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SYNOPSIS ¢

Since the of the mini

at the beginning of this
decade (1970) these small, versatile and imexpersive machines have
been appllied to almost every field of science previously the domain
of the large, expensive computers, In many cases the minicomputer
has divested new fields of application where tbe larger machines
could not be usec,

Analytical photogrammetry is one application which requires a large
amount of high speed data processing capacity and-was a practical
impossibility before the advent of the electronic digital computer.
In just over two decades since the of the first ’
the mini with the o
larger first generation computers is now applied to analytical
aerial triangulation.

capabiiities of many of the

The purpose of this study is to investigate the appiicability of a
particular minicomputer viz,, the WANG 2200, to several phases of
aerial triangulation with block adjustment being the most important
of these, A system bas been developed on the minicomputer to
process c plate :

of blocks containing up to
two hundred models from relative orientation and model formation to
strip and ‘block adjustment. The criteria for the tests are (i) the
data storage capacity of the system, (ii) the accuracy of the
results obtained from the hlock adjustments and (iil) the processing
times of each phase of the aeriul triangulation system.

The software system has been thoroughly tested using data supplied
by Dr % 8 Williams and T J M van Dijk. These data are the Durban
and St. Faith's Test Areas, the photographic plates of which were

trii ively and by Dr H Williams and T van
Dijk on the Univeristy of the Wi 184 360 + 'The
third test consisted of processing two hundred models of the I,T.C.
synthetic test block,
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This concluded the system tests and demonstrated that the system was
capable of processing a block of two hundred models with adequate
speed and producing accurate results,

Chapter 1 of this dissertation deals briefly with the history of
analytical aerial triangulation and the development of electronis
digital computers.

Chater 2 outlines the mathematics used in the various phases of the
aerial triangulation system, while Chapter 3 discusses the suite of
programs which have been developed on the WANG 2200 minicomputer.

‘The results of the tests processed using the system are compared
where possible with the results chtained by others who hava
processed the same data. The results zre shown and comparisons are
mede in Chapter 4,
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1. INTRODUCTTION

1.1 General

In less than three decades since the appearance of the first

ic elect: ic digital ' in the fields of
computer techrnology and other allied fields have resulted in a new

on of - the mini .

These inexpensive computers are being applied to many fields,
origizally the domain of the larger mainframe computer. Digital
photogrammetry which, prior to the advent of large capacity

had little ical importance is now within

the realms of application on minicomputers.

The minicomputer, as the name implies, is physically a small
computer but is a giant in terms of the processing cabilities,
memory and disk storage cepacities, For the purpose of this
dissertation a minicomputer will be defined as a computer with a
memory capacity of 64K word or less. The minicomputer on which the
analytical aerial triangulation system for this dissertation was
developed has a memory capacity expandability up to a maximum of 4K
words, although all the programs in the system were written for a
maximum memory capacity of 3K words. :

The purpose of this study has been to investigate the
applicability of the minicomputer to analytical aerial triangulation
with the criteria for success being that the system should be

capable of the block adj within an adequate time,
of at least a two hundred model block which is considered to be a
block of adequate practical size. In addition, the results of this
study should show that analytical aserial triangulation on the
minicomputer produces results which have accuracies comparable with
similar solutions on large mainframe computers.

The WANG 2200 minicomputer has been used exclusively in this
study and it is hoped that this particular make of minicowputer is

ve of mi in general, On this assumption the
results of the tests undertaken here will apply to the majority of
the available minicomputers.

i
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1.2 Significant Events in the History of Automatic Digital Computers

The of digital has been late in the

history of calculating and computing and has been the result of
developments in science and technology by many people working
together and independently in fields related and unrelated to the
art of calculating.

HMechanical calculators made their first appearance in the
riddle of the seventeenth century with the invention in 1642 of a
simple digital calculator by the French scientist and writer Blaise
Pascal. In 1643 Liebnitz was motivated by the idea of automation in
digital calculations. His contribution to the science was a stepped
wheel to be used in caleulating i he

once wrote: 'It is unworthy of excellent men to lose hours like
plaves i~ the labour of calculations which could be safely relegated
to anyone else if machines were used?.

The concept of a machine capable of performing numerical
computations of a general kind and not requiring the intervention of
a human operator at every step it the calculation is attributed to
Charles Babbage, an English mathematician, Ris first inspirations
came to him in 1812, 1In 1822 he demonstrated a prototype of his
Difference Engine which was to be capable of evaluating functions
from differences. By 1842 the somewhat over-ambitious Babbage had
not completed hLis Oflu.aes project, nor a subsequent machine, the
Analytical Engine, which was ccaceptually the forerunner of the
modern digital computer. Although Bahbage never completed elther of
his projects, he contributed largely to the sclence of caleulating

and automation in computing., He was responsible for identifying twe

separate main parts reguired by an automatic computer, viz. the
store and the mill, or in modern terms, the main storage and the
central processing unit. In addition it was Babbage who conceived
of punched cards for the entry of data into the automatic computer,
based on the idea of punched cards used at that time in the control
of weaving looms.

¥ost of what Babbage attempted was Impossible because of the
underdeveloped or non-existent technologies on which he relied.

g
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A large proportion of Babbage's time was spent in advancing the
theories and technologies he required, in developing new concepts in
logical design and in improving lathes and gear cutting tools to
produce the vast quantity of highly precise cogubeels and levers
needed for his Analytical Engine. It was almost seventy years after
his d=ath before sufficiently developed technologies existed which
enan:-d scientists to build the first automatic universal digital
compat 2

iz next significant step in the development of automatic
digital computers came in 1944 when Professor Howard Aiken of
Harvard University (Hartree, D R. 1950} completed the first fully
autcmatie digital computer - the Harvard Mk I, built of
electrochemical components. This machine incorporated many of the
basic concepts of Babbage's Analytical Engine, The Barvard Mk I, or
Automatic Sequence Contolled Calculator (ASCC) was capable of
yerforming two hundred operations per minute, a great advancement
for the automatic handling of complex caleulations,

Between 1945 and 1947, the successor to the Harvard Mk I, the
Mk II, was begun and completed. It was built entirely of specially
Jesigned electromechanical relays which resulted in an improved
computation speed over the model Mk I.

The first computer to be built consisting entirely of
elect wag the ic Numerical Integrator and
Calualator (ENIAC) designed and built in 1946 by Professors J W
Hauchly and J P Eckert at the University of Pennsylvania (Booth, A D

and Booth, R B W. 1956) as a special purpose computer to be used in
wallistic research. The vacuum tube, which was first discovered in
1819 by W ¥ Eccles and P W Jordan was the main component of the
ERIAC. The machine contained more than i8 000 of these components
and all of them had to function simultanecusly for an adeguate
period, "he machine's operation was controlled by means of a
plugboard which required manval rewiring of each separate sequence
of operations to be performed.

Dz John ven Neumanh who worked on the ENIAC project is
considered to be responsible for the next important concept and
perhaps one of the most important concepts in the history of the
development of computers. In 1945 he proposed storing both the data
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variables and the ts in the memory of N
the computer. This concept was lngorporated in the Rlectronic

Discrete Variable Automatic Computer (EDVAC) on which work was begun

in 1945 but was only completed in 1952 during which period two other

projects were initiated, based on the designs of the EDVAC.

The designers of the early d
with various devices to be used as memory storage; the ENIAC used
vacuum tubes, the EDVAC and its successor EDSAC (Electronic Delayed
Storage Autometic Computer) used memory acoustic delay lines. Fach

successive device resulted in the in faster

times. An invention by Dr A Wang, viz, core storage, made while
working under H Aiken on the staff of the Harvard Computational
Laboratory proved to be far superior to all the earlier storage

devices. This device was used extensively as the main storage
component in many computers developed during the period 1956 to the
mid 1969's and was first used in the Massachusettes Institute of
Technology {MIT) Whirlwind I on which work was begun in 1947.
The development of the transistor heralded the next major
in techrnology and the begianing of 2 new

generation of computers., Although the transistor had been developed
in 1948 it was only in 1954, when Philco Corporation produced the
surfage barrier transistor, that the transistor became racognised
universally as a useful component in high speed electronic computers
(Rosen, 8. 196%).

The transistorized generation of computers is also recognised
by the achi of technologies in the field of super
computers. The first of the computer giants was the Naval Ordnance

Research Calculator {NORT) built by International Business Machines i
(18M). The NORC was originally designed with an electrostatic
storage system which was later replaced by a magnetic core storage.
fwo other giant computers commissioned during this era were the -
Livermore Atomic Regearch Computer (LARC) and the Stretch on which i
design began in 1947 by Remington Rand Univac and IEM i
respectively. The IBM Stretch computer used over 150 $00 of the
faster drift transistors which gave it a cyole time of two
microseconds. One important innovation which resulted from the
Stretch project was the look-ahead unit which enabled the computer
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o operate on several instrustions in advance, thus providing the
possibility of controlling of one or more processing units faster
than with a sequential system.

The (DC 6600 computer built by Control Data Corperation was
designed to be three times more powerful than the Stretch computer.
An interesting desgin feature of the CDC 6600 is the ten peripheral
processors, each of which is a small computer with an executive
control which can direct, monitor and time share the very powerful
central processor. fThe CIC 6600 central processor has the
capability of executing over three million operations per second.
In 1963 Contrel Data Corporation began marketing an Extended Core
Storage (ECS} to be used as a peripheral memory device on the
CbC 6600 and CDC 7000 series which enables hicck transfer to and
from the main memory at a rate of ten million 60 bit words per
second. It has been estimated that the CDC 7600 is capable of
executing y~£ive million ons per seconds.

