to be
written in either or both halves of the data word. Hence, each half of
the word can operate independently of the other.

In order to maintain compatibility with TTL logic, an interface
unit is used Dbetween the memory unit and the main processor.
Connectors are mounted on the front panel for signal lines. 5 volt DC
power is supplied by the memory unit. In order to connect the interface

unit to the processor, the use of flat ribbon cable is recommended, with

.05 inch conductor spacing. Signal lines should alternate with ground
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lines. This allows good transmission of high speed logic signals. The
interface unit connect pin 1ist and front panel diagram is given in
Appendix 3, Also, a description of signal line functions is given.

Refer to the Microram manual for information on the memory unit.

2.3.5 Hardware Description

Fig. 2.3 shows the block diagram for the display and computer
interface har&ware. The sync and timing generator provide "synchroniza-
tion for the TV monitor, memory cycle pulses and refresh address update.
For computer interfacing, four output ports and one imput port is used.
The I/0 port hardware was duplicated from paré of the Intel I/0 module
logic, although the Intel I/0 module offers four input and four output
ports. A description is given in the Hardware Reference Manual, Chapter
g. Figs. 2.4, 2.5 and 2.6 show the 1/0 timing diagrams and block
diagram. The Intel Multibus has a constant clock, CCLK, sigmal and an
acknowledge line, XACK, independent of the normal CPU signals to allow
flexible asynchronous data transfer, Fig. 2.7 is the I/0 port decoding
logic and data transfer acknowledge generation. The Multibus signals

\\ar\e buffered with low power Schottky logic. The address decoder D1
generates port select signals SEL1 through SEL31 which enable I/0 ports
80 through 83 (hexadecimal). Table 2.4 describes the Multibus signal

functions, Fig. 2.8 shows P80-0, the control port and P83, the memory

dat&”eufput port (for memory write). P83 drives the 32 memory data

lings of both channels.

\
]

\' Fig. 2.9 is the logic for reading data from the memory. The 32
emojy'data output lines are multiplexed to 8 lines for the input port

P83J M1 through M4 select memory channel and byte half of the memory
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(COMPONENT SIDE) {CIRCUIT SIDE)
PIN MNEMONIC DESCRIPTION PIN MNEMONIC DESCRIPTION
1 GND Signal GND 2 GND Signal GND
3 VCC +5VDC 4 VCC +5VDC
POWER 5 vCC +5VDC 6 vCC +5VDC
SUPPLIES 7 VDD +12VDC 8 VDD +12VDC
9 VXI Supply Spare 1 10 VX1 Supply Spare 1 ,
11 | onND Signal GND 12 | GND Signal GND
13 BCLK/ Bus Clock 14 INIT/ Initialize
15 BPRN/ Bus Pri. In 16 BPRO/ Bus Pri. Out
BUS 17 BUSY/ Bus Busy 18 BREQ/ Bus Request
CONTROLS 19 MRDC/ Mem Read Cmd 20 MWTC/ Mem Write Cmd
21. IORC/ 1/O Read Cmd 22 10WC/ I/O Write Cmd
23 XACK/ XFER Acknow 24 INH1/ Inhibit 1 disable RAM
26 INH2/ Inhibit 2 di_sa‘b]c PROM or ROM
25 AACK/ Special 26 4
27 p 28
SPARES 29 30
31 CCLK/ Constant Clock 32
33 INTR/ Direct Int 34
35 INT6/ Paralle] 36 INT7/ Paralle]
37 INT4/ Interrupt 38 INTS/ Interrupt
INTERRUPTS 39 INT2/ Requests 40 INT3/ Requests
41 INTO/ * 42 INT1/
43 ADRE/ 44 ADRF/
4s ADRC/ 46 | ADRD/
47 ADRA/ Address 48 ADRBY/ Address
49 ADR3/ Bus 50 ADRY/ Bus
ADDRESS s1 | ADRe/ s2 | ADRY
S3 ADR4/ 54 ADRS/
55 ADR2/ 56 ADR3/
57 ADRO/ 58 ADRY/
59 DATE/ & 60 DATF/
61 DATC/ 62 DATD/
63 DATA/ Data 64 DATB/ Data
65 DATS/ Bus 66 DATY9/ Bus
DATA 67 | DATS/ 68 | DATY/
69 DAT4/ 70 DATS/
71 DAT2/ 72 DAT3/
73 DATO/ 74 DATI/
75 GND Signal GND 76 GND Signal GND
77 VBB -10 vDC 78 VBB -10 VDC
POWER 79 VX2 -12VDC 80 VX2 -12VDC
SUPPLIES 81 vCC +5 VYDC 82 vCC +5 VDC
83 vCC +5 VDC 84 vCC 5 VDC
85 GND Signal GND 86 GND Signal GND
Table 2.4 MULTIBUS Signal Functions
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word since all memory reads produce a 16-bit data word. Data is strobed
into P83-1 when a read is requested (by an input instruction) and when
the data is valid from the memory. The computer must wait until valid
data from the memory is acknowledged.

Fig. 2.10 shows the circuit for the timing generation. A 10 MHz
crystal-controlled clock is divided by FF7 and C3 to produce the 5 MHz

scan clock and 2 MHz clock for the MM5321 TV sync generator., The TV

sync generator produces the complex sync, blanking, horizontal and "

vertical drive signals conforming to commercial TV standards. FF2
generates the 2.5 MHz (400 n sec.) memory cycle pulses,
Fig. 2.11 is the circuit for the control functions. As seen in
Fig. 2.18, the channel bit C2 is clocked into FF3 when an output to port
80 is executed., If CY4 is higﬁ. enabling Mg to be triggered, FF3 (and
hence CHAN) is set after an input from port 83 (memory read). In a
similar manner, FF3 is reset if C3 is high after an output to port 83
(write). Hence the chann€l can be automatically switched after read and
write operations.
' Fig. 2.19 shows how the auto-increment signals are gererated.
If bit-C6 is high, the address contained in C4,5,6 and 7 in Fig. 2.13 is

incremented after a read from port 83 and if bit-C5 is high, the address

is incremented after a write to port 83. CU and C5 are loaded with the ]

low order address after a write to port 82 and €6 and C7 are loaded with
the high order address after a write to port 81. G15 generates a clock
signal from INC or when P82-0 or P81-0 is written to. C4,5,6 and 8 load
a preset count whett LD is low and CK clocked. If CH and C5 are being

loaded, C6 and CT are disabled from being clocked using P. The resistor

S 2
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and capacitor on thé outputs of G16 and G17 generate a delai\(200 n sec)
to prevent "race" conditions. Note that all the I1/0 ports and many
counters and flip-flops are reset when the computer is reset from the
front panel switch.

In order for the display screen to be refreshed, the image
memory 1is continuwously read (or cycled) every 400 n gec. When a
computer reads or writes, a memory cycle is "stolen" from the screen
refreih. C8,9,10 and 11 in Fig. 2.14% contain the refresh address.
These'counters are clocked independent of computer memory access so that
refresh scanning resumes after the computer steals a cycle with the same
addrgss if the computer had not made an access. Since the stolen cycle
disr;pts the stream of video data, each computer access causes a
"gliteh" on tﬁe display. Multiplexers X%,6,7 and 8 switch the memory
address between the refresh counter address and the computer address
with the MEM BUSY line. Fig. 2.20 shows the timing for memony cycle
timing.

FF4 is set if the computer requests a membry access., (Start of
a read or write operation) G40 generates the actual memory cycle pulses,

RP' and RP®

from SCAN CLK/ and Q2.5 signals. For refresh scanning,
channel 0 is used and hence RP1 contains’'thé cycle pulses every 400 n
sec., When FFY4 is éet, the next avai%able cycle pulse will produce a
computer read/write cycle. FF5 is set (MEM BUSY=1) on the next
Q2.5/ clock pulse, which then resets FFi ﬁhrough monostable M5. MEM
BUSY sends a cycle pulse to RP1 or RP2 depending whether CHAN=0 or 1
respectively. FF5 is reset on the next Q2.5/ pulse. If FF5 is reset,

RP1 contains the cycle pulse independent of CHAN.
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FF6 generates a strobe pulse with G8 to latch data into port 83,
in Fig. 2.9, from the memory data output. P83~I is strobed 300 n sec.
after a cycle i8 initiated from an input instruction so that the data is
guaranteed to be valid. Multiplexers X1,2,3 and 4 select the 8 data

bits using A,. and CHAN which are effectively the 16th and 17th address

15
bits in addition to AO - A}Q required to address 128 kilobytes of
memory. All memory reads produce 16 data bits from the memory since
BCL1 and BCL2 are low. |

In Fig. 2.15, BSEL, the least significant address bit is used to
control memory write operations to either half of the 16-bit data of the
memory but not both, BCL1 or BCL2 can only be high (write) if the
computer is performing a write operation.

In order to achieve 256 element horizontal resolution at
the standard television scanning rate, each element is present in the
video signal for 200 n sec. In order to satisfy a minimum cycle time of
400 n sec., two U-bit elements are read from the memory. This data is
latched into L1 and L2 in Fig. 2.15. M4 generates a clock pulse just
before the next cycle starts, Multiplexer X9 switches between the two
picture element data contained in L1 and L2. G24, G265, G26, GéS and IA3
generate a’ symetrical switching signal as seen in Fig. 2.21 (X9-5).

V0-V3 are the video data bits which are converted to a black and
white video signal in Fig. 2.17 and a colour video signal in Fig. 2.16.
The resistor network in Fig., 2.17 form a simple U4-bit linear D/A
converter. The load impedance of the video lines are 75 olms., The TV
monitor wused uses AC coupled video with DC restoration. The DC

reference level is produced from the peaks of the video signal. The

BLANK/ signal set the video signal to its maximum value during blanking
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periods, providing a continuous reference signal for the TV monitor,

D2, D3 and D4 in Fig. 2.16 are 4-to-16 line decoders (open
collector): The video voltage for each of the 16 binary codes can bé
chosen independently with a single resistor., Only one of GO to G15 is
low at a time, the others are an open circuit, Each colour is produced
from a combination of the three video voltages. In order to produce the
reference signal for the DC restoration, the BLANK/ signal goes high
during blanking intervals, turning off all outputs from D2, D3 and D4,
Hence, the video signals are at max imum value.

Out of the 63.5 yu sec. interval between horizontal sync pulses,
: the TV display is blanked for 10.7 usec for retrace, In Fig. 2.14, C8,
9, 10 and 11 are clocked every 200 n sec during the active scan periods.
The BLANK signal holds CB and C9 in a reset state until the start of the
next active horizontal scan period (52.8 y sec). A memory cycle occurs
every second time C8 and C9 are clocked. 256 elements are read in 51.2

usec. When C8 and C9 reach a terminal count of 255, they are held with
CO of C9 high. €10 and C11 (1ine counters) similarly are held at their
final values. They are set by the vertical drive (VDR) signal. When
either pair of counters reach their maximum count, the screen is blanked
by G19 and G21 (in Fig. 2.15) which se£s the outputs of X9 to zero
(black) . Only 241 lines of ;he full 256 are visible due to standard TV

blanking.

2.4 9600 BAUD TAPE INTERFACE

2.4.1 Computer Serial 1/0

Due to the large amount of data to be read, processed and

stored, a fast, simple and reliable magnetic tape recording system was

/\
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constructed. The Intellec MDS computer has available a serial port for
2400 or 9600 baud, software selectable., Since the teletype was used as
the terminal, this CRT port was avallable. The serial port employs an
Intel 8251 UART/USART for serial/parallel conversion. This device is
software programmable for various data formats and two baud rates. For
the magnetic tape interface, the following format was chosen: 1 start
bit, 8 data bits and 2 stop bits with a rate of 9600 baud. The input
and output levels are TTL compatible. .

The megnetic tape in;erface was designed to be compatible with
any standard computer 9600 baud serial port since a NOVA 3 computer was
used as well. The only requirement is that the data rate be

crystal-controlled to ensure high accuracy.

2.4,2 Phase Encoding

. The recording method chosen was phase encoding, or PE. This is
a commonly used commerciai technique. It achieves high data density, is
self-clocking, reliable and insensitive to tape recorder speed
variations. It is a phase-keyed type of carrier modulation, .hence the
name phase encoding. Fig. 2.24 shows a PE signal generated from the
data and a clock. The phase encoded signal always has a trapsition in
thg centre of the bit "cell™, which i3 used for the data clock recovery.
The transition direction determines whether the data is a one or
zero, Note that the PE signal can be generated by exclusive -~ oring the
serial data and its clock, hence the phase modulation.

Experiment showed that the PE signal could be recorded on an
audio tape recorder without modifications or equalization. A Sony model

TC-640B open reel tape recorder was used, at a tape speed of 7-1/2

gt . A b+ b i



52

LNdgLno

34d

voLh
AL

X712
YivQ

)

e e e e e i ——— P~ 7 e -

ToyyTwsuesy, burpooug-oseyad gzz BTd
0ehiNS | oo
T __l.lll
_ ‘ ‘zyy 8°9LBH
i n
W co W Yo vl_ O 9 1 smL 1Lt
)
E6HLNS C6hLNS
(I8
L7/ o wous
JV 4
\H »oT JyTe
y1mo ¥y72 OTSINT NTT
X —2 X2 o PV ) v To CALh
ELALNS rq - ! TTSONT
32 HLHLNS £TIMLNS . 10
» T4d 14 TW Xt
£ Q . ‘
Ve I L %

‘AS+

—— o e —— — — . . r—— -

P



53

Jeatso=y bButpooug-aseug €2°2 *bta

N

HI4NT e Y12 Vi¥Q
A= L
144 477
voLt
TSY L=l 30!
Joo-*
Ty v.l_
X058 4¥10" lo»nu« 1x35 vh—
hLHLNS T_ W
¥71o
\H\ X3y Tix35 zy -H
LAILNO Vo +
VLVE ] e 4 " e _ T
Xy _ TTIHLNS .HIM y12 <Tu.
€44 W
N.n Q 3y huﬂ“ w
‘ )
yd |
)8 oo
xo_w ETIHLNS



54

Buprrs Butpooug-eseng pzez b

ol —¥
MP ~ * ~ * * & j J ‘lu.s— W~
. & _ _ 1-I
V)i f 1NdLno
( 1AINI
3d
d
Lndino
34

A2
yivi

T4d-0
Tw-08

ll&
—
5 I 4
— . NT
| . Sytvss

T et s e g Do e s m R e Am =



55

inches per second. Although commercial tape drives use saturation
recording, the normal audio channel was used since phase encoding lends
itself to s bandlimited channel without DC response very well, The
bandwidth requirements for a phase encoded signal is from a frequency of
half the baud rate to twice the baud rate. In essence, PE is a wide

band PSK signal, with the baud rate equal to the carrier (clock)

frequency. At 9600 baud , the required frequency response is from 4,800

to 19,200 Hz. The amplitude and phase characteristics are not critical,
as long as timing distortion of the zero crossings is not large. The
record level used was at -10dB in order to allow a wide bandwidth,

although the level is not critical. Since data is being recorded, high

quality tape is necessary to minimize the error-rate.

2.4.3 Transmit Hardware

Fig. 2.22 shows the circuit for the transmit portion of the tape
interface. The inpﬁt data can be either a TTL signal or a 20mA loop.
The TTL signal is applied to the - TX DATA INPUT. If a 20mA loop is
used, connect the 2 data lines between - and + TX DATA INPUTS. QI and
Q2 convert the input levels to TTL levels.

In order to guarantee baud Eate stability, a crystal-controlled
clock is used, generated by G1 and G2. C1 and C2 form a frequency
divider with a division rafio of 254, G6 resets the counters just after
the 254th count is received. A crystal available on hand with a divide
by 254 counter produces, very nearly, a 19.2 KHz signal. It is divided
by 2 using FF2 to proéuce a symmetrical 9600 Hz master data ¢lock (or

carrier).

en e S ek S
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The master clock, however, must be synchronized with the
incoming data, Monostable Mt is triggered on each negative-;oing data
transistion at the input. The resuiting 50 ns pulse reset‘.s €1, C2‘:and
FF2. If the master clock has a frequency very close to the baud rate of
the data; the counters will be reset by G6 and M1 at almost the same
time, producing little "jitter" in the master clock. The incoding data
is clocked into FF1 so that the Q output (buffered data) has
transitions at the seame time as the clock itself. The clock and' data

are exclusive-ored to produce the PE signal which is connected to the

input of the tape recorder, 4

2.4.4 Receive Hardware

As previously mentioned, only the zero-crossings in a PE signal
.are of importance. In Fig. 2.23, the LM339, a comparator, is a zero
crossing detector. The output is buffered by Q3 and I1. R1 is adjusted
to set the comparator switching point to ground potential. If };1 is
properly adjusted, the comparator output will be hard-limited noise, for
no input siénal.. For a zero crossing detector, the LM339 must have a
negative power supply, although only a small voltage below ground is
required. 12, D1, D2 fgx a negatitve power supply of 3V, using the
data clock as the A.C. source. The LM339 only draws 1 MA of current.

As seen in Fig. 2.24, M1 anquZ act as a bi-directional
monostable, which triggers MU on either transistion of the comparator
output. M4 is the clock-recovery monostable, being of non-retriggerable
variety. If the output pulse width is adjusted for 3/4 of a boud
. interval (78.1 us), M4 will trigger on each input zero-crossing that is

in the centre of a bit cell, but will ignore all other zero-crossinis
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since they will ocour when M4 is in the triggered state. 1In order for
M4 to auccessf'ully recover the clock, the data must not consist of
continuous ones or zeros. This "randomness” condition is met since the
data always has start (zero) and stop (one) bits in addition to actual
data bits. FF3 latches the data, producing the receive data output

signal, hopefully a replica of the original trarismit data. S1 selects

between inverting and non-inverting data. This option is necessary since

sane recorders are inverting and others are not, and data inputs may not
have all the szme polarity.

Al though phase-encoding is ideally suited to synchronous data
formats, an asynchronous format was used for greater simplicity and
Juniversality. This tape intérface umit will al=o operate at baud rates
wiyich ére sub-nultiples of 9600 baud, such as 2400 baud, if desired, as
'foné as the baud rate is accurate (less t.hén .05 percent error). At
2400 baud, each bit will be repeate;i 4 times, although the output will

appear as a normal 2400 baud signal.
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CHAPTER 3

3.1 THE ITOS METEOROLOGICAL SATELLITE

s

3.1.1 Introduction

The Improved TIROS Operational Satellite (ITOS) formed the basis
of an operational environmental satellite system operated by the
Natlonal Oceanographic and Atmospheric Administration (NOAA). This
series of 4 satellites, named NOAA-2 through NOAA-5 provided successéul
coverage and monitoring of th; earth's meteorological conditions. With

a designed lifptime of 2 years for each satellite, these satellites were

launched in succession to provide continuous coverage from October 1972

through 1late f978. As one satellite reached the end of its useful
service life, the next one was launched. When the new satellite was
proven to be functional and rﬁsiability established, the o01d
deteriorating one was turned off.
The primary environm;ntal instruments on these spacecraft were:
(i) A two channel Scanning Radiometer (SR) transmitting infrared and
visible images of low resolution (7.5 Km), in real time, to small

F

local stations.
QG ’ . ’

(ii) A Vertical Temperatgre Profile Radiometer (VTPR), measuring energy
from regions on the earth in 8 infrared channels, allowed vertical
temperature profiles in the atmosphere to be computed.

(411) A Splar Proton ‘Monitor to measure proton and electron fluxes

encountered during orbit.

e
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(iv) A Very High Resolution Radiometer (VHRR) with 0.93 Km resolution.
It provides continuous, real-time global coverage of the earth, as

the SR does.

The ITOS satellites were launched in a 1464 km high orbit.
Since it was in a sun-synchronous polar orbit, 1local coverage was
obtained twice dailly; in the daytime around 1000 local time, and at
night at 2000 hours.

The last ITOS satellite, NOAA-5, provided images for the

radar-satellite image comparison study. A new generation of

meteorological satellites, TIROS-N, has superceded the ITOS satellites.

In addition to improved sensors and instrumentation, for the first time,
digital data and image transmission is used, in contrast to previous

analogue techniques.

)

3.1.2 High Resolution Picture Transmission System

The I1TOS spacecraft transmits, in real time, images from a
scanning radiometer. The Very High Resolution Radiometer (VHRR) is a
two channel instrument sens;tive to energy in the visible spectrum 0.6

«3

to 0.7 micrometers (green light) and infrared 10.5 to 12.5 ym. This

"fér infrared® 'is radiant energy from a body. and hence allows .

measurement of temperature. With an infrared sensor,’night—time images

it

. are possible.

The energy 1is gathered by an eliptical scan- mirror and 1is
reflected into a telescope optical (Cassegrainian) system. The- energy
is focused -onto a mercury-cadmium~-telluride detector sensitive to

infrared, The optical System 1limits the -field of view, with field

Y,
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stops, to 0.6 milliradians. 1In other words, the sensors have a "beam
width" of 0.6 mr. This provides a spatial resolution of 0.9 km at the
subpoint (directly downwards).

In order to form an image, the "sensor receiving beam" is
scanned laterally by the rotating scan mirror at 400 rpm. The satellite
motion then advances the scanning pattern, hence sampling the earth's
radiation in two dimensions. This opto-mechanical scanning system is
very widely used on many remote sensing and imaging satellite and
aircraft systems. The image can be reconstructed and recorded on a CRT
and film or many other opto-mechanical devices.

The images are transmitted to ground stations on an S-Band
frequency of 1697.5 MHz, with a transmitter power of 5 watts and an EIRP
of +37 dBm. The sensor baseband video frequency modulates a 99 KHz
subcarrier which in turn frequency modulates the main RF carrier with a

.1 MHz bandwidth., The FM subcarrier is useful since it can be recorded

on a tape recorder at a ground station. The two channels are

transmitted in a time multiplex format, with the video alternating
between the two sensors for each scan line. By placing the scan mirrsrs
of the two VHRR instruments 180 degress out of phase, the v{deo from one
sensor is time delayed with respect to the other.

At an altitude of 1464 km, the earth has an angular width of
108.8 degrees. An important broblmn in earth imaging systems is the
perspeo£1ve diétortion, which incrqaseg as the scan deviates’frqg the
nadir and approaches the horizon, in this sytem 54.4 degrees from the
nadir. The 1ma§e appears to be compressed in the horizontal axis near
eitherAéQQe. What is most confusing to the human observer is the fact

that the image aspect ratio is in éonsiderable error near the edges

\

R R YU SN SN




61

since there 1is no perspective distortion in the vertical axis. As the
scan deviates from the nadir or sub-point, the effective ground
-

resolution dé')creases due to the increasing oblique angle with respect to
the earth's surface. The ITOS VHRR system limits the maximum sensor
viewing angle from the nadir to about +35 degrees. Video outside this
range is cut-off, Clearly, the earth scan video from each sensor
occupies a fraction 70/360 or 0.19 of the total scan interval. Hence
the two signals can  easily time-share a scan with considerable time
remaining for calibration, reference and telemetry signals. At sensor
angles of +30 degress, a sharp pulse is added to the video forming
vertical white lines, called sub-sync markers, near each side of the
images.

There are many ground stations receiving and processing VHRR
images. VHRR data for the satellite-~radar study was obtained from the
AQmospheric Environment Service (AES) ground station in Toronto,
Ontario. The ground station receives data for the local area as well as
most of North America. The video signals are recorded on a wideband
tape recorder and digitized for computer processing. The data is
also stored on 9-track computer tape for later use or can be selectively
duplicated for external users, as was the case for the sapellibe-radar
study. |

The video is quantized to 256 levels or 8-bits. fhe most
important pre-processing task the computer performs is scan

linearization. The scans are sampled at a varying rate such that the

‘sample spacing represents a constant distaqce on the ground. Each earth

#

sean has 2000 samples, with 1951 samples between the sub-sync markers.

‘The data is written on standard 800 BPI (NRZI) 9-track tape according to
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the format in Table 3.1. Each scan line is stored as one record. The

first record of a file is the header record. The remaining records are

all data records. The file is terminated by an end-of-file mark. See

Table 3.1 for the tape format.

Table 3.1

Full Resolution VHRR Data Tape Format

Contains one header record followed by one or more data records and is
terminated with a file mark.

Header Record - 2000 bytes

Byte
1,2

3,4

5.6
»T,8

9,10

11,12
13,14

15,16
17,18
19,20
21,22
23,29

30

.

31-39
40

Contents
Orbit number, 16 bit integer (byte 1 is high-order byte)

Equator crossing angle (in degress), integer part, 16 bits
fractional part, 16 bits

Equator crossing time, day of year, 16 bits
hours
minutes
seconds

Acquisition time, day of year

hours
minutes
seconds
lero
Data tape type 0 = standard IR/VISUAL tape
1 = backup mode IR/VISUAL
2 - IR data only (2014 byte data records)
3 = VISUAL data only
Zero
Tape number 0 = first tape (holds 4800 records)

1 = second tape

41-2000 Zero

PR R SUSTA,
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Data Record - 2014 or 4014 bytes
Byte ' . Contents
1,2 Record number since acquisition time, 16 bit unsigned integer

(= 150 m Sec. increments from acquisition)

3-9' Voltage calibration wedge, 8 bit integers

10 Visible calibration, 8 bit integer
1 Radiance calibration
12-14 Spacecraft temperature, 3 8-bit integers

15-2014 IR pixel data, 8 bit unsigned integers
00000000 = cold
11111111 = hot

2015-4014 VISUAL pixel data, 8 bit unsigned integers

00000000 = black
11111111 = white

Notes: (1) bytes 2015-~4014 not present if one channel tape
(2) Night-time tapes may contain a black visual channel
3.2 ORBIT MECHANICS

3.2.1 Orbits for Meteorological Satellites

There are two most common types of orbits for satellites;
geosynchronous and sun-synchronous orbits. A geosynchronous orbit, used
for all coﬁmunications satellites, is also used for some meteorological
satellites, A satellite in a geosynchronous orbit is fixed over the
equator at some specified longitude witﬁ‘ an altitude of 35,000 km.
Satellites such as GOES continuously monitors weather activity at all
times with a picture inte;val normally of 20 minutes. Although a
geosynchronous 'sateliite can view almost one half of the earth's
surface, the viewing angle at high latitudes is oblique, thereby
reducing image resolution.

The sun-synchronous orbit is the most commonly used orbit for
low altitude satellitgs. particularly for remote sensing satellites.
Such satellites provide coverage of any given area ‘on the earth at the

same local sun time each day. Hence the illumination angle is fixed,

D e g
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although in polar regions there 1is considerable seasonal variation in
solar illumination. A morning orbit is generally used, providing
coverage at 10:00 local time. A non-direct illumination angle 1is
preferred since the shadows produced on cloud tops and land provide
enhanced contrast.

The angle between the plane of the sun-synchronous orbit and the
sun is fixed. In order to achieve this effect, the precession or
rotation rate of the orbital plane with respect to the earth must be 360
degrees in 365.25 days (a solar year), in order to compensate for the
earth's seasonal travel around the sun. The orbital plane 1is inclined
with respeect to the equator so that the variation in geopotential, due
to equatorial bulge, will perturb the orbit and cause the desired
precession,

If the sensor -angle range is la}*ge enough, the entire earth's
surface may be imaged twice daily. Any polar type orbit will pass over
a land area approximately 12 Y?OUI‘S apart, but travelling in opposite
directions (ascending and descending passes). Fig. 3.1 shows the path
of the satellite over one day (13 orbits). Fig. 3.2 and 3.3 show
ascending and descending, respectively, coverage over North America for
a 60 degree wide sensor swath., DNotice that below 60 degrees latitude
coveraﬁe 1; not obtained for that particular set of orbits, Fig. 3.4
shows the coverage swaths for the next day, "filling in" the uncovered
area from ‘_t.he previous day. Higher resolution satellites have even
narrower gyaths. The low resolution sensor on NOAA has horizon-
to-horizon coverage and guarantees complete coverage, even at the
gquator. The main problem with wide angle sensors- is that considerahle

distortion near the swath edges 1s present. Ground processiig (_m'
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satellite processing on -the new TIROS-N series) compensate for the
geometric distortion. However, at small incidence angles (from
horizontal), problemsl still exist due to large variations in cloud
height (up to 15 km) and reduced resolution. ’

In high resolution, narrow swath satellites, orbital period is
an important parameter in deterﬁining coverage frequency. If a
satelliée had a 'period of 110.769 minutes in a sun-synchronous orbit, it

w

would make exactly 13 orbits per day, covering the same ground areas
each day. Orbital periods are selecéed so that the orbital tracks shift
in longitude each day. With a nominal period of 11§ minutes for NOAA
satellites, a two~-day earth coverage interval is ach%eved. Combining

ascending and descending orbits reduce the coverage intérval although

visual images are not available at night.

3.2.2 Earth Co-ordinate Systems

The oblateness of the earth is sufficient that it must be

considered in ocalculations of satellite position. The earth!s surface
is approximated by a spheroid which is symmetric about the polar axis.
The distance from the centre'of the earth to a point on the surface is
only a function of 1atitude. The earth's latitude is defined in two
ways on a reference spheriod. ‘Geodgtic latitude is used for maps and
hence a latitude of a tracking or ground reference poini‘read from & map
is a geodetic latitude. As shown in Fig. 3.5, geodetic latitude is the
angle between the equatorial plane and a plumb-bob or the 1local
gravitational field direction. For satellite position determination,
the geocentric latitude 1& used. Geocentric latitude is referenced from

the earth geocenter or centre of gravity which is also the orbit centre

-~
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The earth's ‘spheriod is modelled by an equation.

radius is  [12]

»

c 3 5 3
RTGD = b W+5+3 3 C +76 © )
, v' 2 2
C = (e GOSJYTGD)‘
where by = polar radius 3949.914015 statute miles)
¢ = earth eccentricity (.081813334)
qTGD = geodetic lah_ftude ‘
The geocentric latitude is .

. X Ryap
= Y - e
*rec = Y16D % Rygp ¥ By

2 .
sin (? ’TGD)

FTTT 2
2(1-¢ éin 'TGD)

altitude above sea level

and 'TGD = ,geodétic latitude
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pA 2/3 *
R, = (z) where P, = anomalistic period (hr.)
A C1 A .
€, = 5643912758 X10™°
! RA in statute miles
Inclination
RA 3.5
I :'v.zows'1 a (ﬁ*) where 2= orbital precession rate in
E rad./day.

For sun-synchronism, Q= -(24 v - 2%)

where wg = siderial earth rotation rate

\

2 is about —.986 degrees per day. D)
. ¢,
C= 52 773 vhere e = eccentricity
(1-e")" R
PR A
Orbital rotation rate (rad/hr.)
g = wg'+ Ccos I \
Rotation rate of perigee
C 2 ’ .‘
wp =315 cos” I~ 1)
. ¢
Nodal perjod (time bgtween successive ascending nodes)
.. M mp ) . . N B ‘ . ]
P"=PA‘(1‘T') ' i “ \5- )
If the orbit is elliptical
Eccentric axfocnally (angle betwéen cenitre of ellipse and perig_ee) .
e + CO8 u . . -, '
PP o > |
R I + .¢e603 . .
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Time from perigee to ascending node

(E - e sin E) PN

Tp = | 2' ~

3.é.n Satellite Ground Track

: The po§ition of a satellite is norﬁally referred to the, earth's
co-ordinate system. of latitudé and longitude, The intersection of the
line from the earth geocenter to the satellite on the earth's surface is
the subsatellite ;oint. It is defined in terms df geocentric latitude
and longitude.

Subsatellite latitude Y = sin™! (sipna*sin I)
B = (teP) /B ,
where t is time after ascending node.

Subsatellite longitude

Ag = R+ wgT + A
ax = sin”] (tan ¥, / |tan I|)
> @ = ascending node longitude

wgT is effect due to the rotating earth.

3.2.5 Satellite Sky Position

.

The satellite sky position for a local ground stationhié defined -

by elevation angle above thg horizon and the agimuth or bearing from

-

-north. This is computed using basic navigational equations. Angular

; -
distance (Great Circle arc) between ground station and satellite

= cos~(sin v sin¥> + cos ¥ -
_SEP = cos™ (sin Ys sin Y, + O3 ¥ COS ¥, cos (AT-XS))

t
where A, and Ap are ground station (geocentric) latitude and longitude.

Satellite elevabion . . T e s
-1 Ry wps SEP = Rege
EL = tan™'(

Ry smSEp ) ‘ . CoL

5]

[



Satellite azimuth

tan v
- s
AZ = tan (

tan ¥
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T

3.2.6 Ascending Node Prediction

- cos
sin(xT-xs) tan(xT-As)

Given an initial reference ascending node longitude and time,

ascending nodes in the future (or past) may be predicted.

Ascending node longitude

Qani"“’s N

Ascending node time

* P, * REVS ~

TQ = Ti + PN * REVS

\

where ni and Ti are iniiial (reference) ascending node longitude and

time respectively and REVS is. number of_ orbital revolutions after

reference ascending node.

3.2.7 Scan Line Orientation

Since the orbit is inclined, (not a direct polar orbit) the

image scan lines will be tilted with respect to a line of longitude.

The azimuth of a scan line relative to a longitude line.

1 WQQszi - 00321
AZ = tan” 5
C.cos !s ~ c08 I
- ?N * Uy
winere € = g

-2

LS

¥hen the "satellite is at maximum latitude (YB = 2x-1), the

soanning is direotly a16n3 longitude lines. Herice the image orientation

o g et At
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changes considerably throughout the orbit.

3.2.8 Sensor Angle

The satellite sensor angle (from nadir)

RTGC] * sin (SEP)

s RS - RTGC1'°°s (SEP)

* where RTGC1 = earth radius at latitude Y-
SEP = earth arc between sub-satellite point
and image point along scan. #

)

4

This function is also used by ground stations to correct image

distortion along scan to remove foreshortening.

4

3.2.9 Computation of Ground Coordinates from Image Point

An image point is usually specified as a column (element on a

liney and a line number. Knowing the scanning rate and the sampling

rate (number of columns per unit of sensor angle), time after ascending

node and sensor angle is directly determined. Then the sub-satellite

_point. Yo, Ago and SEP and AZs are calculated.

_ﬁs sin’ o

SEP = sin[ R

-.Qs

TGC 1

By spherical trigonomcg;y, the image point co-ordinates 'i' Ay are

calculated,

3

x

- ‘@ = CE‘- Y, - SEP)/2

[ORTNGIIPURSIE S
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B = (5 - Yyt SEP)/2
_1| 08 a
¥y = tan
AZs
cos 8 tan (~§~)
a = tan Vi
s
sin g tan (T)
x -1 tan a ¢ sin y
Tz | Tom
«Ai = X2 + § - Y

This proceduré may also be used to compute the co-ordinates of a
radar target, given its rénge and azimuth, Figs. 3.6 and 3.7 illustrate

+

the geometry involved.

L

3.3 COMPUTER PROGRAM FOR ORBIT CALCULATIONS

3.3.1 Introducf‘ion

A FORTRAN ‘compute;‘ program, listed in Appendix 6, was developed
to compute daily time and location- predictions for local coverage. For
each day, the equator crossing time and ascending node longitude is
predicted. The time trfe ;atellite Scans across ; given ground point is

calculated, in addition to the image position (line and column number)

of that ground point. The program coai:pares the map projec{'.ions of the,

radar and vsatglliﬁe imege with a common ground centre point. A normal
radar Plan Position Indicator (PPI) display has a Lapbert's Azimuthal

projection. It was found .that the satellite image with scan

linearization well-approximated a Lambert's projeptibn.’for at least a \
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Fig. 3.6 Satellite Sensor Geometry

Su8 ~ORBITAL
TRACK

Fig. 3.7 Satellite and Radar Image Geometry
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150 nautical mile radius about the centre point. For matching the
satellite to the radar image, only horizontal and vertical scaling and
translation and rotation 1is required. Hence, no non-linear image

"warping" required.

3.3.2 Input Parameters and Output

The program may be run either on a baich or terminal ﬁode. The
end of Appendix 6 is a listing of the data cards used. 1In interactive
terminal mode, the data is entered via the terminal, proﬁpted by a
question-mark. The response to a question-mark must satisfy the
requirements of the prompting reéd statement. Tﬁe‘input is in
free-format, where the numbers are separated by a comma or space, A
decimal point is not required for a real number. The parameters are

input in the following order:

(1) BE, OBLECC, EROT

(i1)  PANOM, ECC, INC, ARGPER

(1ii) OMEGA, TOMEGA, D, M, Y, ORNUMI
(iv)  PSITRC, LAMTRC, SLHTBC -

(v) LAMMA‘;, PSIMAP

(vi) SHAPE

- (vii) OMEGAD1, OMEGAD2

.(viii) OMEGAN1, OMEGAN2 . e

(ix) JOB, MODE

(x) D, M, Y

(x1) D, ﬁ, Yo _ '
ikr{u) . KKK ‘ :
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See Table 3.2 for definitions of variable names.: Record (x) and
(xi) are the prediction starting and ending dates respectively. Records
(x), (x1) and (xii) are repeated JOB times., After record (x) is read,
the heading is printed, containing the month and year.

A sample run is shown in Tables 3.3 to 3.8. The following

prediction information is printed out:

DATE - date of month and day of week

ASCENDING TIME- hours, minutes, seconds of ascending node for DATE «

NODE LONG ~ ascending node longitude in degrees west

MAP LINE TIME - hours, minutes, seconds satellite scans map point
(radar centre)

MAX ANG -~ sensor angle in degrees from nadir of west radar

coverage limit

1

CENTRE " - sensor angle of radar centre

MIN ANG -~ sensor angle of east radar coverage limit
ORBIT -~ orbit number

LINE NO ~ line number relative to ascending node

L

of map line time

COLUMN - number of picture elements from line start to CENTRE

’
Five tables are printed out, containing image co-ordindte

information. The satellite and redar images are assigned LP1 horizontal

grid points and HP1 vertical grid points. The.radar centre co-ordinates

are LAMMAP, PSIMAP and a maximum range of RANGE. The satellite image

_grid is centered over LAMMAP, PSIMAP. The tim_é TAUO is computed where a

scan line ocrosses the centre ground point. This must ‘'be done

e e
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iteratively, using Newton's method. An initial time TAU after ascending
node is chosen, GUESS. The sub-satellite point Yoo Ag and then scan
azimuth AZ:3 is computed. Given AZs and the ground point longitude Ago
the ground point latitude is computed as follows:

37 %
zZ = tan[ > ]
o= (A ~ AZS)/Z
L § -1 cos ¢ -1 sin ¢
CT = —2-- tan (Z L4 Py C) + tan (Z . —S‘F—c')

If the time TAU = TAUO, then Y.r = Yi' Newton's method is used

to converge 'T to ’i‘

max imum al)lowable error.

such that |YT - !i| < EMAX® where EMAX is the

The sub-satellite track 1is divided into HP1 points, equally
spaced in time (and line numbers) so that the total length is 2%RANGE.
This sets the vertical scaling such that the vertical satellite imege
Scale is the same as the radar imsge scale. The scan line at tim; TAUO
is similarly divided into LP1 pcl)ints‘, equally spaced 1:{1 ground distance
(and column numbers) so that the total length/qz again 2%RANGE.
Horizontal ceritering is achieved by computing the distance along the
scan line (at tlime TAUO) from the subpoint to the ground centre point
,1' )‘1' Over a small region of the earth, the radar and satellite
images have the ;ane geometry except for a rotation factor due to the

éahell ite incl ination,

Table 3.4 is 'a'gr:ld of satellite image latitudes and longitudes.