The third generation of computers, most of which were
manufactured after 1965 are characterized by the use of integrated
circuits as control and storage devices. Some interesting
advancements which have been made since 1965 include the

multi] ng and mul systems which the Atlas
+ desd é by University in co~operation with

Ferranti, 18 one example of an early time-sharing system. The basic
principle of such a system is the communications oriented method of
the computer's use whereby two or more users can have simultaneous
access to the same from 4i 1 ti by means of

on-line terminals. fThe time-sharing concept was developed in order
to reduce the time incompatibility of slow input/output devices and
the fast central processor thereby optimizing the use of the
expensive cen*ral processing unit, To a large extent, time-sharing
replaced the original batch processing method for handling a large
volume of separate jobs on a single computer installation,
Multiprogramning is the common factor between the modern batch
processing and the general time-sharing systems, allowing for the
simultaneous execution of two or more programs by the same central
processing unit. The IBM 05/360 is an example of an operating
system which controls a multip:oézamming batch system and on-iine
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time-gharing from remote terminals.
1.3 Minicomputers and the WANG 2200 System

The minicomputer is, in general terms, a low cost single task
computer with the more specific characteristics of a ghort word
length aid a main memory of less than 64K words.

Minicomputers were £irst used in 1962 in aercepace applications
(Kaenel, R A. 1970). The earlier machines were specific purpose
computers and it was only in 1969 that manufacturers like Honeywell
and Saientific Control Corporation began producing general purpose
minicomputers to be so0ld ecmmercialliy. The development of the low
cost, high speed minicomputer had become possible through the advent
of Large Scrle Integrated Circuits in the carly 1960's. By 1973 a
wide range of minicomputers was available all of which had reached a
high degree of uniformity in cost, size, speed and internal
organisation (Gruenberger, F and Babcock, D, 1973).

The recent rapid increase in the number of minicomputer users
may ba attributed not only to the lower computing costs involved,
but also to the accepted philosophy that certain economies may be

hievad through the lization of puting facillties,

particularly in applicacions which lend themselves to deparimental
gcope and control,

The power and diversity of minicomputers has led to their
application to 1iterally thousands of tasks to the llst of which new
applications are continually being added, Minicomputers have been
uged successfully in process control to efficiently direct and
monitor automated production lines where sequence, timing and logic
are required. An example of this is the use of minicomputers in the
manuacture of printed circuit logle boards which are used in
computers. The circult board patterns are stored in the computer
memory for the repeated acctrate printing of the circuit onto
chemically treated boards.

The basic minjcomputer configuration comprises the Central
Processing Unit (CPU), a teleprinter although more commonly a
Cathode Ray Tube {CRT} display unit and an output printer. Most
minicomputers can be interfaced with a numbexr of peripheral duvices,

S g
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the more important of which are auxiliazy storage devices such as
magnetic tapes, drums and disk stirage units, Other interfaces
include Digital to Analogue linkages in applications where
minicomputers are used to control, monjtor and simulate fast
continuous real time systems.

The Central Processing Unit and the Main Memory of the
minicomputer are generally housed in a frame which measures
zpproximately S0cm by 30cm by 55am. Woxd lengths ranges from 8 bits
to 16 bits, although several minicomputers use combined words for
data representation and instructicn addressing, which has the
disadvantage of reducing the cycle time and the overall performance
of the machine. Most of the minicomputers available at the
beginning of this decade aid not provide for floating point or
decimal arithmetic nor bit and byte manipulation. Several @id not
even offer built-in multiply and divide in which case these

ti had to be impl 4 by software. The present range of
minicomputers make extensive use of microprogrammed Read Only
Memories {ROM} for hardwired functions such as arithmetic
operations, trigonometric functions, matrix algebra and any
freqeuntly used subroutines,

The earlier minicomputers used core memory exclusively for
Random Access Memory (RAM) which has subsequently been replaced by
Large Scale I (LSI) semi memories. Core memory
ranged from 3K to 65K capacities with access speeds ranging frem 9,5
to 8 microseconds. {Kaenel, R A. 1970).

Minicomputers reached a high level of sophistication in less
than a decade from their inception. fhe f£irst available

minicomputers were assembly language machines. By 1974 machines
were available which incorporated high level language compilers such
as FCRTRAN, ALGOL and RPGIX. BASIC lanquage interpreters are widely
uged on the smalier computers and is particularly suited to on-line
applications. Several manufacturers provide complex, highly
developed software such as real-time disk operating systems and
time~sharing executive systems.

Of the auxiliary storage devices available for minicomputers
the most reliable fast access mass sto-age unit is the single or i
dual platter moving head magnetic disk. Capacities of these units ‘[
generally range from five megabytes to twenty megabytes.
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The flexible diskette provides medium capacity random access storage
at a substantially lower cost than the larger rigid disks. Access
times and data transfer rates are approximately one order higher for
the flexible diskette than their larger rigid counterpart. Other
mass data storage devices which can be supported by minicomputers
include nine track tape units and the slower and lower capacity tape
casaette units.

1.3.1 The WANG 2200 Minicomputer System

whe Analytical Aerial triangulation system described in thie
dissertation was programmed and tested on the WENG 22007 and later
the WANG 2200VP minicomputer systems. The hardware configuration
comprised a 24K-byte Central Processing Unit, a CRT display and
keyboard, a 10 Megabyte disk unit for auxiliary storage and a line
printer. Fach of these devices will be described below (WANG 1275).

1.3.2 The WANG 22007 Central Processing Unit

The CPU operates on a single user program written in WANG 2200
Extended BASIC. BASIC, an acronym for Beginners All Purpose
Symbolic Instruction Code, was originally developed as a high level
interpretive language by J G Kerney and T E RKurtz at Dartmouth
College, New for impl 3. on ti baring systems.

It was £irst used in 1965 on the GE 225 computer and has since
become one of the more widely used languages on minicomputers
(sanderson, B C. 1973).

The basic interpreter, also known as a translator or the
machine's Eirmware, is stored permanently in 32K bytes of
Instruction Read Only Memory (ROM). The interpreter translates and
executes one statement of the BASIC source program at a time. The
interpreter as opposed to the compiler, has the advantages of
requiring less time during compilation and less storage for source
and object code but has the disadvantage of increasing the execution
time. The microinstruction resulting from the interpretation phase
is directed by the firmware through the Arithmetic and Logic Unit
{ALU) which is part of the central processing unit responsible for
performing both arithmetic and logical functions.
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There are three distinct phases in CPU processing inititiated
by a keyboard command. The first of theses phases, referred to as
the Text Entry Phase analyses the syntax of a statement which has
been entered via the keyhouard and is currently in the Random Access
Memory Input/Output buffer. The statement, with its associated line
number, is simultaneously inciuded in the program text currently in
memory, The second phase is the Line Number Resolution Phase which
is entered prior to the Execution Phase. During this phase the
variable symbol table is generated, Random Access Memory area is
allocated to user variables and program statement line mumbers age
verified. Each entry in the symbol table, which iz generated during
the Variable Resolution Phase consists of the symbol prefix and the
symbol data, The symbol prefix comprises the name, the atem which
£lags variables as either scalar, vector or array and mumeric or
alphammeric, and the thread to next symbol flag which reduces the
search for variable time during execution. On completion of the
Variable and Line Number Resclution Phase, th . -3tem automatically
enteres the Execution Phase.

During execution each gtatement is interpreted as it is
scanned. This phase involves the required BASIC microroutines as
they are encountered in the Atom Table information. This phase also
activates three pushdown stacks, viz; the Called Subroutine Stack
{C88), the Value Stack (VS} and the Operator Stack (0S}, which store
subroutine return addresses, the results of expression evaluations
and loop and subrovtine information.

The read/write memory cycle time of the WANG 2200 Central
Processing Unit is rated at 1.6 microseconds. The system operates
en full precision numeric variables that is, the equivalent of
thirteen significant decimal digits within the dynamic range of
107%° 0 10*9%, asdition or asbtraction of two variables
executes in 0,8 msecs, multiplication of two variable executes in
3,8 msecs and aivision in 7,4 moecs. The slowest rated function is
the evaluation of a tangent which has an average execution time of
78,5 msecs.,

1,3.3  The WANG 2200 VP Central Processing Unit

The snalytical system was developed for this ;



Page 11

dissertation on the WANG 2200T Central Processing Unit. AL initial
testing and processing was carried out on this model processor.
Towards the end of the project WANG Computers released a faster
model, the WANG 2200vP, also a winicomputer expandable up to
32K-bytes of Random Access Memory. The two models of processor are
software compatible although the WANG 2200VP has an enhanced BASIC
instruction set which is not downward compatible. All the tests
processed on the WANG 2200T were reprocessed on the WANG 2200VP in
addition to another test viz. the processing of the iterative block
adjustment of a block of data comprising two hundred models.

The WANG 2200VP firmware is not hardwired into the system but
is loaded by a bootstrap into memory from a disk unit. Additional
features offered by the VP firmware are mainly immediate mode
insructions none of which could be incorporated into the orginally
developed software to increase its power.

The architecture of the machine contains certain improvements
which have resulted in a processor which is rated at ten times
faster than the WANG 2200T processor.