The lénsitudes along the centre column are not constant due to imzge

¢

£
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rotation from true north. Tabl®e 3.5 is a grid of radar image latitudes
and longitudes, Table 3.6 is the difference between the two previous
grid co-ordinates, which have a common centre point. Table 3.7 is the
satellite grid points expressed as azimuth and range relative to the
centre point. Table 3.8 is an array of azimuth and range correction
factors such that when applied to the radar image, it will exactly match
the satellite image. The azimuth correction is a rotation and the range
correction is a multiplier to the range. All the azimuth and range
correction factors are constant within at least two significant digits.
For an }mage of 256 square points, the two images will be aligned with a
maximuﬁ error .5 of a picture element distance if the rotation
corrections are léss than .16 degree about the mean and if the range
.
correction factors are within .9028 of unity. Although the maximum
error in table 3.8 is greater, the image alignment will be satisfactory

if only a constant mean rotation is applied.




A
AANOM
ARGPER
AZ
AZAR
AZSCAN
AZSTR
AZ1
B
BE
c
COLUMN
CORA
CORR
COSING
COSMAP
COSPSI
D
DAY
DELTA
DELTAT
DIFLAT
DIFLON
DLONG
DOMEGA
DOW
ECC
“EL
EL1
EROT
GUESS
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Table 3.2

Main Program Variable Definitions

Vertical distance from grid centre to grid point in grid units
Semi-major axis of anomalous orbit

Argunent of perigee

Azimuth of satellite from ground image centre point

Array of satellite grid point azimuths

Satellite scan azimuth at a row of grid points

Satellite scan azimuth at TAUO (centre of image)

Azimuth of satellite at time TAUO + 1 sec.

Horizontal distance from grid centre to grid point in grid units
Polar radius of earth (statute mi.) (3949.914015)

Fraction of earth's circumference travelled in one orbit

Element number to image centre from scan start

Azimuth correction array

Range correction ;rray

Cosine of inclination

Cosine of PSIMAP

Cosine of PSISAT

Day of reference orbit

Hollerith (character) array of day names ”

Earth surface are (rad.) of RANGE ,

Time (hr.) of satellite travel between grid points

Array of latitude differences between satellite and radar grids
Array of longitude differences between satellite and radar grids
Longitude difference between LAMSAT and grid point

Longitude increment between ascending nodes
Day of %eek (Sunday = 1)

Orbital eccentricity (.00101 for NOAA 5)
Elevation of satellite from ground image centre point
Elevation of satellite at time TAUO

Earth rotation rateé (rad./hr.) (.2625161708)

Initial guess of TAUML (hr.) 4

. Number of vertical points -~ 1 in co-ordinate grid

.

e e -
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HP1 H+1 d
INC Orbital inclination (1.781547709 for NOAAS)

JDNE Julian day number of epoch orbit

JDNREF Julian day number of reference orbit

JDN1 Julian day number of first predicted orbit

JDN2 Julian day number of last predicted orbit

Jos Number of program runs for different sets of prediction%;?{{\l
JOBI Loop index for JOB ’
K Current Julian day number

KKK 1 for day, O for night pass in each prediction et

L Number of horizontal points - 1 in co-ordinate grid

LAMMAP Geodetic longitude of image centre

LAMSAT Longitude of satellite subpoint

LAMTRC Geodetic longitude of tracking station (rad.)
LAT Satellite grid point latitude "
LINE line nimber at TAWO

LNRATE Image line per minute

LONG Satellite grid point longitude

LOOP Loop index for rows

LP1 L+1

LSCAN Loop index for columns

M Month of ref’erence orbit ) s

MH Hours of TML

MM Minutes. of TML j

MODE 0 for prediction times only
MONTH  Hbllerith (character) array of month names

MS Seconds of TML

NH Ascending node hours ]

NM Ascending node minutes .
NS Ascending node seconds

OBLECC Eccentricity of éarth t.081813334)
OMEGA Longitude of ascending node

OMEGAD1 East daytime ascending node limit for radar area coverage (rad.)
OMEGAD2 West daytime ascending node limit

OMEGAN1 East nightime ascending nodé limit

OMEGAN2 West nightime ascending node limit

~ i e o



OMEGA1
OMEGA 2
ORNUM
PANOM
P1
PHODAL
PROT
PSIMAP
PSISAT
PSITRC
PSIN
RADAZ
RADLAT
RADLON
RADSEP
RANGE
RAR
REVS
RSAT
RSEP

. RTIGC
RTGC 1
RTOD
SATLAT
SATLON
SENSA
SENSB
SEHSC
SEH3P
SEP
SEPGRD
SEPMAX
SEPPIX
SEPSCN
SEP1
SHAPE
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East ascending node 1imit in each prediction set
West ascending nodé limit in each prediction set
Orbit number of reference orbit

Anomalistic period (1.938111545 for NOAA 50

. y

Orbital nodal period (Chr.)

Rotation rate of perigee (rad./hr.)

Geodetic latitude of imzge centre

Latitude of satellite subpoint

Geodetic latitude of tracking station (rad.)
Latitude of satellite subpoint at time TAUO + 1 sec.
Azimuth of a radar grid point i

Array of latf.itudes of rodar grid points

Array of longitudes of radar grid points )
Range (earth arc) to a radar grid point from -centre
Radius (nmi.) to radar imzge edge

Array of RSER _valaues of radar imege grid points
Integer part no. of orbits since epoch orbit
Satellite orbital radius i /

Earth arc from centre - ‘
Geocentric redius of tracking station (statue mi.)
Geocentric radius of imzge centre (statue mi.)
Radians to degrees conversion factor

Array of latitudes of satellite, imzge grid points

. Array of longitudes of satellite imcze grid points
- Sensor angle from nadir to imezge centre

Sensor zngle from nadir to right edge of imzge (RANGE)

Sensor angle 'frocn nadir to left edﬁe of image

Senzdr angle from nedir to grid point -1n grid units

Earth angular arc from ground imagze centre to satellite subpoint
Sensor angle between grid points (horizontal)

Earth arc from nadir to sub-sync markér

Sensor angle between each imzze element

.Earth arc from nadir to grid point

SET at time TAUO + 1 sec. _ _
1 for elliptical orbit, 0 for circular approx imation .
, % ¢

B
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TOSAV  Time of ascending node R

Y.
~
~

.

- SHIFT _ Picture elemedts - from line:start to 1st sub~-sync marker

SINHAP sin of PSTHAP v
SIZEH ~lumber of satellite image horizontal _élérgents“ifﬁr “distance
2% RANGE -

SIZEV  Number- of satellite imzge lines for distance 2%RANGE

SLHTRC Altitude of tracking station (statute mi.)
SROT  .Orbital rotation rate (rad ./hr.)

o TAUPER 'Time from perigee to agoending node (hr.)

TAUO  TAUML:
TCOV . Time (hr.) requir;ad‘ to imzge distance RANGE
" ML Time of day (hr.) of TAUML . S
™I » S . B

"w——v/

TOMEGA Time of ascending node (equator crossing) (hr.) for each
predicted orbit ’ .

WIDTH Picture.elements between ssub-sync markers

X “Current asgending node in predictions
Y Year .of reference orbit ‘ J -
b & Sate}lite longitude at time TAUO + T sec.

3. DATA FORMATTING: FOR IVAGE DISPLAY

3.4 1 9-Track to Phase-Encoded Format }

.

’rhe OAA satellite raw imcge data as suppliea on tane is not in «
R ';'

a suitable foﬁmét afdr direct dwplay since only a seotion of the imuse

data 13 to be proeessed and displayed.. _At most, a 300 nmi. square area

fwould be requiradt correSpondinv té radar with a ranie of 150 nmi.

v

1nee ‘the satellite data is supplied on 9-1:rack aoo—BPI magnatic t.ape,
the data hed to be copied to a tape compatible with the microcomputer
systcm whieh is. demribed in sccusg 2. lt. A IO\'A—-a ninicomputer wt.bh a

9—tr.‘ck tape drive w...a used, to transfer “the. data to the socondary serial .

part wired for 9600 b@ud. Appendixﬂ 13 the a..@embly' lmgmwe program.

A large word cmmt of 32767 and the bufi'er start cddrcus 13 so;nt.

." to t&m 'o.,pa drivs. _ uw rcscord ia r a (tmmiﬁat@d by £n ond of r%:cord'

R . , R ',‘,'«'O' .
. . f -~

." _41': .
S
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© P ~2,2019073 .7.2333333 20 4 1978 7796

? +8 1.407171709 ,0615530303 e
7:1,6970417 0,8709192

?0 '

7 ~1,6256327 -1,1180248

7 1,1162795 1,6238873

P11

7651978,

MAY 1978

-

DATE ASCENDING NODE  MAP LINE
TINME LONG TINE

? 65 1978
P2 :
6SAT 20 42 S8 76,02 20 59 43

MAX ANG  CENTRE  MIN ANG ORBIT LINE NO  COLUMN

8001 64703.75 1177.60

M
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50.91
102.46

50463
102,23

50,35
102,00

50.07
101.78

49.79
101.56

49,51
101.34

49.23

101,13

48.94

100.92

L'\

48.66
100.71

48.38
100.50

48.10
100.29

47.81
100.09

47.53
99.89

4725
99469

46,96
99.49

46,68

99.29

46.39
99.10

51,05 51.19 51.33
101.57 101.12 100,67

102.01

50.77
101.79

50,49
101.57

50.21
101.35

49.93
101.13

_49.65
100,91

49.36
100.70

49.08
100.49

48.80
100.28

48.52
100,07

48,23
99.87

47 495
99.67

47 .66
99.47

47.38
99.27

47.10
.99.07

46.81
?8.88

46,52
98,69

50.91
101.35

50.863
101.13

350.35
100.91

50.07
100.69

49.78
100.48

49,50
100.27

49.22
100,06

48,93
99,85

48.65
99.+65

48.37
99.45

48,08
99.25

47.80
929,05

47451
98.85

47 .23
?8.66

46,94
9844

46465
968 .22

Table 3.4

*

' 51.05
100,90

50,77
100.48

90.49
100.47

90,20
100,25

49,92
100.04

49.64
?9.83

49435
99.63

49,07
99,42

48.78
99.22

48.30
99.02

48,21
98.82

47.93
98.62

47.64
?8.43

47,38
98,24

47.07
?8.05

46.78

97.86.

51.47
51.19
100.45

90.90
100.24

50.62
100.02

50.34
99.81

50,05

99.60

49,77

. 99.40

49.48
929.19

49.20
?8.99

48,91
?28.79

48,63
?8.99

48.34
98.39

48.06
98.20

47477
?8.01

47.48
97.82

47.20
97.63

46.91
97 .44

91,60
100,22

51.32
100.00

91.04
99.79

50,75
99.58

50.47
929.37

50.18
929.16

49,90
?8.96

49.61
?8.75

49,33
98.55

49.04
?28.35

48.76
?8.16

48.47
97.96

48.18

9777

47.90
97.58

47461

97.39
47.32

97.21.
47.04-

97.02

91.74
99.77

51.45
99.55

51,17

99.34

50.89
99.13

50460
?8.92

S50.32
98.72

50.03
?8.51

49.74
?8.31

49.46
98.12

49.17

"97.92

48.88
97.72

48,40

97.53

48.31
97.34

48.02
?7.13

47 .74

96,97 .
" 47,45

96.78

47.16

96440

Satellite Image Co~ordinate

51.87
?9.31

591.59
99.10

91.30
98.89

51,02
98,48

30.73
98.47

50.44
98.27

"50.16
98.07

49.87
97.87

49.58
97.68

49.30
?7+48

49.01
97.29

48,72
97.10

48.44
96491

48.15
96.72

47.86
96.54

47,57

96436

47,28
96,18

Grid

87

52.00
98.85

91.72
98.64

51.43
?8.43

51,14
98,22

50.86
98.02

50,57
97.82

50.28
97.62

50,00
97.43

49.71
97.23

49.42
?7.04

49,13
96485

48.85
96446

48,56

96448 .

48.27
96429

47,98
?6.11

47 .69
?25.93 -
47«40
95.75




52413
98.38

51.84
98,18

91.56
97.97

S51.27
97.77

50.98
97.57

50.70
97.37

50.41
97.17

90.12
96.98

49,83
96479

49 .55
96.60

49.26
96.41

48.97
96.23

48.68
96.04

418,39
95.86

48.10
95.68

47.81

£5.50

47.52

| 95,32

52.26
97.92

51.97
97.71

91,48
97.51

91.40
97.31

51,11
97.11

50.82
96.92

50.53¢
96,72

S50.24
96.53

49.96
9634

49,67
96.15

49.38

\95.97

49,09
95,79

48,80
95,60

48.51
95.42

48.22
99.25

47,93
95,07

47 + 64
?4.90

92.38
97.45

32,09
97:25

51,81
97.05

51.52
96.85

51,23
96 .45

50.94
P8.46

50,65
R6:27

50,36

26,08

50.08
95.89

49.79
95.71

49.50
?5.52

49.21
?5.34

48.92
?5.16

48.63

94,99

48.34
?4.81

48,05

94.64

4776
P4.446

92.50
96.98

92,22
946.78

51.93
96.58

S1.64
96,39

51.35
96,19

51.06
946100

50,77
95.81

504+48
95.63

50.19
95.44

49.90
?5.26

49.61
?5.08

49.32
?4.90

3
49.03
94.72

48.74
94,35

48.45
?4.37

48,16
94,20

47.87

94,03

Table 3.4

52.63
96.50

52,34
96,31

52,05
96411

51.76
?25.92

91,47
95.73

51.18

?5.54

50.89
9535

50.60
95.17

50.31
?4.99

90.02
?4.81

49.73
?4.63

49,44

94445

49.15
94.28

48.84
?4.11

48.57

93.93

48.27
93,76

47.98

93,60

92474
?26.03

52.46
25,83

J2.17
95.64

51.88
95445

-51.59

95.26

91.30
95.08

51.01
94.89

50.72
94.71

50.43
?4.53

50.13
?4.36

49.84
?4.18

49,55
94.00

4926
93.83

48,97
93,66

48,48

93.49

48.39

?23.33

48,09
93,16

Continued

52.86
95455

52.57
?5.36

52.28
95.17

91.99
94.98

91.70
?4.80

91.41
24,61

51,12
94,43

50.83
?4.25

50.54
?4.08

50425
93.90

49.96
93.73

49,46
93,55

49.37
93,38

49,08
93,22

48.79
?3.05

48,50
92,88

48,20
92,72

88

92.98
?25.07

52,69
94.88

52.40
?24.69

92.11
924.51

51,82
94,32

51.52
?4.14

51.23
923.97

50.74
23.79

30465
93.62

50.36
93,44

50.07
93,27

49.77
?3.10

49.48
92.93

49,19,
92,77

48,90
92,60

48,60
92.44

48.31
92,28

e

) v o~ ot e
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52,14
101.31

51.83
101.28

51,52
101.25

91.21
101.23

90.89
101,20

90.58
101,17

50.27
101.15

49,96
101,12

49465
101.10

49.33
101.07

49,02
101,05

48.71
101,02

48.40
101.00

48.09
100.98

47.77
100.95

47.46
100.93

47415
100.91

52.16
100.80

31.85
100.77

51.33
100.75

51.22
100.73

30,91
100.70

50.60
100.48

50.29
100.66

49.97
100.64

49.66
100.61

49,35
100,59

49,04
100.57

48,72
100,35

48.41
100.53

48.10
100.51

47.79
100.49

47 .48
100.47

47.16 .

100.45

Table 3.5 -

92.17
100.29

91.86
100.27

51.85
100.25

91.24
100.23

90,92
100,21

50.61
100.19

50,30
100.17

49.9%
100.15

49.67
100,13

49.36
100.11

49.05
100.09

48.74
100.08

48.43
100.06

48.11
100.04

47.80
100.02

47 .49
100,01

47.18
9999

92.18
?9.78

51.87
99.76

51456

"99.75

51.25
29723

50,93
99.71

90.62
?9.70

50,31 °

99.68

30.00
9966

49.69
?9.65

49.37
?9.63

49,064
?9¢62

48.75
99.+60

48,44
99,59

48.12
9957

47.81
?9.96

47,50
99,55

47,19
99,53

o —

92.19

99.27

91.88

?29.26

91.57
99.24

51,26
99,23

30.94
?29.22

30,63
?9.20

50.32
99.19

30,01
99.18

49.69
?9.17

49,38
9913

49.07
99.14

48.76
?9.13

48,44
99,12

48.13
?9.11

47.82
99.09

47 .51
99.08

47,20
99,07

Radar Image

52,20
?8.76

- 51.89

98.75
51.58

98,74
:

51,26
98,73

50.95
98,72

50.64
98.71

50,33
98,70

50,01
98.69

49.70
98.68

49.39
98.67

49.08
98.66

48,76
?28.66

48,45
98.65

48.14
?8.64

47,83

?8.63

47,51
98, 62

47,20
98,61

92.21
98,25

51.89
98.25 .

91.58
?8.24

91.27
98.23.Y

90.96-
98.23

950.64
?8.22

50.33
?98.21

S50.02
98,21

49.71
?8.20

49.3%9
?8.19

49.08
?28.19

48.77

98.18

48.46
98.18

48,14
98,17
47.83
98,14

47,52
98,16

47.21
928.185

52,21
97.74

91,90
97.74

51.58
9774

51.2
97.73

50.96
?7.73

50.65
?7.73

50.33
97.72

50402

97.72

49.71

97.72

49.40
97.71

49.08
97.71

48.77
97.71

48.46
97.70

48,15
97470

47.83
97.70

47.52

97‘0 70

47.21
97,649

Co-ordinate Grid

.G

89

52.21
97.23

91.90
?7.23

51.59
97.23

51.27
97.23

30.96
97.23

90635
?7.23

50.34
97.23

50.02
97.23

49.71
?7.23

49.40
97.23

49.09
97.23

48.77
, 927.23

48. 446
97.23

48,15

47 .84

97.23

47,52
97,23

47.21
97,23

b e o W e e "
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S52.21
96,72

51.90

.. P6.73

51.58
96,73

51.27
96.73

50.96
96474

S50.65
264,74

50,33
96.74

50.02
96.75

49.71
9675

49.40
96.75

49.08

96.76

48.77
96.76

48,46
96.76

48,15
96477

47.83
96.77

47 .52

47.21
9677

92,21
96,21

51,89
96,22

51.58
96.23

51.27
?6.23

J0.96
96.24

50464
96425

50.33
96.25

50.02
26,26

A9.71
96427

49,39
96.27

49.08
96,28

48.77
96.29

48.46
96.29

48,14
96.30

47 .83
96.30

47o52
96.31

47.21
96,31

52,20 52.19
95.70 95,19

51.89
?5.71

51,88
95,21

51,58 51.57
95.72 ~ 95,22

51426
?5.24

*51.26
?5.74

50.94
95,25

30.95
95.75

50.63
95.264

30,64
95.76

350,33 50.32
95.76 ~95.28

J0.01 50.01
95.77 95.29

49,70 49,69
95,78 | 95.30
49,39 7 49,38
95,79 95.31

49,08
95,80

49.07
95.33

A8.76( 48476

95.81 95,34

48,45
95.82

48,44
95,35

48,13

48.14
95,83

47 .83
95.84

47 .82

47.51
95.85

47.20. 47,20
95.85 95,39

4751
95.38

Table 3.5

L]

95.37

52.18
94.69

51.87
94.70

51.56

94.72

S1.25
?4.74

30.93
94.75

J0.62
94.77

50.31
?4.79

50.00
94.80

49.69
94,82

49.37
94,83

4%2.06
?4.835

48.75
?4.86

48.44
94,88

48,12
74.89

47,81
94,91

47.50
?4.92

4719
?4.93

S52.17
94,18

51.86
94.20

91.55

94,22

91.24
24,24

30,92
?4.24

50.61
?4.28

50,30
?24.30

49.99
?4.32

49.67
?4.34

49,36
?24.35

49.03
?4.37

48,74
94,39

48,43
?4.41

48,11
94,42

47,80
94,44

47,49
94,46

47.18
94.48

Continued

52.16
93.67

91.85
23.69

51,53

93.72

91.22
?23.74

J0.91
?3.26

30.60

?3.79

50.29
?3.81

49.97
93.83

49.66
93.85

4935
93.87

49.04
?23.90

48,72

93.94

48,41
93.94

48,10
23.96

47.79

93.98

47.48
?4.00

47.16
94.02

J2.14
?3.16

51,83
93,19

51.52
93.21

90

51.21

?3.24

S50.89
?3.27

30.58
93.29

30,27
93,32

49.96
93.35

49.65
93.37

49,33

?3.40

49.02
93,42

48.71
23,44

48.40
?3.47

48.09
93.49

47477
93.51

47 ¢ 46

93.54

4715
93.56

PR
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1.23 1,11
-1.15 -1,22
1.20 1.07
—¢95 -1.,01
1.17 1,04
‘075 —082
1,14 1.01
"0.56 —eb2
.11 «98
~+36 —~e42
1.07 - .95
~e17 -e23
1.04 92
002# "'004
1,00 .89
20 15
+98 +86
' 39 + 33
T .98 +83
57 +52
- W93 +80
o 76 70
+20 78
94 +88
+87 75
1.11 1,06
+84 W72
1,29 1.24
°81 069
1,47 1.42
78 b7
1.64  1.59
76 .64
1,81 1.75

Table_3.6

+98
~-1.28

+95
”1008

92
“088

89
‘068

+86
~+48

B3
~ 029

+ 80
~-+10

77
09

' 74
.28

71
47

+68
65

66
.83

63
1.01

+60
1,19

57
1.37

+95

1.54

52
1.72

.85
-1034

82
~1.14

' 79
‘094

o 76
~e74

73
~+54

+ 70
-+ 39

e 67
-015

¢ 63
+ 04

v 62
23

+ 39
+41

+S6
+60

94 .

+78

+51
96

+48
l.14

46
1.32

43
1.50

' 40
1.67

72
“1040

69
”1920

+46
‘099

64
~e79

+61
"059

58
-040

'S5
-420

52
-+01

50
+1I8

47
+37

44
¢35

+41
74

« 39
92

«36
1.10

o34

1.28 .

+ 31
1.4%6

T .28
1,43

+60
“1146

v 57
~1.25

94
~1,05

+ 91
“085

.48
'065

+ 45

“045

43

“025

+ 40
-006

v 37
13

.35
«32

' 32
' 31

29
69

+27
+88

¢ 24
1.06

¢ 22
1.24

19
1.41

17
1.59

47
~1.51

.44
-1030

+41
-1,10

.38
-+90

o35

‘070

33
”050

+ 30
-2 30

27
*011

¢ 25
+08

$ 22
27

, 420
+46

17
+65

+15
+83

«12
1.02

10

1.20

07
1.38

.05
1,55

34
*1056

«31
*1036

+28
“1015

26

- 95

“074

+ 20
'054

.18
*035

«15
“,15

12

+04

+10
+23

«07
042

' .05
461

+02

79

-+00
+98

-+ 02
1.16

~+05

1,34 -
- 07.

‘_1052

——

Differential Co-ordinate Grid

23

91

21
-1061

.18
’1040

16
*1020!

13
“099

10
‘079

+ 08
‘059

+ 05
*039'

203
*019

+00
+00

-002
+19

“005
«38

“ 497




.08
-1.66

+ 05
"1045

I

+03
-1.24

e

-.02
“083

—.05
‘063

—008
~+43
‘023

~e12
~¢04

~+15
15

“017
34

+53

1.27

1.45

-005
=1.70

-008
"1049

‘010
-1028

“013
-1008
- 15
“087

—018
‘067

=420
-047

‘023
“027

*025
“008

'”027
12

“030
31

~.32
«50
"034
«69

~e37
«87

‘039
1,06

“.4%
1,24

*943
‘1042.

”018 -031 '044 "057
~1.74 -1,78 -1,82 -1,85
~021 _034 “047 -+ 60
-1.,53 -1.57 -1.40 ~1.64
-023 "036 ‘049 *062
-1032 -1036 “1039 -1042
‘026 ‘v38 ‘051 -064
“1.11 -1.15 -1,18 -1,21
—e28 -,41 1,547 -lgs
—091 -094 -098 “1001
‘030 ~+43 - 56 =69
—071 —074 *077 ~v80
~+33  -,45 -,58 -,71
-050 "054 "57 —060
‘935 —048 -060 *073
-031 ‘034 "037 “040
~+37 ~+e90 ° ~,63 ~e75
'011 “014 “017 “020
‘040 ”052 ~-+45 “077
<08 + 05 002 -.00
~+42 -+ 94 ~eb67 ~e79
+28 25 22 19
‘044 “057 "069 ‘082
47 «44 +41 38
-.47 ~+59 ~+71 ~-.84
+ 66 63 ' 60 87
'“049 ‘061 "073 "086
«84 81 79 76
=51  -83 -,75 -,g8
1003 1,00 97 95
*053 "065 ‘078 "090
1,28 1,18 1,16 1,13
=59 —~eb7 =,80 -e92
1.39 1,36  1.34 1.32
Table 3.6 ' Continued

=70
—1088

=73
“1066

=75

-1445

"077
~-1.,24

=79

-1.03

"081
-083

-084
-062

‘086
‘042

“088
"022

;‘090
-+03

‘092
w17

“094
« 36

—e96
¢33

-+¢98
74

-1,00
.93

“1002
1.11

-1+04
1.30

~.84°°
-1.91

~+86
~1.69

—088
-1.48

‘090
~1,27

"092
“1006

~¢ 94
‘085
‘096
’065

“098
=+ 44

“1.00
’024

-1.02
*005

‘1004
15

’“1006

' 34

"1008
33

-1.10"
72

‘1412'
e 91

"‘1014

1,09

“1016
1.28
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291.77
12,61

Y

287.94
199.71

283.61
187.81

278.72
177.11

273,25
167.86

267.21
160.29

260.66
154.66

253.70
151.18

248,53
150,00

239.36
151.18

232.41
154.66

1225.86
160.29

219,82
167,86

214,35
177.11

209,47
187.81

205,13
199.71

201.31
212,61

Table 3.7

295.58
199.81

291.75
186.02

287.34
173.18

282,26
161,53

276.44
151.33

269.86
142.89

262,57
136,55

254,71
132.59

246.53
131.25

238,36
132,59

230.30
136.55

223,21
142.89

216.63
151.33

210.82
161.53

2035.74

173.19-

201,32
186.02

197.50

199.80
Satellite Image Co-ordinate Grid in Polar Co-ordinates

299.89
188.00

296415
173.28

291.73
159.43

286.52
146,69

280.39
135.38

273,23
125.88

265,07
118.63

256.05
114,06

246,53
112,50

237.02
114.07

228.00
118.64

219.83
125.89

212.68
135.38

206435
146.69

201 .34
159.43

19693
173.28

193,19
188,00

304.74
177.39

301.20
161.71

296.92
146,78

291,72
132,84

285,36
120,24

277 .64
109.44

268,44
101.02

257.90
P5.62

246,53
- 93475

235.17
95.62

224,63
101.03

215,43
109,45

207.71
120.25

201,36
132,85

196415
146.79

191.87
161.72

188.33
177.39

310.17
168.20

306.98
151.59

303.03
135.55

298.05
120.33

291.70
106.26

283.55
93.87

273421
83.91

260.63
7732

246,353
75.00

232.43
77.33

219.86
83.92

20952
?3.88

201.37
106.27

195,02
120,33

190,05
135.56

186.09
151.59

182,91
168,21

316416
160,69

313.51
143.21

310.14
12613

305.723
109.61

299.82

23.96

291.68
79.69

280,34
67467

265.04
99.31

246.33
96425

228.02
99.32

212,72
67,68

201,39
79.69

193.25
93.96

187.34
109.62

182,94
126,13

179.56
143,22

176.92
160,69

o e ey . e L

322.66
155,09

320.74
136.91

318.24
118,93

314.87
101.25

310.10
84.07

302.97
6775

291.65
53.12

273,18
41.95

246.53
37,50

219.88
41.96

201,41
53,12

329.335
151,61

328.53
132.97

327.19
114.38

325.33
95.88

322,60
77.52

318,20
994435

310,07
42.02

291.63
26.55

246.52
18.75

201,43
- 264356

183,00
42,03

190.09474.87

67476

182.97

84.08

178,20

101,26

174.83
118.94

172,33
136,92

1720% 41
155.10

59+46

170.47
77.53

16774
95.89

165.88
114,39

164,54
132,98

163.52
151,62

93

336.66
150.41

336.64
131.61

336,63
112,80

336.61
?4.00

336,60
75.20

336,58
56,40

336.57

37.60

336,35
18.80

156.56
+01

156,52
18.81

156,51
37.61

156.49
956.41

156.48
75.21

156.46
94,02

156.45

112.82

156,43
131.62

156,42
150,42




343.77
151.53

344,75
132.90

J46.07
114,32

347.90
95.83

350.460
77.48

354.98
99.42

3.08
42,01

21.49
26455

66,55
18,75

111,60
26,55

130,00
42,02

138.10
59.43

142,47
77 .50

145.18

95.84.

147.01
114,34

148,32
132,91

149.31

151,55

350,67
154,93

352,56
136.77

355.03

118,82

358,37
101,16

3.11
84.00

10.22
67.70

21.51
53.09

39.94
41.94

66.54
37.50

93.14
41.95

111,57
53.10

122.86
67.71

129.96
84.01

134,70
101.17

138.05
118.83

140,52
136.79

142,41

154.95

357.18
160.46

359.81
143.02

3.15
125.97

7.353
109.48

13.42
93.86

21,33
79.62

32.83
67.64

48.09
59.30

66454
56.25

84,99
59,31

100.25
67.65

111.55
79.63

119,66
93.87

125,55
10949

129,92
125.98

133.27
143.04

135.89
1460.46

C 66454

3,19 B.64
167.92 177,05

6.36 12,15
151,35 161.43

10.28 16.40
135.35 146,55

15,23 21,58
120,177 132,67

21,56 27.91
106,15 120,12

29.67 35.359
93.80 109.37

39.97 44.74
83.88 100.99

32.30
77.31

55.23
95.61

66.54
75.00 93.75
77.85
95.61

80.58
77,32

?3.11 88.33
83.88 100.99

103.41 '97.49
93.81 109.37

111,52 105.17
106.16 120,13

117.84 111.50
120.19 132.48

122.80 116,67
135,37 146.57

126,72 120,92
151.36 161.45

129.88 124,44
167.94 177.02
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13.51 17.84
187.61 199.38

17.23 21.64
172.96 185.67

21,61 26.02
159.17 172.91

26,79 31.07
146,50 161.33

32,89 34.84
135,25 151,19

40.00 43.38
125,80 142.81

48.12 50.62
118.60 136.51

57.08 358.42
114.05 132.58

56.54 66.54
112,50 131.25

75.99 74.66
114,06 132.59

B4.96 82.46
118.60 136.51

93.08 89.70
125.81 142.81

100.19 96,23
135.25_151.20

106.29 102.01
146,51 161.34

111,47 107.06
159,19 172.92

115,85 111,44
172,98 185.69

119.57 115.24
18763 199.41

Table 3.7 Continued

21.67
212.16

25.46

199.34

29.76
187.52

34.61
176.90

40,03
167.71

46.03
160.20

52,53
154.62

59.43
151.17

66,54

150.00

73.65
151.17

80.55

154,42

87.05
160.21

93.04
167.72

98,47

176.91

103.32
187.53

107.62
199.36

111.44
212.18

94

PR




23,23 23.24 23.24 23.25 23.27 23.28 23,30 23.32
1,00...1.00 __1.00 1,00 . 1.00 1.00 1.00 1,00

23,25 23.25 23,25 23.26 23,28 23.29 23.31 23.34
1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

23,26 23,26 23,27 23,27 23.28 23.30 23.32 23,35
1,00 1.00 1,00 1,00 1.00 1.00 1.00 1.00

23.28 23.28 23.28 23.28 23.29 23.31 23.33 23.36

1.00 1,00 1.00 1.00 1.00 1.00 1.00 1.00

23.31 . 23,31 23,30 23.30 23.30 23,31 23.33- 23.37
1.00 1.00 1,00. 1.00 1.00 1.00 1.00 1,00

23,34 23.34 23,33 23,33 23,32 23,32 23,34 23.37
1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

23.38 23.37 23.37 23.36 23.35 23.35 23.35 23.37
1.00 1.00 1.00 1,00 1.00 1.00 1.00 1,00

23.42 23.42 23.41 23,41 23.40 23.39 23.38 23,37
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

23.47 23.47 23.47 23.47 23.47 23.47 23.47 23.48
1.00 1.00 1.00 1.00 1,00 1.00 1.00 1.00

23.51 23.51 23,52 23,52 23.53 23.54 23.56 23.57
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

23.55 23.56 23,56 23.57 23.58 23,59 23.59 23,57
1.00 1,00 1.00 1.00 1,00 1,00 1.00 1,00

23.59 23,59 23,60 23,61 23.61 23,61 23.60 23.56
1.00 1,00 1.00 1.00 "1.00 1.00 1.00 1,00

23,62 23,62 23.63 23,63 23.63 23,62 23,60 23.56
1.00 1,00 1,00 1,00 1,00 1,00 1,00 1,00

23.64 23,65 23,65 23.64 23,64 23.62 23.60 23.57
1,00 1,00 1.00 1.00 1.00 1.00 1.00 1.00

23,66 23.66 23.66 23.66 23,64 23.63 23.61 23.58
1,00 1,00 1.00 1,00 1,00 1.00 1.00 1.00
t 4 .

23.68- 23.68 23,67 23,66 23,45 23.63 23.61 23.59
- 1.,00 1.00 1.00 1,00 1.00 1.00 1.00 1,00

23.69 23,69 23,68 23,67 23.66 23.64 23.62 23,60
1,00 1.00 1.00 1,00 1.00 1,00 1.00 1,00

.634.8425119754

5873576953916

- —— -
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23,34
1.00

23.36
1,00

23.37
1,00

23.39
1.00

23.40
1.00

23.42
i.00

23,43
1,00

23,45
1,00

0.00
1.00

23.48
1.00

23.49
1.00

23,51
1,00

23.52
1.00

23.54
1.00 ,

23.55

1,00

23.57
1.00

23.58

1,00 7




23,36
1,00

23,38
1.00

23,39
1,00

23.41
1,00

23,44
1,00

23,46
1,00

23.49
1.00

23.51
1.00

23.45
1.00

23,40
1.00

23.43
1.00

23.46
1.00

23.49

1,00

23.51
1.00

23.53
1.00

2335
1,00

23.357
1.00

23.37
1.00

23,39
1.00

23.41
1.00

23,43
1,00

23,45
1.00

23.47
1,00

23.49
1.00

23.49
1.00

23.46
1.00

23.42

23.43
1.00

*23.45
1.00

23.47
1,00

23.50
1,00

23,52
1.00

23.54
1.00

23.54
1.00

23.37
1.00

23.39
1.00

23.41

1.00

23.43
1.00

23.45
1.00

23.47
1,00

23.48
1.00

23,48
1,00

23,46
1.00

23,44
1.00

1,00

23.44
1.00

23,45
1.00

23,47
1,00

23,49
1.00

23.51
1.00

23.53
1.00

23.55 ..

1,00
Table

23.37
1.00

23.39
1.00

23.41
1,00

23.43
1.00

23.44
1.00

23.46
1.00

23.47
1.00

23.47
1.00

23.46
1.00

23445
1.00

23.45
1.00

23.46
1.00

23.48
1.00

.23.50

1.00

23.51
1.00

23.33
1.00

23,55
1,00

23.36
1.00

23.38

1.00

23.40
1.00

23.42
1.00

23443
1,00

23.45
1,00

23,45
1.00

23.46
1.00

23,46
1.00

23.44
1.00

23.47
1.00

23.48
1.00

23.49
1,00

23.50

1,00

23.52 .

1.00

23.54

1.00
23+5¢6

1.00

23,36
1.00

23,37
1,00

23.39
1,00

23,41
1.00

23.42
1.00

23.43
1.00

23,45
1,00

23.45
1.00

23.46
1,00

23+47
1.00

23.48
1.00

23,49
1.00

23.350

1,00

23.51
1.00

23053‘

1.00

- 23439

1,00

23.56
1,00

3.8 Continued

23434
1.00

23.36
1,00

23,38
1.00

23,40
1,00

23,41

1.00

23.43
1.00

23,44
1.00

23,45
1.00

23.46
1.00

23.47
1.00

23.48
1.00

23.50
1.00

23.51

1.00

23.53
1.00

23.54
1.00

23.356
1.00

23,57
1,00

23.33
1.00

23.35
1.00

23.37
1.00

23,38
1.00

23.40
1.00

23.42
1.00

23.43
1.00

23,45

1,00

23.46
1.00

23.48
1.00

23.49
1.00

23.51
1,00

23,52

1.00

23.54

1,00

23.59
1.00

23.57
1.00

23.59
1,00
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mark) and transferred to the .computer memory using DMA. When the
transfer 1is complete, the tape drive 1nterr_uptst the com;.mter. The
computer then reads the tape word counter and status. The word counter
contains the actual record length. Since "the record length is not
fixed, the tape drive is commanded to read untilc<the next end of file
mayk or 65534 bytes, ghichever is less. The data in the buffer is sent
to the serial port. When the transfer is complete, t;é canputer
commands the tape drive to read another record. 250 nulls are sent to
the serial port (as an inter-record gap), which gives the tape drive
enough time to read the next record (.29 sec.). Hence continuous data
is sent to the serial port. 'This is required by the phase-encoding tape

interface so that there will be no synchronization problem on the first

" data byte, To indicate the startﬂﬁf a new record (and -the end of the

null séquence). a sync byte (16 hexadecimal) is sent. The nulls are FF .

hexaedecimal rather than 00 since the UART in the microcomputer would not

synchronize to a 00 null sequence, with only the stop-bit being high.

-

3.4.2 Identifying Tapes

Each file (set of data records) is identified with a header

_ record as seen in Table 3.9, Appendix 8 is a microcomputer program to

read the hesder record and print it. Table 3.9 is L*listing of all the
header records, The orbit number (number of orbital revolutions since
launch) will be used in referencing particular imzzes under study. Fig.