1.3.4 Auxiliary Data Storage Unit

The WANG 2260 Disk Unit was used in the development of the software
for this project, It was, at the time of this development
(1975/76), the largest disk unit available for the WANG minicomputer
system. This disk unit has sufficient capacity to contain the data
of a two hundred model block with approximately thirty points per
model, Owing t~ the limited capacity of the Central Processing Unit
Memory, the disk unit is used extensively as auxiliary memory and
only certain information is retrieved frem the disk as and when it
is required to be processed.

The WANG 2260 disk unit has two platters — one fixed and the
other removable, each of which contains five megabytes of storage
and thus has a total of ten megabytes of storage space.

Bach platter is divided into tracks, either one hundred or two
hundred tracks per inch {TPI), The individual tracks are divided
into twenty four sectors of two hundred and £ifty-six bytes per
sector, of which two hundred and fifty-three bytes are usable; the
remaining three bytes are used as control bytes hy the hardware,

B
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The maxinum capacity of a ten megabyte disk is approximately 1,2
million full precision numerics (thirteen decimal digits). Since
the system allows for the compaction of numeric data, i.e. numeric
data can be converted into alphanumeric variables at the rate of one
byte per two digits, and with judiclous blocking of the data on the
disk, the capacity of 1,1 million full precision numbers may be
incressed if lower precision data is adequate for the current task.
The disk platter has an iron oxide magnetic surface above which
the read/write head moves while the disk rotates. Information is
stored on the disk in the form of magnetized spots of iron oxide.

The sectors are staggered on the cancentric tracks in such a way

that consecutively numbered sectors in a track are located twelve

physical sectors, or one~half track, apart. This arrangement makes
it possible to access s many as four consecutively numbered sectors
in a single rotation of the platter in certain operations.

The two modes of storage cn the disk platters are:

i)  Automatic file cataloguing in which the system records both the
location and size of each file contained on the disk platter,
and

i1} Direct absolute sector addressing of a specific sector on disk
which is independent of the automatic file cataloguing.

‘the four disk specifications which indicate the epeed of the disk

enit are:

4)  The track access time (i.e. the time required to position the
disk read/write head at a specific track) of 37 msecs,

ii) the average latency time (i.e. the time required to rotate a
track to a particular position) of 12,5 msecs,

iil) the raw transfer rate of data of J12 500 bytes per second, and

iv) the read/write time of B msecs.

The digk unit can be multiplezed pimultaneously to wp to four
central processing unilts each of which can access data frem the
common data base.

1.4.1 BAnalytical Photogrammetry Prior to 1950
During the pericd of 1883 to 1950, analytical photogrammetrigts

concerned themselves with the development of mathematical solutions
of the problems of the space resection in photogrammetry.
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In 1883 R Sturn and G Hauck {Doyle, F. 1964) established the
relation between projective geometry and photogrammetry, However,
it was more than sixteen years later before S Finsterwalder was to
establish the mathematics of analytical photogrammetry, He
published the first of a series of papers in 1899 which dealt with
this subject and over the next thirty years, using vector-

terminology, he i i d the f¢ singl d~double-
point resection in space and the formulation of the relative and
abgolute ovientation.

Concurzent with the work of Finsterwalder, € Pulfrich developed
the first stereccomparator in 1901 to be used in the measurement of
terrestial photographs and thus started the development towards
instrumental y. The of pulfrich's

instrument are the modern stereccomparator used in analytical
photogrammetry.

The first attempt at a practical application of analytical
photogrammetry, the mapping of part of the Dutch coastline and
several off-shore islands, was undertaken in 1920. Owing to the
unsatisfactory results of this new technigue, no other analytical
photogrammetric projects we:: begun for almost thirty years.

During this period interegt in amalytical photogrammetry waned,
owing to the poor results achieved in the first projects combined
with the fact that there was no instrumentation available that could
process the vast amounts of data involved in an analytical mapping
project.

However, photogrammetists like Von Gruber and Earl Zhurch
continved their investigations into the theory of analytical
photogramuetry., Von Gruber is well known for his development of the
differential formulae of the projection relation between planes.
Ironically, not anticipating the development of high speed
computers, he dismissed the practicability of the analytical
approach in 1924 and subseguently concentrated his efforts on the
development of analogue photogrammetric instruments. Earl Chuxch,
an American applied mathematician, revived a limited interest in
analytical photogrammetry in a paper published in 1930 which dealt
with the single photograph space resection as a two stage problem,
viz, the determination first of the station co-ordinates and second
of the rotatlonal parameters. Subsequent papers published in 1936,
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1940 and 1941 discussed the extension of control using a four point
control extension procedure, the determination of scale data from
photographs without reference to their absolute positions in space
and the rectification of tilted aerial photographe. Church's work,
in ai 1 ine notat: has been criticized for its

failure to deal with redundant observations and error analysis.

The work of Church was pevertheless a valuable contribution to
the development of analytical photogrammetry and had a strong
influence on E Merritt who in 1950 and 1951 and later in 1858, in a
published book, presented a formal treatment of the analytical
solutions for camera calibration, space resection, interior and
exterior orientation, relative and absolute orientation of stereo
pairs and analytical control extention.

1.4.2 Developments in Analytical Photogrammetry since 1950

The appearance in the 1950's of the high speed electronic digital

was largely ble for a renaissance in the field of
analytical photogrammetry leading to investigations into practical
applications of digital methods of control extension using

photogrammetry.
H Schmid (1956/57, 1959) realised the potential computing power
of the newly developed Tectroni n

anticipation of the large capacity computer, Schmid developed the
principles of modern multistation analytical photogrammetry . His
work is further characterised by its generalized treatement of the
problem which allows for the simultaneous solution of rigorous least

squares ad of bser ons.

The implementation of a rigorous analytical adjustment based on
Schmid's theory requires not only fast computing facilities, but
also large memory which were not avallable when Schmid Geveloped his
theory. Photogrammetrists realised the need for less rigorous
solutions which could be implemented on the current equipment. The
result was to apply the computer to the analogne solution of strip
formation and the adjustment of strips and blocks based on smail
sactions as the adjustment unit using iterative procedures (Davis,
R. 1966).

The development of analytical solutions of the relative and
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absolute orientations were largely owing to G Schut (1955/56,
1960/61), E Thompson (1959) and C M van den Hout {(1961). Schut's
approach to the analytical relative orientation was based on the
coplanarity condition of homologous pairs of rays in space. This
devel was by who used matrix notation for a

solution particularly suited to small capacity digital computers.
In 1961 van den Bout published a solution to the relative
orientation based on the same coplanarity condition but using an
alternative algebrale method and the initial assumption of egual
elevation of all points in model space.

The zame three photogrummetrists, E Thompson (1959), C van den
Hout (1960/61) and G Schut {1960/6)) were responsible for the
theories of analytical solutionz to the absolute orientation. The
method proposed by Thompson (1958/59) resulted in an exact Linear
solution of the elements of the orthogonal rotation matrix. Schut
{1960/61) devised simpler forms of linear equations using two
different approaches viz. matrix algebra with real elements which
leads to three equations and quarternion algebra with complex
elements which leads to four equations. Alse in 1961 van den Hout
proposed an alterntive solution to the absolute orientation using a
linearized observation equation. The application of triplets of
photographs which was £irst suggested by H Schmid in 1956 and 1957
was further pursued by E Mikhail in 1962 resulting in a method of
relative oriehtation which reduces the number of unknowns £rom
eighteen to eleven.

The early years of the 1960's saw the development and
impl on of the I Model methrd of aerial

triangulation based on a concept suggested by H Fourcade in 1926,
Both the semi-analytical technigue which procssses models formed on
stereoplotters, and the fully analytical technique which processes
analytically formed models were considered by v Williams and B
Brazier, and ¢ Inghilleri and R Galetto during the period 1964 to
1967 (williams, V A and Brazier H H. 1864, 1965, 1966 and
Inghilleri, G and Galetto R, 1967).
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1.4.3 The Deveiopment of Analytical Methods of Btrip and
Block Adjustment

Investigations into analytical adjustments of strips based on least
squares were first undertaken by R Roelofs in 1951 and 1952. ‘'The
adjustment procedure was based on interpolation methods originally
developed for hand computations. Several other photogrammetrists,
notably A Nowichi and C Born (1960) and A J van der Weele (1953/54}
proposed adjustments which were extensions of the procedures
developed by Roelofs.

A more rigorous adjustment of strip triangulation was proposed
in 1960 by E Gotthardt, a procedure which in the opinion of P
Ackermann (1962) was reserved for large scale precision
photogrametry and only suitable for implementation on large
capacity computers.

Pexhaps the most exhaustive investigations into polynomial
strip adjustments were undertaken in the late 1950's by € H Schut at
the NRC in Canada (Schut, G H. 1964). The adjustment was programmed

as a of 1 in two ai 4 as an
alterative sclutlon to a three ai ional 1 al
transformation.

In an effort to further improve the results of strip adjustment
by polynomial adj ista i i the

possibility of three dimensional conformal transformations of degree
higher than one, but found that they 4o not exist. Attempts were
alse made to model the erzors in the strip by polynomials of degree
higher than three, but subsequently ¥ Ackermarn (1961/62) found that
the best results would be obtained by adjusting the strip in
sections using composed second order polynomials.

The rigorous fully amalytical block adjustments first suggested
by H Schmid in 1956/57 was not implemented on a computer until
several years later in 1966 owing to the requirements for large
amounts of computer memory for the solution of the normal

equations. The first block ad: using this
comprised only twenty Thus, with the
development of analytical block adjustment during the 1960's, there

were several investigations by sts and nimerical

mathematicians into improved algorithms for the solution of the
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normal equations by both direct and iterative methods.