3.8 i3 a flowchart for the progrem .sectian which resds the tape into

mexory. This is a routine which is used ;nigany other programs. The

coding is coritical due to the nature of the 8251 UART which makes it
difficult to progrcm. - ‘

e ]

-4
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[ 2

: mz'rm. DATA FOR wmms « : -
~  .gRBIT NUMBER: 7989. : - '
ASCENDING NBDE: =87.65 ,

UATOR CR7SSING TIME: 126D 2H 261 565 2

ACOUI SITIGN TIME: 126D 2H 41M 568 Z

DATA\JAPE TYPE: 00 :

PRBI TAL PATA FOR NGAAS
_GRBIT NUMBER: 8063

. ' ASCENDING NZDE: -7%.89
BQUAT@R CRESSING TIME: 131D IH 554 49
ACQULSITION TIME: 131D 1H S9M 19§ z°
.DATA TAPE TYPE: 02 . :
TAPE #: 00 -

mm TAL DATA FOR NBGAAS
, SRBI'T NUMBER: §00L
ASCENDING NODE: ~76.66. . ,
EQUATOX CRESSING TIME: 127D 1H 42M. 575 ¢
. ‘%wfgfrwm TINE: 127D 1H 46M 305 2
TA TAPE TYPE: 02 : S
_TAPE g: 00 - a

ORBITAL DATA FIR NBAAS

@RBIT NUMBER: 7971 _

ASCENDING .NODE: 76. 40 ‘

BQUATOR -CRESSING TIME: 124D 15H 32 53§ Z-
. ACQUISITION TIME: 124D 1611 114 535 Z’

DATA TAPE- TYPE: 00 : -

TAPE #: 00 -

#

-

© pable 3.9 . Header ‘Record Listing .
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red

(INITIALIZE UART)

h

Clear Command Register

Resét UART. '

Set baud rate, char. length,
parity,stop bits

Receive enable

1 Set data terminal ready

@x—[CounT = 240
i

1

Read char fromUARTl]‘

s

| count = 20 |

»

(@ —]|read char from vart] .

_Fig. 3.8 Flowchart for Magnotidé Tape Read
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@:AD HEADER)

ﬂ;nitialize UAR@H

[Set Buffer pointer]

COUNT = 50

~———>IRead batqﬂ

|Store data in Buffer]

[Inc Buffer Pointer|

[counT = counT-1]

No Yes

RETURN

Fig. 3.8 Continued
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At the end of Appendix 8 is a Basic language implementation %

the header record data printout progrem. The assembly languzge progrfam
was writt'en\bef‘ore the Basic 1language ‘interpreter was obtained and
configured i‘or the microcomputer system. The demonstrates the
considerable programming simplification possible when using a high level

language, particularly for non-real time applications where execution

speed is not important.

3.4.3 Data Acquisition For Display

In order to disp;ay a small geographical area, data 1is
selectively read from the raw data. If the satellite has an orbital
period of “116.29 min. and a' scan rate of 360 lines/min., the scan lines
will be spacéd by 0.473 mmi. If 256 lines are read into the display,
the vertical coverage will be 121.0 nmi. With 60 degrees of sensor scan

digitized to 1951 points, each pixel is separate by 0.511 mmi. 256

elements cover 130.8 nmi. If a 300 x 300 mmi. image i3 desired, 635

lines with 587 elements will be required. In order to display the imsage
on a 256 line' by 256' element display, each display line should be
produced from 2.48 scan lines and each display element should be produced
from 2.29 elements of the raw data. Hence the imege size must be sealed‘
by horizontal .and vertical factors. Since, in lgeneral, scale factors

are not int’.eger’nunbérs. an estimate of the value of the desired element

must be made based on the values of the given elements. Bernstein [7] -

discusses practical methods of estimation, nemely nearest neighbour,
bi-linear interpolation and cubic apline interpolation, The nearest
neighbour algérithm was implemented mainly due to its simplioity.. The

results from the three algorithas do not diffor greatly for imcgery

b e e el g S
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containing naturai features, A significant improvement is achieved

using the cubic spline algorithm where nman-made features are
encountered, particularly diagonél line structures.

If a scale factor of 2.29 is used, the nearest neighbour
algorithm would resd elements 1, 3, 6, 8, 10, 12, 15, 17, ....,, 587
from the raw data tape into a display line of 256 elements. A similar
process 13 used for reading the lines. In addition to scaling, the
starting line‘qu element (column) must be known. A progrem comﬁutes
the line number (since equator crossing) and element column from the
scan line start for the centre of the imzge desired. For orbit 7971,
the imzge céntre (Winnipeg air‘por;t) should be located at line 16576 aﬁd
column 1150. Since acquisition time (start of data tape) occured 2340
seconds after equator crosslng_and*the start of the image is at line
16259 (1657.35 - 635/2), the first line is co;tained in record 2219.
The\tape is searched for record 2219 and the image 1s réa& from the
tape. -

Appendix 9 is a pr&gram for reading the raw data tapes and Fig.
3.9 is the oorrésgonding flowchart. The program clears the image memory
and requests the following input response:

"DAY OR NIGHT PASé?" input either "D" or "jN®

|
| f‘

input orbit number to verify cgrrect tape
/

"ORBIT NUMBER="

"START COLUMN=*

J
.element nimber from start of d#ta record (i.e. an
X-shift factor) / '

€.,

"LINE SINCE AOS="

record number of first line (3.c. y-shift factor)

"WISUAL OR IR?"

input "V" or ."I" to sclect visual or IR image

¥
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(assuming data is present as indicated by tape

type) p
' ®RECORD LENGFH=" - normally 2016 or 4016 depending on tape type)
_"START TAPE G," - position tape just before header start, start

tape, type "G" and when tone starts type carraige
return,
If the header is correctly read with th? correct orbit number as

requested, an "R" will be typed. If not, "WRONG ORBIT" will be printed
and control will return to the ‘monit.or. Reposition the tape af‘tef
checking tape counter, controls, etec. Start the tape and repeat the "G"
procedure. The tape will be read and searched for the desired record
number, The image will be read according to the .scale factors set by
]'.ocationsN‘mCL and INCP. INCL is the increment in records per required
line, and consists of three bytes; an in‘t.eger part INCL+2, INCL+1 and
the fractional part INCL. INCP is the inverse of the column increment
per horizontal element. Location INCP+2 is the integer part and INCL*+1,
INCL is the fractional part.

If a required fecord is not fowd, an errér message will be
printed: "LINE NOT FOUND=" PREC, where PREC 1s the record number being
searched for., If a ”x‘f}aming error océurs. usually due to tape problems,
a message will be printed: "READ ERROR IN LINE=" PREC "BYTE=" BNUM,
wnere BNUM is the byte number in the record. If an end of tape is
encountered, "E)Jb- OF TAPE" will be printed. Mount the continuation tape
and continue the program. When all" the required data 1is read, "READ
DONE" will be prihted. |

‘ As" the tape is read, the process can be monitored on the

display; If the pess is a daytime one, the display will be filled in

”
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(START)

//Enput Day ©

Night Pass

~----{DNFLAG= D or N|

//fnput Orbit
Number

//Input Startin

---{srcoL .1E. 1744]

" Column

Line

//Inpqt Starti

/Input VIS or

IR

ng
/___{ LINENO]

~—-—{vIFLAG = V or I

Length

//input Record

o et e
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the normal scan direction. For a nightime pass, the display will be
filled backwards, reading from the bottom and right to left., In the
nightime, the satellite moves from south to north and effectively the

satellite views the earth upside-down,

3.4.4 Position Correctiona

Due to several sources of error, including satellite roll and
prediction errors, the image will be a few elements offset from the.
predic;ed pos}tion. Visible features, particularly land-water
interfaces, are often used to verify and correct positioning errors.
Once geographical fc;atures are identified, they can be traced onto a
c;lear plastic overlay on the monitor face. Assuming horizontal and
vertical linearity, distances can be compared to a map and corrections
to horizontal and vertical position determined. Correctit;ns can be made
to the position by either re-rezading the raw data tape with corrected
starting column and ref:ord or using the imege translation progrem. If
the translation program is used, data near two edges (depending on the
shift direction) will be missing. It wafx found that vertical and
horizontal scale factors and rotation were as predicted. The cursor
program can be used to determine the vertical and horizontal position of°
various points on the screen ," in order to compare positions on a map.

b

3.4.5 Transfer of Image Memory to Tape

After vazrious stages of ‘prooessing, the image memory may be
saved on megnetic tape and later read back from the taope. Appendix 10
is a progrom to read ond write to tcpe. The entire 128 kilobytes is

transferred. 1000 null characters are first written .and then the data
- .

]
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is written continuvously. I érror cheeking is employed asinec an error
will nomally affect the rest of the data resd in. An error will

usually result in o froming error detected by the réad progrcm or an

~

undetected error will normally be visible on the display. To ensure

data integrity, the imcie meuory should be written twice. The normal
causes of errors are bod seotions of tape (non-recoverable) or dirt in

the tape heads.




CHAPTER 4

RADAR DATA ACQUISITION AND PROCESSING

4.1 RADAR DATA- ACQUISITION

4,1.1 Introduction
The radar used in the satellite-radar study was a long range (150

nmi) L-band Airport and Airways Surveillance Radar (AASR). It has a

'pulse repitition frequency (PRF) of 380 Hz with a pulse width of 2 usec.

The antenna rotation rate is 6 rpm, causing a complete 380 degree sweep
in 10 seconds. The Winnipeg AASR provided both normal and Moving Target
Indicator (MTI) video processing. The radar video signals were recorded
in }ééi time on a two-channel wideband RCA Advisor video recorder. The

vidéh recorder allowed 30 minutes of continuous data to be recorded on

- one tape. In order to compare the satellite and radar data, the radar

signals were recorded during the time of the satellite pass.

The radar_;orms an image of radio reflecting objects using a polar
scan, where scan lines radiate from the centre of the .image which are
swept or rotated about the centre. This is a different scanning.
technique from the rectangular scannipg system of the satellite, If the
radar has a PRF of 380 Hz‘(resulting in 380 scans per secoﬁd) one
antenna rotation or sweep in 10 seconds will contain 3600 scans. The.
antenna azimuth beamwidth of the radar at the -3 dB points is 1.35
degrees. Point targets 1.35 degrees apart in azimuth at the szme range
can be barely .resolved. The actual ground dist:nce between the two
targets is proportional to range. Hence ihe radar distance resolution

varies with range whereas satellite imzge resolution is fairly constant

over the image. At a beamwidth of 1.35 degrees, at least 13 echos will

110
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be received from a target using a PRF of 380 Hz. An azimuth of 1.35

degrees corresponds to a ground distance of 2.8 nmi at a range of 60

nmi.
The AASR pulse width of 2 pysec allows of ground resolution in the
range direction of about .2 mmi, independent of range.

4,1.2 Recording Format

The radar video signal can be directly recorded on tape using a
wideband recorder, with a bandwidth on the 'order of 2 MHz. Two channels
were used, one for normal video and the other for MTI processed video.
The video signal was a unipolar positive signal, with a maximum playbagk
output voltage of .5 volt. Recorded along with the norméi video signal
were: system trigger pulses, These pulses are negative, with a pe;ak
amplitude ~.6 volts and a pulse width of 2usec. The systeui trigger
pulses correspond to the transmitter pulses.

In orde.r to establish an azimuth reference, North-mark or azimuth
reference pulses (ARP) were recorded on one of the audio- channels.
The*se are negé’cive pulses, with a peak amplitude of -.6 volt and a
pulsewidth of 20 usec. The second audio channel contains azimuth clock

pulses (ACP), which are positive pulses, with a peak amplitude of .8

“wyolt and a pulse width of 70 usec. The ACP's are derived from- an

arzt.enna position sensor, produc-ing 4096 pulses per revolution. By
counting ACP's sinc;e the ARP gives a direct indication of the antenna
azimuth, independent of ttie.PRF. antenna rotafioq speed or variations in
playback tape speed.. | .

. h
. B.,1.3 Sampling the Radar Data

In order to display the radar imezes on the iinag,e display sysgem

(rectangular), the radar scanning must be converted from polar to

LTS
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réctangular form.  The rad_ar“signal is first o,ampled in polar form (as a
i‘uncti:m of time), converted to binary form'and‘ stored. in the 128
kilo—byte RAM. As a compror.niSe between- the nu.nber of sanmles and number
of quantiZation levels, 26211411 (218) 4-bit samples were taken, with 128

samples ' in range ,and 2048 samples in azimuth. This polar_ data is

" converted to a 256 x-256 element rectangular form. If the radar meximum

.rahge_circle inscribes a square of c!im:ensioh 256 elements, then a range
scan requires 128 elements. Szmpling 2048 rqngo scans with‘128 sampleo
por' scan - ensures a sufficient deﬁjsit.y of samples ‘f‘or the polar to
rectangular scan conversion process, In t'.he simplest form of the scan
‘eonversion, each point in the rectangular output image 1s selected from

the input polar image’ using the nearest neighbour technique. The

density of points in the input image must be sufficient so .that the

maximum distance’ difference (error),&_oetween the desired point and the

closest available point is less than 1/2 element spacing in the output

imége, o .

" Hardware was constructed to interface with the video recorder,

. *digitize tl':e' video and storé 1'6 in the memory unit. Figure 4-1 is a

block diagrm of' thc hardware system.

' The sweep sampling process is initiated by the first ARP after

n

’Jreset and start The wait period can be up to 10 seconds. Every second

‘4ACP initiatcs the range sweep wait . period The next syatea;‘ trigger

pu].se ;qigiatea the sarqplingof.a range sweep. 128 _sg:nplos are taken at

.a'rate of 1/16"® the clock f‘rm‘;ué:jo:cj(.' The required clock frequency is

given by: ‘
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where

R

max imup range (edge)

¢

velocity of light

The low-pass filter cut-off frequency (maximum) is f = f‘c/z in order to
satisfy the Nyquist criterion.
4.1.4 Hardware ~—

Figure 4.2 is the interface and video processing hardware.
Transistor Q1 and Schmitt trigger 61 convert the ARP signal from the
tape to a TTL pulse signal. The base bias potentiometer sets the
thresho‘ld\ level to discriminate a low from a fhigh logic level., An
_oﬁt';mtm setting is where all ARP pulses are recognized and no false
pulses are produced‘ from noise. Q2 and G6 form a similar oircuit for
the ACP pulses. Q3 and G2 remove the syétem trigger pulses from the
normal video output of the recordér. The base bias potentiometer is
adjusted. so that the video signal itself does not cause|f‘alse system
trigger pt;lées.

'05 and Q4 process the video signal. The switch S1 selects either
\norm:’al or MTI video. The function of Q5 is to clip-off the negaj:ive
system trigger pulses from the normal video and buffer the .sig'nal. .Qé
_ is. en caitter follower e.mplifier.' The base bias:potentiometer sets the
clipping threshold. The MII video is not affected- since it does not
conp'ain syﬁtw trigg'ér_ pulzes,

Since the_' video from the re&iér system is A.C. coupled (i.c. ‘the
D.C. cwponer_lt\ is lost), the D.C.'component must be restored. This is

the funotion of D1, as a negative peak detestor. In the case of the

RV
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radar video, the minimum video level (negative peaks) is zero. The zero
level of the video signal from the radar system fluctuates due to the
A.C. coupled nature of the signal. D1 almost completely restbres the
signal to its correct form. D2 and D3 set the bias (minimun level) for
Q4, The video amplitude is adjusted by the 100 K potentiometer.

The A/D converter produces an of"fset binary output, where a zero
binary count (minimum) requires a -.5 volt input. The maximum binary
count requires a +.5 -volt input. The level control and V™ is adjusted
so that these rgquirements are met, with the videt? signal filling the
entire range of the A/D converter. '

Figure U4. 4 initiates and counts the ACP's. Figure 4.6 is the
corresponding timing diagram. Switch S2 resets and sta;'ts the sampling
process. When s2 is switched to the start position, FF3 is set by the
next ARP to arrive. ;I’his could take as long as 10 seconds. C#4, C5, and
-C6 comnt the ACP pulses after being enabled by FF3. When the maximum
count of 4095 is reached (one antenna rotation), .the output of G9 goes
low, disabling the counters from being cl;acked and ﬁence the comnt is
heid at 4095, until reset by S2.

In Figure 4.3, FF1 is ,clockgd by the even ACP's (ACP/2 output from
CY, QA). VWhen FF1 is set, FF2 will be set by the next system trigger to
agrive after the even ACP. Ch4, C5, and C6 provide the high order
address to-the memory (azimuth bin count).

FF2 enables €1, €2, and C3 to cown: and cause the A/D to sample 128
points in range, after rec.zei;ing the system trigger. ‘I'hé timing diagram
is shown .in Figure 4.7. After the cowters are e'nabled.. the A/D

converter will be triggered' 8 clock pulses later, from the sampling

- cloock, and at intervals of 16 clock pul}.:es therenfter. ‘m‘len the »D

~

/"'\.'\

‘
PR |
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*

converter is triggered, it converts the video input to a 4-bit binary
equivalent and issues a' data ready pulse after the conversion is
complete,

Counters C2 and C3 count 128 A/D samples and also supply the memory
with the lower address bits. After 128 semples in range are taken, QD
of C3 goes high, resetting FF1 and FF2, which in turn rgset €1, C2 and
c3. |

Since the A/D data samples are 4 bits in length, two A/D samples
musé be catenated together,, forming an 8 bit byte which then can be
writteﬁ to memory. This is performed by the logic in Figure 4.5. The
nultiplexer fglect line, MUX SEL, is effectivély the least'significant
address bit. The first A/D sample is held in L1 and the second in L2.
The A/D converter indicates yhe conversion is complete by the data ready
output, DATA RDY1. This clocks the data into L1 or L2. BCL1 and BCL2
controls which half of the 16-bit word is written to memory. The,byte
select signal, BYTE SEL, selects which half is wrigten.

’ The first 131072 semples are written into channel 0 of the memory
and the remainder are written into channel 1. 1In Figuré 4.3, RP1 and
RP2 are memory cycle signals for channel 0 and 1 respectively. The
cycle pulses are generatqd by M1, when the A/D data is ready on the odd
szmples. The most significant address bit, CHAN, causes the cycle
pulses té cycle either channel 0 or 1.’

When - the sampling process is complete, (after 10 seconds) the
copputer may procesi"tne*}adar data. In the present configuration, the
ﬁemory nmust de physically,diseonnected from the radar sampiing hardware
and coﬁnected to the caqputér 1nterfacei ﬁitb memory power on. A switch’

o the memory interface disables menmory coyeling during the process of

—
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chang ing cables,

4.2 SCAN CONVERSION TO PPI FORMAT &

§.2.1 Introduction

The radar data stored initially in memory is in a polar format. If
the memory contents is displayed, a "B-scan" image will result, wi'mere
the horizontal dir:‘ection is range and the vertical direction is azimpth,
This is shown in Figure A5.47. The data was processed so that the 2048
range sweeps were averaged into 256 line display, each line containing
128 samples in range. It 138 required to convert the I?-—scan display into
a PPI format, in order to be compatable with the satellite images; a
more meaningful format. This result of the scan conversion 1is Figure
A5.48. |

The scan conversion is performed in software. The computer
performs the scan conversion. at a rate of approximately 8 times slower
than real time, requiring 80 seconds to complete. The raw radar data in
memory is first stored on magnetic tape since‘ the display portion of the
memory is required for the production of the PPI display. Then the tape
is read back and the &ata‘is written ”o the display in the seme manner
as a conventional i’PI display. At a rate of 9600 baud, the actual
conversion process'takes 150 seconds. Heni:e the computér progrem is

waiting for data almost half of the time.

4.2.2 Algoritha

The basle process of scan conversion is to éompute the required x,y -

display address for each input point and then write the data to that '

addresa.‘_ Since there are more input points then display points,. data

reduction is"requircd. A considerable simplification is mede if the

.__..,_,,
.



S
SN

124

input points are written over if two or more points are close enough to
require the same memory location on the display. This occurance is more
frequent near the imzge centre. Otherwise, a complex spatial filﬁering
operation would be required. Near the edges, some memory locations may

not be written into at all.

128,

The imsge centre on the display, (xo.yo). is defined as x,

Yo 128. The memory address x,y is computed as

r sin A + X,

»
"

<
n

- s A+
r co yo

where r is the range of a point; 0 < r < 127 and A is the azimuth; A =
2xn/2048, n is the number of a range scan (sector); 0 < n < 2047. On a
PP1 display, zero azimuth 1s towards the top. The range of x and y is
from 0 to 255.

For any given sector .n, a straight line will be drawn from the
centre to the edge as r ranges from 0 to 127. The equations for

computing x,y can be re-written as

+
Xy = % ¥ A

r+1 yr Ay

where ' :
Ax = sinA, Ay = -cosA | \

A

-

PRI

Hence each new address ‘along a sector line is simply generated by
addition. Sineo Ax end 3y arc frootional numbers, the addition must be

carried out in fixed point format cnd the numbers rownded to the nearest

¥

A4

-
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integer only for setting-up an address. For computation speed and
simplicity, sin and cos are generated from a lookup table. Only 2048
discrete values are required.

When the ad&ress is computed and set-up, the data is read from the
tape and written into that location.

4,2.3 Program Implementation

§

Figure 4-8 is a flowchart of the scan conversion program. The
lookup table consists of 1536 entries, one byte for each entry. This

represents 3/4 of a cycle, allowing simple generation of sin and cos

values. For negative arguments, the identities sin(-A) -sinA and
cos(-A) = cosA are employed. A cosine i-s generated as cosA = sin(A +
¥/2). All values are the absolute values in the form of unsi,gnid
integers. /Program logic generates the gign. The values of x and y are
computed using 16-bit addition, with the upper byte as the integer part
and the lower byte as the fractional part. The 16-bit integer is
unsigned since x and y are always positive.

If the argument for the sin fumction is A (in radians), then the

lookup table address HL is compubed ag?

HL = =————— 4+ TABLE

2048 A
2%

where TABLE is the starting address‘ of the ‘table.- For the scan
conVe;’sion progrem, the term 2048 A/2x is the sector number since the
angular increment between é;djacent Sectors is 2x/2048. -

_ Each byte re_ad from the data tape contains two rodar’ points, each
consisting of l&ﬂbita. ‘Hence the program must -pc.rform two co—or;dinatc

conversions for esch byte read. Apperidix 14 is the listing for the scan

.
et s e g
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convgrsion program. The lookup table was generated by a BASIC prog'ram
and the table was stored along with the object code for the scan
conversion program.

, €

4.3 MECHANICAL-OPTICAL SCANNING OF PHOTOGRAPHS

4,3.1 Scanning Device

A photograph containing data may be digitized by a
mechanical-optical scanner. A scaﬁner consists of several components:
(1) a constant speed rotating drum driven by a motor (synchronous)
(1i) high intensity spot lamp
(ii1) photodetector, opties and high gain amplifier
(iv) 1lateral drun feed mechanism and mot?r '

(v) drum phasing contacts

The photograph is mounted on the drum. The drum is rotated by a motor
through a worm gear drive and is slowly fed laterally by another motor
through a/rack and pinion gear drive. ‘A photodetector and optics
receive light from‘a small a;ea on the potograph at an& givén time, due
to its very x{arrow field of view. This determines the resolution of the
system. The light is reflected from the photograph originating from a
higﬁ intensiﬁy light source. . The amount of ligﬁf reflected and hence
the sig;zal from the phbmdetecﬁ‘ is proportional to the reflectivity of

the point on the photograph. As the drum rotates and is fedlaterally,

"a raster scan signal results. The signal bandwidth and scan line

density nust mateh the detector apet;ture s'iza.‘

h,3.2 Digitizing PPI Photographs |

Due- to capstan ﬁotor\ 'problgms‘ on the video recorder, the

’

photographs were used instecd. Photographs of the PPI CRT were made
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during the satellite passes. The photographs corresponding to the
satellite passes were digitized via tpe mechanical-optical scanner and
stored in the imzge memory. The image did not have to be scan-converted
since it was already in PPI format.

Figure 4-9 is a block diagram of the photograph digitimzing system.
The power line frequency of 60 Hz produces a stable drum motor speed of
180 RP?. The phasing contacts are opened mamentarily each drum
revolution by a cam. This flags the computer when a new line is about
to begin. The lateral feed motor is driven by a low frequency power
smplifier (10 watts) rather than from the power line. A variable
f'requenéy oscillator sets the motor speed (a synchronous moi:or) and
hence the lateral feed rate. The size of the area of interest on the
photograph required an oscillator frequency of 50 Hz to produce a square
image. A 60 nautical” mile radius on the coverage area photograpﬁ is
contained in squére of 2.4 inch sides. This occupies a fraction 0.38 of
the drum circumference (2 inch dismeter drum). If the digitized image
contains 256 by 256 elements and the scanning rate is 3 lines per
second, a horizontal element is dig{t%zed every .5 m -sec., In order to
prevent aliasing, the low pass filter cut-off frequency must be less
than 1 KHz. A high gain current-to-voltage convgrter amplifies the

phototube video signal to the .5 volt bipoelar level required by the A/D

‘converter. 'me'phot.‘ograph elements are quantized t;o 16 levels.

4,3.3 Computer Data Acquisition

Unlike the radar signals, the digitized photograph data may be

/

stxpred in memory under progrém control, since the sempling rate is 2

s e

.KHz. Figure 4-10 18 the program flow-chart and Appendix 15 is the

progrem listing. The A/D converter output is connected to {'.he mmc;ry
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(sTarT)

Image Memory
Address=0

wait for 15
Drum Revs

Wait for Drum
Contacts to Open

;-{ﬁhit for Black Vertical Marker |
No ’

[§élay

Store A/D Value
| in Memoxy

Sampling\Réte
Time Delay

,é)i

Fig. 4.10 Photgraph Digitizing Program Flowchart
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i |

Increment Lo-
Order Address

"~ {Input 256 Samples/Line

Yes

Lo-Order Address. 1
=0
|

Increment Hi-
Order Address

'-256 - - *
No é:>* JInput 256 Lines]

Yes } )

Fig. 4.1Q Continued
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output cable of channel 1, which is disconnected from the memory. This
is not required for the memory since only channel zero is used for this
operation.

The photograph was taped to the drum with a white marker band
around the top of the photograph. As the lateral feed advances, the A/D
converter is sampled, waiting for the white or high video level to
change to darkl, indicating the end of the marker and the top of the
photograph. The marker band can be si;nply moved to change the starting
point of the digitization,

Once the digitization has been initiated, 256 samples are taken
every line, until 256 lines have been sampled. The frequency of the
lateral feed oscillator determines the feed rate and hepce the vertical
scale factor. Horizontal synchronization is achieved using the
mechanical cc;ntacts and a vertical black marker str;.p down the left edge
of the photograph. When the drum rotates towards the beginning of a new
line, the contacts open and the'flag bit goes high. When the contacts
close again and the flag returns to zero, the video signal will be
wnite, from the boarder of the photograph: The video signal is sampled
for a low level, indicating the presence of the marker strip.

A delay factor SHIFT determines a software delay time from the
marker strip to the start .of the éctual video sampling of data. The
video sampling rate is set by the factor RATE, which sets the time delay
bétween A/D szmples. Each sample is written to the imzze display memory
and the address incremented. The progran, after‘sampling 256 points,
waits for the next sync flag. RATE determines the horizontal scale

factor and SHIFT détermihes“the horizontal position of the photognaph.-
[
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4.y GEOMETRIC CORRECTIONS TO PHOTOGRAPH DATA

4,4,1 Geometric Transformations

The digitized photograph imegze is approximately similar to the
satellite image in terms of geometry by not close enough for direct
comparison. There are six transformations that must be applied to the
photograph image: ¢
(1)  x-shift (translation)

(i1) y-shift

(111) x-scaling

(iv) y-scaling

(v) rotation

(vi) radius shift

Note that the independent x and y—scaling and radius shift cannot be
performed optically without special optics. Radius shift is required
since the PPI centre does not represer;t zero range, The radial sweep
does not begin until a delay time 'correspopding ‘to a distance of about 3
nautical miles. 7

The 26 nmi. range rings were used to measure and oﬁmpute the
geometric corrections required. For each p'oint in the output
(transformed) imege, the address of the input image point is computed
and then the point is mapped into the output imege.' This is a nearest
neighbour, tecﬁnique siuiilér to that ;xsed in the scan conversion progranm.
If the address lies outside the imege, a zero (black) is used in the
output-imag;e. oxcept't;or the centre, uihere white is used ‘since the
grophd clutter is white. A

If the inpub imc.:',e is centre shif'tcd AX, Ay with respsct to the

output imzge centro, then a point m “the ccntored mtzze {correoted for
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offset) :(1,y1 = X - AX, Yo = Ay where LI A is the co-ordinates of the

(0]
input image. A point in a "square" image Xpe¥y = Xy y1/k z (xo - AX),
(yo - B8y)/k where k is a scale factor such that y-axis has the same

scale as the x-axis. In polar co-ordinates

1/ 2 2

where ATAN2 is a form of an arctangent function"which gives -

non-ambiguous angles for any value of x and y., A rotated image

Yo
r2, 63 = !'2, 92 + A0 .

where 46.1s the required rotation, positive values of 46 correspond to a
counter clockwise rotation. Compensating for radius offset

r =r, + Ar, 0

3' 63 2 +‘A9

2

where Ar is the~ radius (in terms of the square image scale)

correspoqdins to the radar centre point. In rectangular co-ordinates .

x3, y3 = r3 cose3. r3 sine3 (

Finally, scaling the imgge to the desired size,

xu.yu = kxxu' kyy3

Tie procéss is reversed in order to compute the co-ordinates x o' Yo in
the input imege. for each point’ Xy ¥y in the outpui corrected m::;jo'.
Given 'x,‘,yn,

;o
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13.y3 = xu/kx. yu/ky

3)

>£31£3§: ng + y3, ATAN2 (y3/x
X5y Yy = T, COS8,, Ty sinQ2
XYy = X5 by

o x\

X _ oY

° + AX, y1 + Ay

In general, the co-ordinates X, Y, will not be an integer, even if
Xye¥ys &X, and Ay are integers. It is necessary to round xo.yo'ﬁo ihe
nearest integer since it will form the address of the input image, and
Xyo¥y will form thé address of the odtput iﬁagg. This nearest neighbour
technique, as previously discussed, does not attempt to estimate the
value of a desired image point located between actual sample points.

4.4,2 Computation of Correction Factors

The range rings on the PPI photographs were used to determine all
of the correction factors except A8, which was determined from the
FORTRAN orbit analysis -program. When the imagé of a PPI photograph was
displayéd on the display system, a moveable black or white dot was used
as a cursor, which could be loéated over a point of interest (such as a
range ring). Its address (x,y) could be displayed on the console.

For the three range fings visible (60 mmi. range), the co-ordinates
(a&dreas) of four points oﬁ each range ring were determined. These
points were at the top, bottom, left, énd right extremes of a range
ring. From this daéa. the ventre point is easily computed., For the

todar imcaze correspondiég to .satellite orbit pass 8001, the centre was

. located at 124,132. If the centre of ﬁhe imkge display is 128,128, then;‘

Ax = -l and Ay = 4.  The spacing between the range rings was greater on

.
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the y-axis, by a factor of k = 1.08887. As seen in Table 3.7, the
computer printout for the grid correction factors for orbit 8001, A8 =
-23.46 degrees. By noting the spacing between range rings and comparing
it to the distance from the centre to the first range ring (which is
less), Ar = 6. In order to achieve the same scale as the satellite

image, (0.4754 nmi./element) kx = 0.390807, ky = 1.00606.

4.4.3 \Program Implementation

The computer was pr‘ogr'ammed to perform the geometric corrections on
a radar image 'so that the resulting image ;could then be compared to the
satellite image. Due to the nature of the camputation required, the
program was written in BASIC, which like FORTRAN, contains trigonometric
functions in the form of intrinsic functions as well as complete
floating point arithmetic. BASIC, the most popular high-level language
run- on microcomputers, is an interpreter and hen;:e suffers from a speed
deficiency. Tal;le 4 a is the BASIC program, - This program requires on
the order of 18 hours t¢ run, where each imzge point {s transformed in
about 1 second. If the algorithm were implemented using assembly
language coding, at least an order of megnitude of speed .improvmnent
could be achieved. However, the program would bé long and not practical
since only two images were transformed.

_The transformation parameters ére contained in lines 40, 50, 60, 70
and 80, Tﬁe v'alues shown in the listing are for orbi't 8001. Only the
paremeters A8, Ax, and Ay change for similar conditions for taking and

digitizing the PPI photographs. lote that the parameters kx' k. _, k were

y'
fairly close to ‘'umity and Ax and &y more fairly close to zero. Except

for the rotation, the geometrie correotiofns were. small since the

" digitization parcmeters werd claso to the correct values as poasible.

S
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REM PROGRAM FBR IMAGE TRANSLATION, MAGNIFICATION,
REM ROTATION, AND EXPANSION FR8M CENTRE

'REM IMAGE. CAN BE TRANSLATED AND MAGNIFIED IN

REM B@TH X AND Y AXIS

REM INPUT IMAGE IN CHAN !

REM TRANSFORMED IMAGE IN CHAN O 6F MEMORY

REM PRZGRAM C@RRECTS DIGITIZED PP! PHBTOGRAPHS

REM FOR SATELLITE QVERLAY

REM TRANSFORMATION USES NEAREST NEIGHBBUR TECHIQUE
10 P1=3.14159

20 pPe=Pl/2

30 RO=180/P1!

35 REM K2=Y SCALE FACTOR

36 REM KI=sX SCALE FACTYR

40 K2=1.00606 sK1=.930807

45 REM Dl=X TRANSLATION DISTANCE

46 REM D2=Y TRANSLATION DISTANCE

S0 DI=-4 :D2=4 _

S5 REM D3=RANGE (NBRYALIZED) THAT PPl SCAN

S6 REM STARTS FROM CENTRE

60 D3=6

65 REM D4= ROTATION ANGLE ( DEGREES)

70 D4=-23.46/RO ‘

75 REM K=PPl PHBTOGRAPH X,Y SCALE CORRECTION FACT@R
80 K=1.08887

100 CO=128

110 D1=D1+CO .

120 D2=CO-D2 '

130 C2=.5

140 Cl=1

150 C3=255

160 Ca=4

170 H=129

180 L=130

190 D=131

195 REM COMPUTE ADDRESS.@F INPUT IMAGE CORRESPBNDING
196 REM T@ 1,J POINT IN TRANSFORMED IMAGE .
200 F9R J=-128 T0 127 . ,5
210 Y=J/K2

220 S=Y»Y . ' ’
230 J3=127-J ’

VRN DWIND -~

Table 4.1 Geometric Transfo;mation PrOgiam
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240 FOR I=-128 T0 127
250 X=I/K1 . . . !
260 R=SQRCX*X+S)-D3 : : .
270 IF B<O THEN 3000
275 REM.COMPUTE ATAN2 OF (Y,X)
280 1F X=0 THEN 1000 : , .
290 T=ATNCY/X) ®
300 IF X<0 THEN_ T=T+P1#SGN(Y) ?
310 IF Y=0 AND X<O THEN T=Pl :
500 T=T-Da
510 X=R*COSCT)+Dl
520 Y1=R#SINCT)*K+D2
525 REM ROUND.X T8 NEAREST INTEGER
530 N=INTC(X) :F=X-N_ sX=N s .
520 IF F>C2 THEN X=X+Cl . ,
545 REM ROUND Y TG NEAREST INTEGER : !
550 N=INTCY1) sF=YIl~N :Y1=N
560 IF F>C2 THEN Yl=Y1+Cl ,
565 Y1=C3~-Y!
G567 REM TEST IF COMPUTED ADDRESS GUT OF RANGE
‘ST IF X<0 OR X>C3 THEN- 2000 .
S80 IF Y1<0 OR YI>C3 THEN 2000
S8S REM SET UP ‘ADDRESS AND READ INPUT pamr
590 BUT CO,CA:
600, 0UT HoY! $QUT LoX .
610 S1=INP(D) 3S2=INP(D) : $3= INPC D)
620 IF S1<>52 OR_S1<>S3 THEN 610 .
630 REM WRITE INPUT POINT TO TRANSFORMED POINT
700 QUT C0,0 . .
710 OUT H»J3 ;0UT L,1i+CO : :
120 GUT D, S1 sOUT D/ S1-30UT D, 51 o
730 NEXT 1 - )
740. NEXT J
750 END
1000 T=P2%S5GNCY) : N
1010 . GOTO 500 S
2Q00 Si=0 : | : . S,
2010 GOTJ 700" . . _ . : :
3000 S1=C3- T ) : o
- 3010 .GOTO 700 , : : .
.9999 END’ - : : .

"Table 4.1 Continwed . . .
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SECTION 5

PROCESSING AND ANALYSIS OF SATELLITE AND RADAR IMAGES

Y

5.1 PRE-PROCESSING AND E’NHA!‘iCEmHT' OF SATELLITE IMAGES

5. 1.1 Linear Contrast Enhancement

The satellite image data has conaiderable dynamic range due to
Nthe sensor rgquirements. The infra-red and visua’l sensors must
accommodate the total range of temperature and illumination conditions
on the earth. In a given image, covering. a small section of the earth,
the dynamic r:ange is normally smaller than the tot.al possible range,
particularly  for inf::a—-red images. Local variations are smaller than
global variations. On displ;ay— systems, where the available dynamic’
range is considerably less, thé image will appear too-dark, too-light or
"f‘lat".; Of the 16 levels available in a U4-bit display. systems, only a *
féy levels will be used by most images, if only the f‘our most
'significant bits of the raw 1mage data are used Fig. 5.1 is a video
" level histogram of 65536 se:nples for a t.ypical satellite image. It is
vdivided 1nto 256° amplitude "bins" ‘ Over the image. the binary cowt
" ranges from 119 to ]81. which ocupies .24.3% of the total possible range.
If a 16-1eve1 display. system is used, only 4 levels would be used.

Dynanic range ocmpression eff‘ectively shif‘ts and expands i:he

-

histogram horizontal axis”’ so that the minimum count of 119 is-

-~

represented by level 0 on the display and 181 is, representcd by level
‘ 1_‘5.‘A Briahtuaaa and ccntrast ,eontrols on a television monitor perform

‘this !‘unetion for analo video. A ltnear transfer f‘unct:lon. ¥y = X +b.

B jcan ba appncd to the. imc;"*dﬁta xg 18 an mpat sc:aple and yy 5.3 the .

"»Scalcd outpu’b, uhich ratzsca t‘x‘am D to 15 k¥ is the ga‘m or expans:lon
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factor and b is the shift factor. The parameters a and b can be simply

computed:

+
ymax a xmax b

‘ymin =4a xmin +b

a= (ymax - ymin)/(xmax " *min

b= ymin

N

For an N-bit display system, = 0 and Ymax = 2 =1. Although

Ymin
a and b can be autaﬁatically computed, a and b are often adjusted so
that image detail is maximized, at the expense of "washing -and
blackening—out” some pafts of the image.

Appendix 11 is a program for linear cqntrast enhancement. The
raw, unprocessed image is stored in channel 1. Locétions GAIN and SHIFT
are contrast and level parameters. The adjusted value ¥y = (xi - SHIFT)
* GAIN /256, where x‘i has a value between 0 and 255 and ¥y between 0 and

5. If yi is to be set to the four most significant bits of x,, SHIFT=0

g
and GAIN=16. Both SHIFT and GAIN have a value between 0 and 255.

Fig. 5.2 is a flowchart of the algorithm. The above equation is
used to form the transfer funotion.logk-up table for’ all é56 xi é lues,
which contains 256 4-bit y, values. For each imige element x y; is
obtained by reading the table location with addreés TABLE + Xy oryy =
[TABLE + xi] If‘ the look-up table technique was not used, y; would
have to be computed 65536 times, using the transfer function equation,
compared to 256 time3 to generate the J.ook-up table. If yi is computed
to be negative or greatéer thmn 15, y, 1is ”11m1te&3 to 0 or 15

respectively. . .
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<S'1‘ART>

ADDR=TABLE

TEMP=0

A=TEMP

I

(ADDR) =A ~qFill Look-up Table]
TEMP=TEMP~1
ADDR=ADDR~1

Fig.

IMAGE ADDRESS
RS

’

5.2 Flb'Wcha;rt for ‘Ifihear Contrast Enhéncemept
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5.1.2 Histogram Flattening

As shown in Fig. 5.1, the imzge histogram has two major péaks.
The peaks at 131 i3 due to the surface temperature and the peak at 163
is due to clouds. The surface and cloud temperatures are fairly
constant within themselves and hence the 'image may be classified into
two major classes of objects. In a typical infrarea imege, land and

water temperature is uniform over the image, more so than clouds.

Different cloud types with different heights will have different

temperatures.
The histogram flattening algorithm enhances details by assigning
any given display level with an equal number of picture elements. 1In

éssence, the image histogram is "flat". This prevents picture elements

from clustering about a few levels. Depengiing on the particular image,

detail may be enhanced to be positive or negative degree in various’

sections of the image. Examples of histogram flattening as shown in
Appe}zdix 5. In all calses, this algcritl;{n automatically compresses the
dynamic range of the raw image to be suitat_:le for the display.

The histogram flattening algorithm uses the cwnuiat;ive
distribution as the transfer function. The cumulative distribution is
the integr ot; the histogram. It is monotoniéally increasing, as the
linear Aé;fer function, but is gene'rally non-linear. The resuli;ing
imgge will r;ot have an absolutely flat histogram, particularly if the
input .hi stogrzm has largé slopes.:

, ‘Appendix 11 is- a progranm for enhanci;ag an imase using the
hisstogram flgtten;né algorithm, Fig. 5.3 is the"ﬁbcrreaponding

flowchart. The histogrem -of the input imege is gencrated wiich ia. then

replaced by the ocunulative distribution, - The values of the cunulative "o
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CLEAR HISTOGRAM MEMOR
(512 BYTES)

[IMAGE ADDRESS=0)

READ INPUT IMAGE Poxn€7
INTO A

- [COMPUTE HISTOGRAM ADDRESS
H,L= HISTGM#2*A :

P ' INC ((H,L)+1), (H,L)

INC IMAGE ADDRESS

COUNT=0
SUM=0
H,L=HISTGM
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|SUN=65536}—
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- Fig. 5.3  Flowchart for Histogram Flattening
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distribution are truncated to 4-bit values and is used in the same

manner as the look-up table in the linear enhancement program.

5.2 COMPARISON OF SATELLITE AND RADAR IMAGES

5.2.1 Contouring

In order to compare clouds with echos, the two images must be
copmbined in some way to show both the similarities and differences
between the two. Simple addition of the two 'ima,ges will display a
confusing result. The most common technique used in comparing features
of imezges is to draw contour lines from one image over the other image.
In Fig. AS5.14 and A5.39, contom;rs for a particular temperature
(representing cloud boundaries) have been overlaid on the radar image as
black lines. Areas above the threshold ~are shaded in grey. The cloud
areas can be seen without degrading the clarity of the radar im‘age.‘ The
contour lines and shading are best visible in cplour. The shading is
achieved by filling in the cloud areas with black dots at even columns
on even lines aqd odd columns on odd lines. One half of the radar image
,elements are destroyed, resulting in an apparent brightness loss. Very
small echos may be lost if they occupy only a few elements. For ‘max imum
clarity, any black elements must be first changed to the next level,
'purx;i‘e. S0 that';he black level is reserved for the thrésholded overlay..
\} Appendix 12 is a program for performing the threshold and
cc;nté\/m overlay. Figh 5.4 is the corresponding flowchart. The location
staf"rg set to the cloud threshold, with a range from 0 to 255. Some
olopds, ;;articullarly thin cirrus, may have an apparent tmperature or

brightness near that of land or water and hence will not have contours

drawn around them. However, these olouds usually do not have
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(sTarT)

ng Xi,5 =0 Xy 4 =Satellite
: 4 3=0 Yi,j =Radar
; SCAN MODE = : ' .
HORIZONTAL , o

—{ DRAW_CONTOUR | -

i=i+1 ’ j=0

No g Yes

SCAN MODE =
VERTICAL

——»| DRAW CONTOUR||

| Fig. 5.4 Ploychart for Thresholding and Contour Overlay .
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obrresponding echos since they conta;n little water. _

Appeﬁdix 12 i3 a progrem from producing contours of radar echos
over a satgilite imcge. The result-is shown in Fig. A5.12 and A5.38.
The procedure is Similar to the previous progren. This comparison
method is generally superior to the previous one since redar echos are
izolated easier than clowds. The main problem is 'groumz clutter.
Although MTI processing will eliminate ground clutter, it usually

eliminates slow-moving clouds as well.

A
5.2.2 Thresholding

Fig., A5,40 is the result of thresholding both the satellite and

raedar images and assigning a colour to each of the following conditions:

DARK BLUE

Mo cloud ‘and no echo v,

LIGHT BLLIE

Cloud and no echo

LIGHT PINK = Cloud and echo

RED lo 'cioud and echo

4 ’ '
Appendix 12 andéfig. 5.5 i3 a progrem for 'hhe ‘performing the
thresholding. The value of CLOUD and TARG sct the threshold levels for

cloud and echo discriminétion. The value of CLOUD can range from 0 to

-

255 aond TARG czn rangze from 0 to 15. ° If the four colours aré¢ chosen

curet‘ully, aimilaritiea and difforcnoes between clouds and radar echos

may bo seen. The main d:acdvantage of this methed is that some "faint®
olouds nay not be visible since thoy ;/a;below the threshold level, If
the clowd threshold levol is lowaro& lcnd. end w:ator aroas will be
1ncorre6t1y oles:siricd 3 elouds.
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5.2.3 Contouring by Gradient

Another technique of isolating objects is by edge detection

57
rather than a simple level detection. An edge has a "higher gradient

than the background. The gradient for an image ({wo-dlmensional) is

_ o of
gradf-ja--\»-é-;

Of interest is the me'g‘nitude of the gradient for the discrete case

' 2 . 2.1
| B3y Sy
. lgred x | = (T) + ( 2] ).

This 'may be approximated by '

2,172
| grad xul ] ((xiﬂ.J - "i.j) + (x, 1,961 'j) )
Using a further approximation
lerad x,,] = 1‘1*12':; gl e = Ry ,
This approximation has a maximm error of 41% when 1x1+1 j i, J{ =

1"1,3 o % jl (1.5 dB) The computacional aimplicity and speed makes
it at.tract;ive. This techuique was used in Fig, A15.5, where the element .

intensity is proport.iohal to the magnitude or the grad 1ent. Although ’

clouds are outlined. this gradi.cnt method ia not reliable enoush to

allow auto;.iatin cloud deteet:lon solely on .the bosis,of the magnitude of

the ' 3mdient bcing areatcr t’hag% some f:lxcd valua. cloudn not havin;;

i sharp cdgea or fain’b olouds wﬂl not- produce & high gi'adient. e

N Ean
Ey -,

“.

13 Tl i
e .

. ‘ﬂ‘ha aauvcntional tcchniqua “of. mcazuring aimilarity betwaan two

(:L ciwnula is cro a@rrelﬁtien. Fbr tﬁe t»u-dimcnsianal diaareta case,
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where S is ibput imzze 1
and T is 1npht.- image 2
x and y are ﬁhe elen;ent column and row addresses.
Since 5 and T are both un:lpolus;r images, the mear; 5§ and T should
be subtracted or R(1,j) will contain a bias component whiéh, may be véry
large, particularly if the correlation between. the imzges is small. An' “

unbiased Ro'(i.,i) will. require fewer bits to represent it., Due to memory

restrictions, S and T will be restricted to 4 bits pér element and

Ro(i.j) will be asgxiah‘ed 8 bits.

Decomposing S and T into an unbiased and mean components

] N
R, )= 2 .. (S (x, y) +8) (T (x—i y=3 .+ T)
y-1 x~1
NN A o
= I I IS (x,y) T (%1, y=3) +8T(x-4, y=J) +T°5(x,y) +8°T]
y=1 x=1 .
1. ¥ N

where § = - I I S(xy)
- ¥ ystox=1 0

1. L H H o - ) A . .
T=— L & T ‘
¥yl x=1 . . ~

'-_ since unbﬁiawd imgges S, and 1‘ ‘ar_‘e defined to have a mean of zero,

B a H‘ . * '
, ‘3(1.3) = I x ts (x.yl .1 (x-i, y-:» + ¥ "f] . i
. ?:1 x=1 ’ . : s
"‘; N . . ‘ ﬁ i‘ . | , 2 -
a TR So(x,,v) - T (x-i. y~.j) «Hi 8 T - '
T ?si x=1 N JE ot
" ~’R (1,3) § :;2 LR A |
Ve “ . ' ’: - , N . ..’ H N

Y

[
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N H >
B, ) = & = S(x,y) *» Nxd, y=J) -N" 87
y=1 x=1

Although the means 3, T can be subtracted from S and T first,
‘the correlation would still be biased since S and T are limited to U-bit
accuracy and the mean is a 20-bit number. Since S and T have Y-bit

elements, a multiplication look-up table may be used, considerably

faster than Bonveqtional -multiplication. The product of S and T result ,

in an 8-bit number and the double summation of products produces a
24-bit number, for N=256.
4~ Appendix 13 is a program for correlation and Fig. 5;6 is the

flowchart. Ro is computed in the prograni as follows

. N N
R(LD =Lz =z S(xy *'r(x-i y-3) - BASE]|/2 #* FICTOR
y=1 x=1 . 1
N N NN 16
where BASE = [ ¢ ¢ S(x,y)l[:z  T(x,¥)]22" , N =256,

. y=s1 x=1 y=1 x=1

FACTR 1s & scale factor chosen %o that the maximm of R , does not exceed
256, The program firsf computes R (0.,0) ‘to give an estimate ‘of the
t;xaximum of R L glthough the pesk does not necessarily oceur at O, 0. The
computation of R is lengthy. requiring 18 seconda for each point. To

find the actual maximum of R o all points would havé to be ccmputed. 1f

.FACTR is not ‘large enou;_r,h. R will overflow the maximun of 255.

P

:rIf FACTR = T (1632(--;5»

i

N N ‘ ' '

Y-! X1

A

’ t;h{-*ri R;,‘Q ?‘(,).\ M_lif,i}l‘a"hei:ﬁqén}. 5 "m.zvglfal.‘ ,'{lpavifnj qonsﬁérai)iq .hqaai*ooﬁs

e e o At s

»




e e TETL L, 7

-
R
e b o e e et

—ln T Mol

158

for larger vaiws of Ro.

Fig. A5.16 . an.d A5.56 1is the cross-correlation between the
satellite and radar imgges used in previous comparisons, i and j range
from -32 to +32. This computation reqpired about 21 Hours. fhe
correlation produces 8-bit numbers, .which are then scaled for the 4-bit
display format using the linear contrast enhancement program, with
SHIFTZ0. GAIN will depend on the actual maximum of R, obtained.

As seen in Fig.‘ A5, 16, t.he two imeges do not appeér to be
correlated. This is mainly due to the large area of ground clutter,
with no corresponding cloid. The ct;rrelatién t'eohnique gives 1little
information about differences and similarities between various regions

of the imege, and ih sddition, is & very lengthy procedure.
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(sTaRT)

SXy=

!

TXY=

Sum of all points
in image 1

Sum of all points

in image 2

Enter - into location BASE

3 byte value of

~sxy*Txy/216

Form multiplicat{on table
with 256 8-bit entries for
4 X 4 bit multiplication

Compute ny(0,0), store

in location RXY

[F=-32]

=32

I
RXY=0

¥=0

LL=Y~J

X=0

e

- ——— o —

-

S(K,LL)%Image~membry location

K,LL (high byte half)

:T(sz) =Imége‘memoﬁy.10cation

X,¥. - (low byte. half)’

i

v

. .."Fig, 5.6 - Flowchart for Correlation
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address=
TABLE+S (K,LL),T(X,Y)

Multiplication lookup table

RXY=RXY+BASE
RXY=ABS {RXY).
RXY=RXY/FACTR

“Writé RXY to image memory

Chan 0 location I,J

. '~"’."",L~.‘~ . . LN s
.Figi 5.6 .Continued " .~ ' f .
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CHAPTER 6

CONCLUSIONS

6.1 SUMMARY OF RESULTS

The result of work in the hardware area was to extend a general
purpose microcomputer system into an image display and processing
s;}stem. This was done with a large RAM memory, a television monitor and
an interface board. This interface of the image dis:play- system to the
microcomputer was simplified by treating the image memory as a
peripheral device, controlled by I/0 ports. The major problem in
hardware design was the memory interface and display refresh timing.'

S

The RAM memory unit employed was essentially a core memory replacement
and was. nof convenient to_ interface with, as ;:ompared to the memory
chips themselves. Since the mé‘mory was an extu'.?arnal unit physically,
many cables were reqﬁired. slowing .down the memory transfer timg and
reducing reliability. Failures in the connecting cables and memory
chips were encowuntered.

' The. softwailre development reqﬁired the most time of any task.
Athough the task was oonceptuall'y'-simple-, the im.plementat..ion was noﬁ.

The lack of convenient niass storage was the single most complicating

factor, Secondly. the raw data was stored in completely different

. formats. .The radar signal was stored irm analogue form, and had to be

digitizéd, Thc other major compucating factor. was the lack of software
development t,ools; in view of the.faet that a‘.considerable gmount ‘of |
asscmbly Ianzucge obde'was’ written,

.

Bo‘ch satollite and radar data were  processcd to be in a mutually

,co:npatable £’om, although tha task was lond and oom;vlcx. in terms of
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computer and operator time and the number of operations required. The

individual images were processed' to enhance various features. The

results are generally evaluated subjectively, and the considerable
variability between images requires that different enhancement

techniques be used at the discretion of the user. No enhancement

technique was found to be consistently better., Colour and black and .

white displays, with linear_, or non-linear contrast adjustment each have
advantages depending on the nature of the image or areas in the in;?g.e.
Colour displays “show the different levels very clearly, although noise
is much more apparent than in black and white., Since the images contain
only luminance ‘(brightness) information, the display is in a "false"
colour, although the human. eye does not see black and whit'fe either.
Kowever, infrared radiation is invisible.

Satellite and radar 'images were compared for orbits 7989 and 8001.

No bird echos were apparent in either of the radar images. Yo -

significant cloud echos were received during orbit 8001. Orbit 7989

contai'ned scme clouds with corresponding echos, although these clouds

~

were not as clearly visible as others. These clouds were probably low

clouds, due to their higher apparent temperature (low contrast from the

ground‘). The colder and higher clouds were probably missed by the radar.

beam. Ground clutter was the worst problem. MTI processing removed the.

groud clutter but also most of the clouds,

6.2 .CONUCLUSIONS

&n img3e display system was built and was used to process, compare,

" ond. display satellite ‘and- redar imagery.  The system successfully

demonsbrated that 11-. could be used for general purposo impge prouoasing

ot requiring complex oporationa. “Tha _di,splaV tfesolut.ion of 256

S
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elements square with four-bit coding was found to be adéquate for most
purposes, provided dynamic range compression and contrast enhancement
was employed. Large non-display memory workspace was found to be
necessary, mainly for the retention of input images since dise storagé
was not available. :
The.considerable variability of in;ages requires thgt processing and
enhancement be done on Fan interactive basis since no enhancement

algorithm or display mode offers consistently better results. The

programuing of the display system.is simple and straightforward so that

programs for various processing algorithms may be written quickly ?nd‘

easily in assembly language. The prog'rams for formatting the data from
its source are more complex, although these are “generally fixed,
provided that the data is always obtained from the sa;ue sourge. and
format .

The correlation between radar echos and clouds was of limited

success, mainly due to the limited number of dats sets available., For

each data set, both visual and infrared (daytime) should be availeble.

The radar data should be processed to remove the ground clutter only,
.with a long range as possible using the polarization mode thaf; best .

displays cloud echos.

6.3 RECOMMENDATIONS FOR FUTURE WORK'

~

There is a considerable zmownt of work that could be done in both

. the -display hordware area and the processing of satellite and radar '

images. ' Colour displéys, have considérab;e potential for €he uniquely

displaying data from three channels by using red, grecn, and blue video

signals,

[~
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The hardware can be easily extended to display two channels, four
lbits each. The eoddition of the second channel could control the
amplitude (hence brightness) of all three video signals, giving 16
colours, each with 16 br:fghtness \;alues.‘ Combiniqg two (or three)
monochrome images produces a colour composite imsge. The hardware could
be flexible (p}ogramméblé) in the menner the channels are combined, to
produce the best composite image as far as the user is concerned. Some
of the channels that could  be combined in various manm'ers‘ include
satellite visual and infrared images, and radar signals of various

polarizations, A

J The speed of processing could be improved by at least an order of

niggnitude by employing advanced micﬁoprocessoré such as the 8066. The
8086 offers an expanded .zddress space, Sso that . the image. and display
mémory could be diref:tly addressable, along with progrem code memory.

A minicomputer such as the HP1000. and an array processor 1nteff§ced
b§ an image display would be a very powerful combination. However, the
interface between the display and the computer (and software) would be
xz;ore diffioult than a dedicatgd microp?oceasor system, - It is extremely

desirable to have the display memory' a part of the computer address

_Space rather then to treat it as a peripheral device, This is clumsy

and ‘difficult ‘to implement using a conventional microprocessor. b“q'st'

comnercially available image displa'y-syst.éms have good display '

capability but limited processing capability, ‘- S
Fore sgteilite aond redar data. nceds to be excained.  Orbiting

satellites are not cchvcin;ent since only two passcs are.available each

day. Geqc}qchfpnous satellites should be seriously considered, sineg '

\ .

. thoy provide continuous coverages The redar and- satellite “imeges
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should be conpared under diffyjerent weather conditions. Convective cloud
systens probably produce the best correlation. )
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APPENDIX 1

OPERATING THE SELF-CONTAINED SYSTEM (SCS)

Loading SCS: Load the SCS object paper tape in the normal fashion,
using the RO command.

Starting SCS: SCS .is initially started at address OES50. Consult
" ' SCS mahual for commands. It is recommended that 1500
is used as the first file starting address e.g.
FILE/TEST/1500. Make certain that source file and
object code to be created (and SCS program) do not
conflict. The SCS may be run using the teletype or
CRT as a terminal, simply by console device
assigmment using the MDS monitor.

SCS Differences: The SC3 uses the same assembly language statements

and syntax as thée Intel assembler with the following
differences:

(1) the colon after a label is optional but not
required.

’(11) the maximun length of a label is 5 characters,

(1ii) a comment line must start with an asterisk,

4

(iv) a comment after a statement does not require a
semi-colon,

(v) octal and binary constants are riot supported.

(vi) character strings are not supported with the DB
" pseudo-op. The DA pseudo-op can define a
2=-character string, but the characters are
entered in reverse order,

-

(vii) register nezues PSW and SP are not reoognized
They should be defined by statements
. o

PSW EQU 6
SP EQU 6

addressing, refors to the current location
B _ otomtor which points to the next instruction
. - SR after the present instruction (in contrast to
1 . the Intol. . aszemblor, where the ocurrent
K o o . lotation Poiat to tho firat bytc of the ourront
N o - mstrmtion) ..

" (ix) the dollar sign, uszed for relative ‘symbolic

(O U WP S SR

PO,

g



Exiting SCS:

b J

Source storage:

-

Additions to SCS:

167

>

Control may be passed to the Intellec monitor by
EXEC 0. The Intellec monitor is recommended for use
rather than the SCS monitor functions it has
available. To re-enter the SCS, the starting address
is OE67. The cold start (OESO) will destroy the file
directory and hence acceas to t.he source file,

The source files are saved on paper tape. The tape
is ‘punched on the teletype. . In order to use the
teletype, the console must be defined for teletype.
If the CRT is nomally used, change device status
with the AC=T. Source tapes are normally loaded with
the paper tape resder. To load a ‘mource tape:

(1) enter SCS, define a file,
(ii) return to monitor.

(1ii) change location OEF7T to 06 (defines reader
instead of keyboard as ihput to SCS).

" (iv)  if the terminal is the teletype, enter 00 into

locations 0106, 0107, and 0108. This disables

v

input echo., If the CRT-is used, the source

will be printed as it is reod in.
(v) load source tape in rexder

(vi) start SCS at OE67, tape will recd in.

(vii) when the t.ape stops, press intérrupt 0.

(viii) chamie location OEF7 back to 03 and ‘0106-0108
if necessary. . . .

(ix) restart SCS with G.

{x) source file should be present.

- The source file should be saved after the progrea is
typed in, in case of systea orashes., Corrcctions con.

be appended to the tape or by sigply typing the
correetions on the telotypo conzole with the tope
punch on.

2

Due t.o available nmory apaoe in scs. :dditional'

functions have been sdded to SGS.

() simbol tchle dwmp)  EXEC ODFO prints the
symbol table on the conzole, uscful -for
debuag:lna purpoacaq s
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" (v}

(1%) murce lines oon’ ‘be renumberdd, starting at

0000 with .an mcrement of 0010 To renimber, *

EXEC.OF68.” ‘
(111} the cUST commznd has been .defined for setting °
up, hex—-objeot read and write via the CRT port.
txeouting CUST initializes the punch and read
*  deévices as user~defined. device #1 (AR=1,
; Kp=1). -Devices can be reassigned with. the
‘ s .+ monitor "A" commapd, Hex-object can be stored
g on tape vfa 3 moden connected to the CRT port.

. (tv) EXEC 0039 generates a symbolic link table.

"+ Symbols. el their. absolute values are printed

-, along: with the EQU pseudo-op and line number
. (starting -at 8500)." This allows program
'~ modules. to.be linked -if the entire program
. ‘Source file is too largé. If the symbol ‘table
is. punched .on paper t.ape-? this“table can be
read into another souree fne “to. resolve

-

- external ref’erences. S
v \a HLT instruction resides in location 38 to
. " serve. a3’ an "error Erap". | If dug to a

" . programming error. . the pr:osram junps to a
L location with ~ undefined op codes or to
N on=ex istent : ‘emory, an: RST T (CALL 38) will®
. ba- executed since- these looations normally
. oontain FF (RST '{)

AN
»

Sisnce the ource fﬂe is alwaya resident in RAM.
thore -is” & Timit | to ‘the ‘size of progrc’ar S€S ocan "
“heridle. © Doouaentation 4s.a problem, since' comments

" decraase; buffer ;. spdce . a\railable for.’ program- ' |
_‘atdtencnts, .ond increc.ac ize of “rourcé tape an9 P
. listing %ing, - 'MNofual ‘horizontal tabs are ‘not .
_ayailz <ble end . spaaad munt ‘be used rinstecd, .-Since: - -
. opoecs ‘eken” iucre..sa Zouren . filc lenathw statmenbs
withnm; labais should sti:rt nt. dhnragter poaition 2.

..

A ..;ouma uatmg« m* curmnt mput- 1fre can be

S omncdllad wth a- "cmtrbl—-x" I oBsenbly st ‘etn |,
T ely. bo holted wi?:h a zm J;éval ”iﬁtcwupt nnd, a wam .
L ,ﬁmm w 0257; TLA w,x o -

' '
. 5 s \. .

”":zo :i's ) i.:it) N:s m:zitor for Mzn ‘terniol Ilo.

“Leacbicna 0165, 61@1, ma'z wintedn . A “enll to .the
cu,rv.:t roundng ,.;11;.3 AR e et Torel to Bo printed in,
l'CEiuoC; C, 5T mauiz;‘aﬂfzrcga =) o chanzed. for

' c;;:aihl Eolveras” Logoitens cmx, Loy OZFD ‘conby

S0 eoll 4D B iaw" n:m%*m. ‘t“ﬁ,‘? t&za czhamqthr rcaé
.in rgi&:z* A. R L S S
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'i‘é;:t': Format:

LR ey

-
.
" .
AR
S N
S
PR «
L ! ’.
R -
" . -
s
P v
N
P R
P N .
. s
- . ).")' - »
’ p S v -
. \
PN ‘ -
L
P -
Ve
R voe
N ‘

File Directory:

.

kY

Location® OZFO and OFO1 contain port zddresses for
UART data and stptus read respectively. This is only
used in conjunction with stopping a LIST with
CONTROL-X,. These locations’ should be changed to F6
énd F7 respectively for a CRT instead of a TTY.

RAM locations 1024-1030 contain the present file
directory in tha following manner.

102&-1028 - rile name (ASCII), with .unused character
positions zero-filled.

1029,102A - text buff‘er start address (LO,HI)
. 102B, 1026 ~ text buffer and address (LO HI)
102D. 1030 .- last line number (4 ASCII digits)

'l'he text is stored as ASCII characters in the RAM
buffer area specified in the directory. Each line is

terminated with a carriage Teturn but no line feed,
- character.

A1) 1lines . include - +a line: number (4
characters). Each J.ine gtarts uith a byte indicating
. the mumber of chamcters in the. line, including line
number and -carriage return. The text ' buffer is

. terminated with an end of text (ETX=01) character.
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My,

Loading:

Console Devices:

"
N
o
*
.
- »
.
- .
o 'Y -
> a
LS
.
i3
. - 1
o s
s
» BRI

‘e,
Yo
’
f
P
E o
. .
FRATR
o
<y
LN 4

(1)

(11)

_ APPENDIX 2
OPERATIHG BASIC
place Basic tape in reader,’

use command RO .and the bpotstrap loader.will be |

read in,

”

. 18020 IF &3 _
Ceo30 @to g0 . . . - o

8900 KT = - ' .

. ‘8110, soﬁxaam S R ' - o 3
g _-aauo i = | '
11 v 217K ¥ -."f ' ‘
""8220?05212281(1 e ST ST

(111) use Command G to rim Basic loader. Basic will : 5
automatically start, . . . i

(1) ~ If ‘the CRT- is being used as a console device,
after bootstrap léader is read in, change

location 3E42 to F7 and 3ESD to F6.

Basic will not operate unless memory locations
0010-1FFF have been set .to FF. When the
computer i3 turned on, all RAM .locations are
R set &0 FFo - . . “ i '

(v)

If the CRT is being used and hard copy, or paper tape ’
is requircd ‘console devices must be reassigned. The N
following program will change between TTY or -CRT.

8000 INPUT-"CRT OR TTY"; A$: o ‘ .

8010 IF AY = "CRI" THEN $100

i

TTY" THEW 8200

€

2“7 .I(2 246

2n5-x2 2uy TR

e
“
.-

- - N Pale - . » ‘
* S N <y « .o o AN

8230 fom mos.m R
aaw rarm mga.m j L "‘: I . K

e:,;o FOM 12:;,.32 A I
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APPENDIX 3

MICRORAM 3400l INTERFACE UNIT

Table A3.7 °
~ Signal Neme
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m—— .

DI-0
DI-1

DI-7
DI-8
DI-9
DI-16
DI-17
Ground .
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Signal Neme

‘DI-0 to DI-17

p0-0 to DO-17
Al-0 to AI-14

RP
" BCL-1

BCL-2

n -

Ground

" GR
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Table A3.2
Description
Data input, 18 lines, for memory write
Data output, 18 lines, frop memory read
Address input 15 lines .
* Cyele initiate pulse, HI for at least 50 nsec

Byte. control 1, for L0~order byte (DI-O to DI-8
ahd BO-0 to D0-8)

BCL-1 = LO for read “
BCL-1 = HI for write L

Byte caontrol 2, fbr Hi-order byte (DI-9 to DI-17- and
" DO-9 to DO-47)

BCLhz = LO for reaﬁ
*BCL-2 = HI for write

- ‘Data’ &vailable, LO when data out is valid

Nemory busy. HI.when memory can accept a new RP .

Logic. chassis, -and poWer line ground

‘Genenalnreaet, Lo for normal operation
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APPENDIX- 4

IMAGE DISPLAY INTERFACE BOARD CONNECTOR PIN LIST

Funotion

GID -
MB Chan 1
DA Chan 1

BCL-2 Chan 1
"BCL-1 Chan 1

RP Chan 1
CR Chan 1

GID
GND .
GID
GliD
GID

AT
A1
A2
A3
AY
Al
A6

AT -

BO3 Chen

-'-b_... v b vk dogh a-i

Pin

A2

" pI1,DIg

. PX3,DL12
_ 'DI5;DE14.
A DI? gl

WO PO Chan 10

s BONE ch::n 1

AN X R

ipi3 chan g, il

RS 2 £ Y
“; DOI" C,‘zaﬁ G‘ T

Function

-CR Chan 0
RP Chan 0
BCL~1-Chan O
BCL-2 Chan 0
DA Chan 0
MB Chan O

RED VIDEO

SYHC :

BLUE VIDEO

.GREEN VIDEOQ
BLACK-AND-WHITE VIDEO

A13

AL

+A8

A9 .
A10

A1

 GHD

D10,DI9 Chan ¢ and 1
: DIZ.DI11
D14,DI13.

PR T LR

DI6,DIT15
J»E‘a(na Chen 1 .

L D11 Chmn 1
- DO C‘ar.n 1
@ 'bOY Chgn'i*

016 Chea.1 - ..
DOIG Chzn 4.7
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Funotion

' D03 Chen ¢

D04 Chan ¢
DO5 Chen ¢
DO6 Chan @ -
DOT Chan @

'

Pin

92
94
96
98
100

.174

) anctizoh ' o

D016 Chan 0 - S

D09 Chan ¢
D010 Chen ¢
D011 Chan ¢
D012 Chan ¢ .

N .

Notes: (i) A1l pins except 18,20,22,14,26 are mahory\s’fgnals.
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Data inputs for channel 0 and fgre s<connected in paraliei.

Data inputs for HI and LO bytes of word are e't)n;lecied in

parallel,
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APPENDIX 5
PHOTOGRAPHS FROM TMAGE DISPLAY |

Figure A5.1 to A5.56 are photoéraphs tgken from the display. Most
of‘the black ‘and white photographa have a corresponding colour
photograph which shows thé'difference in detail "visible between the ym
display modes. The nature of the detail of interest will determine
which display mode is more suitable, The colour mode allows sharp
discrimination between the various levels., The black and white mode
alilows easier visualization.of the relative and absolute levels since
‘the colour mode produces a "false colour” and not what the visible
colour, is. Infra-red and radar 1m%es are only a representation of -
electromegnetic radisdtion :[nvisiblg;to the human eye.

'The photographs were taken w‘ii;h'a -qlodel 195 Polaroid Land Camera'
using a model 1951 ciose-up lens. TIhe cemera was lécaheq 25 inches from‘
the monitor screen usin_g" ;.camera mownt and light-protective hood.
. Since the fc;cus range us'ing t';he"olose-ué lens was too short i‘or. the
required distance (s’o.that th; entire soreen filled the pemera field of -
_; view). the vemera bellows were clamped in a closer position from the
fully extended position.  Frosted plastic was 'gombed ét the . film
positton for’ t‘raming and focusing adjustments. ~The black and white
.photoaraphs wer.e takén ag ‘a ahutter speed ot‘ 1/15 see ab. £ 11, The
| qolour photographa were taken at . a shutter _8peed of 1/2 spe, at f 5 6.

Tne rccommcndc:d devclopmcnt f,imc was uscd. Type 107 film waa used’ for

- "black nnd whita nwd Polacolcur 2 rum wma uacd for colour.
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I»:ach p’mtc raph has a vcrbical arey or colonr senle dom the lefh

3;‘."aida cnd n titl& acrosa the bottm. Both \wcrc gcnerabed by mftware. i
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parallel to the edges of the photographs. In addition, thé cemera'is

close to the monitor which results in perspective distortion. The

czmera should be a long dist.anca away, with a telephotd lens. Another

problem, parﬁiculgrly noticeahle in colour, is ‘the,non-unifc;rm intensj.tiy

in the phc;tographs. The photographs are darkerfi'near 'the edges. This is

probably due to a significant differel;zce in disﬁance from the camera to

the centre of the monitor and to the edges of the monitor, or a
.

reduction in intensity off-axis from the monitor.

The pl;xot.ogr"ayhs were taken from four passes:

91 May 4, 1978. 11: 14219 CST
7989 . May 5, 1978 .  21:42:56 ¢sT
8001 May 6, 1978 20:42:58 CST
8063 - My 11,1978 211236 CST.

Orbit 7971 is the only dayt{me pass and hence both visual and

‘imeges were a\‘rai;Lable. Imases.i‘or eaoh pass as shown, both in
ack and white a;ld colour 'fomats. In addition. large and small scale
ages re.sﬁpwn corresponding to 150 and 60 nautical mile redius from
the centre to the edges . i E ' *

The follouing is a description of each photoaraph.

. Fis. K51 As mdicatbd by thc title, this 13 a visual imege from

. orbit - 7971 with a- renge of 60 naut.ioal miles. . Sonme
* " soattered -olouds are present. = Eoth- Lake Manitoba and Lake
', Winnipog ar¢ visible,. with the Iatter being mostly colound

covered, . The’ coniﬁrusﬁ bctween the water &nd the land is -

‘low, uhioh is acnerany the case for typical sun anglos.

" -Most of - cum 1ight 13 roﬂeoeed off tho lakc in . one

gdireotion .

- ‘E‘ig?. #5.2  misogeen flattentng hos' béod “Gpplied, bt wth littlo: :

improvcmcnt in dctan. "w‘ashin:; out" mo:st of bhc olouds. .

- .,
. -




Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
_"Fig.

Fig.

| Fig.

A5.3

A5, 4

A5.5
A5.6
AS.7

A5.8

A5.%

A5.10

A5.11

A5, 12

A5.13.

550‘“‘ '.
. onto’ the rodar- imcze. 'l‘h_e olouq a_reps ore . nuch nore

25.15

AS5.16.

177

This is the infrared version of Fig. AS5.1. The lakes are
clearly visible, since the water 1is much .colder than the
land. The cloud structure 1s clearer than in the visible
imege,

Histogrem flattening enhances darker cloud areas, which
were not visible without enhancement.

This is a view of a larger area, with a range of 120
nautical miles. Although the scene is mostly dark, Lake of
the ¥oods is visible near the right edge. There are only a
few bright clouds.

Histogram flattening provides cc;nsicgarab},e enhancement of
faint clouds, although the contrast between the brightest
clouds and the background is lost. Brighter clouds
generally have a higher radar reflectivity.

The infrared version of Fig. A5.5 clearly shows the clowds
and the lakes, Water is generally characterized by sharp
water-land interfaces .and uniform” brightness or

temperature.

Histogram- flattening has little effect since Fig. AS5.7 is
already "flat". Note that all images are linearly enhanced
unless otherwise specified.

The Winnipeg area 1s'most1y cl&ud covered on orbit 7989.
This image is slightly overexposed.

A larger view oi“ the area.

Histogram flattening has enhanced both the darker and
brighter areas. The cloud brightness (temperature) is
fairly uniform and histogram flattening enhances the small
brightness variation within the clouds, .

The thresholded redar imsge has been overlaid, showing the

areas of echos.  The colour version- is much better for -

comparicons.,

The PPI photograph c¢orresponding to orbit 7989 ‘was

digitized and displayed here, with geometric corrections:,’

The grea near the centre is gromd clutter.
In this imege, the thresholded olouda have baen ovcrlaid

visible in colour,

The gradicnb ot‘ Fia. AS .9 showa tho claud edacs quitc hcn. g

" This 48 tha cnoav«-corrclntion Eotkoen . Fig, A5,9 and Fig.’

A5, 13, | .The corrnlaﬁon ‘Was coaputed cvqr a total

'horizontal and vcrbical ...hm; o!‘ 62: &Imenta. 'mc degrco
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Fig. A5.17

Fig. A5.18

Fig. A5.19

Fig. A5.20

Fig. A5.21

Fig. A5.22

, .Fig. A5.23

Fig. A5.24

Fig. A5.25

k.FiSc 4:5.26 ' ‘

g, A5.2.
toAS.35 |

fmm :»ham a 1urgcr area of that» sacn 5.n Fig‘ As.as,

. 178
4

"of correlation appecars to be the least in the ‘centre, This

would normally indicate the imsges were not geometrioally
matched, Bowever, the radar ground clutter is the cause of
apparent mismatch,

A generally cloudless night shows the Red River and
Assiniboine River with extreme clarity. The dark area
surrounding the Jjunction of the rivers is the heat
generated by Winnipeg.

-The larger area reduces the visibility of the rivers, due’

to the Iower resolution,

On this orbit (8001), the lakes are also clearly visible.
Notice that the southern -tip of Lake Winnipeg is much
warmer than the rest of the lake. The signal to noise
ratio was poor on this pass. This was caused by a
reduction of satellite power level for a telemetry
transmission on another channel,

»

Histogram flattening offers 1little enhancement in this
case. o s

A larger scale view ;ﬁows the incoming storm from the West.

Histogrem flattening brightens the background detail whileé
destroying some of.the clowud structure detail.

The redar imsge shows the ground clutter blending into
clowd echos. The range rings are clearly visible.

The radar echo overlay is not clearly visible in black-and
whité due to the dark background of the satellite imzge. ’

This imcge 1is the colour version of Fig. A5.1., It is
easier to pick qut the clouds from the background, which is
consistently blue. The. colour imazés show much better
emplitude dethil since each zmplitude level is -associated
with a distingt colour, .

In aeaeral, hiatogrc:n flattenina for colour orcates a

- lesscr degree of enhohocment than it does for black .and

wiité imzges singe colour jngges already give better

' cnqplihude discrinination, Noise is more apparent in
" colour, -purticularly 1t‘ ldrge greas of the incze are of

e
unii‘om lwcl. . \\ Fooe s oo s

e

'R)cso ara colov;r vcraions cr Fig. /As 3 to Fig. AS.H. »
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Fig.