Alternative methods of analytical block adjustment which
required less computer memory and vet achieved a high degree of
accuracy were researched in the early 1960's by S Bervoets (1960), G
gchut {1964), F Amer {1962) and D Proctor (1962). The methods
suggested by Bervoets and Schut consisted in applying sequential
2trip adjusiments using third order polynomials te sach strip in the
block, treating the tie points from the previous strip as control
with a lower weighting in the next overlapping strip.

Amer, at the University College, London, and Proctor of the
Ordnance Survey of Great Britain, worked concurrently -n the
analytical block adjnstment using the mcdel or gromps of modals as
the adj unit, The devel d by bath Amer and
Proctor was a numerical solution of the analogne klwck adjustment of

Jerie for planimetric adjustment which C=es two si=reomadels as the
bagsic adjustment unit. While this methc3 of bloci adjmstment by
applying al linear 1 to the ti
in the block has a low computer memory requirement, it suffers £rom

a slow rate of convergence, particularly if large blocks are
adjusted.

A further extension of the numeric=" salution of block
adjustment based on the Jerie-analogue zZjustment, enabling the
simultaneous determination of the linear trangformation coefficients
and tie point co-ordinates was proposed i: 1962 by C M van &en Hout
{1966} . The linear property of the normal sguations permits this
banded ard bordered matrix of equationz to k= solved by & Iirect
method. The symmetric properties of i¥m wix—al squation mz=mfficismt
matrix which allow for the treatmeat of t&e z=lztion on & Tollepsad
normal equation matriz were recognized bt wom #zn Hout., The
handling of collapsed matrices greatly r=Zwr=s whe computer memcry
requirements for a direct solution of the himy: adjustment
coefficients. The same adjustment uxzs ivplerswied in 1963 by D
Eckhart (1962/64) and J van Leydem on tiw ZEFER Computer in the
mathematical department of ITC. The adjmstw==t program, ANBLOCK,
was originmally developed for planiretric adizstment only but was
later revised to handle height adiustment eitker as a geparate
adjustment or combined in a thrsme dimensionsl sdjustment,

In 1963 and 1964 American photogrammetzists E Mikhail amd .
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2ormal equations by both direct and iterative methods.

Alternative methods of analytical block adjustment which
required less computer memory and yet achieved a high degree of
accuracy were researched in the early 1960's by S Bervoets (1960), G
Schut {1964), F Amer (1962) and D Proctor (1962). The methods
suggested by Bervoets and Schut consisted in applying sequential
strip adjustments using third order polynomials to each strip in the
biock, treating the tis points from the previous strip as control
with a lower weighting in the next overlapping atrip.

Amer, at the University College, London, and Proctor of the
Ordnance Survey of Great Britain, worked concurrently on the
analytical block adjustment using the model or groups of models as
the adjustment unit. The approach developed by both Amer and
Proctor was a numerical solution of the analogue block adjustment of
Jerie for planimetric adjustment which uses two stereomodels as the
basic adjustment unit. While this method of block adjustment by
applying ial linear 1 to the sections

in the block has a low computer memory requirement, it suffers £rom
a slow rate of convergence, particularly if large blocks are
adjusted.

A further extension of the numerical sclution of block
adjustment based on the Jerie-analogue adjustment, enabling the
aimuitaneous determination of the linear transformation coefficients
and tie point co-ordinates was proposed in 1962 by C M van den Hout
{1966). The linear property of the normal equations permits this
banded and bordered matrix of equations to be solved by a direct
method. The symmetric properties of the normal equation coefficient
matrix which allow for the treatment of the solution on a collapsed
normal equation matrix were recognised by van den Hout. The
handling of collapsed matrices greatly reduces the computer memory
requirements for a direct solution of the block adjustment ¥
coefficients. The same adjustment was implemented inm 1963 by D !
Eekhart (1962/64) and J van Leyden on the ZEBRA Computer in the 3
mathemetical department of ITC. The adjustment program, ANELOCK, i
was originally developed for planimetric adjustment only but was
later revised to handle height adjustment elther as a separate
adjustment or combined in a three dimensional adjustment.

In 1963 and 1964 American photogrammetrists E Mikhail and




Page 18

J Anderson, respectively, undertook investigations into the
practicability of block adjustments using as the basic adjustment
unit sub-blocks comprising three overlapping triplet sets. Tests
showed that comparsble results were obtainable and that such
idjushnents ware indeed feagible for blocks of photography with
sixty percent fore and aft overlaps.

The £irst program developed to adjust blocks of aerial
triangulation based on the collinearity condition of image point,
perspactive centre and object point suggested by E Schmid (1959)
became operational in 1966 at the United States National Ocean
Survey (USNOS). The direct solution of the normal equations on the
hardware available to USNOS limited the elze of the block to
twenty-five photographs and thus was of little practical use
{Keller, M 15967). &as a result interest in the practical
applications of the non-rigorous adjustments for computational
congiderations continued to dominatc developments in analytical
block adjustments.

It was believed however, at that time that the optimal solution
lay §n the rigorous simultanecus adjustment of the block using
Schmig*s method, D Brown and Assoclates under the sponsorship of
the Rome Air Development Centre (RADC) began studies in 1963 into
the adjustment of large blocks using recently developed techniques
in matrix iterative analysis for the solution of the normal
equations (Davis, P. 1966), Three iterative soiutions were
investigated viz, Gauss-Seidel, Gauss~Seidel with Luisternick
Accaleratlon and Gauss~Seidel with Successive Over Relaxation. It
was found that the last of the threa methods yielded results which
compared favourably with non-iterative techniques. The resultant
pxogiaan syatem was dnitially written to cater for the adjustment of
a block involving a maximum of five hgxm‘.lted unknowns. With the aid
of buffering procedures and auxiliary mass storage devices, it was
envisaged that with the same amount of maln computer memory the
program could be extended to handle up to 10 000 unknowns with no
#lgnificant lose of efficienay.

By the late 1860's it was genarally accepted thet adjustments
of large blocks involving the simultaneous solution of more than
10% unknowns was at least possible. An interesting application of
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such a large block adjustment was theorised by D Brown (1968)
for the establishment of a linear control network by photogrammetric
means. It was believed that such a task would involve the

ad; of 14 700 if & twelve inch camera were used
to photograph the entire lunar surface with £ifty-five percent fore
and aft and twenty percent side owerlaps. The bordered-banded
normal eguation system would be solved by the method of Recurrent
Partitioning. By 1971 such an application had been implemented
using a program capable of a simultaneous adjustment of 2 000
photographs involving 10% unknowns. The lunar mapping project
required the adj of sixty-£ involving 7 000
point images. The adjustment was procesSed on the IBM 7094 in less
than two hours (Matos, R . 1971).

In the early 1970's attention was again focussed towards the

! and impl on of program packages for strip and
block adjustments by independent models, this time allewing for
greater generality of data in order to produce marketable
anzlytical aerlal triangulaticn systems. The system developed,
PAT-M of which there are two versions viz., PATM~43 and PATM-7 was
done so under the direction of H Ebner and H Rlein at the
Photogrammetric Institute of Stuttgart University (Ackermamn, F,
Ebner, H, Klein, H. 1873). The Cholesky solution, which is
particularly suitable for the solution of the positive definitive
banded and bordered system of normal equations, allows for up to
16* unknowns.

The complete PATM systems are sub-divided into four parts, each
of which occupies less than 12K words of main wemory.
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2 MATHEMATICS OF ANALYTICAL AERIAL TRIANGULATION
2.1 Introduction
to the c stages of v there ore

several steps reguired to obtain the plate image co-ordinates to be

used as input to the analytical aerial triangulation system. The
images must be identified on the photographic plates which, :
depending on the procedure used may require point transfer of :
artifical points between overlapping photographs viewed under

ation using i like the wild PUQ or the 2eiss

N Snap Marker. The dyadic sets of plate image co-ordinates are

referred to a plane co~ordinate system with its origin at the |
principal point of the photograph and the s-axis approximately in
the direction cf £light,

The plate image co-ordinates may be measured using either

stereo~ or Using measuring !
, each plate is 1y with the
plate co-ordinates being determined in a cartesian reference frame

in which the x and y axes are defined generally be mechanical guide
rails. Other methods of obtaining mono-comparator plate
co-ordinates which do not require a mechanical definition of the
axes of the co-ordinate system involve linear measucements and the i
determination of the co-ordinates of plate images in a co-ordinate
system using the trilaterative principle.®
The two sets of data used in testing the digital photogrammetric

system developed on the WANG 2200 minicomputer viz the Durban and
8t. Faith's Test Areas, were measured using the Trilateration
Microscope developed by H § Williams in 1971 and defined as a linear
WOno-comparator . H
The Analytical Aerial Triangulation procedure developed on the
3 WANG 2200 which iz described in this chapter, provides for obtaining
3 final block adjusted co-crdinates using the plate image co-ordinates
: as input. The steps involved In obtaining the block adjusted
co-ordinates includes; !
a) Relative orientation and model formation, i
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b) Formation of the strips of the block using the indepandent
wodels,

©} Transfoxmatiatf of the individual strips to a terrain co-ordinate
system and strip adjustment of each strip to reduce systematic
errors,

d) Block adjustment using either the models or the strips as the

adjustment unit.