Fig.

Fig.

Fig.

" Fig.

Fig.

Fig.

Fig.

'Fig.
Fig.

Fig.

Fig.

A5.37

A5.38

A5.39

A5. 40

A5.41
A5.46

A5.47

A5.48

A5.49
A5.50
A5.51
A5.52

_ﬂ5{53'

.QS.SQ
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This colour radar’ imcge shows the echo intensity variation
within- the echoes much better than the black 'and white
version, However, the background noise ‘is much more
apparent in colour, -

The echo areas from Fig. A5.37 have been overlaid on Fig.
A5.35. The large central area is ground clutter, as well
as the region near the top. The cluster of three echos in
the top-right region have clouds assoclated with them,
although the clouds are not bright.

Here, thé clouds from Fig. A5.35 have been overlaid on Fig.
A5.37. Note that most of the olouds do not have echos
associated with thea.

Both clouds and echos have been thresholded and combined.
The red represents areas where clouds have corresponding
echos, If is not possible to determine if clouds
correspond to echos near the centre since the ground
clutter is nych brighter than echos contained in it. The
only significant areas are the three echos and clouds near

_the upper right.

~

These are colour versions of Fig. A5.19 to Fig. AS5. 24
There are no significant echos during orbit 8001.

B-scan -radar display digitized from videotapew Each
horizontal range bin (line) contains 128 elements, where

each line is an average of 8 range sweeps. There are 256 .

lines, averzged from 2048 renge sweeps. The top left

corner corresponds to zero range and azimuth, and the lower

right corner corresponds to maximum range and 360 degrees
azimuth .

The imme, 1anPI format, was scan converted from Fig.
A5.47. Tha video haa not been D.C. reaotred

Colour version of Fig. A5.17.
Histogran flattening shows the rivers with 5reaber clarity.
Colour version of Fig. A5.18. - - '

-~

4Histogrca flabtenins offors littln imp;ouement.
s.me @8 -Fig., A5-33 oxcopt all black elements have beon

ohanscd to purple. ¢

Tho»gradicnb -ehown’ in. colour doss not show éﬁc cloud edges
as olqarly us tho blcck end white vorsidn Fig. A5.T§. '

£
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{ Fig, A5.55 The colour scale shows the large variation in brightness .

! : over the conitor sereen, ]

} ' Fig. A5.56 Colour version of cross-correlation. .
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APPENDIX 6 .

FORTRAN PROGRAM LISTING FOR SATELLITE ORBITAL
CALCULATIONS

QD

FROGRAM TST (INFUT/+OUTPUTsTAFES=INFUT ) TAFES=0UTFUT ) TAFEL)
COMFUTES ORBITAL FREBICTIONS: SATELLITE FOSITION,

AND IMAGE REGISTRATION |

COMFUTES CORRECTION FACTORS FOR IMAGE TRANSFORMATION TO AND FROM
LAMBERT*S EQUIAZINUTH FROJECTION

COMMON VARIABLES

AANOM =SEMI-MAJOR AXIS OF ANOMALOUS OREIT
ARGFER  =ARGUMENT OF PERIGEE

ECC  =ORBITAL ECCENTRICITY

EROT'  =EARTH ROTATION RATE

INC  =OREITAL INCLINATION

OMEGA  =LONGITUDE OF ASCENDING NODE

FNODAL ~ =DRBITAL NODAL FERIOD

FROT,  =ROTATION RATE OF PERIGEE (RAD/HR)
'SROT  =ORBITAL ROTATION RATE (RAD/HR)

" TAUPER  =TIME FROM FERIGEE TO ASCENDING NODE

TOMEGA  =TIME OF ASCENDING NODE

REAL INC,LAMTRCsLAMMAF,LAMSAT

REAL LINEsLAT»LONG

INTEGER I'»YsSHAFE,DOUWsH

INTEGER HF1,ORNUMI,»ORNUM

COMMON /1/ AANOMyARGFERsECCEROTy INCyOMEGAY FNODAL FROTsSROTy
1TAUPER» TOMEGA

COMMON /2/ LAMSAT,FPSISAT,RSAT

COMMON /37 PI .

COMMON /4/ RTOD

DIMENSION SATLAT(17,17)sSATLON(17+17)+RADLAT(17¢17),RADLON(17+17)
1,DIFLAT(17,17),DIFLON(17,17)

DIMENSION AZAR(17:17):RAR(17,17):XCORD(17+17)sYEORD(17,17)
DIMENSION CORA(17,17)sCORR(17917)

DIMENSION DAY(7)sMONTH(12)

DATA DA{/BHN0N13HTUE:BHNEDvBHTHU;ZHFRI93H9AT:3HSUN/

DATA MONTH/3HJANy 3HFER» 3HMAR » SHAFR » 3HMAY y 3HJUN »r 3HJUL » 3HAUG » 3HSEF'y
13HOCT r 3HNOV » 3HDEC/

SCAN RATE IN LINES/HR

LNRATE=24000

FI=ABS(4.0%ATAN(1,0))

RADIANS TO DEGREES CONVERSION FACTOR

RTOD=180.0/FI

RADIUS TO EDGE OF DESIRED IMAGE (MILES)

RANGE=150.0

NUMBER OF PIXELS BETUEEN SUR- SYNC{MthERS

WIDTH=1951.0

NUMEBER OF PIXELS CENTRE IS SHIFTED IN 2000 BYTE RECORD
SHIFT=30.0 .

RADIUS IN CIRCULAR ARC ON THE EARTH"S SURFACE

. DELTA=RANGE/&60,0/RTOD

NUMBER OF FOINTS IN GEOMETRIC CDRRECTION ARRAY
L=16
H=16

~
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READ EARTH FPARAMETERS

READ (S,%) BE,OEBLECC,yEROT -
READ SATELLITE FARAMETERS

READ (S»%) FANOMsECC»INCyARGFER
READ REFERENCE ORBIT DATA ORNUMI=0ORBIT NUMBER

- /

. READ (5s%) OMEGAy TOMEGA,DsM»YrORNUNMI

COMFUTE JULIAN DAY NO. OF REFERENCE OREBIT
JONE=JDON(D s MrY)

JONREF=JDNE

TOSAV=TOMEGA

READ TRACKING STATION COORDINATES -
READ (Ss%) FSITRCsLAMTRC:SLHTRC

READ COORDINATES OF CENTRE OF IMAGE

READ (5,%) LAMMAFPSIMAP

RERD CIRCULAR OR ELIFTICAL MODE

READ' (Sy%) SHAPE

COMPUTE GEOCENTRIC LATITUDE OF TRACKING STATION-
CALL OBLATE (BEsOBLECC,»PSITRC,RTGCySLHTRC)
COMFUTE GEOCENTRIC LATITUDE OF IMAGE CENTRE
CALL ORLATE (RE,OBLECC,»FSIMAFy»RTGC1sSLHTRC+.235)
COMPUTE SATELLITE ELEMENTS

CALL ELEMENT (FANOMsSHAPE)

READ DAYTIME ASCENDING NODE LIMITS

READ (Sr»X%X) OMEGAD1,0OMEGADZ2

READ NIGHTIME ASCENDING NODE LIMITS

READ (5y%) OMEGAN1,OMEGANZ2

COMPUTE LONGITUDE INCREMENT BETWEEN ORBITS
DOMEGA=FNODALXSROT

C=FPNODALXSROT/2.0/F1

COMPUTE TIME FOR SCANNING ACROSS RADAR AREA (HR)
TCOV=2,0XFNODALX(RANGE/60.0)/360.0
COSINC=COS(INC)

COMPUTE TIME BETWEEN MATRIX FOINTS
DELTAT=TCOV/FLOAT (H)

HF1=H+1

LP1=L+1

COMPUTE SCANNER ARC BETWEEN SAMFLES ON SCAN
SEPPIX=60.0/WIDTH/RTOD:

COMPUTE EARTH ARC BETWEEN GRID POINTS OF IMAGE
SEFGRD=DELTA/FLOAT(L/2)

READ .NO. OF SETS OF FRERICTIONS (JOR) AND MODE
MODE=0 IF ONLY FREDICTION TIMES ARE REQUIRED
READ (S,%) JOR,MODE

TR e e e — ¢
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DO 10 JOEI=1,JOB
READ STARTING DATE FOR FREDICTIONS

* \READ (S,%) DiMsY

ggg;ura JULIAN DAY NUMBER

K 1=JONC(DIM»Y)

K=JDN1

PRINT HEADING

WRITE (67100) MONTH(M) Y

READ ENDING DATE FOR FREDICTIONS

READ (5rX) DsMyY

JON2=JIN(Dy My Y)

READ DAY OR NIGHT PASS

READ (5,%) KKK

KKK=1 FOR DAY 5 =2 FOR NIGHT

IF (KKK.EQ.2) GOTO 73

SET ASCENDING NODE LIMITS

OMEGA1=0MEGAD1

OMEGA2 =OMEGAD2

GOTO 74

OHEGA1=0MEGAN1

OMEGA2=0MEGAN2

CONTINUE

COMPUTE INTEGER FART OF ORBITAL REVOLUTIONS
FROM DAY OF REFERENCE ORBIT TO STARTING DAY
REVS=FLOAT ( IFIX(FLOAT (JDN1—-JINE) /FNODALX24))
SET EPOCH TO STARTING DAY

OLD EFOCH IS REFERENCE ORBIT

CALL FREDCT (REVSs JONE s SHAFE)

REVS=0.0

X=0MEGA

KEEP DECREMENTING ORBIT UNTIL ASCENDING NODE
LESS THAN OMEGAL (EAST LIMIT)

IF (X.LT.OMEGAL) GOTO 1

X=X-DOMEGA

'REVS=REVS~1,0

60TO 3

SET NEW EPOCH

IF (REVS.LT+0.0) CALL FREDCT (REVS,JDNEsSHAFE)
KEEP INCREMENTING ORBIT UNTIL ASCENDING NODE
WEST OF EAST LIMIT

CALL FREDCT (1.0rJDNE»SHAPE)

NEXT DAY IF ASCENDING NODE DOES NOT FALL
BETWEEN LIMITS

IF (ONEGA.LT.OMEBA1) GOTO 5

IF (OMEGA.GT.OMEGA2) GOTO 4

CONPUTE HR,MINySEG

CALL. HMS (TOMEGA»NHyNMsNS) -
COMPUTE ORBIT NUMBER
ORNUN=0RNUMI+IFIX CROUND ¢ (FLOAT ( JONE~JINREF ) %24 , 04 TOMEGA-TOSAV) /

1PNORAL))
COMPUTE TIME SCAN CROSSES CENTRE{BF IMAGE

o
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=TML OF RADAR -,
SET GUESS TO INITIAL VALUE DEPENDING ON

DAY OR NIGHT PASS

IF (KKK.EQ.1) GOTO 75

GUESS=0.2333

GOTO 76

GUESS=0.,7333

THL=TOMEGA+TAUML (GUESSy . 000001, ,00005sLAMMAF y FSTIMAF y SHAFE)
COMPUTE SATELLITE SKY FOSITION

CALL STRACK (AZ/yEL »LAMSATLAMMAFsFSISATFSIMAF/RSATyRTGC1ySEF)
TAUO=TML -TOMEGA

COMPUTE NEW FOSITION AFTER 1 SECOND

CALL GTRACK(SHAFE»y .000001,TAUO+1.,0/3600.,0,RSAT,FSI1,yY1)
CALL STRACK(AZ1,EL1,Y1,}.AMSAT,FSI1,FSISATIRSAT,RTGC1,SEF1)
COMFUTE TIME FOR SCANNING ACROSS RADAR AREA (HR)
TCOV=2, 0XRANGE/60.0/RTOD/ARS (SEF1)/3600.0

COMPUTE' TIME BETWEEN VERTICAL GRID FOINTS
DELTAT=TCOV/FLOAT(H)

SEP=ABS (SEF)

COMFUTE SENSOR ANGLE FROM NADIR TO IMAGE CENTRE
SENSA=SENANG(RTGC1 sSEFyRSAT s KKKsLAMSAT » LAMMAF)

COMFUTE SENSOR ANGLE TO RIGHT EDGE OF IMAGE
SENSB=SENANG(RTGC1sSEF+DELTAsRSAT s KKKy LAMSAT y LAMMAF)
COMPUTE SENSOR ANGLE TO LEFT EDGE OF IMAGE
SENSC=SENANG(RTGC1 »SEF-DELTA yRSAT s KKK s LAMSAT r LAMMAF )
COMFUTE HR,MINsSEC AT THML

CALL HMS(TMLsMH»MMsMS)

COMPUTE DATE

CALL DATE (JDNE,DsM,Y,»DOW)

IF FIRST DAY. OF MONTH» PRINT HEADRING

IF (K.NE.JONE.AND.D.EQ.1) WRITE (6+100) MONTH (M)sY
K=JDNE

TML=TML -~ TOMEGA

COMFUTE LINE NUMBER AT TML SINCE EbUATOR
LINE=TMLXFLOAT(LNRATE)

COMPUTE ARC ON EARTH SURFACE CORRESFONDING

TO DISTANCE FROM NADIR TO SUB-SYNC MARKNER

SEPMAX=ABS (ASIN(RSATX0.5/RTGC1)-30.0/RTON)

COMPUTE COLUMN NO. TO CENTRE OF IMAGE

A

. COLUMN=WIDTH/2.0%(1,0+SEFXSGN(SENSA)/SEFMAX)+SHIFT’

WRITE (&6:110) DyDAY(DOW) » NHy NMs NSy OMEGAXRTOD y MHs MMy MS »
1SENSBXRTODy SENSAXRTODy SENSCXRTOD y ORNUM .

1, LINEyCOLUMN

IF (MODE.EQ.,O0) GOTO 26

SEP=SEFP%SGN(SENSA)

COMPUTE GRID FOINTS

DO 20 LOOP=1,HP1

TMLI=TMLAFLOAT(LOOP—~(14H/2) YXDELTAT

COMPUTE NEW SATELLITE POSITION FOR EACH VERTICAL FOINT
CALL GTRACK(Oj» .000001,TMLI»RSATrPSISATLAMSAT)
COSFSI=COS(PSISAT)
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COMPUTE AZIMUTH OF SCAN LINE
AZSCAN=ATAN(SQRT(COSFSIXXx2-COSINCXX%2)/(CXCOSFSI-COSINC/COSFSI) -
1/ABS(COSFSI))

AZSCAN=AES (AZSCAN)

"AZSTR=AZSCAN

DO 20 LSCAN=1,LF1 ' |
FOR EACH SATELLITE FOSITIONy COMFUTE

HORIZONTAL GRID FOINTS

SENSP=FLOAT(LSCAN-(L/2+1))

COMPUTE ARC FOR GRID POSITION

SEFSCN=SEFGRDXSENSF +SEF

COMPUTE SCAN AZIMUTH, RESOLVING AMBIGUITIES

AZSCAN=AZSTR ‘ |
IF (SEFSCN.GT.0.0) AZSCAN=FI-AZSTR i
IF ((KKK.EQ.1.,AND,SEFSCN.LT/0.0).0R.+(KKK.EQ.2,AND,SEFSCN.GT.0.0))
1AZSCAN=-AZSCAN

COMPUTE GROUND COORDINATES FOR GRID FOINT

ON SATELLITE IMAGE

CALL COORD(ABS(SEFSCN)sAZSCAN'FSISAT s LAMSATLATyLONGy DLONG)
COMPUTE ACTUAL LONGITIUDE

DLONG=ABS (DLONG)

LONG=LAMSAT+SGN(SEFSCN)XFLOAT (2%KKK~-3) xDLONG

FILL ARRAY WITH SATELLITE IMAGE COORDINATES

IF (KKK.EQ.2) GO TO 25

SATLAT (LOOF,LSCAN) =LAT

SATLON(LOOFLSCAN) =LONG

G0 TO 220

IF NIGHT:FASSsy TRANSFOSE ARRAY

SATLAT((H+2-LOOF) » (L+2-LSCAN))=LAT

SATLON ((H+2-LOOF) » (L+2-LSEAN) ) =LONG

CONTINUE ‘

FRINT ARRAY OF GROUND COORDINATES

GALL ARQUT (SATLATsSATLONsHF1)

SINMAF=SIN(FSIMAFY

COSMAP=COS (FSIMAF)

DO 40 LOOP=1,HP1

DO 40 LSCAN=1sLP1

A=FLOAT (H/2+1-L0O0OF)

BR=FLOAT (LSCAN=-(L/2+1))

COMPUTE RANGE EROM CENTRE OF EACH GRID FOINT
RADSEP=(DELTA/FLOAT(H/2) )XSQRT (AXX2 + BXX2)

IF (RADSEP.EQ«#0.0) A=1.0E-06

COMPUTE AZIMUTH OF EACH GRID FOINT

RADAZ=ATANZ2(RyA)

COMPUTE CORRESFONDING GROUND COORDINATE

OF EACH GRID FOINT

CALL COORD(RADSEP)RADAZ;PSIHAP:LAMNAPvLAT;LONG:DLONG)

FILL ARRAY OF GROUND CORDINATES

RADLAT (LOOP LSCAN) =LAT . (
RADLONCLOOP »LSCAN) =L ONG ,
COMFUTE DIFFERENCE RETWEEN GROUND : i
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AND SATELLITE IMAGE COORDINATES
DIFLAT(LOOP,LSCAN)=LAT-SATLAT(LOOFP,LSCAN)
DIFLON(LOOPsLSCAN)=LONG-SATLON(LOOFPs»LSCAN)
COMPUTE AZIMUTH AND RANGE FRQM CENTRE
TO SATELLITE IMAGE COORIIINATES
. CALL STRACK(AZsEL»SATLONCLOOP,LSCAN) r LAMMAF»SATLAT(LOOFyLSCAN),
1PSIMAFyRSAT/RTGC1 yRSEP)
AZAR(LOOP»LSCAN) =AZ
RAR(LOOP »LSCAN)=RSEF%60.0
COMPUTE ROTATION OF RADAR (GROUND) IMAGE
RELATIVE TO SATELLITE IMAGE FOR EACH GRID FPOINT
XCORD(LOOF s LSCAN)=RADAZ
IF (XCORD(LOOFPsyLSCAN).LT.0.0) XCORD(LOOF,LSCAN)=2,0%FI+XCORD(LO
10P,LSCAN)
XCORD(LOOF +» LSCAN)=XCORD(LOOPsLSCAN)~AZAR(LOOP LSCAN)
IF (ABS(XCORD(L.OOFsLSCAN)).GE.FI) XCORD(LOOP,LSCAN)=XCORD(LOOF,
1L SCAN) -2, 0%PIXSGN (XCORDI(LOQFsLSCAN))
COMPUTE AZIMUTH CORRECTION FOR RADAR GRID FOINTS
CORA(LOOFyLSCAN)=XCORD(LOOFLSCAN)
IF (LOOP.EQ.9.AND,LSCAN.ER.9) CORA(LOOF,LSCAN)=0.0
"CORR(LOOPLSCAN)=1,0/RTOD
COMFUTE RANGE CORRECTION FACTOR
IFF (RADSEFP.ER.0.0) GOTO 40
CORR(LOOPsLSCAN)=RSEF/RADSEF/RTAD
40 CONTINUE
FRINT ARRAYS
CALL AROUT(RADLAT,RADLONsHP1)
CALL AROUT(DIFLAT,DIFLON,HF1)
CALL AROUT(AZARsRARsHF1) ‘
CALL AROUT(CORA»CORRsHP1)
26 CONTINUE
REVS=1.
GOTO S
4 JUDN1=JDN1+1
IF (JON1.LE.JDN2) GOTO 2
10 CONTINUE . )
FRINT NO., OF SCAN LINES FOR FULL COVERAGE
SIZEV=TCOVXFLOAT(LNRATE)
PRINT NO. OF HORIZONTAL ELEMENTS ACROSS
SIZEH=WIDTHXDELTA/SEFMAX

PRINTX»SIZEV
FRINTXySIZEH
100 FORMAT(®1",14XsA3sIS5»/+"0"»" DATE ASCENDING NODE  MAF LINE
i MAX ANG  CENTRE MIN ANG ORBIT LINE NO  COLUMN"s/»
1* "y9X»"TIME =~  LONG TIME®*+/)

110 FORMAT (* *»I2/A4,139139132F8:s2v149139XI3s5Xr3F10.495X,16
1:2F9.2)

o}

Bt S T



a0
140
150
160

194

LEAVE BLANK LINE BETWEEN FPAIRS OF *‘ARRAY FOINTS
COMMON /44 RTOD

INTEGER HP1

REAL LAT(HF1,HP1),LONG(HP1yHP1)

WRITE (4¢140)

D0 S0 II=1,HP1

WRITE (é6,150) (RTOD*LAT(II!j>rJ =1yHP1)
WRITE (&s160) (RTODXLONG(XIXI»J)rJ=1r,HP1)
CONT INUE

FORMAT (1H1)

FORMAT (1HO»17F7.2)

FORMAT (1H »17F7.2)

RETURN

END

ooOooOocaonn

SUBROUTINE OBLATE (BEyOBRLECC:FSITRCsRTGCsSLHTRC)

COMPUTE TRACKING STATION COORDINATES ON A GEOCENTRIC SYSTEM
AFPOXIMATES AN OBLATE EARTH ,

BE  =POLAR RADIUS OF EARTH

OBLECC =ECCENTRICITY OF EARTH

FSITRC =GEODETIC LATITUDE OF TRACKING STATION

FSITRC =GEOCENTRIC LATITUDE OF TRACKING STATION

RTGC =GEOCENTRIC RADIUS OF TRACKING STATION

SLHTRC =HEIGHT AROVE SEA LEVEL OF TRACKING STATIPN
C=(OBLECCXCOS(FSITRC) ) %%2

RTGD=REX(1., +C/2, +3./8.XCkX2 +5./16.XCx%x3)
X=0BLECCXX2XSIN(2XFSITRC)/2.,/(1,~(OBLECCXSIN(FSITRC) ) %X2)
PSITRC=FSITRE - XXRTGL/(RTGL+SLHTRC) »
RTGC=RTGI+SLHTRCX (1.~-XX%2XRTGD/2./(RTGL+SLHTRC))

RETURN

END

S s e aeam W e = A
“
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SUBROUTINE ELEMENT (FANOM»SHAPE)

COMPUTE ORBITAL ELEMENTS

FANOM =ANOMALISTIC PERIOD

SHAFE=/ FOR CIRCULAR AFPROXIMATION, =1 FOR ELLIFTICAL ORBIT
E  =ECCENTRIC ANOMALLY

REAL INC

INTEGER SHAFE

COMMON /1/ AANOM;ARGPER:ECC;ER&T!INC:OMEGArPNODALyPROTrSROTy
1TAUFER» TOMEGA

COMMON /3/ FI

Cl= 5,443912758E-6

C2= 2,839674972E10

AANDM=( (FANCM/C1)XX2) XX (1,/3,)
C=C2/(1,~ECCKX2)XX2/SART (AANOMX%7)

COSI=COS (INC) ,

SROT=CXCOSI+EROT :

PROT=C/2,X(5,XCOSTRK2~1,)

PNODAL=FANOMX(1,~PROT/PI)

IF (SHAPE ,EQ.0) RETURN

E=ACOS( (ECC+COSCARGPER) )/ (1, 0+ECCXCOS(ARGFER)))
IF_(E.6T RI)_E=2,kPI-E

s
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sSTOP
END

c

FUNCTION ROUND(ARG)
 ROUNDNREAL NUMBER TO NEAREST INTEGER
SIGN=S ;(ARG) ~

ARG=ABS(A§ .

FRAC=ARG-FL.DAT( IFIX(ARG))

. ROUND=FLOAT(IFIX(ARG))

IF (FRAC.GE+0.5) ROUND=ROUND+1.,0
ROUND=SI GNXROUND

RETURN - :

END .

FUNCTION SGN(ARG)

.SIGN FUNCTION

"IF (ARG.GE.0.0) G0 TO Sé

SGN=-1, 0

GO TO 57

. 56 SGN=1.0 a T
57 RETURN A

END

FUNCTION SENANG(RTGC1;SEFsRSATsKRK7LANSATLANMAP)

COMPUJE SENSOR ANGLE FROM NADIR GIVER GROUND COOORDINATES
AND SUB SATELLITE FDINT

REAL LAMSATyLAMMAP

SENANG= ATAN(RTGCI*SIN(SEF)/(RSAT-RTGCI*COS(SEP)))
SENANG=SENANGXFLOAT ( 2XKKK—3 ) XSGN (L AMMAP-LAMSAT)
RETURN

END .. -

ExRy)

SUBROUTINE COORD(GCAsAZyPSIsLAMyLATLONG,DLONG)
COMPUTE LATITUBE (LAT) AND LONGITUDE (LONG) GIVEN
GCA (GREAT CIRCLE ARC) AND AZ (AZIMUTH)

COMMON 73/ PI '

REAL LAMsLAT,LONG

IF (AZ.EQ.0.0.OR, AZ.EG.PI) AZ=AZ+1.0E-06
TAZD2=TAN(AZ/2.0) ‘

GCA=ABS(GCA) "
ARGM—(PI/&OO“PSI*GCQ)/ 0

" ARGP=(PI/2.0~ ~PSI+GCA) /2.0

IF (ARGP.EQ.0.0.0R,ARS(ARGF) .EQ.PI.0OR.AES(ARGF) ,EQ. FI/2.0.,0R.

1ABS(ARGP) .EQ.3.,0%FI/2.0) ARGF=ARGF+1.0E-6
ANG1=ATAN(COS(ARGM) /COS(ARGF )/ TAZD2)
ANG2=ATAN(SIN(ARGM)/SIN(ARGF)/TAZL2) '
IF (ANG2.EG.0.0.,0R.ARS(ANG2) .EQ.FI) ANG2=ANG2+1,0E-6

~ DLONG=ANG1-ANGZ -

LAT=PI/2.0-2, 0$AT§N(TAN(§RGM)*SIN(ANBI)/SIN(ANGZ))
LONG“LAN*DLDNG .

RETURN, ;

END

A

»

SUBRdUTIN@‘AWOUT(LAT;LONG:HPI) ‘
PRINT TWD ARRAYS: LAT,LONG EACH HP1 X HF1

5

T e T e e .
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TAUPER= (E- ECC*SIN(E))*PNODAL/PI/Z.

RETURN .
END
FUNCTION JON(LOsMrY)
c COMPUTE JULIAN DAY NUMBER P
INTEGER D»Y
IF (M.GT.2) GOTO 1
M=M+13 .
Y=Y-1
JON=IFIX(36T-R5¥FLOAT(Y) ) FIFIX (30,6001 %FLOAT (M+1)) +D+17220982
"RETURN o , )
END . ) * {
SUBROUTINE DATE (JUNsyLsMsY,DOW) :
c COMRUTE DAYsMONTHsYEAR AND DAY OF WEEK GIVEN JULIAN DAY NUMRER

INTEGER DyYsDOW

-

. DN=FLOAT (JON-1720982)

Y=IFIXC(ON-122,1)/365,25) 3
I=IFIX(365.25%FLOATCY.))
M=TFIX((DN-FLOAT(I))/30.6001)

. D=IFIX(DN)~-I~ IFIX(3O 6001 XFLOAT(M))

M=M-1
IF(M:GE.14) M=M-12 »
IF(M.LT.3) Y=Y+41 .
C=(DN+5.)/7,
DOW=IFIX(7.%X(C~FLOAT(IFIX(C))+.01)) s
RETURN )

END

SURROUTINE HMS(HOURS»HyMsS)

COMFUTE HOURSyMIN,SEC FROM TIME IN DECIMAL HOURS

INTEGER H»S

H=IFIX (HOURS) .

C=(HOURS- FLDAT(H))*éO.

M=IFIX(C) iy

S=IFIX( (C-FLOAT(M))%0.)

REM=(C~FLOAT(M))%60.,0 — FLOAT(S)

IF (REM.GE.0.5) S=5+1

RETURN . ;
END |

¢
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COMPUTE NEW EFOCH GIVEN OLD EPDCH ANDI' NUMBRER OF ORBITAL R‘EVOLUTION"i

. FROM OLD' EFOCH

REVS  =P- NUMBER OF REVOLUTIONS
FLAG  =SHAPE _

SUBROUTINE PREDCT (REVSyJDN:FLAG)

REAL INC

INTEGER FLAG

COMMON /1/ AANOH;ARGPERvECCrEROT:INC:OMEGQ:PNDDAL:PROT;SROT;
1TAUPER, TOMEBA | . \

COMMON /3/ PI |

0MEGA~0MEGA+saor*nsvsxpﬂenAL
OMEGA=ATANZ(SIN(OMEGA)  COS (OMEGA) )

IF(FLAG.EQ.0) GOTO 1

vy
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ARGFER=ARGPER+FROTXREVSXFNODAL
ARGFER=ATAN2(SIN(ARGFER) » COS(ARGFER))
IF(ARGFER.LT.0+.) ARGPER=ARGFER+2.%PI
C=COS(ARGFER)
E=ACOS((ECCHC) /(1 .+ECCXC))
IF(ARGFER+GT.FI) E=2,0%PI -E
TAUPER=(E-ECCXSINC(E) )XFNODAL/2./PI

1 TOMEGA=TOMEGA+PNODALXREVS

C=TOMEGA/24,
JON=IFIX(C+FLOAT(JON))

TOMEGA=24 /X(C~-FLOAT(IFIX(C)))
IF(TOMEGA.LT.0,) TOMEGA=TOMEGA+24,
RETURN

END

ooOOoOo00n0n

FUNCTION TAUML (TAU:EERROR:PERROR!LAMMQF;FSIMAP FLAG)
COMFUTE TIME AFTER ASCENDING NONE WHEN LINE FERFENDICULAR TO
SUB-SATELLITE PQINT VELOCITY VECTOR WILL INTERSECT WITH A GIVEN MA
COORDINATE, USING NEWTON®S METHOD FOR ITERATION

TAU =TIME AFTER ASCENDING NODE

EERROR =ALLOWABRLE ERROR IN THE ECCENTRIC ANOMALLY

FERROR =ALLOWAELE ERROR IN PSIMAP

LAMMAP =LONGITUDE OF MAF. FOINT

FSIMAFP =LATITUDE OF MAF POINT

REAL INC,LAMMAP

INTEGER FLAG

COMMON /1/ AANON!ARGPER?ECC!EROTIINCJONEGA’PNDDAL!PROT!SRUT!
UFER» TOMEGA

COMMON 72/ LAMSAT,FSISAT,RSAT

SN1=PNODIAL74, '
SN2=3 , XSN1
C=PNODALXSROT/2./P1
COSI=COS (INC)
T1=TAU

‘PSIi=PSITLS(TAU:LAMMAF:COSIrFLAGrEERRDRrSNlrSNQrC)

TAUML=T1+DELTAT
PSIZ*PSITLS(TAUMLrLAMMAPrCOSIrFLAGrEERRORrSNIrSN rC)
DPSI= PSIMAP -PSI2 T

IF (ARS(DFSI).LE.FERROR) RETURN
DELTAT=IFPSIX(T1~-TAUML)/(FSI1-FB8I2)

T1=TAUML '

FSI1=FSIZ2

GOTO0 1

END

e Ao Mo Ry

FUNCTION PSITLS(TAUrLAMNAPrCOSI1FLAG:EERROR:SN1vSNQrC)
COMPUTE LATITUDE OF SCAN LINE CROSSING GIVEN TAU
FSISAT =LATITUDE OF SUB FOINT
LAMSAT = ONGITUDE OF SUBFOINT
DLAM =DIFFERENCE IN LOGITUDE RETWEEN MAP AND SUE FOINT
REAL LAMMAPLAMSAT» INC

‘ <



198

PR

INTEGER FLAG

COMMON /1/ AANOM»ARGFER,ECC,EROT»INCsOMEGA»FNODRAL FROT»SROT»
1TAUFER » TOMEGA ,

COMMON /2/ LAMSATFSISATRSAT

COMMON 73/ PI

COMMON /4/ RTOD

LOGICAL FOS

CALL GTRACK(FLAGsEERROR»TAUrRSATFSISATyLAMSAT)

DLAM=LAMSAT-LAMMAF - .

COSPSI=COS{(FSISAT)

TANAZ= SGRT(COSPSI**"*COSI**Z)/(C*COSPSI COS51/COSFSI) )
TANAZ=TANAZ/ABS(COSPSI) :
AZ=ABS (ATAN(TANAZ)) )
FOS=TAU.GT.5N1.,AND.TAU.LT.SN2 i
IF ((FOS.AND.TH.AM.GE.0.0).0R.(.,NOT.FOS.AND.DOLAM.LE,0.0)) AZ=PI-AZ
IF (DLANJLT.0.0) AZ=-AZ

IF (ARS(FSISAT).EQ.F1/2.0) FSISAT=FSISAT+1,0E-6
TANCL=TAN((FI/2.0-FSISAT)/2.0)

AMBD2=(DLAM-AZ) /2.0

AFBIR=(DLAM+AZ) /2.0

IF (AFRD2,EQR,0,0.0R.ARS(AFPRD2) .EQ.FI,OR.ARS(AFEL2) .EQ.FI/2,0)
1AFPBO2=AFBN2+1.0E-6

PSITLS=ATAN(TANCLXCOS(AMBDN2) /COS(AFEDN2)) -
IATANCTANCLXSINC(AMBR2)/SIN(AFRD2))

FSITLS=FP1/2.0~-FSITLS

RETURN

END

SUBROUTINE GTRACK (FLAG,EERROR»TAU,RSAT,FSISATyLAMSAT)
COMFUTE SATELLITE SUBPOINT GIVEN TaU \
RSAT =RADIAL DISTANCE OF SATELLITE FROM CENTRE OF EARTH
REAL INC,LAMSATsNU

INTEGER FLAG

COMMON 71/ AANDN!ARGPER!ECC:EROT!INCrUNEGArFNODALrFROT1SR0T!
1TAUFER Yy TOMEGA

COMMON /3/ FI

IF (FLAG.ER.1.AND.ECC. GT 0.) GOTO 1 :
RSAT=AANOM

" C=(TAU+PNODRAL) /FNODAL - ¢

GOTO 2

1 C=(TAU-TAUFER+FNODAL)/FNODAL
2 FHI=2.XPIX(C~-FLOATCIFIX(C)))
_IF (FLAG.EQ.0.OR.ECC.EQ.0.,) GOTO 3

E=PHI

4 URSAT=1.,-ECCXCOS(E)

D=(PHI-E+ECCXSINCE) )/URSAT
E=E+D-

IF (ABS(D).LE.EERROR) GOTO 3
GOTO 4

9 RSAT=AANOMXURSAT

NU=ACOS ( (COS{E)~ECC) ZURSAT)
IF (E.GT.PI) NU=PI%2,-NU

‘e e e e =
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FPHI=NU+ARGFER

IF (PHI.GT.2.%PI) PHI=PHI-2.%FI
RSISAT=ASIN(SIN(FHI)XSINCINC)) o
DLAM=ASIN(TANCPSISAT)/ARS(TANCINC)))

IF (FHI.GE.PI/2.0.AND.PHI.LT.1.5%PI) DLAM=FI-DLAM

IF (INC.LT.FI/2,) DLAM=-DLAM

LAMSAT=0MEGA+SROTXTAU+DLAM

LAMSAT=ATAN2(SIN(LAMSAT) »COS(LAMSAT))

RETURN

END v

+

bt e e e B

M&GNM‘J‘beu
144}

onoo

SUEROUTINE STRACK(AZsELsLAMSAT,/LANTRCsFSISATFFSITRCRGATIRTGCsSEPY
COMFUTE AZIMUTH AND ELEVATION OF SATELLITE GIVEN SUB FOINT

AND TRACKING STATION COORDINATES

AZ =AZIMUTH OF SATELLITE EL =ELEVATION AEOVE HORIZON

REAL LAMTRCrsLAMSAT ;

COMMON /3/ FI

DLAM1=LAMTRC~LAMSAT

IF (DLAM1.EQ.0.0.0R+AES(DLAML) EQ.FI.0R,ARS(DLAM1) EQ.FI/2,0)
10LAM1=DLAM1+1.0E~6

DLAM2=ACOS (COS (DLAM1)) -
COSSEF=SIN(FSISAT)XSIN(FSITRC)+COS(FSISAT)XCOS (FSITRC)XCOS (ILAM1)
SEF=ACOS ( COSSEF)

IF (SEP.EQ.0.0.0R.ABS(SEF)EQ.FI) SEP=SEF+1.0E-6

EL=ATAN( (RSATXCOSSEF~RTGC)/RSAT/SIN(SEP) )
TANAZ=(TAN(FSISAT) /SINCDLAM2) ~TANCFSITRC) /TANCDLAM2) ) XCOS(FSITRC)
0NE=1 « 0 /

AZ=ATAN2 (ONE » TANAZ) [

IF (SIN(DLAM1)>.LT.0.) AZ=2,%PI-AZ 5
RETURN -

END

" (]

3949.914015 .081813334 .2625161708

1.938111545 .00101 1.781547709 0.

~2,2019073 7.,2333333 20 4 1978 7796

«8 1,407171709 ,0615530303 .
1.6970417 0.8709192 ' -

0

~1,6256327 -1.1180248
1.1162795 1.6238873

1
S
9

(9,4}

1978
1978

1978
1978

19789
1978
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START: INTOS

- a»

-

REMFT S

y
WATFON?

NOVA PROGRAM TO COPY 9-TRACK TO 9600 BAUD TAPE !

NIOS
LDA
LIIA
LDA
STA
LI'A
LOE
LI'A
noc

LA
II0AS

JSKR
DIA
LIER
LDA
SUR
STA
152
STA
0sz
LIA
AND
JMF
LDA
JSR

 LDA

MOVS
JSR
MOVS
JSR
nsz
JMF
nra
NIOS
SURB
JMF
JMP

STA
oA
LIA
STA

1 et e s 3

APPENDIX 7

- «TITLE FEEK

.ENT START
+NREL .
JENT @
$ INTERRUFT DISARLE
TT0 .
0+ ZERQ }SET UF RUFFER FARAMETERS
2+ STADD
1yN3777
1yCNTR
0ySTADD, _ :
0sMTA $SEND START ADDRESS TO TAFE DRIVE
0y ZERO '
0rMTA s SENIl WORI' COUNT TO TAFE DRIVE
0rZERO
0sMTA $SENIr COMMAND ANDI START READING
WATFON
.0y MTA iREAD STATUS
1'MTA »  FREAD' WORD COUNTER
2,STADDL - .
2s1
1yBUFC FREAL WORI COUNT
BUFC
2,00
20 sWORD COUNTER IN AUTO INCREMENT LOCATION
1 yMASK
1,0,SZR  iCHECN STATUS
ENI! jEAD RECORD REALD
0ySYNC $SEND SYNC EYTE TO SERIAL FORT
TTYO
0,@20 sGET DATA FROM RUFFER
00 $SWAF BYTES FOR HI ASCII CHAR
TTYO $SEND TO SERIAL FORT
0y0 FGET LO ASCII CHAR -
TTYO . ,
EUFC FTEST FOR RUFFER zEND
EEMFT $KEEF SENDING DAT ’
0rTTI FCHECK FOR ESCAFE FROM TERMINAL
TTI s IF NOT FRESENT »GET NEXT RECORD
OéérSNR # IF FRESENT ,FIN#SH SENDING FRESENT RECORL
E - ; :
START /
!
32 TEMP /
0sMINI /
1yN256
1yCONTO

$SEND 256 NULL7/(FFH)‘AS’INTER—RECORD GAF

o - g st

e g e

iE



HEADR ¢

EXTRT:

y
MASK ¢
SYNC:?