2.2 Obrarved Image Co-ordinate Refinement

Analytical Aerial Zriangulation is based on the central projection
theory in which the axis of the lens is normal to the plane of the
diapositive, intersects it at the principal point and the plane of
the photograph is a true plane. However, since these conditions are
enly theoretical the measured image plate co-ordinates are seldom
used in their raw form in analytical photogrammetry but are
subjected to geveral corrections and refinements (ASP 1966).

Comparator calibration corrections are generally insignificant
but would be applied to compensate for any errors inherent in the
measuring instrument.

The photographic material which may he ecither glass or Film is
subject to deformation. Corrections for film deformation may be
applied using one of the three following techniques:

1} Linear scale changes in the x and y directions of the
photopl The 4 are from the calibrated

£ocal plane distances,

2) Linear scale changes in any direction in the plane of the
photograph. A minimw of four fiducial marke are required to
cbtain the eight transformation parameters of a projective
transformation.

3) Use of the reseau in the focal plane., The observed points may

be referred to the nearest reseau co-ordinate, or transformed by
a projective transformation, the coefficients of which are
determined £rom four reseau co-ordinates surrounding the point.
‘A third alternative to this methed is to apply a polynomial
transformation to each point, The coefficlents of the
transformation polynomial are determined from all the ; »seau

co~ordinates.
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It is often convenient to refer the co-ordinates to the principal
point as origin which is defined by the photograph's fiducial axes.
This correction constitutes shifts in the x and y directions.
Radial lens distortion, which
radial distortions, is corrected for by applying an appropriate

c and ic

distortion eurve polynomial where the coefficients of the polynomial
are obtained from the camera calibration data.

The c which is radial from the
nadir point is obtained from a function relating the nadir angle and
the c ko the correction to the nadir angle.
Empirical tions for the have been published

by several authors.

The plate image co-ordinates processed by the system developed
for this dissertation were not subjected to any of the above
corrections (with the exception of referring the co-ordinates to the
principal point as origin) in order that a direct comparison of
Tesults could be chtained with results processed by H § Williams
{1974) and T van Dijk (1975} who processed the same unrefined data.
However, it should be noted that H Williams (1974) showed the
magnitude of these corrections for the data from the Durban and St.
Faith's Test Areas to have an insignificant effect =n the absolute
accuracies of the block adjusted data.

2,3 Analytical Relative Orientation and Model Formation

The restitution of the model In space is obtained from the
coplanarity condition of homologous pairs of rays and the model
base. A minimum of five plate image co-ordinates Ercm the
overlapping area of adjacent photographs are required for the
solution of the elements of the relative orientation rotation
matrix. For a well conditicne@ solution these points should e as
tlose as possible to the Von Gruber points. In practice, however,
more than the minimum of f£ive points are selected and a least
squares solution is applied.

The method of Relative Orientation used in the program developed
for this dissertation follows the treatment of the problem outlined
by E Thompson (L959).

The condition for coplanarity of homologous pairs of rays and
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the model base may be expressed as follows:
(ﬁri'4@j+@5}-{xjug%z"f)/\(xlq:z.pz“f)-”o
{2.3.1)
where J, j and k are the unit vectors parallel to the X,y andz

axes of the model system, The probiem is simplified by coneidering
the model system to be coincident with that of the left hand plate
co-ordinate system and the model scale to be 1/B, where B, is the
length of the model base., This reduces the number of unknowns from
nine to five, The expression for the condition of coplanarity way
be expressed in the form:

(x y zIR( O ~b, bllx
372 2 (bz 02~7Vy:=0
Yo 1 0)iz

(2.3.2)
where! bv=/; /b,
ben st
Xy z are image polnt co-ordinates in the left hand
plate referred to the perspective centre as
origin.
X}}; 2z are the corresponding image point co-ordinates in

the right hand plate referred to the perspective
centre as origin.

All points are referred ko the respective plate

perspective centre as origin and therefore
a1l z,‘ and 2; equal the common f£ocal length.
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R]  is the transpose of the orthogonal rotation
wmatrix which can be expressed in terms of three
independent parameters without the use of angular
functiona. B Thompson (1957 uses the Cayley
matrix.

R=(1-S)(1+3)"
(2.3.3)

where S5 is a skew symmetric matrix ewpressed by
means of the Rodrigues parametersiy and u thus

0 -v oy
Szl u 0 -
-y o0

2.3.4)

gince the focal length of each camera station is constant, z =zz=f
equation 2.3.2 may be written as

(x, y, DR) /2 b b\ {x

., 0 -1 q|yl=0
-5, 1 0]\
{2.3.5)
where the ordinates X, ) L are in the ratio of the

measuzed co-ordinates to f.

Equation 2.3.5 may be expanded and simplified to obtain the
following exact condition equation which expresses the y-parallax in
terms of parameters of the relative orientation:

A -yzi(h,y};}}\—yxzp—xzu—{x' -xz)b, +

1
AN =Xy B+ R=0

(2.3.6)
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i

where R represents the second and third order terms.
For each image point observed there will be one such condition
equation which for N observations may be expressed in matrix

notation as;

AV+BA+F=0 : F=R-I

(2.3.7)
where: A=] the identity matrix

B is the matrix of coefficlents of the unknown parameters
~ N, 9,85,

14 is the vector of residuals

4 is the vector of unknown parameters

H ie the vector of y-parallax

r is the remainder term of second and third order terms.

The least squares solution for the unknowns, &, follows an
iterative procedure wherein & =0 (the null matrix) for the
first iteration. Thus

4,=N'gF,
{2.3.8)
wheres £
N=(8'B)
et
The vector of residuals  Y=-BA-(R~1)=R and is

evaluated from the original condition eguations 2.3.5. In general:s

4
ERARS N (2.3,9)
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After convergence of the iterative procedure the right-hand plate
co-ordinates arn rotated into the co-ordinate system of the
left-hand plate by the transformation:

(5 v, Z)=Rix 5 z)

{2.3.10)

The spatial model co-ordinates X, Y and % in the system of the
left-hand photograph are calculated from the following equations:

i o i i
XeZix=1-x

3y
vE=Zy

. ) i Vs iy ey
Veyitz-s)z e, (07 NN

N it g
Z=lyy - b )Xz 1)

(2.3.11)
The standard deviation of the y-parallax for the n points {n: 5)

!‘ : used in the determination of the elements of the relative
4 orientation at the scale of the photograph is given by:

4, [Eyyitn-a)
3 (2.3.12) :
where: /¥ equals the number of condition aguations !
i
u eguals the number of unknowns i.e 5

Do ;
Y=Y =Y, }F/Z, . f is the focal lengkh of the camera.
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2.4 Strip rormation from Independent Models

The method of strip formation to be described may be used on models
which have been formed eithsr analytically ox on analogue plotting
instruments,

strip formation is generally a variation of the absolute
orientation applied sequentially throughout the strip to adjacent
models.

The method of strip £ 3. used in the written for

this dissertation ls based on the approach to the solution to the
absolute orientation of a model developed by Schut (1960) of which
the principal aspect is his zolution of the orthogonal rotation
matrix.

The orthogonul rotation matrix expressed in terms of a
skew-symnetric matrix is:

7= (dl-5)(dI+S )

{2.4.3)
where: 0 - b
S=1{ ¢ 4 -a
~b a 0

2.4.2)

fhe rotation matrix is a function of four parameters of which only
three are independent which allows any one of the four parameters to
be assigned an arbitrary value.

The orientation of each successive model to its predecessor in
the strip may be expressed in matrix notation as follows:

X'=RX = tdl-s J(di+s)X

(2.4.3)
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2.4 Strip Formation from Independent Models

The method of strip formation to be described may be used on models
which have been formed either analytically ox on analogue plotting
ingtruments.

strip formation is generally a variation of the absolute
orientation applied seguentially throughout the strip to adjacent
models.

The method of strip formation used in the programs written for
this dissertation is based on the approach to the solution to the
abgolute orientation of a model developed by Schut {1%60) of which
the principal aspect is his solution of the orthogonal rotation
matrix.

The or sl rotation matrix in terms of a
skew-symmetric matrixz is:

P (dl=5)d1+5)

2.4
where: 0 -c b
S={ ¢ 0 -a
~h a 0

{2.4.2)

The rotation matrix is a function of four parameters of which only
three are independent which allows any one of the four parameters to
be assigned an arbitrary value.

he orientation of each ive model to its in

the strip may be exprmssed in matxix notation as follows:

X'snX =ta1-srrar+s)X

(2.4.3)
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where: X' is the vector of cowordinates prior to rotation
and X is the vector of co-ordinates subsequent to rotation.

The common perspective centre to the two adjacent models is used to
control the longitudinal tilts of the models throughout the strip.
premultiplying both sides of equation 2.4.3 by (d/-S ),
expanding and simplifying yields the following three linearly
dependent equations of which anly two are linearly independent:

A 0, -(Z2+2)  (Yev)  (X-x)|fa
tl=| (Z+2) 0 -txex; vy e =0
£l -treyy (xex) 0 (z'-2) <

(2.4.4)

With d set arbitrarily equal to 1 there remain three unknowns to be .
golved. A least squares adjustment of the ohservations yields two
sets of co-ordinates for each point common to the adjacent models
and therefore two linearly independent equations. B Schmutter
{1975) has shown that for small variations in the scales of adjacent
models the average of the two peks of co-ordinates for each point
after transformation common to the adjacent models is an optimum
solution.

The rigorous treatment of the least squares solution is to
consider the co-ordinates in both models to be observed.
Linearisation of the observation equations 2,4.4 results in the
following set of equations in matrix form for point / s

A,\g-rB.A +F =0

{2.4.5)
o, W, M ¥, % :
L. 2w x X
Whera: | 3% 3, f, 3 o, o
az 8z v’ & ax 3X i £

{2.4.6)
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o
Therefore: ' \a' 2 ; -1 e e
(12.4.7)
where 2°b° and ¢® are initital imations to the rotation matrix
elements.
LY TR T ) ,
da 8 & 0 ~(Z+Z) {(Y+y]
8 = = , ,
' YA YA YA (232) 0 -(X2x}]
3z 3 3 | d
i
(2.4.8)
V=(dZ' dz dY dy dX dx)
{2.4.9)
A=lda db dc)'
{2.4.10)
F=tf ) =ysys (-x-x)ff
(2.4.30)

For each of the n points there will be one set of equations of
type 2.4.5. Thus

(2.4.12)

which may be written in general as!
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AV+DBA+F =0
{2.4.13)

On the assumption that there i no correlation between the
co-ordinates of different points and that the total cofactor matrix
is equal to / , the identity matrix, then the least squares sclution
to the parameters of the rotation matrix is given by:

4 =Nt
{2.4.14)
were: N = 2(5'4 4 )'B),
! (2.4.15)
wa 1= 2(E1AN)F)
(2.4.16)
The corrections to the observed co-ordinates is givun by:
T, Ty,
V=AYAA)-DA+F)
(2.4.17)

In the system developed here the co-ordinates of the / th model were
considered to have infinite weight in the joining of models / and
i+] in a strip, A more detailed description of the procass of the
jolning of two models adopted in the programming of the system is
given in section 3.3.

2.5 Transformation of the strip and Strip Adjustment

The triangulated strip co-ordinates subsequent to the formation of
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the strip are still in the model co-ordinate systew refarred to the
principal point of the first model in the strip as origin. The
strip co-ordinates in model space may be used as input to the block
adjustment procedures if they are to be block adjusted, otherwise
they must be transformed to the terrain co-ordinate system and
adjusted accordingly to eliminate systematic errors and reduce
random errors. Although the strip co-ordinates in the model system
are block adjusted by the system developed here they are
nevertheless and strip adj wsing 1

adjustments prior to block adjustment for the reasons stated. The
method of sirip transformation and strip adjustment used will be
discussed.

2,5.1  Strip Transformation
A projective on is used to the medel units

{X ¥ 2) to the terrain unit (0 VW). The projective transformation
is thus:

X .

+
medet | shift

X =WrX

terrain

(2.5.1.1)

where: X, is the vector of tercain co-ordinates (¥ v W)’ for s
point in the strip.
N ig the scale factor.
i is the orthogonal rotation matrix.
me is the vector of co-ordinates (X ¥ ) in modet space
of the corresponding point in the strip.
Kopire 15 the vestor @, V,, W) of constant terms to
translate the model co-ordinate system to the same
origin to which the terrain co-ordinates are referred.

Initial approximations to the unknown alements viz. the nine
elements of the rotation matrix{? , the scale faotor M and the three
shift parametexs A ., are obtained from the solution to the
equation set 2.5.1.1 using two points which are known in (U v W)’
and (X ¥ 2)' and a third peint known in (0 0 W) and © 0 ) .
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While in practice those initial spproximations may be sufficiently
accurate to transform the strip.prior to strip adjustment where the
data are to be ultimately block odjusted, the method of strip
transformation imvolving 2 least squares iterative procedure where
redundant obgervations are present which provides improved
tronsformation parameters has been used,

42e nine elements of the general orthogonal rotation matrix may
be expre:sed in terms of three of the elements as follows:

r’ Gh k5 55 bt
R=| 4 R L S A
o =z
rary
B oz 5 T
(2.5.1.2)

after the initial all é dR  win
be small with the elements [, . and J, tending to dy,,

d51 and dr, respectively. The resulting rotation matrix O will
become:

! ~dr,, ~dz, \
an = | dr, 1 -dr,
g, !

{2.5.1.3)

if all sece.d and higher order terms are ignored. Similarly after
the initial 0 the the
soale ) and the veotor of chifts X, , will texd to the small

shift
quantitiesd} andd reopectively.

shift
Hence, after iterating the solution n times

X = }\n R’l Xmoiel * X

tetvain 'shitt
{2.5.1.4)
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(2.5.1,5)
nenin
{2.5.1.6)
"
hite =X"mm * }‘TJX;WU
(2.5.2.7}

2.5.2  Strip Adjustment

YFolynomials for strip adjustment have been investigated by several
protogranmetrists notably € Schut (1850, 1961, 1962, 1964, 1966) F
Ackermann {1962/64) E Mikhail (1964) and M Keller and G C Tewinkel
(1964) . Although the optimum polynomial for adjusting strips has
not been found several definite conclusions have been drawn
concerning the various polynomials and their uses. Perbaps the most
important of these conclusions are that conformal three-dimensional
transformations of degree bigher than the first do not exist {(Schut,
G B. 1964 and Mikhail, B, 1964); the accuracy of strip adjustment
does not improve with high order polynomials; and composed
polynomials of third order produce the most satisfactory results.

Thus most of the polynomial strip adjustments which have been ;
uged in practice bave been semi-empirical. The Coast and Geodetic
survey (Reller, M. and Tewinkel, G. 1964) use the following formulae ;.
which contain terms to cater for thr local tilts in the strip:

-~ Az (3P4 2ix +j)vax s bx’+

Keoun = X,

tereain made!

wCx = 2dxy-ey+f

|4 ~ Az(hx® v ix+m)+3ax’y + 2bxy+

teerain U madel

oy +daires sy
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17
cornain™ Lot (140305 +2ix ] P o tha* +im emP)%

+hX +ixejx +kx’y +my +n
(2.5.2.1)

D Arthur {1959) of the Ordnance Survey of Britain used the formulae:
p 7, 2,
- + -
Klerram Xm.”’*a' +E‘X +%Z a]y+za|x %XZ «3’)(}'

1, 2
+a_ + +3 2+ + + Z+hax
8,43 y+azZ+ax +axy+axz+ha

errain = nmm

Z =z 3 +3Z - “3y-ax+a .y

terrath “model

ax*
10

(2.5.2.2)

G Schut (1964) of the NRC in Canada uses conformal polynomial

for the ad: of the planimetric strip
co-ordinates, which can be derived from the following complex
polynomial:

ot
)=Fla +/b)(Xm +i m,)

adet

(X

terrsin® wrm

{2.5.2,3)

The si method of po al strip ad in three
dimensions is to treat the planiwetric and height adjustments
separately. This approach has been adopted in the system developed
in this study, fhe following third order conformal polynomialss

KX,

terrain * model

+ax=by +a( ¥y’ ) - 2dxyve( X3y )-H3y 5

V. =V sbxraysdix’-y's 2exy + e(3xy -fIrHE ~305")

tersain” ‘model
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and the third order polynomial:

VA4

wrre™ Loptes * K42y 42,3y 2 K42 ¥
(2.5.2.4)
are the polynomial used in the strip adjustment program to adjust
the planimetric and height co-ordinates respectively.
The observation eqguatons 2,5.4.4 may be written in matrix
notation for each point / 1in the strip known in both the model and

the terrain as:

V +BA+E =0
7 7 Fl
(2.5.2.5)

where: V, is the vector of residuals

B, is the submal of coefficients of the

4 is the vector of unknowns or the polynomial

coefficients which are to be determined

and £ is the subvector of absolute terms.

8ince the planimetric and height adjustments are handled separately
there will be two sets of normal equations to be solved for each
strip in the block.

2,6 Analytical Block Adjustment

Two approaches to analytical block adjustment have been applied In
the system developed on the WANG 2200 minicomputer, The first is
that suggested by F Amer (1961) which {s a numerlical solution to the
Jerie analogue block adjustment, This method has the advantage of
being implemented on small capacity computers, but because it is an
iterative sdjustment it suffers from the problem of slow convergence.
The sewond approach follews that favoured by G Schut (1964,
1967} which uses the strip as the basic adjustment unit. This
method {8 also suitaile for small capacity computers, the storage

1
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requirementz belng dependent on the number of strivs in the block
and the degree of the correction polynomial. This method of block
adjustment does not have the slow convergence problem of the
iterative block ad: and a result only

slightly lesg accurate than adjustments using the model as the
adjustment unit. However, this adjustment method requires
substantially more ground control than the previously mentioned
biowk adjustment method.

2.6.1 Block Adjustment Using the Model as the Adjustment Unit

This simple method of block adjustment developed by P Amer (1961}
for the planimetric adjustment of blocks consists of a series of
linear conformal transformations of each model or section of models
in the block in an iterative adjustment. A section may comprize one
or more models with the baslc assumption that the scale throughout
the section is uniform, The iteraztive adjusiment is required to
minimize the sums of the squares of the residuals at the section tie
points in the block.
The »%3 ment follows this simple procedure:
i) Each strip in the block is transformed to the terrain and strip
adjusted to obtain preliminary block co-ordinates in terrain

latively free from C© 2rgors.

ii) The arithmetic means of the co-ordinates of the section tie

points of each ssction avre calculated.
i1i) Bach section in turn is transformed to the respective tie

points co-ordinate means using a linear conform.)

transformation. The coefficients of the transformation

equations are computed using a minimunm variance determination :

deacribed in 2.6.1.1. i
-v) Steps (ii) and (iii) are repeated until the standard ervor of

adjustment to within a sati 'y toierance,

2.6.1,1 The Linear Conformal “ransformations

Consider the tie polnt means of the jvh section in strip / in the :
block to be (X ¥,(X ¥)...(X V) and the corresponding tie i
points to be (X, ¥), (X, ) . .(X, ¥ ) then the minimm variance !