ESCA:?
MINI?®

N256¢
NS
CONTO?
CONT1
BUFC
TEMF ¢

y
.. ASCII?
- ONEA?

ZERA!

SFACA:
RETA:
LFA2

"
i
sTADD?
ZERO!
N3777¢

CNTR?

JSR
nsz
JMF
SKFEN
JMP

"JSR

SKFERZ
JMF
JMF

SKFERZ
JMF
DOAS

JMF

LDA

-STA

LA
JSR
nsz
JMP
HALT

BUFFER
0 ,
3777

0

201

ECK FOR RECORIDN READY FROM TAFE DRIVE

TTYO s IF NOT, WAIT UNTIL READY
MTA +IN THE MEANTINE »SEND NULLS TO SERIAL FORT

TTO1 F§SEND DATA TO SERIAL FORT FROM ACC #0
TTYO FWAIT UNTIL READY FOR NEXT CHAR
0»TTO1

0s3

1sNS FCOMPLETE SENDING FRESENT RECORD
1,CONTO

OyMINI

TTYO

CONTO

EREC

.LOC 1000
JELK 3777

END START

e et e




APPENDIX 8

PROGRAM TO READ NOAA 5 HEADER RECORD

0000
0010

" 0020

0030
0040
0050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0450
0500

*PROGRAM TO READ NOAA 5 HEADER RECGRD
*AND PRINT ORBITAL DATA ON CONSOLE
GRG 3800H
SP EQU O6H
PSV EQU O6H
€0 EQU OFB809H
STACK EQU 3ESOH
ETX EQU 03H
NUL EQU OFFH
SYN EQU 16H
USTAT EQU OF7H
USCMD EQU OF7H
USDAI EQU OF6H
LXI__SP, STACK
*READ HEADER RECOGRD
CALL HSYNC -
CALL CRLF
*PRINT "@RBITAL DATA F@R NGAAS"
CALL STRING
DV 'RG’
DV 'IB’
pW ‘AT’

DU.L. . ’

p¥ *aAabD’

DY ‘AT’

o 'F !

pW '‘R@’

W 'N !

DY 'AQ°

DWW 'sa’

DB ETX

CAaLL CRLF .
*PRINT "JRBIT NUMBER:"
CALL STRING

DWW 'R3’

pw *IB'

by *'1°'

DW °UN'

DW 'EM'

DW 'RE’

w.' s’

DB ETX

*GET ORBIT NUMBER (16 BIT SIGNED INTEGER)

LHLD RECORD

XCHG

*CONVERT TO BCD-ASCII AND PRINT
€ALL BINBCD

cALL GUTLZS

CALL CRLF
*PRINT “ASCENDING NBDE:"

CALL STRING .

T e _._‘&M' -




0510 DW °sA’

0520 D¥ ‘EC’

0530 DW °'DN’

0540 DW °NI°

0550 DW * G'

0560 DW 'ON°

0570 p¥ 'ED'

0580 DW * :°

0590 DB ETX

0600 *GET INTEGER PART OF ASCENDING NODE, PRINT
0610 LHLD RECGRD+2

0620 XCHG

0630 CALL BINBCD

0640 CALL QUTLZS

0650 *PRINT DECIMAL POINT
0660 MVI C,'.’

0670 CALL C8

203
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0680 *GET FRACTIGNAL PART @F ASCENDING NGDE, PRINT
0690 *ASCENDING NGDE IN DEGREES :
0700 LHLD RECORD+4

0710 XCHG

0720 CALL ABS

0730 CALL BINBCD

0740 CALL BUT2D

0750 CALL CRLF

0760 *PRINT “"EQUAT@R CROSSING TIME: *

0770 CALL STRING

0780 DV 'QE'

0790 DW ‘AU’

0800 DW 'OT'

0810 DV ' R*

0820 DW °'RC'

0830 DW °s@’

0840 DW ¢1S°*

0850 DW °‘GN’

0860 DW °T '

0870 DW °'MI°

0880 DV ':E°

0890 DB ' ‘*

0900 ' DB ETX

0910 *P@INT Té TIME IN BUFFER

0920 LXI H,RECORD+6

0930 *PRINT TIME \

0940 CALL DHMS ‘

0950 CALL CRLF

0960 *PRINT “ACQUISTISN TIME: "

0970 CALL STRING

0980 DV ‘Ca‘ _

0990 DW ‘uUR‘'’ .

1000 DV °SI' \
1010 DW °'TI® . N




1020
1030
1040
1050
1060

1070

1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530

pw *ar’

DW * N°

Dw *1T!

DW *EM°

‘Dw v :0

DB ETX

LXI H,RECORD+14
*PRINT TIME
CALL DHMS
CALL CRLF
*PRINT "DATA TAPE TYPE:
CaALL STRING
D7 ‘AD’

DV AT

DV 'T

DWW *PA°

pw * E

bW 'YT’

p¥W ‘EP’

Dy * ¢

DB ETX

LHLD RECORD+28
*PRINT NUMBER
XCHG

CALL BINBCD
CcaLL @uT2D
*#PRINT "TAPE #: *
CALL CRLF

CALL STRING

D¥ ‘AT’

pw ‘EP’

DW *¢#

Dw * °

DB ETX

LHLD RECARD+ 38
XCHG

CALL BINBGCD
CALL 0@UT2D
CALL CRLF ,
*RETURN T@ MENIT@R
CALL O

*SUBRGUTINE TG PRINT CHAR STRING
*GET RETURN ADDRESS WHICH POINTS Td CHARCTER STRING

STRING POP H
MOV A.M
INX H

CP1 ETX

*«LOOP UNTIL ETX CHAR FOUND

JZ RN
MOV CsA
*PRINT C REG ON CONSGLE
CaLl. CO

204
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1540
1550
1560
1570
1580

1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
183d
1840
1850

1860

1870
1880
1890
1900
1910
1920

1930 .

1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040

205

JMP STRING+]

RTN PUSH H

RET

*SUBRBUTINE T8 CONVERT 16-~-BIT BINARY

*T8 BCD-ASCI! | \

*D, E CONTAINS SIGNED 16-BIT INTE GER

BINBCD CALL SWAP

LX1 H, BUFF

MOV A,D

ORA A

*STGRE 6 CHARACTERS STARTING AT BUFF

*CHECK SIGN BIT ,

*IF +VE, STORE SPACE ;1F -VUE, STORE "=-".

MVI M, ' °

JP BVER

MVI M, '~

CALL COMP
OVER INX H

*BREAK DE INT@ S5 BCD DIGITS

LXI B, 10000

CALL DIGIT

LX! B, 1000

CALL DIGIT

LXI B, 100

CALL DIGIT

LXl B,10 .

CALL DIGIT

LXI B,!

CaLL DIGIT

RET .
*SUBRZUTINE Td SUBTRACT BC FR@BM DE AND INCREMENT
*MEMBRY (CHARACTER BUFFER VIA HL)
*UNTIL RESULT -VE

DIGIT MVI M, 30H
DIO MOV AL E

SUB C

MOV E,A

M3V A,D :
SBB B

MGV D,A

JM D11}

INR M

JMP DIO
*RESULT ~-VE,» RESTORE . .
DIt MOV AE
ADD C

MOV E,A
MOV AYD
ADC B
Mav D,A
INX H
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2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240

2250

2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
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RET

BUFF DS 6

*SUBNGUTINE TO SWAP D AND E

SWAP MOV A,D

MAV D, E’

MOV EsA

RET

*SUBRGUTINE T8 PRINT BCD NUMBERS

*WITH LEADING ZERGZ SUPPRESSION

BUTLZS LX1 H,BUFF

MVI B,S

MoV ALM

INX H :

*TEST FOR MINUS SIGN

cpr *-°

JNZ NCHAR

M@V CoA

CALL CO

*SEARCH FOR N@N ZERG CHARACTER

*IF LAST (S5THY CHAR IS ZERG, PRINT IT
NCHAR MOV ALM

INX H

CPI ‘'O’

JNZ NZERO

DCR B

JNZ NCHAR

M3V C,A

CALL C9

RET
*PRINT REMAINING DIGITS
NZERG DCX H
NDIG MOV C.M

INX H

CALL C8

DCR B

JNZ NDIG

RET,
*SUBRGUTINE TG FIND TW@'S COMPLEMENT OF D, E
CeMP MOV A,D
tMA
MOV D, A
MOV ALE
cMA
MOV E,A

2@96“ INX D
2600 RET

2510
2520
2530
2540
2550
2560

*SUBROUTINE TG FIND ABS(D, E)
ABS MOV A,D

ORA A

RP

CALL COMP

RET

st i o i T ST
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RIS SR SIS SR S

2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010

.3020

3030
3040
3050
3060
3070

e e e o
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*SUBRGUTINE T8 GUTPUT GNLY

%2 BCD DIGITS, VITH NO LEADING ZER® suppnsssxzw
BUT2D LX1 H,BUFF+4

MOV C.M -

CALL C@ ‘

INX H

MOV C,M

CALL CO

RET

*SUBRBUTINE FBR CR AND LF
CRLF MVI C,ODH

CALL cO

MV1 C.,0AH

CALL cO

*PRINT TW@ NULLS

MVI C,O0H

CALL C@

CALL CO

RET
*SUBROUTINE T@ PRINT DAY,HR,MIN, SEC
*SAVE BUFFER ADDRESS
DHMS SHLD HLSTR

CALL NPRINT

CALL STRING

Dw [ ] Dl

DB ETX

CALL NPRINT

CALL STRING

Dw v Hv

DB ETX

CALL NPRINT

CALL STRING

Dw [ “'

DB ETX .
CALL NPRINT

CALL STRING

D * S°

pB 'Z!

DB ETX

RET

*SUBRAUTINE TA PRINT SIGNED 16-BIT INTEGER

*IN BCD-ASCII FORMAT @N CONSGLE

*ADDRESS OF INTEGER IN LOC HLSTR

NPRINT LHLD HLSTR

*GET INTEGER INTO DE

MOV EsM

INX H ;
MOV D.M E
INX H

*SAVE ADDRESS aF NEXT NUMBER
SHLD HLSTR

N A s At g o ottt o Aot

et =
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3080

© 3090

3100
3110
3120
3130
3140

3150

3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360

- 3370

3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590

*CONVERT INTEGER T8 BCD-ASCII DIGIT STRING

CALL BINBCD
*PRINT WITH LEADING-ZERG SUPPRESSIOGN
CALL GUTLZS .
RET
HLSTR DS 2
*READ HEADER RECORD
*SYNC UART AND TAPE INTERFACE T@ LEADER
HSYNC CALL SYNC
*POINT TG MEMORY BUFFER
LXI H,RECORD
*READ 50 BYTES
MVI E»SO
*READ BYTE.  FROM TAPE
HRD CALL RX

'*CY SET IF FRAMING ERROR

JC HERR :

MV M,A . :
INX H

DCR E

JNZ HRD

RET _

*PRINT "?* IF FRAMING ERRGR AND RETURN T@ M@NI TR

HERR CALL STRING
DB *?°

DB ETX

CALL O

*SUBRGUTINE T8 FIND START 8F RECORD
*INITIALIZE UART

SYNC CALL RXEN

*SEARCH F@R AT LEAST 240 NULLS

MVI C, 240

CALL RX

JC SYNC

CPI NUL

JNZ SYNC+3

DCR €

JNZ SYNC+S

“MVI G,20
WSYNC CALL RX ;
"JC -5YNC

CPI SYN

*WAIT FOR SYNC CHAR

RZ -

‘CPI NUL *

JNZ SYNC+3

DCR C

JNZ WSYNC

*SET CY IF MORE THAN 256 NULLS, RETURN
*INDI CATES END (F FILE >
STC ' ,
RET
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3600 *SUBRGUTINE T8 READ DATA FR@M UART
, . 3610 RX IN USTAT '
4 ‘3620 MOV BsA
’ 3630 ANI O02H
3640 *WAIT_FOR DATA READY STATUS
. 3650 JZ RX
3669:: iviAY AJ_B
3670 ANI 20H
3680 JZ S$+1 4
3690 *SET CY IF FRAMING ERROR
3700 STC .
3710 *READ DATA
3720 1IN USDA!
3730 RET
3740 *SUBRAUTINE T2 INITIALIZE UART
3750 *T8 9600 BAUD, 1 ST@P BIT, 8 DATA BITS
3760 RXEN XRA A
3770 BUT USCMD
3780 OUT USCMD
3790 @UT USCMD
. 3800 MVI A, A0H
. "3810 OGUT USCMD
‘ 3820 MVI A,4FH
3830 OBUT USCMD’
3840 MVI A, 16H
3850 @UT USCMD%*
3860 RET .
" 3870 *STBRAGE FBR DATA FROM TAPE o
3880 RECSRD DS S50
3890 'LAST END

] ] 6:/
10 FRINT *ORRITAL DATA FOR NOAAS®
(20 A=9999., ‘
30 DIEF FN W(Z)=2S6XFEEK(Z)+FEEK(Z+1)
.40 FRINT *OREIT NUMEER®;FN W(A+1) .
50 PRINT *ASCENDING NODE: *$FN W(A+3)5", *iFN W(A+S)
60 FRINT "EQUATOR CROSSING TIME: *# L
70 PRINT FN W(A+7)5*Ir *5FN W(A+9)3"H "3FN W(A+11)5*M *FFN W(A+13)5*S Z°
80 PRINT "ACQUISITION.TIME! *j :
90 "PRINT FN W(A+15)5 "D *5FN W(A+17)5"H *5FN W(A+19)5 "M *iFN W(A+21)3
100 FRINT *S Z* o
‘110 FRINT *DATA TAFE TYPE! *;FEEN(A+30)
120 FRINT "TAFE #! °FFEEK(40) :
130 END .

e




[P,

JE DS

0000
0010
0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
o120
0130
Q140
0150
0160
0170
0180
0190

0230
0240
0250
0260
0270
0280
0290
0300
0310

' 0320

0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430

- 0440

0450
0460
0470
0480
0490

0500

APPENDIX 9

PROGRAM TO READ RAW DATA TAPES

*PREGRAM FGR SATELLITE DATA ACQUISITIGN FROM TAPE
*DATA 1S STBRED @N TAPE ,1 REC@RD PER LINE

*AT LEAST 256 NUL CHARACTERS BETWEEN RECORDS
*DATA AT 9600 BAUD, 8 BITS PER CHARACTER

*SYNC BYTE STARTS RECORD

*65536 BYTES ARE READ AND ST@RED IN IMAGE MEM@RY
*256 BYTES PER RECGRD AND 256 RECORDS ARE READ
*USING HORIZONTAL AND VERTICAL SCALE FACT@RS
*NEAREST NEIGHBAUR TECHNIQUE IS USED T@ SELECT
*DATA P@INT FR@M TAPE ‘

*8 BIT DATA IS READ INTO CHAN | AND THE 4 MSB'S
*ARE DISPLAYED @N SCREEN

#RG 3400H ®
C6 EQU OF809H

C! EQU OF803H

STACK EQU 3EBFH

CR EQU ODH

LF_ EQU OAH

ETX EQU O3H

NUL EQU OFFH
.SYN EQU 16H

MEMCON EQU 8OH

D EQU 83H . y

MWRNEQU 83H i
LBADR EQU 82H
HIADR| EQU 81H
USTAT\ EQU OFTH
USCMD) EQU OF TH
EQU OF6H
CRLF EQU OAODH
SP EQU 6
PSV EQU 6
TT@ EQU OF4H '
HLENG EQU 2002 -
RI EQU OF806H
*INITIALIZATION .
*CLEAR  SCREEN MEMORY AND CHAN 1
LX1 SP,STACK ;

MVI A, 0

BUT MEMCON

LXI H,0

SHLD VLMA
*CLEAR @NLY LOWER HALF (SCREEN) 8N CHAN O BYTES
CLRTV CALL READ

ANI OFOH

CALL WRITE

CALL INCADR

JNZ CLRTV. !
*CLEAR CHAN 1

MVI A, O4H

PUT MEMCON

- p

4
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0510
0520
0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710

-0720

0730
0740
0750
0760
0770
0780
0790
0800
0810
0820
0830
0840
0850
0860
0870
0880
0890
0900
0910
0920
0930
0940
0950
09.60
0970
0980
0990
1000

1010

211

CLRCH1 MVI A0
CALL WRITE

CALL INCADR

JNZ CLRCHI
*ENTER DATA FROGM CONSOLE

LXI H» Sl

DNIN CALL STRING
*PRINT "DAY @R NIGHT PASS?"

CALL KEYIN

*INPUT CHARACTER "D" @R "N" AND CARRIAGE RETURN

CPl 'D’

JZ SUID

CPI 'N'

JNZ DNIN

SUID STA DNFLAG
£SET DNFLAG T8 "D @R “N° (~
LXI H,S2

*PRINT "@RBIT NUMBER=" j

CALL STRING
*INPUT @RBIT # AND C@NVERT T8 16-BIT INTEGER
CALL BCDIN

SELD @RNUM -

LXI H,S3
*PRINT "START COLUMN="

ISTCOL CALL STRING
*INPUT AND CONVERT T@ BINARY

CALL BCDIN

SHLD STCOL

LXI H,SS :
*PRINT "LINE # SINCE A@S="

CALL STRING .
*INPUT AND CONVERT T@ BINARY

CALL BCDIN

SHLD LINENG

LXI H,S7
VIIN CALL STRING
*PRINT "VISUAL @R IR?"

CALL KEYIN
*INPUT "V" @R “I"

CPL *'V°

JZ STAVI

CPI 'I°

JNZ VIIN
*SET VISUAL/IR FLAG

STAVI STA VIFLAG ‘
LXI H,SB :
*PRINT "RECORD LENGTH="

CALL STRING
*INPUT AND CONVERT T8 BINARY

CALL BCDIN

SHLD RLENG
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1020 LXI H,S9 .

1030 *PRINT "START TAPE G,

1040 CALL STRING

1050 *RETURN T@ MONI TAR

1060 CALL O

1070 *START TAPE AT BEGINNING @F FILE, TYPE G T8

1080 *CONTINUE PROGRAM

1090 MVI A,O

1100 GUT MEMCON )

1110 *SYNC T@ TAPE AND WAIT F@R NEXT REC@RD (HEADER)

1120 HSYNC CALL SYNCI

1130 *READ 1ST TW@ DATA BYTES FRGM TAPE (GRBIT #)

1140 CALL RX

1150 JC HERR

1160 MOV D,A

1170 CALL RX

1180 JC HERR

1190 MOV E,A

1200 LHLD @RNUM

1210 *COMPARE ORBIT # READ AND REQUIRED [HL-DE)

1220 CALL C@MPD

1230 DAD D

1240 MOV ALH

1250 OGRA L ¢

1260 JZ OGRBGK )

1270 *PRINT “WRGNG @RBIT"

1280 LXI H,S10

1290 CALL STRING

1300 *RETURN T8 M@NITOR

1310 CALL O ‘ -

1320 *REPSSITION TAPE T8 START OF PROPER FILE

1330 *TYPE G AND PRPGRAM REPEATS TEST

1340 JMP HSYNC '

1350 *CORRECT FILE FOUND

1360 GRBOK MVI A, 'R°

1370 *TYPE “R" ON TTY T@ INDICATE CORRECT FILE

1380 OUT TTO

1390 *GET HEADER RECORD LENGTH

1400 LXI H,HLENG

1410 *WAIT FGR END @F HEADER

1420 HEND CALL RX

1430 JC_HERR

1430 DCX H

1450 M@V A,H

1460 ORA L

1470 'JUNZ HEND

. 1480 *INITIALIZE VARIABLES
1490 LXI! H,O0

1500 MVI A,O

1510 STA LINE

1520 SHLD. RSAML




ez e .

1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
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SHLD RSAML+2 _

SHLD VLMA :

SHLD PREC

LDA DNFLAG

*IF DAY PASS, START AT T@P-LEFT C@RNER 8F SCREEN AND
*READ NORMALLY

*IF NIGHT PASS, START AT B@TTBM-RIGHT CORNER
*AND READ INT@ MEMBRY BACKWARDS

cP1 'D’

JZ_S+4

DCX H

SHLD VLMA

LHLD RLENG

*SET RLONG INITIALLY T@ RECGRD LENGTH
SHLD RLONG
*SEARCH F@R STARTING RECGRD

TAPE LHLD LINENG
*INITIALIZE RNUM (RECBRD NUMBER) T8 STARTING RECGRD
SHLD RNUM '
*SEARCH F@R_REC@RD # =RNUM
*SYNC T@ NEXT RECORD
NXREC CALL SYNC
*CY 1S SET IF END GF TAPE

JC EGT

LHLD RLONG . ,
*READ 1ST TW@ BYTES OF RECORD (RECGRD NUMBER)
CALL RX
*CY 1S SET IF FRAMING ERRGR

JC BADRD

DCX H

M8V D, A

CALL RX

JC.BADRD : :

PCX H

MEV E.A
*SAVE PRESENT REC@RD BYTE COUNT

SHLD BNUM - -

LHLD RNUM

XCHG

SHLD PREC

CALL COMPD _ '
*COMPARE LINE # READ VITH STARTING LINE #
DAD D

T d6 ZTST

*LINE # READ <STARTING LINE #» KEEP READING REC@RDS
LHLD BNUM
*WAIT FOR END OF RECBRD
ENDWT. CALL RX

JC_NXREC

DCX H

MOV AsH

M

~



2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650

. 2660

2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780

$ 2790

2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3020
3050
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L.XI D,2000

IRSKP CALL RX

Bcx H

DCX D [

JC DATER 3

M@V A,D

BRA E

JNZ IRSKP

*SKIP TG COLUMN START
@VERI XCHG

LHLD STCOL

XCHG . .

COLYT CALL RX

DCX H

DCX D

JC DATER

MGV A, D

BRA E

JNZ CaLvT
*START READING LINE

SHLD BNUM

LXI H,0

SHLD RSAMP

SHLD RSAMP+2

MVI A»O

STA CaLwM
RDBYT LHLD BNUM

CALL RX

DCX H

SHLD BNUM

.STA PIXEL

JC DATER .

LXI H,RSAMP ) )
*RGUND IﬁTEGER PART OF RSAMP T8 NEAREST VALUE
CALL ROUND.

LXI H, RSAMP
*RSAMP AND_INCP HAVE ! BYTE INTEGER, 2 BYTES FO@R FRACTIGN
LX! D, INCP

CALL ADD4

LDA X’

MOV B,A

LDA COLUM

CMP B
*READ DATA BYTES UNTIL COLUMN#=INT(RSAMP)
JNZ RDBYT
*STORE DATA BYTE IN CHAN 1 AND gN SCREEN
CALL READ .

AN OFOH ~

MOV B, A )

LDA PIXEL h
AN1 OFH

B e S
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2040 ORA L
2050 JNZ ENDWT i

2060 *END @F REC@RD, GET NEXT RECGRD

2070 JMP NXREC .

2080 *TEST IF PREC (PRESENT"RECORD) =RNUM

2090 ZTST MOV ALK

2100 OGRA L .

2110 JZ LNOK

2120 *PREC >STARTING RECGRD # (RNUM)

2130 *PRINT "LINE NOT FEUND"

2140 LXI H,S11

2150 CALL STRING

2160 INTS MVI C,'s’

2170 *PRINT VALUE (IN DECIMAL) @F CURRENT RECORD ¢
2180 CALL C@

2190 LHLD PREC

2200 XCHG

2210 CALL BINBCg:;

2220 CALL @UTLZS—"

2230 *RETURN T2 MONITOR

2240 CALL O .

2250 *REWVIND TAPE T# BEF@RE STARTING RECORD WILL BE . F@UND
2260 JMP NXREC. ‘

2270 xEND @F TAPE

2280 *PRINT "“END 8F TAPE"

2290 EST LXI H,Sta

2300 CALL STRING

2310 CALL 0O _ )

2320 *LBAD NEXT TAPE AND CONTINUE
2330 CALL SYNCI

2340 JMP NXREC+6

2350 *READ ERROR IN LINE CBUNTER
2360 BADRD LXI H,S12

2370 CALL STRING

2380 JMP INTO

2390 *STARTING RECORD F@UND

2400 *TYPE NUL F@R EACH RECORD READ
2410 LNGK MVI A,O

2420 OGUT TTO

2430 *WAIT FOR IR DATA

2440 LHLD BNUM :

2450 MVI E,12 .

2460 DWAIT CALL RX

s

2470 DCX H
2480 JC DATER
2490 DCR E

2500 JNZ DVAlT .
2510 *IF VIS, SKIP IR
2520 LDA VIFLAG

2530 cCrPr1 ‘'V*

2540 - JNZ OVERIL




3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
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PRA B
CALL VRITE \
*POINT T8 NEXT MEMOGRY LOCATION

LHLD VLMA

INX H

LDA DNFLAG

cp1 'D’

JZ_$+2

DCX H

DCX H

SHLD VLMA

LDA COLUM

XINCREMENT COGLUMN

INR A

STa CALUM

JNZ RDBYT

*LINE COMPLETE

LDA LINE

INR A

STA LINE

LX1 H, RSAML

LXI D, INCL.
*COMPUTE NEXT RECORD # (RNUM) NEAREST TO
*DESIRED LOGCATION
*INCL AND RSAML HAVE 2 BYTE INTEGER PART, 1 BYTE FRAC
cALL ADDja

LXI H, RSAML

CALL ROUND+1 .

*RGUND INTEGER PART
MOV E,A

INX H

M@V A,M

ACI O

MOV D, A

LHLD LINENG

DAD D .
SHLLD RNUM

LHLD BNUM

*WAI'T FOR END GF RECORD
EZR_CALL RX

DCX B

JC NXREC

MOV A,L

PRA H

JNZ EOR
*TEST FOR LAST LINE
LDA LINE

gRA A.

JNZ NXREC
*PRINT *"READ DJNE"

LXI H,S15 .

P
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3570
3580
3590
3600
3610
3620
3630
3620
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
A060
4070
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CALL STRING

caLL O .
*SCALE FACTORS FOR IMAGE SIZE 300 X 300 NMI.
*NBGAA S

INCL DW 88D9H

DB O2H

INCP DW 5D7DH

DB 6CH
*DATA READ ERROR

DATER LXI H,S12

CALL STRING

MVI C,.'="*

CALL CO

LHLD PREC

XCHG

CALL BINBCD

CALL QUTLZS

MVI C,* *

CALL C@

LX1 H, S16
*PRINT "BYTE'" AND BYTE ¢ IN RECGZRD
CALL STRING

MV C, '="

CALL C2

LHLD BNUM

XCHG

CALL BINBCD

CALL QUTLZS

CALL O
*BACKUP TAPE AND RE-READ
JMP NXREC
*HEADER READ ERROR
HERR LXI H,S12

CaLL STRING

LX1 H, S17

CALL STRING

CALL O
*"HEADER"

S17 DW 'H '

DW ‘AE’

DWW 'ED*

DB °*R!

DB ETX _
*WAIT FOR RE START
SYNCI CALL RXEN ’
MVI C, 240

GCALL RX

JC SYNCI

CPl NUL »
JNZ SYNCI+3 '
DCR C

£ e e e

[
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4080
4090
4100
4110
43120
4130
4140
4150
3160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4480
4290
4500
4510
4520
4530
4540
4550
4560
4570
4580

JNZ SYNCI+S,
SYNWT CALL RX
JC SYNCI

CP1 SYN

JNZ SYNVT
RET

*LINKAGE ADDRESS TABLE

READ EQU 03800H
RAGAI EQU 03809H
VRITE EQU 03813H
WAGAI EQU 0381DH
RCHK EQU 03820H
INCAD EQU 0382EH
KEYIN EQU 03838H
CRIN EQU 038 3EH
STRIN EQU 0385TH
SPACE EQU 03867H
BCDIN EQU 03876H
FILL3 EQU 0387BH
BACK EQU 03882H
MBVUP EQU 0389TH
BCD EQU 03BA2H
DIG EQU 038BBH
LBBP2 EQU 038CFH
SKIP EQU 038DAH
X10 EQU 038DEH
SYNC EQU 038E9H
VSYNC EQU 03906H
IDLE EQU 03912H
RXEY EQU 03915H
CEMPD EQU 03929H
BINBC EQU 03931H
BVER EQU 03943H
DIGIT EQU 03963H
DIC EQU 03965H
D{ll EQU 039 72H
SWAP EQU 039 74H
@UTLZ EQU 039 7EH
NCHAR EQU O398EH
NZERG EQU 0399EH
NDIG EQU 0399FH
ROUND EQU 039A9H
ADD4 EQU 039BSH
BX EQU 039C6H

S! EQU 039E6H

S2 EQU 039F9H

S3 EQU 03AOTH

S4 EQU 03A1SH

SS EQU 03A1CH

$6 EQU 03A2EH

S7 EQU 03A36H

4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
4950
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S8 EQU 03A4S5SH
S9 EQU O03AS4H

S10
Sit
s12
Sla
S15
516

EQU
EQU
EQU
EQU
EQU
EQU

*COMMOBN

03A61H
03A6DH
03A7CH
03A9IH
03A9 DH
O3AATH
VARIABLES

@RG 3BOOH
VLMA DS 2
DNFLAG DS 1
BCDBUF DS 5
COUNT DS 1!
@RNUM DS 2
STCOL DS 2
LINENG DS 2
LENGTH DS 2
ACCUM DS 2
TEMP DS 2
FACT@R DS 2
WIDTH DS 2
VIFLAG DS 1
RLENG DS 2
BUFF DS 5
RNUM DS 2
RLBNG DS 2
BNWM DS 2
PREC DS 2
LINE DS 1
RSAML DS 4
RSAMP DS 4
COLUM DS 1
X ps 1
PIXEL DS 1!
TIMER DS 1

END

A i e e



0000
o010
06020
0030
0040
0050
0060
0070
0080
0090
0100

0110

0120
0130
0140
0150
0160
0170
0igo
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470

‘0430

049.0

0500-

* SUBROUI TNES F¢@
*LINKED TO MAIN
*AND LINKER PRO
gRG 38004

C3 EQU OF809H
Cl EQU OF803H
STACK EQU 3EBFH
CR EQU ODH
LF_EQU OAH

ETX EQU O3H

NUL EQU OFFH
SYN EQU 16H
MEMCON EQU 80H
MRD EQU 83H
MWR EQU 83H
L@ADR EQU B2H
HIADR EQU 81H
USTAT EQU OF7H
USCMD EQU OF7H
USDAI EQU OF6H
CRLF EQU OAODH
SP EQU 6

PSW EQU 6
TT@ EQU OFaH
HLENG EQU 2002
* SUBREUTINES
*SUBRGUTINE TO
READ LHLD VLMA
MOV AsH

dUT HIADR

MOV A,L

8UT LGADR
RAGAIN IN MRD
MOV B,A

IN MRD

CMP B

JNZ RAGAIN

RET

[P —
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R SATELLITE DATA ACQUISITIGN PRGGRAM
PROGRAM THROUGH SYMBOL TABLE
GRAM

READ IMAGE MEMBRY VIA VLMA

*SUBRGUTINE TO WRITE T@ IMAGE MEMORY VIA VLMA

*WRITE AND READ
WRITE LHLD VLMA
MOV Bs,A

MOV ALH

gUT HIADR

MOV A.L

gUT LOADR
VAGAIN MOV A,B
BUT MWR
RCHK IN MRD
MOV GC.A

IN MRD

BACK UNTIL BGTH SAME
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0510 CMP C
0520 JNZ RCHK

0530 CMP B

0540 JNZ WAGAIN

0550 RET

0560 *SUBRBUTINE T8 INC VLMA AND SET Z FLAG .
0570 INCADR LHLD VLMA

0580 INX H >

0590 SHLD VLMA .

0600 MOV ALH )

0610 ORA L

0620 RET v _

0630 *SUBROUTINE T@ INPUT AND ECHI CHAR FROM CONSOLE
0640 *THEN WAIT FOR CARRIAGE RETURN

0650 KEYIN CALL CI
0660 ANI1 7FH
0670 MOV B.A
0680 CRIN MGV C,A
0690 CALL C@
0700 CALL CI
0710 ANl 7FH
0720 CPl CR
0730 JNZ CRIN
0740 *ECHG CR AND LF

0750 M@V C,A

0760 CALL C®

0770 MV1 C,LF

0780 CALL C®

0790 M@V A,B

0800 ', RET A

0810 *SUBRGUTINE T¢ TYPE CHAR STRING

0820 *H,L PGINTS T@ START @F STRING

0830 *STRING TERMINATED BY 03 (ETX) . \
0840 *IF MSB (B7)=1 , THEN PRINT N@ 8F SPACES
0850 *= VALUE @F 7 LSB'S

0860 STRING MOV A,M

0870 INX H

0880 CPI ETX

0890 Rz

0900 @RA A

0910 JM SPACES

0920 M@V C.A

0930 CALL CO

0940 JMP STRING

0950 SPACES ANI 7FH

N

1010 JMP STRING+!




1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120

1130,

1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290

1300,

1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1aio0
1420

1430

1440
1450
1460
1470
1480

- 1490

1500
1510
1520
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*SUBRGUTINE T8 INPUT ASCII-BCD
*DIGITS AND CONVERT TG 16-Bl1T BIN
*LAST S DIGITS TAKEN AS NUMBER
*LEADING ZERSS NOT REQUIRED
*UNSIGNED INTEGER .

*CLEAR CHARACTER INPUT BUFFER T8 ZERG
BCDIN LXI H,BCDBUF

MVI BSS
FILL30 MVI M, ‘0’

INX H -

DCR B

JNZ FILL30
BACK LXI H,BCDBUF
*INPUT CHAR AND ECH@

CALL CI

ANI 7TFH

MOV B,A

M8V C,A

CALL C@

M3V A,B

*INPUT CHARS T¢ BUFFER UNTIL CR

CPl CR

JZ 'BCD

M s 5 ; '
*Md CHARS IN BUFFER UP ONE BYTE AND

*ENTE EW CHAR IN ST POSITION oo .
*FLIMINATE LAST CHAR
MEVUP MOV A,M
"

—— v~ %

M@V M, B >
M@V B, A

INX H
DCR .C ’ ‘- «
JNZ MOVUP , . o

JMP BACK ‘;
*TYPE LF ;
BCD MV} CsLF U

3

CALL CO K_
*CONVERT ASCII-BCD T@ 16-BIT BINARY.

LXI H,0 N

*CLEAR INITIAL SUM.

SHLD ACCUM . ,?;

LX1 H,1
*INITLALIZE FACTBR Y@ UNITS DIGIT

SHLD FACTOR

LX! H.BCDBUF \
*LOC TRMP HOLDS BUFFFER ADDRESS

SHLD TEMP

MVI B,S .

DIG LHLD TEMP
*GET DIGIT FROM BUFFER
MOV ALY

«




1530

‘1540

1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970

1980
1990

2000
2010
2020
2030
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INX H . \
SHLD TEMP ' s .
LHLD FACTGR 3
XCHG
LHLD ACCUM

*CONVERT ASCII T@ BCD
sur ‘o 4
JZ SKIP .

*MUL TIPLTY DIGIT VALUE BY FACT@R, ADD T8 SUM

LBGP2 DAD D
DCR A
JNZ L0O2P2 .

SKIP SHLD ACCUM oo
DCR B
RZ . A

*MULTIPLY FACT@R BY 10
LXI H,O
MVI A,10

X10 DAD D .

DCR A b . .
JNZ X10 ' N A\
SHLD FACTGR '
JMP DIG

#*SUBRBUTINE T@ FIND START OF RECORD

*INI T ALIZE_UART ¢
SYNC CALL RXEN !

*SEARCH F@R AT LEAST 240 NULLS
MUI C,240 , .
caLl, wxX .

JC SYNC )
PUSH PSW » - N g .
=1 F TIMER GVERFLOWS, N@ MGRE (END @F TAPE)

LDA TIMER ;

#RA A . ’

JZ IDLE

POP PSW . _ .

CPI 'NUL

- JNZ SYNC+ ; .

DCR C B S

JNZ SYNC+S / N
WSYNGC CALL . . ‘
*WAIT FOR NC BYTE .

JC SYNC

CPI SYN

JNZ WSYNC
RET .

i

IDLE POP PSW

STC
RET
*SUBROUTINE TO INITIALIZE UART
#FOR 9600 BAUD ¢




2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330

2340

2350
2360
2370
2380
2390
© 2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2520

RXEN XRA A

gUT USCMD

QUT uUsSCcMD

guUT USCMD ) N
MVI A, 40H. )

BUT USCMD

.MV1 A, AEH

PUT USCMD .

MVLI As 16H

BUT USCMD

RET )
*SUBROUTINE TO COGMPLEMENT D, E

COMPD MOV A,D

cMa ‘

M@V D, A

MOV ALE

CMA ’

MGV EsA

INX D

RET Tl
*SUBROUTINE T@ CONVERT 16~-BIT BINARY
*T@ BCD~ASCI! ;
*BINARY WORD.IS IN D,E »SIGNED INTEGER
*ASCII-BCD DIGITS STZRED IN BUFFE
BINBCD CALL SWAP ’

LX! H,BUFF

MOV A, D

BRA A

MVI M,' *

JP B8VER

MVI M, *-"*

_CALL CO@MPD
PVER '.INX H

LXI B, 10000

CAaLL DIGIT

LX1 B» 1000 '

~ CALL DIGIT

LXI B, 100

Call. DIGIT

LXI B,10

CaLl, DIGIT

LXl B,1

CaLL DIGIT
‘RET co
DIGIT MVI M, '0°
DIQ MOV A E '

sus'C . . - . )

MOV E»A. ’
_MOV'A,D -

$BB B \

M3V DsA

M

»
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2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850

-2860

2870
2880

2890

2900
2910
2920
2930
2940
2950

"2960

2970
2980
2990
3000
3010

" 3020

3030
3040

3050

JM DI

INR M

JMP DIO

DIl MGV ALE

ADD C

MOV E,A

M3V A,D

ADC B _~

MBY D,A

INX H

RET o o
*SUBRBUTINE T8 SWAP D AND E

SWAP MOV A,D

MEV D)E ¢
MOV E,A

RET )

*SUBRGUTINE TZ PRINT BGD NUMBERS
*WITH LEADING ZER@ SUPPRESSION
*CHARACTERS STORED IN BUFFER
PUTLZS LX! H,BUFF

MVI B,S

MOV ALM

INX H

cp; '-'

JNZ NCHAR

M@V CsA

.CALL C®
NCHAR MOV A,M

INX H

CPI '0’
"JNZ NZERS

DCR B

JNZ NCHAR

M8V C,A »

CALL C@

RET
NZERG DCX H
NDIG MGV C,M

INX H

CALL Cg
DCR B
JNZ ‘ND1G .