Page 36

costticients 3, b, ¢ and  d  of the linear conformal
transformation cbservation equations 2.6.1,1.1, of which there will
be two for each section tie point,

{2.6.1,1.1}
are computed from:
- n
a= 2 {XX d
L yswuyv e
(XY
(2.6.1.1.2)

wheze X, and ¥, are referred to the centroid of the model under
consideration,

The standard error of adjustment for a single model is tomputed
£rom:

) . 1

a - - - ad o= a - 3t ?
s = [ViV = [ EF((Fi-axisbY-ife(h-bxi-dv-dJ) i

2n—4/ 2n-4

(2.6.1.1.3) b
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where n is the maowber of tle points in the determination of the
transformation coefficients.

The height is adjusted Ly after each pl c model
transformation for the purpose of introducing a scale correction
into the adj .+ 'The height adj procedure follows that
of the planimetric adjustment using a linear transformation,

Z=Z+ZvaX+bY

{2.6.1.1.4}
where: 2  is the transformed height of the point
zZ is the height of the point in the strip
Z,  is a shift in the Z direction
X and Y are the co-ordinates of the point
& and b are the logitudinal and lateral tilt correction

parameters respectively.

The adjustment procedure involves the inversion of a three by three
matrix for sach sketion in the block in order to solve for the three
wnknowns viz. Z‘7 ,2 and b . 7The adjustment iterates as with the
I until the error of height adjustment

pl e adj

for the block has converged to within an acceptable tolerance. The
beight adjustment generally shows less stability than the
pl ad; and

at a slower rate,

2.6.2 Bléck Adjusiment Using the Strip as the Adjustment Unit

This method of block adjustment is particularly well sulted to
medium and small scale mapping projects and will produce results
within the required for itapping.

Subsequent to a preliminary transformtion of each strip in the
block to the terrain co-ordinate system and strip adjustment of each

strip, the block is adjusted using correction polynomials for each
sirip, taking cognizance of the tie points between strips. The tie
points are treated as control polnts with a lower weighting than the
ground control.

A
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The planimetric and height adjustments are treated separately
for the reason that a combined adjustment would not necessarily
produce a hetter remult yet requires a large computer memory for the
solution of the normal equation system,

For each planimetric control point in the strip / there will be
two pl ic adj; observation 13 of the forms

£ =al s a X~ ay val (Xi-¥)-alf 2% )2l (X -3X,Y,)+

2 (Y -3KY, )+ X ~X,=0
f;:ai+a’;)’,+a’;X,+2a’;XYK +a£(X:-Y:)+af(3X:Y,~Y:)*

d (N -3XY)e Y <Y, 20

£

{2.6.2.1)

and for each height control point there will be a helght adjustment
observation equation of the form:

£ obl ot t sty ebixy bl (Xif ez, -2 20
(2.6.2.2)

wheze: 2; through 2,1 are e planimetric adjustment polynomial

coefficients in strip I

b,  tnrough b,: are the height adjustment polynomial
costfiolents in stxlp |

X,Y, and Z, are the control polnt co~ordinates in the terrain.

X% and Z, are the corresponding control point co~ordiantes ia

the strip.

Similar condition equations are applicable to the tie points between
strips in both the planimetric and helght adjustments, Thus for a
tie point between strips / and/+/the respective condition
equations arer '

i
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Planimetry:

22l val X) = dY eSO R 0K ) -2l 2K
w3l (1= 3501 ) 2l (v 7 - 30xex) ) 4l - xi=0
et X Y - 1) 2 XY
LA XT3 X V= ST X X0
g =aleadly) sal X 23 X0 2 (04 F- 0] e a 303001y 0+
0¥ D v a0 - 30x00v ) wv) v =0
f;": a‘"-»a"’ yie giging 24 Xiayin, z"'((X"')*— RANE
sl (3UKTOV )= () e QXS X)) ) - ¥ =0

Height:

f.- :bi+bixi+biy;+b'X;Y; +bi(X;)+Z'-Z; =0
i}m “b‘" bHXm*mem*'mem :'v+blﬂ(X,u) Zw Z;ﬂ_o
(2.6.2.3)

wheres X!,Y and Z, ! ace the tie point co-ordinates in strip/
"Y* ana Z,"are the corresponding tie points co-ordinates
in strip i+]

From the above pairs of equations 2.6.2.3 new condition equations
are derived with the added constraints that
i in
X =x]
iy
Vr‘ = YTI
it
and Z,=Z {2.6.2.4)
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Thus, the new planimetric observation equations are:

' =alvalxi-aly ealltlr- 4] 22050+
wa (X T=3xYi ealilryis- 3tx0vi) +
-al - a Al KT () e A 2KV
AP 3RE SV SOV o XK 20
11 gl e d ] e 2 X+ 28 X1V Sal (X~ ) +
w2 (300500 ) oy el 0]y -30x 000 ¥ )+

L i i o byl gy yingt i
& A ARl 28 X (0
i

and the new helght observation equation is:

10 2 b bl B Y XY b (X1
by B X Y- DX Y b XS 2, -2, =0

(2.6.2.5)

mhe above observation equations 2.6.2.1, 2.6.2.2 and 2.6.2.5 way be
expressed in matrix notation am:

4,7
4 =

+

B
=M

g
g

+

=T

]

{2.6.2.6)

Treating the planimetric and height adjustments separately the akove
observation equations 2.6.2.6 result in tvo sets of normal equaticas
of “he formsi

T TR A B SO (3 Y LR 0w e Ay IS A ]
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(8 B4, B E <0
(B]W,B,)+ 8, + B F, =0

(2.6.2.7)

where: 8, and B, are the matrices of coefficients of the unknowns
3, (/=01...7} ana b fk=0, 4}for planinetry and height
respectively
M{ and W] are the weight coefficient mav i
neight respectively
A, and 4, are the vectors of unknowns a/.,{j:O,L .7 ana b, (k=0,.4)
for pl v and height 1y.

F; and £, are the vectors of constant terms for planimetry and

; for planimetry and

height respectively.

Both the planimetric and height adjustment normal equation systems
have similar structures in that the coefficient matrices are
symnetric banded matrices with band widths of fifteen and nine

y shown 11y in Figare 2.6.2.1.

Figure 2,6.2.1 : Structure of the normal equation coefficient
matrices for the block adjustments using strips.
n ig the number of strips in the block.

Strip Ne-
]
[0

Strip No.
7 13 el mvt ] 8 7

5 I A R

Height:n(5)xn(5)

Planimetry : n{8)xn(8}
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The sparse structure of the normal equati’m\ coefficient matrices can
be exploited to reduce both memory space and computation time for
the solution of the normal equation system by collapsing the matrix
to retain the minimum of zero terms possible and operating on the
non-zerc terms only. Moreover sinve the normal equation coefficient
matrix is symmetric only the upper or lower dizgonal terms heed be
censidered. In the system developed for this dissertation, the
coefficient matrices were collapsed to column matrices of the form
shown diagrammatically in Figure 2.6.2.2.

The solution of the system of normal equations may be obtained
by efther an iterative or a direct solution. The direct method
uging the Cholesky tion of ¢ positive-definite
matrices into upper triangular matrices has been used in this system.

Figure 2.6.2.2 : Structure of the Collapsed Normal Equation
Coefficient Matrices for the Black adjustment Using
Strips.
5 g the number of strips in the block,

Height
-1 ] ni5)x9

Planimelry
n8)x17
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i
B The errors of adj of an observation after adj !
are given by:
P
. %
7
s = (LWl
a2 m-Bn)
7 A :
: o = Bwn
‘height \(m—5}
{2.6.2.8)
< where: 1 is the number of strips in the block

m is the number of tie and control points in the block.
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3 mER PHC SYSTEM ¥FOR THE WANG 2200
MINICOMPUTER

3.1 General Overview

An analytical y system was devel for the WANG 2200
minicomputer system with the intention of producing a workable
system and not merely a set of unconnected programs to test the
applications of a minicomputer to individual phases of analytical
aerial triangulation. The complete system comprises thirty-seven
subprograms, the coxe of which consists of the main data processing
programs viz, relative orientation and medel formation, strip
formation using the independent models, strip adjustment and two
block adjustment programs, The other subprograms are the data input
and output routines and other support rcutines necessary to the
system. The entire system was developed ab initic as no software
existed which could be incorporated into it either wholly or partly.
The system has three distinct pharss, viz.
1) Input of the plate co-ordinates and the adjustment control data,
and amendments thereto,
2) processing of the data, and
3) output of the final adjusted co~ordinates and atatistical
analyses.

Belng an interactive system, the various subsections of the system
are accessed by the operator via menus displayed on the Cathode Ray
Tube (CRT) scteen, The interactive system has the advantage of
allowing the operator to review the input data either on the screen
or the printer and amend the data immediately if necessary. Thus
the delay between data input and data processing is greatly reduced
over the large delays inherent in a batch orientated remote terminal

system.
3.1.1 Operation of the System

Processing of the system is initiated by a startup routine which is
loaded manually into the computer's memory by the operator.
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The startup routine leads to the main menu which displays the
various submenus available for entering the three main phases of the
system. A ai on of the tion of the
aystem is shown in figure 3.1.1.1.