RET .
*SUBROUTINE T¢ ROUND FIXED PSINT INTEGER
ROUYD INX H
INX H
MOV A,M
RAL

MVI A,O
INX H
ADC M

EY

224
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3060 STA X
3070 RET ‘

3080 *SUBROUTINE F@R 4-BYTE ADDITI@GN
3090 *TW8 4-BYTE NUMBERS IN MEM@RY VIA H,L
*3100 ADDA MVI B, 3

3110 ORA_A

3120 LDAX D

3130 ADC M

3140 MOV M,A

3150 INX H

3160 INX D

3170 DCR B

3180 JNZ ADD4+3

3190 MVI A,0

3200 ADC M

3210 MGV M,A

3220 RET -

3230 *SUBRGUTINE TO INPUT BYTE FRGM UART
3240 RX #RA A r

3250 *SET TIMER T@ ZER@

3260 MVI A0

3270 STA TIMER

3280 LDA TIMER

3290 DCR A

3300 STA TIMER

3310 *INCREMENT TIMER EACH TIME UART STATUS IS READ AND

3320 *N@T READY :

3330 *RETURN IF TIMER @VERFLOWS ( TIME-BUT)
3340 Rz _

3350 *TEST UART STATUS

3360 IN USTAT
3370 MOV B,A
3380 ANl O2H
3390 JZ RX+6
3400 M8V A,B
3410 ANI 20H
3420 JZ S+
3430 *SET CY IF FRAMING ERR@R

3440 STC :

3450 *READ UART DATA

3460 IN USDAI

3470 RET

3480 *STORAGE FOR CHARACTER STRINGS
3490 *"DAY BR NIGHT PASS?"

3500 S1 DV ‘AD’

asio ov ' Y°

3520 DV .'RO°

3530 DV 'N °

3540 DV 'GI°

3550 DW "TH®

3560 DV 'P °

225 °
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3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750

3760.

3770
3780
3790
3800
3810

———

- 3620

- .3990 .

b

3830
3840
3850
3860
3870

- 3880.

3890
3900
3910
3920
3930

' 3940
3950
3960
3970
3980

4000
4010
4020
4030
4040
4050
4060
4070

DWW *sa°*

bW '?s°’

DB ETX

S2 DW 'R@°*
*"“GRBIT NUMBER="
DWW *I1IB°’ ¢
ow * T°

bW "UN°’

DW "BM°*

DW 'RE’

DB ‘=

DB ETX
*"START COLUMN="
S3I DV 'TS’

DW °'RA*

W * 7

bW ‘*ec’

DW ‘UL’

DW °'nNM‘

DB ‘= ,
DB ETX
*"WIDTH="

S4. DV "1W’

DW *'TD*

Dw O=HO

DB ETX
*"LINE ¢ SINCE AGS="
S5 bw °'IL’

DV *EN'

Dw ',' 1]

bw *s °*

DW °NI’

Dw *EC?

bW ‘A’

ow 'so’

DB ‘'=?

DB ETX
*"L ENG TH="

S6 bW ‘EL’

DW ‘GN°

D¥W °‘RT'

DB '=!

DB ETX ____ _
*"VI SUAL OR IR? *
S7 pw '1v*

D¥ ‘us’

DU ‘LA’

Dw.‘o ¢

oy ' R

D¥ °‘RI’

by * 2

226

- ———




v o At 4 Gt Syt S wrs S

e L T e e e T

227

4080 DB ETX AS90 DV °'T °*
4090 *"RECGRD LENGTH=" 4600 DV °'PA’
4100 S8 DV 'ER' 4610 DB ‘E'

4110 DV ‘'@cC’ 4620 DB ETX

4120 DV 'DR' 4630 *"READ D@NE"
4130 DV 'L °* ~ 4640 S15 DW 'ER'
4140 DW 'NE’ 4650 DV 'DA'
4150 DW 'TG' 4660 DV 'D '
4160 DV '=H' 4670 DW °'N@°'
4170 DB ETX . 4680 DB 'E'

4180 *"START TAPE G, 4690 DB ETX

4190 S9 DW °'TS' 4700 S16 DW 'YB'
4200 DW 'RA’ 4710 DW 'ET'
4210 DWW ' T* 4720 DB ETX

4220 DV 'AT' 4730 *COMMON VARIABLES
4230 DW ‘EP°’ 4740 *INTERNAL AND EXTERNAL
4240 DW 'Ga’ 4750 @RG 3BOOH
4250 DB ETX 4760 VLMA DS 2
4260 *“WRONG ORBIT" 4770 DNFLAG DS 1
4270 S10 DW 'R’ 4780 BCDBUF DS S
4280 DV 'NO° 4790 COUNT DS 1
4290 DW ' G° 4800 GRNUM DS 2
4300 DW 'RO* 4810 STCOL DS 2
4310 DW 'IB® 4820 LINEN@ DS 2
4320 DB 'T! 4830 LENGTH DS 2
4330 DB ETX 4840 ACCUM DS 2
4340 *“"LINE N@T FOUND" 2850 TEMP DS 2
4350 S11 DV ‘'IL® ' : 4860 FACTBR DS 2
4360 DV 'EN' ‘ 4870 WIDTH DS 2
4370 DW 'N ° 4880 VIFLAG DS 1
4380 DV 'TO°' 4890 RLENG DS 2
4390 DW 'F °* 4900 BUFF DS 6
4400 Dpw 'us’ 4910 RNUM DS 2
4410 DW 'Dy°’ ) 4920 RLONG DS 2
4420 DB ETX . 4930 BNUM DS 2
4430 *"READ ERRGR IN REC@RD" 4940 PREC DS 2
4440 .S12 DW 'ER’ 4950 LINE DS 1 A
4450 DW 'DA’ 4960 RSAML DS 4 /’
4460 DV 'E °* 4970 RSAMP DS 4
4470 DW 'RR’ . 4980 COLUM DS |
4480 DW 'RO’ 4990 X DS

4490 DW ‘1 °* 5000 PIXEL DS 1
4500 DW ' N° 5010 TIMER DS 1

4510 DW ‘ER' 5020 END
4520 bW ‘gcC’ )

4530 - DW ‘DR’

4540 DB ETX _ .
4550 *"END OF TAPE"
4560° S14 DY 'NE®
4570 DWW * D'

4580 DW 'FO°

-
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oc00
000!
0002
0003
0004
0005
0010
0020
0030
0040
0050
0060
0070
o0os80
0090
0100
olt1o
0120
0130
0140
0150
0160
0161

0170
0171

0172
o180
0190
0200
0210
0220
0221

0230
0240
0250
0260
0261

0270
0280
0290
0300
0310
0320
0321

0330
0340
0341

0350
0360
0361

0370

APPENDIX 10

PROGRAM TO READ AND WRITE MEMORY TO TAPE

[

*READ AND WRITE IMAGE MEMOGRY T@ TAPE
*SIMILAR T@ SCREEN MEMBRY TRANSFER T@ AND

*FRAM TAPE

*ENTIRE MEMORY 1S TRANSFERRED IN 150 SEC.
*REQUIRES EXTERNAL SUBROUTINES IN
*SATELLITE DATA ACQUISITIBN PROGRAM

@RG 3COOH
NUL EQU OFFH

SYN EQU 16H
MBEMCBN EQU 80H
USTAT EQU OF7H
USCMD EQU OF7H
USDAG EQU OF6H
READ EQU 3800H
WRITE EQU 3813H
STRING EQU 3857H
SYNC EQU 38E9H
RXEN EQU 3915H
VLMA EQU 3BOOH
ETX EQU O3H

RX EQU 39C6H

PSW EQU O6H

SP EQU 6

*WRITE MEMBRY T8 TAPE
*WRITE CHAN{ | THEN CHAN 0
LXI SP,3E8DH
LXI H,O0

SHLD VLMA

MVI A, O4H

BUT MEMCGN

STA FLAG
*INI TIALIZE UART
CALL RXEN

MVI A, 33H

BUT USCMD

LX! H,1000
*WRITE LEADER.
LGGP1: MVI A,NUL
CALL UBUT

DCX H

MOV AsH

GRA L

JNZ LOBP1
*WRI TE SYNC BYTE
MVI A, SYN

CALL UBUT
*READ FROM MEMORY
LOgP2: CALL READ
CALL UQUT
*INCREMENT MEMORY ADDRESS
LHLD VLMA

228

0380
0390
0400
0410
0420
0421}

0430
0440
Q441

0450
0451

0460
0470
0480
0490
0500
0501

0502

INX H

SHLD VLMA

MOV ALH .
PRA L .

JNZ LOGGP2
*TEST IF CHAN 0O VWRITTEN
LDA FLAG

ZRA A
*RETURN T@ MONI T@R WHEN DONE
Cz 0
*SET T@ CHAN 0

MVI A»O

2UT MEMCON

STA FLAG.

JMP LOGP2 .
*READ FR&M TAPE
*READ CHAN | THEN CHAN O
LXI SPI3EBOH

ST .




0510
0520
0530
0540
0550
0551
0560
0561
0570
0571
0580
* 0581
0590
0591
0600
0610
0620
0630
0640
0650
0660
0670
0671
0680
0681
0690
0700
0710
0720
0730
0731
0740
0741
0750
0760
0770
0780
0790
0800
0810

- 0811
0820

0830

© 0840

0841
0850
0860
0870

0880

0890
0900

229

Y

RDs LX1 H,0

SHLD VLMA

MV A, O4H

BUT MEMCON

STA FLAG
*SYNCHROGNIZE UART T@ LEADER
CALL SYNC
*READ DATA BYTE
RDLOP: CALL RX
*HALT IF FRAMING ERROR
JC ERRGR
*WRITE T8 MEMORY

CALL WRITE
*INCREMENT ADDRESS
LHLD VLMA

INK H

SHLD VLMA

MOV AsH

ORA L

JNZ RDLGP

LDA FLAG

8RA A
*RETURN T@ MONITOR WHEN TAPE REA
cz o -
*SET T@ CHAN 0O

MVl A,O -

STA FLAG

gUT MPYCON

JMP RDLOP

ERRRs LXI H,CHAR
*PRINT "READ ERROR"
CALL STRING
*RETURN T@ MONI TZR
CALL O

CHAR: DV 'ER'

DV 'DA"

DU 'E °

DW °'RR’

pv 'RO°

DB ETX '
*SUBRGUTINE T2 WRITE BYTE TO TAPE
UGUT: PUSH PSW

IN USTAT

ANI OIH
#WAIT FOR UART READY
JZ UGUT+1

POP PSY

OUT USDAG

RET,

FLAG: DS 1

END

e 4




0000
0010
0020
0030
0040
0050
0060
0070
0080
0090
0100
olto
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340,
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500

APPENDIX 11

PROGRAMS FOR IMAGE CONTRAST ENHANCEMENT

~

*PROGRAM T8 ENHANCE IMAGE CONTRAST WITH LINEAR
*TRANSFER FUNCTIGN
*GAIN AND SHIFT (CONTRAST AND BRIGHTNESS) ARE SET
*S@ THAT MIN' AND MAX PIXEL VALUES 8F IMAGE
*CBVER ENTIRE 4-BIT RANGE GF DI SPLAY
*DI SPLAY PIXEL VALUE (0-15) =

*(INPUT PIXEL VALUE- SHIFT)*GAIN/256
*UVALUES. @UTSIDE DI SPLAY RANGE ARE LIMITED T@
*MIN AND MAX DI SPLAY VALUES

*#*GAIN AND SHIFT ARE PROGRAMMED BY ENTERING
*VALUES INT@ THESE MEMORY LOCATIONS
*INPUT IMAGE 1S STORED IN CHAN 1| IN 8 BIT FORM
*HI~ORDER CHAN O IS N@T AFFEGCTED

@RG 3200H ‘
MEMCEN EQU 8OH

SP EQU 6
TABLE EQU 2CO0O0H

LX1 SP, 3ESOH

*FBRM TRANSFER FUNCTIGN LBOKX-UP TABLE

*PGINT T8 START 8F TABLE

LX! H, TABLE .

SHLD ADDR
*INITIALIZE INPUT VALUE

MVI A-0

STA TEMP
*P@INT T8 SHIFT

TGEN: LXI H, SHIFT ’ -
SUB M \\;9
*CHECK IF RESULT 1S -VE, IF S@ T T6 0

JNC 3$+2
MV A,O
MOV EsA
*MUL TIPLY INPUT-SHIFT BY, GAIN

LDA GAIN

MVl D,O

LX! H,0

MVI B,8 4W§

*MUL TIPLI CATIGN LﬂdR\
1.08P: DAD H

RAL

JNC DEC

DAD D

ACI O

DEC: DCR B

JNZ LGP

*DIVIDE BY 256 BY GETTING HI-@RDER PRODUCT
MOV AbH

*TEST IF PRODUCT >15

AN1 OFOH
MOV ALH
JZ 82

e st




0510
0520
0530
0540
0550
0560
0570
0580
0590

0600

0610
0620
0630
0640
0650

+ 0660

0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
07170
0780
0790
0800
og8io
0820
0830
0840
0850
0860
0870
0880
0890
0900
0910
0920
0930
0940
0950
0960
0970
0980
0990
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*1F SO, LIMIT TO 15

MV A, OFH

ANI OFH

LHLD ADDR
*STBRE VALUE IN TABLE FBR TRANSFER FUNCTI@N
MOV M, A .

*PAINT TG NEXT TABLE ELEMENT

INX H '

SHLD ADDR

LDA TEMP
*INCREMENT INPUT VALUE @F TRANSFER FUNCTION
INR A )

STA TEMP
*256 INPUT VALUES SINCE INPUT IMAGE=8 BIT CGDE
JNZ TGEN
*MOIDIFY CONTRAST VIA L8OK-UP TABLE

LXI H,O0

*READ INPUT IMAGE POINT IN CHAN |
*SET UP IMAGE MEMORY ADDRESS

BACK: MVl A,O4H

gUT MEMC@N

MOV A H

QUT 81iH

MOV AL

8UT 82H
*READ IMAGE POGINT

CALL READ

*CBMPUTE TABLE ADDRESS, DATA IS L@-ADDRESS
*TABLE MUST START AT A PAGE BB UNDARY
LXI H, TABLE

MOV L.,A
*GET TRANSFORMED VALUE FROM TABLE
MOV E-M
*WRITE T@ DI SPLAY, READ FIRST T8 GET HI-HALF
MVI As0

8UT MEMCEN

CALL READ

ANI OFOH

‘BRA E
*WRI TE» WITHOUT DESTROYING HI~-HALF
guT 83H

BUT- 83H

INX H
*SCAN THRGUGH ENTIRE IMAGE

MOV A»H ’

ORA L &

JNZ BACK
*RETURN TO MENI TSR

caLL O .




0991
0992
0993
0994
0995
0996
0997
1000
1010
1020
1030
1040
1050

0000
0001
0009
0010
0020
0030
0040
0050
0060
0061
0065
0070
0080
0050
0100
otio0
0120
0130
0140
0150
0160
0162
0164
0170
0175

0180

0190
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*SUBROUTINE T@ READ FROM MEM@RY

READ: IN 83H

MOV B, A

IN 83H

CMP B

JNZ READ

RET )
*STORAGE AREA

GAIN: DS 1 s CONTRAST FACTOR, 8-BIT UNSIGNED
SHIFTs DS 1 ;REDUCES MIN INPUT VALUE
TEMP: DS |
ADDR:t DS 2

END

*PROGRAM T@ ENHANCE IMAGE CONTRAST BY
*H1STIGRAM FLATTENING '
ORG 1EOOH

SP EQU 6
MEMCEN EQU SOH

BATA EQU 83H
HIADR EQU 81H
LOADR EQU 82H

TABLE EQU 2COOH

LXI SP.,3EBOH

*CLEAR HI STOGRAM (SET 512 BYTES=0)
LXI H,HISTGM

MVI B,O0

MVI A,O

CLEAR: M8V M.,A

INX H

MOV ML A

INX H

.DCR B

JNZ CLEAR

*GENERATE HI STOGRAM

*HI STOGRAM HAS 256 AMPLITUDE BINS, 16 BITS EACH
*INPUT IMAGE 1S IN CHANNEL 1, EACH PIXEL=8 BITS

LXt X.0 )
*PGINT TO CHANNEL 1
MVI A4

guT MEMCON

i o g
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N

R

019§
0200
0205
0210
0220
0225

0230

0240
0250
0255
0256
0260
0265
0270
0280
0290
0300
0305
0310
0315
0320
0325
0330
0340
0350
0360
0361
0370
0375
0380
0390
0400
0410
0420
0430
0435
0430
0450
0455
0456
0460
0470
0480
0490
0500
0510
0515
0520
0530
0531
0532

// 233

*READ DATA FROM CHANNEL |

HIST: CALL READ

*SAVE MEMBRY ADDRESS

PUSH H

LXI D,HISTGM

*HL=PIXEL VALUE*2

MVI H,0

MV L.sA

DAD H

*CEMPUTE ADDRESS @F AMPLI TUDE BIN
*=HI STGM+PIXEL VALUE*2

DAD D .

*D@ 16~BIT INCREMENT BF (HL), (HL+1)
INR M

JNZ $+2

INX H

INR M

*RESTORE IMAGE MEMBRY ADDRESS

P2P H ) )

*PGINT TG NEXT PIXEL

INX H .

*TEST IF SCANNED ALL PIXELS (HL=0)
MOV A.H

BRA L

JNZ HIST o
*C@MPUTE CUMULATIVE FUNCTIGN (CDF) BY
*INTEGRATING PDF JUST F@RMED

LXI H,HISTGM

*SET INITIAL SUM T8 O (CDF(0)=0)
LX! D,O

MUl A,O

CDF; MGV C.,M ) ~\
INX H .

M8V B.M

XCHG

*CDF VALUE=PREVIGUS CDF VALUE+PDF VALUE
DAD B

XCHG ) _
*REPLACE PDF VALUE WITH CDF VALUE
*CDF TABLE REPLACES PDF TABLE

DCX H

MOV M,E

INX H

MOV M.D

INX H : ) .
DCR A

*SUM OVER 256 BINS

JNZ CDF

*PDFC255)=2%%x16

#2%%16 OVERFLOWS A 16-B1T INTEGER
*2%%16 = 0 FOR A 16~BIT. NUMBER -

= i =,
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0533
0534
0540
0560
0580
0590
0630
0640
0650
0660
0685
0690
0691
0692
0693
0694
0695
0696
0700
0710
0720
0730
0780
0790
0800
0810
0820
0830
0840
0842
0843
0850
0860
0870
0880
0890
0900
0905
0910
0915
0920
0930
0940
0945
0950
0960
0970
0975
0980
0990
0995
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*REM VERFLOW AND LIMIT MAX TO 2%x%x16-1
*START FRUM END OF CDF AND REPLACE 0000 WITH FFFF
LXI _H,HISTGM+5!11

TEST: M8V A,M

BRA A

JNZ DONE

MVI M, OFFH

DCX H

MYV1 M, OFFH

DCX H .

JMP TEST

*COMPUTE EQUALIZATIBN TABLE

*CDF 1S NONLINEAR AMPLITUDE TRANSFER FUNCTION
*AND RESULTING IMAGE HAS APP@XIMATELY
*FLAT HI STAGRAM

*BUTPUT IMAGE HAS 4-BIT PIXELS

*F@GRM TABLE FBR AMPLI TUDE TRANSF@RMATISN
*FRAM CDF VALUES/2%%12

DANEs LXI Bs TABLE

LXI H,HISTGM+1
L8BP: MOV A.M

*DIVISIGN BY 2%x12 EQUIVALENT T8 HI-BYTE/!6
AN1 OFOH

RRC

RRC

RRC.

RRC._

STAX B

INR C

INX H

INX H ,

JNZ LOOP

*ADJUST IMAGE ELEMENT VALUES
LXI. D, TABLE )

LXI H,0 ’

BACK: MVI A,A4

9UT MEMCON

*GET INPUT VALUE.

CALL READ

*INPUT VALUE F@RMS LO- ADDRESS @F TABLE
MOV E A

MVI A, 0

gUT MEMCON

*READ CHANNEL 0 ELBEMENT

CALL ERR

ANI OFOH

MOV BoA

*GET. TRAN SFORMED VALUE

LDAX D :

ORA B

*WRI TE TO- SCREEN W1THOUT mzsmevms UPPER 4-~BITS

™

H
. . ;

i e



1000
1010
1020
1025
1030
1040
1050
1060
106S
1066
1070
1080
1690
1100
1110
1120
1130
1140
1150
1160
1165
1170
1180

235

@UT DATA

@UT DATA

INX H .
*SCAN THROUGH ALL ELEMENTS
MBYV A H

PRA L

JNZ BACK

CALL O

* SUBROUTINE T6 READ FROM IMAGE MEMORY
*HL=ADDRESS

READ: MOV A»H

gUT HIADR

MOV A,L

@UT LOADR

ERR: IN DATA

MAdV Bs,A

IN DATA

cMP B

JNZ ERR

RET ,
*STORAGE FBR PDF AND CDF
HISTGM: DS S12

END

z
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0000
0010
0020
0030
0040
0050
0060
0070
0080
0081
oog2
0083
0090
0091
0092
0093
0110
0120

0130.

. .0140

7

0150
0160
0170
o180
0190
0200
0210
0220

//4?;“*
230

0250
0260
0270
- 0280
0290
0300
0310
0320
0330
0340
0350
0360
. 0370
0380
0390
0400
0410
0420
0430

0440 .

0450
0460

APPENDIX 12

THRESHOLD AND CONTOURING PROGRAMS
v

.

*PROGRAM TO DRAWV CONTOURS AROUND CLOUDS FROM
*SATELLITE IMAGE ONTO RADAR IMAGE AND

*SHADE CLOUD AREAS WITH BLACK D3TS

*SATELLITE IMAGE IN CHAN | (INVISIBLE) -8 BITS
*RADAR' IMAGE IN LOW HALF CHAN O (SCREEN) -4 BITS .
*UPPER HALF CHAN O NOT AFFECTED -SH@ULD HOLD RADAR
*IMAGE S8 THAT IT CAN BE COGPIED T@ LG-HALF CHAN O
*1F NEW CONTBURS ARE TO BE DRAWN

*BEFGRE DRAWING CONTOURS O8N RADAR, BLACK SHOULD BE

*CHANGED T¢ VIGLET SO THAT BLACK REPRESENTS CLOUD
*AREAS @NLY AND N@T RADAR DATA ITSELF

*SET CONTENTS OF LEVEL T@ CLGUD THRESHOLD

ORG 2800H

PSW EQU 6

SP EQU 6

LX! SP, 3EB0H

«SET UP DI SPLAY MEMORY ADDRESS

LXI H,0

MVI A,O

BUT BOH

*SET INITIAL PREVIGUS PIXEL VALUE=O

MVI E,O -

*SET T@ HORIZONTAL SCAN MODE

MVI D, O

*SCAN IMAGE LEFT Tﬂ RIGHT AND TGP TO BATTOM
LOBP: MBV A,L

GUT 82H

MOV ALH

SUT 81H

*CGMPARE SATELLITE IMAGE PﬁINT TG THRESHOLD
*AND DRAV CONTOGUR ARGUND CLBUD BZUNDARY

caLL READ

INR L

JNZ LOGP .

INR H -

JNZ LOOP

*SET SCANNING T@ VERTICAL M@ DE

MVl D.1

JMP OVER

READ: MVI A, 02H

*READ DATA FROM CHAN 1 (SATELLUIE IMAGE)

guT 804 - . i,

Iy 83H

MOV BsA )

IN 83H . ‘ .

CMP B o - Y
JNZ READ . N .
MOV Cra R ‘
2COMPARE PIXEL VALUE TO THRESHGLD

CcALL CMPR

JC BELOW . Ve ‘ A .
MOV N E c . . .

2356 o .




\

'0470

0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
0580.
0590

0600’

0610
0620

0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750

- 0760
- 0770

0780

0790
0800

0810
0820
0830
0840
0850
0860
0870
0880
0890
0900

0910-
0920

0930 -
0940

10950

- 237

N

*GET PREVIBUS ADJACENT PIXEL
CALL CMPR
*IF_IT 1S BELGW THRESHGLD AND PRESENT
*PIXEL 1S ABBVE (=CLOUD), THEN PRESENT
*PBINT 1S A CLOUD B3UNDARY
JNC NOT
MGV A»D
‘EST IF VERTICAL @R HORIZONTAL SCAN
RA A -
JZ HOR
*VERT! CAL SCAN )
DCR H o ‘ ,
DRAW A CONTOUR PAINT JUST ABZ¥E CLOUD EDGE
CALL WRITE
INR H
JMP NOT
*HORI ZONTAL SCAN
HOR: DCR L . '
*DRAW CBNTOUR POINT JUST T@ LEFT OF CLOUD EDGE
CALL YRITE
INR L
*SET PREVI@US PIXEL VALUE T8 PRESENT
NOT: ‘MBV E,C
RET - .
*PRESENT PIXEL 1S BELSV CLBUD THRESHGLD
*TEST. IF PREVIGUS PIXEL 1S ABOVE THRESHOLD
ELOW: MOV A-E
CALL CMPR
JC NOGT . )
*IF 1T IS» PREVIOGUS PIXEL 1S AT A
*CLOUD BZUNDARY i
#DRAW A CONT@UR PBINT AT PRESENT PBSITIEN
*SINCE PRESENT PIXEL IS JUST T@ RIGHT (HanrzaNTAL SCAN)
*@R BELOW (VERTICAL SCAN)
CALL WRITE = . N
JMP NOT
*SUBROUTINE T8 WRITE A BLACK DBT an scnzsn
*AT PBESENT P@SITION
VRITE: MVI A,0
SYRITE T8 CHANNEL 0 (DISPLAY)
ouT 8OH:
*READ' DATA POINT AT PRESENT LOCATION (HL).
,CALL RD :
*SET LO BYTE~RALF Tﬂ BLAQK wITHﬂUT
«DESTROYING - DATA IN UPPER HALF . . -
ANl OFOH
6UT 334
" QUT 83H
RET L , .

o e et w——



0960
0970
0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1091
1100
1110
1120
1130
1140
1141
1150
1160

1161
1162
1163
1164
1165
1166
1170
1180
1181
1190
1200
1201
1202
1203
1210
1220
1230
1240
1250
1260
1270
1260

1290 °

1300
1310

1320 -

1330

38

@GVERs MOV A,l

QUT 82H

MAV A.H

GUT 81H

*DRAW CONTOGUR ARZJUND CLE@UD FROM VERTICAL SCANNING
CALL READ

*SCAN T@P T8 BOTTAM AND LEFT TO RIGHT

INR H

JNZ BVER '

INR L

JNZ @GVER.

*SHADE IN AREA BOUNDED BY CBNTOGUR (CLAUD) BVER RADAR
SHADE: MVI A, O04H

BUT B80H

*READ SATELLITE DATA

CALL RD ’

MVI A,O

gUT 80H

M@V A,B

M3V E,A. .

*COMPARE SATELLITE PIXEL T@ THRESHOLD

CALL CMPR

JC NEXT :
*SHADE IN CLOUD AREA BY SETTING EVERY OTHER
*SCREEN PIXEL T# BLACK INSIDE CONTOUR

*EVEN COLUMNS O8N EVEN ROWS AND

*@DD COLUMNS @N 8DD ROWS AND CANDIDATES

*F@R SETTING T8 BLACK

*x]E IF LSB @F L8 AND HI ADDRESS ARE SAME

MOV A,L

XRA H
*TEST IF LSB(L)=LSB(H)

ANI O1lH

JNZ NEXT
*TEST IF 4 SURROUNDING NEIGHBOURS (UP, DZWN, .

*LEFT» RIGHT) ARE BLACK o '

*A BLACK NEIGHBZUR POINT I'S A TONTOUR POINT .

PCR L
CALL TEST . R .
INR L. | A
JC NEXT . :
DCR H .

CALL TEST =

INR H_

JC NEXT -

INR L

caALlL TEST ) ~ :
DCR L _ - . C )

JC NEXT . .
.INR H

A e L pm g )




o

1340
1350

1360

1361
11362
1370
1380
1390
1400
1410
1411
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1551
1552
1559

1560.

1570
1580
1590
1591
1600
1610
1611
1620
1630
1640
1650
1660
1670

1680.

1690
1700

.1710

1711
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CALL TEST

DCR H

JC NEXT -
*IF NG NEIGHBBURS ARE BLACK, THEN SET
*PRESENT POINT TO0 BLACK

CaLL WRITE
NEXTs INX H

MOV AsL

GRA H

JNZ SHADE

*WHEN SCANNING COMPLETE, RETURN T8 MGNI TR
CALL O

*SUBROGUTINE Td READ PGINT IN DI SPLAY MEM@RY
*SET UP ADDRESS

RD: MOV ALL

gUT 82H -

MOV A H

gUT 81IH

*READ DATA
WAIT: IN 83H \

MOV B,A

IN 834

CMP B

JNZ wAlT

RET

*SUBRGUTINE T@ TEST IF SCREEN DATA (LO HALF CHAN o
*=0 (BLACK)
*READ DATA FROM CHAN O

TEST: CALL RD

ANI OFOH

MOV C,A

MOV A.B
*MASK FBR SCREEN DATA

ANI OFH -

MOV A,C

*SET Cy='] IF SCREEN DATA 1S BLACK

RNZ
STC

RET
*SUBROGUTINE TO COMPARE VALUE IN A ¢(8-BIT UNSIGNED)
*WITH LEVEL (VALUE OF CLOUD THRESHGLD)

CMPR: PUSH H

PUSH D
*D3 16~BIT CQﬂPARE

MOV LoA

MVLl Hs50

- PUSH PSW

-

i

P
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1719
1720
1721
1722
1723
1724
1725
1730
1740
1750
1760
1770
1780
1781
1782
1790

0000
0010
0020
0030
0040
0050

- 0060

0070
0080
0090
0100
.0110
‘0120
0130
0140
0150
01&0

0170~

0180
0190
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\

*GET THRESHOLD LEVEL AQB'NEGATE AND ADD
LDA LEVEL
CMA
INR A
MOV E,A
MVI D,0
PGP PSW
DAD D
PEP D
POP H
cMC
*SET CY IF DATA
RET
*MEMORY LOCATION FOR THRESHOLD
LEVEL: DS !
END

+*PROGRAM T8 DRAW CONTBURS ARGUND RADAR ECH@S FROM
*RADAR IMAGE ONTO SATELLITE IMAGE AND C

*SHADE ECHZ AREAS WITH BLACK D8BTS
#RADAR IMAGE IS STZRED IN UPPER BYTES GF CHAN O

*SATELLITE IMAGE IS ST@RED IN SCREEN MEMZRY

*WHICH 1S CONTRAST .ENHANCED FROM RAW DATA IN CHAN |

XAND CHAN 1

*PROCEDURE 1S SIMILAR T8 CLGUD CONTSUR PRBGRAM

*SATELLITE IMAGE HAS BLACK LEVEL CHANGED TO PUR?LE

*SET|LOC "LEVEL™ T@ ECHS THRESHOLD
*HIGH ORDER 4 BITS IS THRESHOLD VALUE
2900H

W EQU 6

SP_EQU 6

LXt SP, 3EB80H

LXI H,0

MV: A0

OUT 8OH

MVI E»O

MVl D,0O




0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
0630

0640 °

0650
660
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*DRAW CONTOURS BN SATELLITE IMAGE SCANNING AND
*THRESHOL DING RADAR IMAGE LEFT T@ RIGHT, TOP TO BOTTOM
LOOPs MOV A.L

8UT 82H

MOV A,H

ﬂpT 81H

CALL READ

INR L

JNZ LOBP

INR H

JNZ LOGGP

*SCAN TOP T8 BOTTOM AND LEFT T8 RIGHT

MVI D,

JMP BVER

*SUBRBUTINE T@ DETERMINE IF PGINT 1S A CONTAUR POINT
READ: IN 83H -

MgV B,A

IN 83H

CMP B

JNZ READ-

ANI OFOH

MOV B, A

CALL. CMPR

JC BELOW

MOV ALE

CaLL CMPR

JNC NOT

M@V A, D

BRA A

MGV AL E
*TEST SCANNING MODE
JZ HOR

DCR H

CALL WRITE

INR H .
JMP NOT
HOR: DCR L

CALL WRITE
INR L ) M
NGT: MOV E.B
RET . —
BELOW: MOV A E
CALL;CMPR

JC NOT

MOV A,B

CaLL, WRITE

JMP NOT

o KA an b ——

i
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0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780

. 0790

0800
0810
0820
0830
0840
0850
0860
0870
0880
0890
0900
0910
0920
0930
0940
0950
0960
0970

0980 .

0990
1000

1010

1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140

1150 .

1160
1170
1180

1190
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*SUBROUTINE TO WRITE TG MEMORY
WRITE: PUSH PSW
MOV AL
BUT 82H
MOV AsH
QUT 81H
POP PSW
GUT 83H
GUT 83H
RET.
"@VER: MOV A,L
PUT 82H
MAYV ALH
8UT S81H s
CALL READ *
INR H e
JNZ BVER « T
INR L //ﬁ\
JNZ @VER /
* SHADE AREA BOUNDED BY CONTGUR
SHADE: CALL RD
ANI OFOH ,
MOV E,A &
CALL CMPR
JC NEXT
MOV A,L
XRA H
ANI O1H
JNZ NEXT
DCR L
CALL TEST
INR L
JC NEXT
DCHK H
CALL TEST
INR H._
JC NEXT
INR L.
CALL TEST
DOR L.
JC NEXT
INR H
CALL TEST
DCR H.
-JC NEXT
M8V A E’
CoLl. WRITE
NEXT: INX H
MOV AslL
prRA H .
Jni2 SHADE :
*RETURN TO MENITOR- .
CALL' O - . : .



1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
‘1480
1490
1500
1510
. /1520
1530
1540
1550
1560
1570
. 1580
1590

1600

1610
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* SUBROUTINE T@ READ FRBM MEMORY
RD: M@V ALL

oUT 82H

M8V AsH

BUT 81H ,
WAIT: IN 83H/

M@V B, A

IN 83H

CMP B

JNZ WAIT

RET o o
* SUBRGUTINE T3 READ AND TEST IF SCREEN
*PIXEL 1S SET T@ BLACK
*IF =BLACK, SET CY

TEST: CALL RD

AN1 OFOH

MOV C.A

MOV A, B

AN1 OFH

MOV A,C

RNZ

STC

RET. '
*SUBROUTINE T8 COMPARE A WITH THRESHOLD LEVEL
%A AND LEVEL ARE 8-BIT UNSIGNED INTEGERS
CMPR: PUSH H

PUSH D

MOV L,A

MVI H,O

LDA LEVEL

*NEGATE -

cMA

INR A

MOV EsA |

MVI D,OFFH

DAD D

POP D

POP H

tMe

RET .
LEVEL: DB 40H

EID

v
e o s S




0000
0001
0002
0003
0009
0010
0020
0030
0040
0049
0050
0055
0060
0061
0062
0065
0070
0075
0080
0090
0100
0110
0120
0130
0131
0140
0150
0160
0170
0175
0180
0185
0150
0200
0205
o210
0220
0230
0240
0245
0250

0260

0270
0280
0285
0290
0300
‘0310

0320

0330

*
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*PROGRAM TO THRESHOLD SATELLITE AND RADAR IMAGES AND DI SPLAY
*SATELLITE IMAGE STORED IN CHAN 1| AS 8-BITS ’
*RADAR IMAGE STORED IN UPPER HALF CHAN 0
*RESULT WRITTEN 8N 1 SCREEN 4
ORG 2A00H
RS EQU OEH 3 DI SPLAY COLBUR F8R CLOUD AND TARGET
RNS EQU ODH 3DISPLAY COLGUR FOR N8 CLOUD AND TARGET
NRNS EQU O3H 3 DISPLAY COLAUR FOR N8 CLOUD AND NZ TARGET
NRS EQU 04H 3 DI SPLAY COLBUR F@R CLGUD AND NO TARGET
*CLAUD THRESHOLD
CLOUD EQU 8BH
*RADAR TARGET THRESHOLD
TARG EQU O4H
SP_EQU._6
LX! SP.,3ESOH
*INITIALIZE ‘IMAGE MEMORY ADDRESS
LX! H.O0
*SET_UP ADDRESS
MAIN: MOV A H
gUT 81H
M@V A,L
#UT 82H
. MV1 A,O4aH
GUT 80H L
*READ SATELLITE PIXEL
CALL READ
MOV C,A
MVI A0
BUT 80H i
*READ RADAR PIXEL.
CALL READ
*MASK OFF LOW HALF
AN1 OFOH
MOV B,A
*MOVE Hl T8 L@ HALF
RRC
RRC
RRC
RRC
*TEST FOR TARGET GR NZ TARGET
CPl TARG .
JNC RETRN
*NO RADAR RETURN
MOV A»C
*TEST FOR CLOUD
CPI CLOUD
JNG CLD :
#*ND CLUOUD, NG TARGET ’
MVI ‘A:NENS : -t
. JMP URITE

.




0335
0340
0350
0355
0360
0370
0380
0385
0390
0400
0404
0410
0415
0420
0430
0440
0450
0455
0460
0470
0480
0490
0495
0500
0505
0510
0520
0530
0540
0550
0560
0570
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*CLOUD, N@& TARGET
CLD; MV1I A,NRS
JMP WRITE
*TARGET
RETRN: MOV A,C
CPI CLOUD
JNC YES
*TARGET, NO CLBUD
MV1I AL RNS
JMP WRITE
*TARGET AND CLOUD
YES: MVI A.RS
=GR IN HI HALF AND WRITE TG DI SPLAY
WRITE: ANl OFH
gRA B
GUT 83H
@GUT 83H
*NEXT PIINT
INX H
MOV AsL
ORA R
JNZ MAIN
*RETURN T8 MONITOR
CALL O
*SUBROUTINE Td READ FRGM DI SPLAY
READ:s IN 834
MOV B,A
"IN 83H .
CMP B .
JNZ READ
RET
END




o ot e
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0000
0010
0020
0030
0040
0050
0060
0070
0080
0090
0100
o110
0120
0130
0140
0150
0160
0170
0180
0181

. 0182

0183
0189
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0291
0300
0301
0310
0320
0330
0331
0340
0341
0342
0343
0344
0350
0351
03s2
0353
0354
0355
0356

APPENDIX 13

IMAGE CORRELATION PROGRAM /

*PROGRAM FOR CORRELATION
*BETWEEN TW® IMAGES

#*FBR AUTS-CORRELATIGN, BATH IMAGES ARE SAME
*IMAGES ARE STORED IN CHANNEL 1| (INVISIBLE)
*IMAGES HAVE 4-BIT DATA PIXELS

#IMAGE 1 15 STORED IN UPPER HALF @F CHAN 1 BYTE
*IMAGE 2 1S STGRED IN L@VER HALF

*ARRAY SIZE IS 256 X 256 ELEMENTS

*CORRELATIGN FUNCTIGN IS STZRED IN CHANNEL 0
*AS IT 1S COMPUTED AND HENCE 15 VISIBLE @N DI SPLAY
*LOWER-ORDER 4 BITS ARE VISIBLE

*T@ DISPLAY FINAL RESULT, C@8PY CHANNEL O T8 CHAN 1
*AND USE CONTRAST PRBGRAM T@ SCALE RESULTS INTO
*RANGE 0-1S F@R DI SPLAY

*INPUT IMAGES ARE IN UNSIGNED 4-BIT FGRM

*BIAS 1S REMOVED BY SUBTRACTING

*PRODUCT GF SUMS/N#%2

*RXY(0,0) 1S COMPUTED T@ ESTIMATE THE MAX
*VALUE 8F RXY(1,J) FBR SCALING IT T8 RANGE

*0 - 255 3 SCALE FACTOR 1S P@WERS 8F 2 BNLY
*ENTER RANGE OF I,J INT@ L@CATIONS MIN,MAX

*IN 2'S COMPLEMENT FORM

@RG 2DOOH

DATA EQU 83H
MEMCGN EQU 80H
HIADR EQU 81H
LBADR EQU 82H

SP EQU 6

TABLE EQU 2COCH

LXI SP, 3EBOH

MVI A,4

GUT MEMCON

LXI D,O.

LXI H, SXY
*L@C HL CONTAINS ADDRESS @F 3-BYTE SUM (24 BITS)
SHLD HL

xCOMPUTE SUM @F POINTS IN IMAGE 'l

CALL MEAN

LXI H» TXY ‘

SHLD HL

%XCOMPUTE SUM 8F POINTS IN IMAGE 2

CALL MEAN

*RETURN TO MONITGR AND ENTER INT@ BASE
*PRODUCT.@F CONTENTS OF SXY AND TXY/2%k*16
*BASE» SXY »TXY ARE 3-BYTE VALUES
*WITH L@-0RDER BYTE ansr

CALL O

*FORM MULTIPLICATIGN Leaxup TABLE
*UPPER AND LOVER HALVES OF LO ADDRESS
*ARE MULTIPLIER AND MULTIPLICAND
«PRIDUCT 1S 8-BITS UNSIGNED

*TAELE STARTS ON PAGE BOUNDARY SO0 THAT
*LJ ADDRESS BYTE 1S DATA

246
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0360 LXI H.TABLE

0361 *SET MULTIPLIER T8 O
0370 MV1 C.0

0371 *CLEAR INITIAL PRODUCT
0380 NEXT: MVI A,O

0381 *SET LOBP COUNTER

0390 MVI B,15

0400 MOV M,A

<

0410 INX_H .
0420 MULTs ADD C 3FORM 4Xa
0430 M2V M,A 3 TABLE

0440 INX H

0450 DCR B

0460 JNZ MULT -
0470 INR C

0480 MOV A,C

0490 CPl 16.

0500 JNZ NEXT

0510 *FIND RXY(O0,0)

0511 *DE 1S USED F@R ADDRESS OF L@GGKUP TABLE
0520 LXI D, TABLE

0530 MVI A,O

0540 STA J

0550 STA I .

0551 *CBMPUTE RXY(0,0) 31,J=0

0560 CALL SUB ~

0561 *RETURN T@ MONI TGR .

0562 *MINIMUM FACTR= LBG2(RXY(0,0)/256)

0563 *SHAULD BE LARGER IN CASE RXY(0,0) N@T MAX
0570 CALL O

0580 *IMAGE CORRELATION

0581 *INITIALIZE INDICIES

0590 LDA MIN 3 J=MIN

0600 STA' J .
0601 *CB¥PUTE RXY(1,J) 31,J BVER RANGE <MIN,MAX>
‘0610 D@J: LDA MIN 31=MIN

0620 STA I ’
0630 D3Iy CALL SUB

0640 JMP GVER .

0650 SUBs LXI H,O0 3 RXY=0

0660 SHLD RXY

0670 SHLD RXY+!

0680 MV A,O 31Y=0

0690 STA Y

0700 D3Y: LDA Y  ;LL=Y-J

0710 LXI H,J

- 0720 SUB M

0730 STA LL )

0740 MVI A,O0 3X=0

0750 STA X . .

0760 D3X: LDA X  3K=X-1

0770 LXI H.I .

0780 SUB M

- 0790 OUT LOADR 3 POINT TO S(K,LL)

(R =



0800
0810
0820
. 0830
0835
0840
0850
0860
0870
0880
0885
0890
0900
0910
0920
0930
0940
0945
0950
0960
0970
0980
0990
0995
1000
1001
1002
1010
1020
1030
1040
1050
1060
1070
1071
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1201
1202
1203
1210
1220
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LDA LL

BUT HIADR
MVI A, A

oUT MEMCON .
*READ S(K.,LL)
RD:s IN DATA
MOV B, A

IN DATA

CMP B

JNZ RD

‘*UPPER HALF OF BYTE

AN1 OFOH
MOV C.A . .

LDA X JPBINT T8 T(XsY)

@UT HIADR

LDA X

PUT LOADR
*READ_ T(X,Y)
AGAINs IN DATA -

M8V B,A ~
IN DATA

CMP B

JNZ AGAIN
*L@V HALF

ANI OFH
*COMBINE HALES T@GETHER TO FORM
*L.@OK~UP TABLE ADDRESS

GRA C

M@V _EsA i

LDAX D . 3 SCK,LL)*T(X,»Y) ]

LXI H,RXY 3 RXY=RXY+SCK,LL)*T(X,Y)
ADD M

MOV M, A

JNC D3WN .
*ADD WITH CARRY T8 HIGHER BYTES

INX H -

INR M

JNZ DOWN

INX H

INR. M . . -t .
DOWN: LXI H,X INEXT X

INR M . )

JNZ DOX - )

LXI HoY SNEXT Y

INR M

JNZ D3Y.

RET.
OgVERs LDA J. ' L.
*SET UP DI SPLAY ADDRESS FROM l,J . \
*LET CENTRE OF DI SPLAY (8080H) BE RXY(O0.,0)
*CONVERT SIGNED I,J TO UNSIGNED ADDRESS
ADL 123

OUT HIADR .

———r et e et
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1230 LDA I
1240 ADI 128

1250 OUT LGADR \
1260 MV1 A,0

1270 BUT MEMCON

1271 *REMBVE BIAS FROM RXY(1,J) ,
1280 CALL N@RML

1290 LDA FACTR

1291 *SCALE RXY T@ 8-BIT RANGE

1300 @RA A

1301 *IF FACTR=0 DZ NOT SHIFT (2%%0=1)

1310 Jz X1

1320 MOV B,A. . ‘

1321 #SHIFT RXY (24-BIT) LEFT FACTR TIMES

1330 LBBP: LXI H,RXY+2

13430 MVI C,3

1350 ©ORA A

1360 SHIFT: MOV A.M

1370 RAR
1380 MOV M.,A ; - |
1390 . DCR C 4

1400 DCX H !
1410 JNZ SHIFT . «
1420 DCR B

1430 _JNZ LOOP.

1440 X1: LDA RXY

1449 *ROUND NUMBER

1450 JNC $+1

1460 INR A

1461 *TEST .F6R OVERFLGW AND LIMIT RXY

1462 STA RXY n )

1463 L.HLD RXY+! 3GET HIGH ORDER RXY

1464 M™MOGV A,L :

1465 ORA-H o \

1466 LDA : :

1467 JzZ $+2

1468 MVI A, OFFH !

1469 *RXY+1 »RXY+2 SH@ULD BE O IF N@ GVERFLGOV '

1470 OUT DATA

1471 *WRITE REQULT Ta CHAN O
1480 OUT DATA

1490 LXI H,I )

1500 INR M _ 3JNEXT I

1510 LDA MAX

1520 CMP M

1530 Jyz DI _ . :

1540 LXI H,J SNEXT J .

1550 INR M _

1560 LDA MAX -
1570 CMP M _ ‘ .
1530 JNZ D3J '

1590 CALL O .

1501 *COMPUTE SUM OF zuAGE ELEMENTS

1592 *s‘mm-: SUM 1N MEMORY INDIRECTLY ADDRESSED

[ UR




L

\\\ ‘\

1593
1600
1610
1620
1630
1640
1650
1660
1661
1670
1680
1690
1700
1701
1710
1720
1730
1740
1750

- 1760
1761
1762
1770
1780
1790
1800

1801
1810
1820
1830
1840
1850
1855
1860
1870
1880
1890
1900
1901
1902
1903
1904
1910
19.20
1930
1920
1950
1955

- 1960
1970
1971,
1972
1960
1985
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*BY LOCATION HL

MEAN: LHLD HL° 3CLEAR SWM

MVl A,O

MOV M. A

INX H

MOV M, A

INX H ' :

MOV Ko A ) ' <
*SET UP IMAGE MEMORY ADDRESS .
SIGMA: MOV A,D

gUT HIADR

MAV AL E

OUT LOADR

*READ MEMORY

READ: IN DATA

MOV B, A

1N D>

CMP B«

JNZ READ

LHLD HL

*REG H»L PEINTS TO SUM
*MASK FOR LO-HALF

AN1 OFH -

ADD M

MOV Mal_\

JNC UNDER _
*ADD WITH CARRY TO HIGH GRDER BYTES
INX H :

INR M

JNZ UNDER

INX H -

INR M

*SWAP BYTES HALVES

UNDER: 10V A,B

RLC -

RLC

RLc;x

RLC
*STORE BACK IN MEMORY

*SINCE THIS.SUBRGUTINE IS CALLED TWICE
*0RDER OF IMAGES 1S RESTGRED

*BY SWAPPING TVICE

OUT DATA ) -

OUT DATA _
INX D

MOV A, D
ORA E )
#SCAt ENTIRE IMAGE ) .
JUIZ SIGMA

RET .

#SUBRDUTI&E ™ SUBTRAO? BIAS
"®POINT. T0 RXY €24=BIT).
NORMLS LXL - Hs RXY .

ssuatnacw BIAS BY Avnrna CUMPLEMEHT oF BIAS

*

£



o psad MARy DS L

SR l LN , 251
1986 *3-BYTE PRECI SIUN )
1990 LXI B,BASE
2000 LDAaxX B- .
£010 ADD M .
2020 MOV M.A
2030 INX H
2040 INX B :
2050 LDAX B . . .
2060° -ADC M - " :
‘2070 MOV MyA
2080 INX H
2090 INX B.
2100 LDAX B
2110 ADC M
2120 MOV M,A
2130 RP
. 2135 %TAKE ABS .
2136 #3-BYTE COMPLEMENT
2140 MOV A/M
2150 CMA :
2160 MOV M,A
2170 DCX H :
2180 MQV A,M T ‘ ' S
2190 . CMA I
2200 MOY MsA .
2210 DCX-H :
. 2220 MOV A/M
2230 CMA ' ,
2235 #3-BYTE INCREMENT s
2240 INR A ‘ .

. 2250 RNZ

2260 INX H . : .

2270 INR M - . v

2280 RNZ . N ; . ,
2290 X H . _ A
2300 -INR M  ° : N
2310 RET .. c t

" 2320 *VARIAELE STURAGE.
2330 RXY: DS.3  $ACCUMULATOR FOR s - OF pmwcrs

. 8335 #J»1,Y+X INDEXING LOCATIONS

. 2340 d: DS1 o -
.2350 1 DS 1 : o :
2350 Y3 DSt . :
2370. X1_D§ 1 .
2380 LLt DS 1 - = . . U .
2390 Ki,3. DS 2 o o e
8400 SXYp DS 3 - - o, ‘
© o £A10.TEYE, 0S5, a ook ‘ ‘ .
. 8420 BASE: DS 3 - 3BIAS FAG’I‘EJR t=VE mrf"‘m .
. 'pA%0 FOCTRe: DS I s BACH24-DIT RXY ,xs mvxnab BY em&mc'm
. 2439 w2y cmnmw? ::wams

MR
b gt . Ve ~ , Lo
oo R85, My bgl S
L ,Q‘Q@g n\jg T S REPE
. N L .Aﬁ"f T L
. 3 ‘. . ‘c". . : . N
. P & -
T . » . ',' }f "~ v o '
e’ J . ¥
. v "“’: ’.. ™ o -




0000
0010
0020
0030

- 0040

0050
0060
0070
0080
0090
0100
0110
o120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
© 0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
oalo
0420
0430
0440
0450
‘0460

0470°

0480
0490

0500

252

-~

*IMAGE ROTATION,MAGNIFICATION, AND TRANSLATI@N
*INPUT IMAGE IN UPPER HALF OF BYTE, CHAN O
*TRANSFORMED IMAGE IN LOWER HALF ( SCREEN)

#RG 3GOOH
LAADR EQU 82H o
H1ADR EQU 81H

MEMC@N EQU 8OH
MRD EQU 83H
MWR EQU 83H

*SET T@ CHAN 0

MVI As0

GUT MEMCON

LDA DX  3>~DX+64

CALL M64

SHLD DXP

LDA DY .

CALL M64

SHLD DYP N
*Y3 AND X3 1S IMAGE PIXEL C@-ORDINATES
*0,0 1S CENTRE @F IMAGE
*START AT UPPER LEFT CBRNER (-128,-128)
*GIVEN P@INT Y3,X3 IN TRANSFGRMED IMAGE,
*CBMPUTE ADDRESS Y0,X0 @F CBRRESPGNDING PBINT *

*IN INPUT IMAGE, -T@0 NEAREST INTEGER VALUE (NEIGHBOGUR)

1 A,-128 .

ggn Y3 A

@BUTER: LDA Y3 ,

MBV EsA  3Y3S=Y3%SINDT
LHLD ‘SINDT

MGV B,H

MOV C,L.
IrSALL _MULT .

SHLD Y3S ' N,

M@V A, D
.STA Y35+2 -
LDA Y3 JY3C=Y3%xCASDT
MOV E,A P
LHLD CgsSDT Q
MOV B>H
M2V C.L
CALL MULT f
SHLD Y3C
MOV AsD
STA Y3C+2
MVI A,-128
STA X3 .
INNER: LDA X3 .
MOV E,A 3X3%COSDT
" LHLD COSDT )
MOV B, H . ) 7
MOV C)L'

[T .

[
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0510
0520
0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0800
0810
0820
0830
0840
0850
0860
0870
0880
0890
0900
0910
0920
0930
0940
0950
0960
0970
0980
0990
1000
1010

CALL MULT .

LX! B,Y3S 3Y3S+X3%CaSDT
CALL ADD3

CALL D256
%* KXP*(Y3S+X3*CGSDT)

MOV B,H

MOV C.L

LDA KXP

M@V E,A

MVI D,O. .
*SINCE KXP 1S UNSIGNED, BYPASS FIRST PART

"*@F ‘MULTIPLICATION SUBROUTINE .

CALL PLUS ' \
*NORMALIZE PRODUCT T6 16 BITS \
CALL D256 \
*_DXP + KXP%CY35+X3%C@8SDT) :

XCHG  _ . N

LHLD DXP
DAD D

*NGRMALI ZE X ADDRESS ra 8 BIT

CALL HL64

*C@NVERT SIGNED TO unsxswso (ADD 128)
LXI D, 128

DAD D

MOV A,HB

BRA A )
*ADDRESS @UT OF RANGE IF H NOT O

JNZ RANGE ‘

MOV A,L
*SET X ADDRESS

PUT LOADR
*C@MPUTE 'Y ADDRESS
* X3%SINDT .

LDA X3 . :

MBV EsA

LHLD SINDT

M@V B,H

MOV C,L

CALL MULT |

.LXY B,Y3C . ‘ *
% ~X3%SINDT . .
CALL NGAT i
* Y3C - X3%SINDT .
CALL ADD3 tw
*NORMALIZE RESULT: ‘ .
CALL D256

MOV B,H

MoV C,L
% KYP*CY3C - X3%SINDT)

LDA KYP

MOV EsA

253 .
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1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1950
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1220
1430

1440-

1450
‘1460
1470
1280

T 14907

1500
. 1510
1520

254

*KYP 1S +VE NWIBER ]
MVI D,0O .

CaLL PLUS

*NORMALIZE RESULT

CALL D256

XCHG .

* DYP + KYPk(Y3C - X3%SINDT)
LHLD DYP

DAD D

CALL HL64

*NGRMALIZE TG 8 BIT
*CQNVERT TO@ UNSIGNED

LX!I D, 128

DAD D

MOV A»H

ORA A

*TEST IF Y ADDRESS 1S GUT OF RANGE
JNZ RANGE

MGV AsL
*SET Y ADDRESS

BUT HIADR
*READ INPUT IMAGE PBINT
CALL READ .

AN1 OFOH
*M@VE INTO LO HALF

RRC

RRC

RRC

RRC

MOV C,A
*SET ADDRESS T8 Y3:x3 (BUTPUT PEINT)
yUPs LDA X3

ADl 128

gUT LOADR

Lpa Y3

ADI 128

GUT HIADR

*

‘*WRITE POINT TO SCREEN W1 THBUT DESTRGYING UPPER HALF'

CALL READ
ANI OFOH

9RA C -
CALL WRITE
*INCREMENT Y3,X3 - »

LDA X3

INR &

STA X3 . )

CP1 8OH ‘ \ .

JNZ INNER

LpA Y3 . . ~
INR A - . v \
STA Y3 .

v
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1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640

1650’

1660
1670
1680
1690
1700
1710
1720

1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850

1860.

1870
1880
1890
1900
1910
1920

1930
1940
1950
1960
1970
1980
1990
2000

. 2010

20290,

2030

Ea

255

CPl 80H

JNZ BGUTER
*RETURN T8 MGNITGR

CcaLL 0

RANGE: MVI C,0

JMP UP
*SUBROUTINE FOR SIGNED MULTIPLY H,L=-64%A
*CLEAR CY
M64: ORA A
*AR! THMETIC SHIFT HIGHT A

JP S+

STC

RAR

*M@VE RESULT (9 BITS) INTG H,L
MOV H,A .

MV1 A,O

RAR

MOV L,A
*TEST IF H,L POSITIVE NUMBER
M@V AsH

PRA A
*DIVIDE H,L BY -2
*ARI THMETIC SHIFT RIGHT AND TAKE TWG'S COMPLEMENT
JP S+1

STC

RAR

cMA

MBV H.A

MOV ASL

RAR

cMA

MOV L.A

INX H

RET

*SUBROUTINE FOR 16 BY 8 BIT SIGNED MULTIPLICATIBN'

*DHL=BC*E

*TAKE ABS OF E ,»STORE SIGN IN D (D=0 IF E +VE)-
MULT: MOV A E

MULI D,O

o ohws

INR D ;
MOV AJE -
cMA
INR A .
MOV EsA ©.

*COMPUTE S1GN OF PRODUCT

‘PLUSs MOV A.B

ORA A.
MV1_A50 -
JP PAS -

. R
,5\\/,
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2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250

2260

2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420

2430

2440
2450
2460
2470
2480

2490,

2500
2510.

2520

2530
2540
2550

INR A

256

*SIGN OF RESULT =EXCLUSIVE GR 8F MULTIPLIER AND

*MUL TIPLICAND SIGNS

XRA D

MOV Ds,A
*TAKE ABS 6F B,C

M@V A>B

CMA

MoV BIA

MOV A,C

CMA

M@V C,A

JINX B

PGSS ‘MBV A»D

*SAVE SIGN

STA SIGN

MVI A,8

STA COUNT

*INITIALIZE PARTIAL PRGDUCT
MVI D,O

L.XI H,O

*MULTIPLICATION LGGP
*SHIFT D,H,L REGISTERS LEFT
MLOOBP:s DAD H -
MOV A:D

RAL

MEV D,A
*SHIFT MULTIPLIER LEFT T8 TEST BIT IN CY
OVERIs MOV ALE

RAL .

MOV E,A

JNC BZERG
*ADD MULTIPLICAND TA PARTIAL PRODUCT
*PARTIAL. PRGDUCT HAS 3 BYTES
paD' B

JNC S$+1 ’
*INCREMENT D IF CY FROM PREVIGUS 2 BYTES
INR D .
*LOOP 8 TIMES
BZEROs LDA COUNT

DCR A

STA COUNT

JNZ MLBGP

‘*RESTORE SIGN

LDA SIGN
"ORA A
RZ

NGATs MOV AsL . ]
cMA . . '

aDl 1 .- .

MOV L,A

#IF RESULT ~<VE, NEGATE D H,L (ABSZGF SIGNED REéUpT)
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2560

2570
2580
2590

2600

2610
2620
2630
2640

MOV A»H

cMA Tt
ACL O

MV HsA -

MOV A,D

CMA

AClI ©

MBV DyA

RET o

2650 *SUBRGUTINE T8 ADD D,H.L T& MEMBRY (B,C)

2660
2670
2680
2690
2700
2710
2720

2730,

2740
2750
2760
2770
2780
2790
2800
2810
2820

. 2830

2840
2850
2860
28170
2880
2890

- 2900

2910
2920
2930

2940
2950
2960
2970
2980
2990

3000 -

3010
3020
3030

3020

3050

e

*SUM IN D.H,L

*D IS HI-ORDER ‘BYTE

*ADD HLD + (BO)
ADD3: LDAX B

ADD L

MOAV L.,A.

INX_B

L.DAX B

ADC H

M3V H,A

INX.B

LDAX B

ADC D . .

MOV D, A

RET , ‘
* SUBROUTINE FOR HL=DHL/256 ,SIGNED DIVISION
D256: MOV A,L

ORA A

MOV Li>H

MOV H, D
*ROAUND RESULT UP IF MSB GF L =1

RP '

INX B - . ) ‘
RET . . .
#SUBR@UTINE_FQR SIGNED DIVISIGBN BY 128
*HL=DHL/128 |
*AnxTHNETIC SHIFT DXL 7 TIMES RIGHT
.D128: MVI B, 7

MOV ALD

ORA A .

JP S+l

STC

RAR

MOV DsA

MOV AsH

RAR Lo
~ MOV . HeA -

MOV Asl

RAW -
0V LeaA - -7 v : o
egaRB ., P -

LI ',“‘.3 N

PN
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3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240

3250 -

3260
3270
3280
3290
3300
3310
3320
3330
33240
3350
3360
3370

3380
-3390

3400
3410
3420
3430
3440
3450
3460
3470
3280
3490
3500
3510
3520
3530
3540

JNZ Di28+2

*RBUND UP RESULT IF CY SET

RNC

INX H

RET

*SUBROUTINE FOR SIGNED DIVISION OF HL BY 64
HL643 MVI B, 6

*ARI THMETIC SHIFT RIGHT HL 6 TIMES
MOV AL,H

ORA A

JP 'S+

STC

RAR

MBYV H,A

MOV A,L

RAR

MOV L,A

“DCR B

JNZ HL64+2

RNC

*RQUVD HL UP IF CY SET (LAST BIT SHIFTED BUT
INX H .

RET

*ADDRESS GIVEN BY H,L

READs IN MRD

Mov Boa

IN MRD

' CMP B

JNZ READ

RET
*SUBRGUTINE TO0 WRITE T8 MEMORY
VRITEs OUT MWR

GUT MVWR

RET
*VARIABLES AND CGNSTANTS

SIGN: DS 1

C@UVT: DS 1 ’ )
*CES AND SIN OF RBTATIGN ANGLE
*COSDT =32768*C@S(DT) +DT IN RADIANS
*CﬂSDToSINDT ARE SIGNED INTEGERS
COSDTs DS 2

SINDT: DS 2 :
»Y. AND 'Y SHIFT FAGTBRS

DXt DS 1
pYs DS 1

#X_GND Y SCALE FACTORS

KXps DS 1§

%550 KYPs. DS | .

| T2

258
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3560 *TEMPORARY ST@RAGE
3570 Y3S: DS 3

3580 Y3Cs ‘DS 3

3590 X33 DS 1

3600 Y3:.DS 1§

3610 DYP; DS 2

3620 DXPs DS 2

3630 END -

10 T=3%4096+8%256
20 P1=3.141593

30 A=2%P1/72048

40. M=3%512

50 K=255

.60 FOR I=0 TO M

70 X=K&SINCAXD)

80 X=ABSCX) .

90 FaX-INT(X)’

100 X=INTCX)

110 IF F>=.5 THEN X=xX+1
120 POKE T+I,X

- 180 NEXT f

140 END

259
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0000
0010
0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
o120
0130
0140
0150
0160
0170
0180
oteo
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360

‘0370

0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0280
0490
0500

APPENDIX 14

SCAN CONVERSION PROGRAM

*PROGRAM FOR RADAR SCAN CONVERSIGN

#READS RECTANGULAR DATA FRGM TAPE

*AND WRITES T@ DISPLAY IN POLAR FORM

*VIDES REC@RDER DATA IS DIGITIZED AND STORED IN MEMORY
*DATA 1S RECORDED BN TAPE

*DATA 1S READ FR@M TAPE VIA THIS PROGRAM
*PROGRAM READS EACH RADAR SAMPLE, COMPUTES THE
*NEARST IMAGE PBINT (SCREEN MEMBRY ADDRESS) IN
*PP1 FGRMAT AND WRITES T8 SCREEN _
*PROGRAM USES LO@K-UP TABLE FBR SIN(X), C@S(X)
*L@O@K-UP TABLE IS 1536 BYTES LONG

*TABLE DATA GENERATED BY A BASIC LANGUAGE PROGRAM
NUL EQU OFFH

TABLE EQU 3800H

SYN EQU 16H
MBMCEN EQU 8OH ( o
MRD EQU 83H
MWR EQU 83H
LOADR EQU 82H
HIADR EQU 81H

USTAT EQU OF7H

USCHD EQU OF7H

USDAI EQU OF6H

SP EQU 6

MVI A, 0

GUT MEMCAN

LX1 SP,3EBOH

*CLEAR 'SCREEN

CALL CLEAR
*RETURN T@ MONITO

CALL 0 :
*START TAPE AT BEGINNING @F DATA, G

*INITIALIZE UART T@ 9600 BAUD '

SYNC: MVI A0
guUT USCMD
guUT USCMD
BUT USCMD
MVI A 40H
BUT USCMD
MVI A. 4EH
guUT uUscMD
MVI A, 16H
GUT_ USCHD
*SYNCHRONIZE T8 TAPE
*SEARCH FOR '240 NULS IN LEADER
MVI  C, 240 :
VALTs IN USTAT
MOV BrA

AN O2H -

JZ walT

MOV AsB

o
H

[

o mmnn o copren s s b,
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0510 ANI 20H

0520 JNZ SYNC

0530 1IN USDAI

0540 CPI NUL

0550 JNZ SYNC

0560 DCR C

0570 JNZ WAIT

0580 *WAIT FOR SYNC BYTE

0590 SYNWT: IN USTAT

0600 M@V B,A

0610 ANI 024 - -

0620 JZ SYNWT

0630 MOV A,B

0640 ANI 20H

0650 JNZ SYNC

0660 IN USDAI

0670 CPI NUL

0680 JZ SYNWT

0690 CPI SYN ° x

0700 JNZ SYNC

0710 JMP START

0720 *SUBRGUTINE Td WRITE DATA T8 SCREEN WITHOUT
0730 *DESTROYING UPPER HALF @F BYTES IN CHAN O
0740 SCRN: ANl OFH
0750 M@V D,A

0760 *SET UP ADDRESS
0770 MGV A.H

0780 OQUT HIADR
0790 MOV A,L

0800 OQUT LBADR
0810 *READ MEM3RY
0820 READ: IN MRD
0830 MGV B,A

0840 1IN MRD

0850 CMP B

0860 JNZ READ
0870 ANl OFOH

0880 *C@MBINE UPPER HALF WITH DATA
0390 BRA D '
0900 *WRITE T8 MEMORY

0910 OQUT MWR

0920 BUT MUR

0930 RET X

0920 *SUBROUTINE TO READ UART

0950 UIN: IN USTAT
0960 MOV B,A
0970 AN! O2H
0980 * JZ UIN {’

»

0990 MOV AsB

1000° ANI 20H.

1010 JNZ STOP

1020 IS USPAL - .
1030 RET R
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1040
1050
1060
1070
1080
1090
1100
1110,
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1340
1450
1460
1470

. 1480
. 1490

1500
1510

1520

1530
1530
1550
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*HAL T IF FRAMING ERROR

STéps HLT

*SUBROUTINE T@ CLEAR SCREEN

CLEARt LXI H,O0

MVI A,O

CALL SCRN

INX H

MOV A.L

@RA H

JNZ CLEAR+3

RET

*INITIALIZE SECTOR (2048 SECTARS ARE READ)
START: _LX! H,8080H

SHLD XCORD

LXI H,O

SHLD SECT . -

*FOR EACH SECTOR, COMPUTE X AND Y INCREMENTS F@R
*UNIT RADIUS

*INCX (X INCREMENT) =SINCA)
* X=RxSINCA)*128 -
* X(N+1)=X{(N)+INCX
* A=2%PIlxSECT/2048

*SIMILARLY FOR Y INNCREMENT
MAIN: LHLD SECT

*COMPUTE TABLE ADDRESS FGR SIN
*VALUES IN TABLE =ABS(255*SIN(A)) +UNSIGNED INTEGERS
MOV A>H
*LIMIT ADDRESS BETVEEN TABLE AND TABLE+1024 (1/2 CYCLE)
ANI OS3H

MOV H,A

SHLD TEMP

L.X1! D, TABLE

DAD D

MOV LM ,
MVI H,0O :

LDA SECT+!
*DETERMINE WHICH HALF OF CYCLE SECTGR 1S IN
#*IF SECT>1023, CHANGE TO NEGATIVE ¢

ANI OaH

JZ $+3

.CALL HLCMP

SHLD INCX
*COMPUTE Y INCREMENT (INCY)
*INCY = -COSCA)
*GET LIMITED-RANGE SECTER ]

LHLD TEMP .
#COSCAY = SINCA+PI/2)

LXIX DaTABLE*Sla

pAD D

MOV L.M

MVI H,0

‘LDA SECT+t

e e e

s
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..1560 *COMPUTE TABLE ADDRESS., DETERMINE SIGN

1570 MOV B,A

1580 BRAL ) 3

1590 XRA B

1600 ANI 04H

1610 JNZ $+3

1620 CALL HLCMP

1630 SHLD INCY ’

1640 *INITIALIZE CO-ORDINATES T3 CENTRE OF SCREEN (R=0)

1650 *XP@S, YPOS ARE CO-ORDINATES, INTEGER AND FRACTIONAL PARTS

1660 LXI H,32768

1670 SHLD XPOS

1680 SHLD YR@S

1620 MVI A,0

1700 STA SWEEP ,

1710 *UNPACK BYTE INTG 2 RADAR SAMPLES
1720 INNER: LDA SWEEP

1730 ANI OIH

1740 JNZ GVER

1750 *SCAN' SAMPLE COUNT (SVEEP) EVENo READ DATA_B?TE FROM TAPE

1760 CALL UIN
1770 STA BYTE

1780 %GET HI ¢1ST) HALF

1790 RRC

1800 RRC

1810 RRC

1820 RRC

1830 JMP_ $+3

1840 OVER: LDA BYTE.

1850 *WHITE, SAMPLE POINT TO SGREEN
1860 LHLD XCORD :

4870 CALL SCRN

1880 LHLD INCY
1890 XCHG .

1900 LHLD YPOS .

1910 *COMPUTE NEXT Y CO-ORDINATE mr ADDING Y INCREMENT
1920 *T0 PREVIOUS Y CO-ORDINATE

1930 CALL SUB.

1940 SHLD YPOS

1950 #STURE INTEGER PART IN YCGRD

1960 STA YCORD. ., . ———
t??b’*cnupuTE,nEXT x co-nnnrnars 1t SIMILAR MANNER
1980 LHLD xucx -

1990 -

2000 LﬂLD‘XPDS
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2010 CALL SUB
2020 SHLD XPOS
2030 STA XCORD

2040 WEEP

2050 INR A\

2060 STA SWEEP _
2070 =READ 128 SAMPLES PER SCAN
2080 CP1 123

2090 JNZ INNER

2100 *INCREMENT SECTOR NUMBER
2110 LHLD SECT

2120 INX H

2130 SHLD SECT ,
2140 *TEST IF SECTBR >2047

2150 MOV AsH -

2160 CPl O8H

2170 JNZ MAIN

2180 #ALL DATA READ, RETURN T@ MONI TOR

- 2190 CALL O

2200 SUB: DAD D
2210 MOV.A.L
2220 ORA A

264

2230 *GET INTEGER PART AND ROUND TO NEAREST VALUE

2240 MOV AH

2250 RP . '
2260 INR A
2270 RET

2280 #SUBROUTINE T3 TAKE TWO'S COMPLEMENT OF H.L

2290 HLGMP: MOV AsH . .
2300 48 .

2310 MOV HsA

2320 MOV AsL

2330 CMaA ’

2340 MOV L,A

2350 INX H |

2360 RET

2370' *VARIAELE STORAGE AREA
2380 TEMP: DS 2 !
2390 ItICXs DS .2

2400 INCY: DS 2 -

2410 SWEEP: -DS 1 .
.2420 XCORDs DS 1 .
2430 YCURD: D31 -

2440 BYTE: DS '}

2450 SECTT" DS 2 TS

' 2A4D XFOS; DS o . R
2470 YP3Ss DS 2 . ' ,
2230, EKib

towe

e
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' i .DIX 15
PROGRAM FOR DIGITIZING PHOTOGRAPHS

2020 .*PEIGRAM TO,DI31T1ZE PAOTISnAPAS FRIM JPTO-
2821 »ALCHANICAL SCANNER INTO 256 BY 256 AHRAY
2202 =4 BITS PER ELEMENT

- 0823 *PHOTOTUBE VIDEQ 1S AMPLIFIED AND LOW PASS FILTERED.
¢e04’ *FOR: A/D.CONVERTER
2025 x4 4SB'S OF A/D ARE CONNECTED TO a LSB'S OF CAAN 1
4¥d6 ¥DATA INPUT TO COMPUTER
¢989 ORG 20924
2813, 20aT £eU 33d
2011 SP QU 6

. €015 ¥PJASING CONTACTS OF SCANNER TO b6
222¢ SYNC EQU. 40H. , A

" 8330 DATA ELU ¥FH

| 0248 MEJCON EQU- 82
2¢50 H14D3 EQU 814 -
2962 LOADR EGU- d2H
2879 IR EGU 33H
2871 4AD EQU 83d :
9075 XDELAY FACTOR AFTER AORIZONTAL SCAN START
, #9230 SAIFT EQU 3520

" 2699 LINES ZQU IS . 3 o
0225 *5AAPLING RATZ TI4ING comaraur

#1238 RATE EQU 45 .

2121 *INITIALIZE ADDRESS .

2116 LXI H,9
2111, Litl 5P,3E894 .
2115 70 azan A/D -DATA AND SYNC” 31T, M0JE =CAAN |
2116 *AND LO ADDRESS %UST BE avzw
8120 MUL A,0ad -
P13¢ OUT MEMCON o ’ T
2148 0UT LOADR .. .. "

. B145 *WAIT UNTIL A SAﬂPLE IS ABOVB THRES&OLE,
- -@14% w1 E ¥HEY BLAGK MARKER JTRIP 15 ENCOUNT RED
0156 FEEQ; N PORT ) .
916C 3 . L c 7
G170 ANI DATA ‘

B30 CPY & . I

- 3198 J¢. FEED
aaca CALL SUB - . L . -
. €201 #VALT FOR . SYMC PULSE = L '
ﬂaiﬁ $YN: IN PORT ‘ P S v
0323 AN1 SYNC

0230 JzoSYN . . T
-+ D235 wWAATTI FIR vza:xcax dﬁR&ER sxarp DUk e
‘9840 EDGE 1N BORT L E | T .
kgsn; CMA T - Lt e
260 AN naxa T L L TR .
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3 BF1Y #DELAY-LOOP - | .

A - 266
ejaa LOOP: DCX D - R -
318 MOV A,D. » ‘ )
9320 O0RA E
8339 JNZ LOOP
2335 *INPUT DATA FROM A/D
2342 INNER: IN PORT
2358 CHA ‘
2362  ANI' DATA
2430 0V.-B,A
, 8435 *SET UP MEYORY Aaoqass FOR CHAN @
© Q449 M0V ALH
Q458 OUT AIADR.
468 MOV A,L
Y478 OUT LOADR
2430 AVL A.0
2439 OUT MEMCON
. 8431 *WRITE TO YEMORY w:raour DESTROYING UPPER BYTE HALF
8492 READ: IN MRD ¢
2493 MOV C,A
3454 IN-MAD
2495 CiP C
24%6 JNZ READ
€497 ANI OFGH
"@se2 9RA B
2510 QUT MR
520 OUT MR
P53¢ MVI.A,e4d
'2540 ~ BUT MEMCON ~
#5584 QUT LDOADR <
25556 *DELAY BETWEEN SAMPLES
8562 VI C,RATE
357¢ BACX: DCR C
@580 JNZ BACK-
0518 *INPUT 256 .SAMPLES PER LINE -
628 JNZ IBNER
8638 INR d
2640 *5CAN 258 'LINES -
2652 -JNZ SYN - 2
2655 *FETURN TO MONITOR ~
2662 - CALL O ;
‘as7a\sua: MYl S,LINES - ‘ -
‘B675 *WAIT. FOR, DRUM SYNC PULSE rRG(»PHASING CONTAGT .
" P4BE- PULSE! IN' PORT : . B
. 9598 AWI SYNC ‘,
. BTIB - J7 PULSE - I, 4 ,
T evio LRy lea@aa ~ ' ’ ‘

ﬂ¢28 WALTY ncx.o , A

730 Mov AoD ,€5 RO

D740 ORAE. L T o
‘.cvsa JHZ waxr o L

9755 HLOOR Fba l naum 3Evonurtoms sLINEs

© 6763 DERB. ORI ' ,

@770 ang PULSE 4?,;,"33:'F¢,f¢~j_3,, ;g

0280 RET L .»‘;jﬁ;‘~J“?~x.iailx}"b;,.‘
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