3.1.2 Organisation of the Data Files

The WANG 2200 minicomputer ten Megabyte disk drive model 2260 has
19 S84 directly addressable sectors each 256 bytes in length. A
single platter therefore can contain 5 013 504 bytes of
information. The user may specify the number of sectors %o be
allocated for the index and the catalogued files; anything beyond
the catalogued file area may be used as a temporary work aresa.

Data may be accessed from the disk using either catalogued data
file procedures or by the direct sector addressing methcl which is
the faster of the two accessing methods,

rogical records on the disk may be of any length, but because
each new logical record begins with a new physical record, that is,
a loglcal record i always an integral number of physical records,
it is jmportant that the data be blocked in a manner which optimises
the use of sectors. Consequently, numeric data is converted to wore
space economical alphanumeric variables bhefore being written to the
disk with sufficient significant figures being retained throughout
for the amerial triangulation and adjustment.

The system developed for this dissertation utilizes the direct
sector addressing facility of the WaNG minicomputer in order to
achieve greater processing speeds than would otherwise be achieved
using catalogued gequential files, However, the input data are
stored in catalogued files and prior to the processing phase the
daty are transferred from these catalogued files to the uncatalogued
work areas and are subsequently accessed by direct secior addressing
with the model data being the logical record unit. Bach routine in
the processing phase produces output to a new area of the disk.

Thus no processing routine overwrites the input data which enables
any routine to be restarted shonld an interrupt occur without having
to recover from the initial temporary work area setup routine.
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Figure 3.1.1.1 Flow Diagram of System Opsration

START UP
MAIN MENU
1. 2 2. 40
DR BT g TATR PROCEBELNG DRTR QUTRUT
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3.1.3 Rdrdware Configuration and the Software System Capacity

The analytical aerial trianqulation software system has been written
to operate on the following minimum hardware configuration:

1) A 24K byte Central Processing Unit
2) A 10 Me:abyte Disk Drive

3) A 132 Character Line Printer

4) A CRF screen and Keyboard

A block containing up to two hundred models, each model containing
up to twenty-nine model points each with three co-ordinates and a
six digit point identifier can be processed using the current
software.

3.2 Relative Orientation ang Model Formation

One of the requirements of the sysem for its successful operation is
that the plate co-ordinate data be entered according to a predefined
sequence viz. the model number, the two perspective centre
identifiers, well distributed wing points and finally all other
points in the model,

A minimum number of six points are used for the relative &
orientation and model formation using a least squares adjustment of
" the data in the determination of the elements of the relative
orientation., The observation equation coefficient matrix, described
in section 2.3 is generated from the first n points in the model
where n is determined by the routine from the number of available
points in the model. Extensive use is made of the Matrix ROM (Read
Only Memory) to form the set of normal equations viz. (8'B)4=8F
invert the normal eguation coefficlent matrix viz.(8'BJ'=N"' ana
calculate the first approximations to the five unknown parameters of
the relative orientation, that is 4= N( B'F) . the formation
and solution of the normal equations is achieved using the following
five BASIC matrix statements:




10 MAT AT
20 MAT A2
30 MAT A3

TRN(R}
AR
IHV(AZ)

40 MAT A4 = A3*AL
50 MAT X = Ad¥F
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calcalation of B
calculation of 8'B=N
inversion of N/
caleulation of N8’
caloutation of A=NTB'F

The matrix inversion is performed using Gaussian elimination done in
: place on the WANG 2200 T and Gaussion elimination with partial

pivoting on the WANG 2200 VP.

orientation and model formation using either of the models of the

The resulte of the mumerical relative

machine showed no significant difference,

A The orthogonal rotation matrix is generated in the first and
subsequent iterations from the solution to the unknowms A; .
The residual vector ¥, 1is determined frem the relationship:

= r
Vi=(x, y, TIR(x, 5 1)

g 1

(3.2.1)

wheres (% y 1) soa(x y I )| are the rescaled co-ordinates of
the right~hand and left-hand plates respectively after
the [ th iteration.
Rl; is the orthogonal rotation matrix after the {th iteration.

A new approximation to the vector of remainder terms is obtained
from the vector of residuals after the /th iteration.

The above procedure involves one inversion of the normal
equation coefficient matrix N. The solution to the relative
orientation elements is determined in subseguent iterations fram the

relationghip:
= ~NTBY :
4, =4, ~NBY,, . :

{3.2.2)
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The solution will iterate until the following convergence eriterion
has been satisfied;

|
6, & g€

g™ “n

(3.2.3)

vhere £ is an arbitrarily defined precision threshold, a value for
which is chosen a priori based on previous experience.

6, and o, are the standard ecrors of unit weight for iterations
i andi-] respectively.

Subsequent to the determination of the elements of the relative
ori, 1 the i model €oO~0I are determined using
equation 2.3.11. The results of the model formation of both the
Durban and St, Faith’'s Test Areas given in mection 4.2.1.1 and
section 4.2.2.1. respectively shows that the method used yields a
maximum standard error of y-parallax of less than twenty microns at
the scale of the photograph for any model in the strip,

3.3 strip ion Using the Models

The right~hand perspective centre of the first model in each strip
is adopted, for the sake of convenience, as the origin of the strip
co-ordinate system in model space. Fach successive model in the
strip is tranclated, scaled and rotated to itz predecessor using the
method of of the al ts of the rotati matrix
outlined in section 2.4 and the following provedure:

1) Model (/+]) is translated in three primary orthogonal

directions so that the right-hand psyspective centre of model ({/
} and the left-hand perspective cenire of model i+l coincide,
Corresponding distances in each mogei iz, the distances between
the two wing points A-B and A'-8', =n/ distances P Cf;‘ [

and PCLM- €' are compared and tas

2

erage scale factor ‘)\ is

adopted. (Refer Figure 3.3.1). Thui ke scale factor %  is

given simply by.
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{3.3.1)
3) The elements of the rotation matrix ar. deternined using a lesst
squares adjustment based on the four points viz. PC, A, B, C

in model (/) ana PC,LA, B, C inmodel { f+7 ).

Figure 3.3.1 Strip Formation - Junction of Model /+ ] to Model /

PC. ecl  pcl pcy
N ™ ﬁ\’
N\ \
Ii \ ’: AN I:\\
P TNV Iy
J \\ I \[ \\ l; ‘ \
;b AN PR LN
;o T ' [
| / T !
/ 1 <5 7
; // /
A A
Model | Model i+

T
The solution to the system of normal equations viz. A=N B F
requires the inversion of a 3 by 3 coefficient matrix.

Model {/+] } is rotated using the rotation matrix, the
elements of which were determined in step (3).

Average transalation parameters are calculated from the four
corresponding points used in the adjustment procedure and model
(f+1 ) is again translated by these small amounts in order to

4

5.

achieve a mean fit at common points.
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Although not entirely rigorcus in the determination of all the
transformation parameters, the resulls obtained, using the above
for strip ti show that the method is acceptable.

The restits of the strip formation of the Durban and st. Faith's
Test Areas and the ITC synthetic block data are given in section
4.2.1.2, section 4.2.2.2 and section 4.2.4.1 réspectively.

3.4 Transformation of the Strip and Strip Adjustment
The co-ordinates ohtained £rom the strip formation procedure are in

model wnite and unrelated to any terrain go-ordinate system, The
steip i8 transformed to the terrain co-ordinate system by means of a

three 1 linear 1 using a minimum of
four control points in X, ¥ and % in 2ach step for the least sguares
determination of tho transformation paramezers. The control points
must bave a sultable distribution within the strips in order to
avoid the problem of solving an ill-conditioned normal equation
system. The three dimenaional linear conformal tranzformation from
the modi% to the terrain system is given as follows:

X WX X

= +
tarrain medet 7 shitt

{3.4.1)

: T
where; Xm“,-,, is the co-ordinate vector {X ¥y 2 )' of
the point in terrain units after transformation,

N is the scale factor from the model to the terrain units,

moge; 18 the comordinate vector (X y z )’  of the point
homologue in the model system.

Xsam is the vector of constant terms in terraim units,

Three points known in the terrain in planimetry and height are used
to obtain initial to the on

Thereafter, the least squares solution 1s obtained from four points
known in planimetry and height, 1t was found that one iteration of
the least squares solution was sufficient to obtain transformation
parameters which produced terrain co-ordinates with adequate

for strip ad:
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The strip adjustment follows ilmmediately after the
transformation of each strip to the terrain co-ordinate system. In
order to reduce the effects of machine round-off, particularly in
this case where the elements of the co~efficient matriz are large,

the strip ad, is ‘m led and translated terrain

&t The centre of the strip is adopted as the

origin of the co-ordinate system For the purpose of strlp adjustment.

ALl available ~ontrol points in the strip are used in the least
squares determinution of the strip adjustment polynomial
coefficlents. The current system allows for up to twelve control
points in X, ¥ and Z. Subsequent to the determination of the
polynomial coefficients all the points in the strip are corrected
using the correction polynomial. The strip adjustment provides a
good approximation to the block co-ordinates free from large
systematic errors, which are still to be block adjusted and as such
reduces the number of iterations required for convergence by the
iterative block adjustiment procedure. The results obtained from the
strip adjustment procednze on the WANG 2200 compared favourably with
those obtained by B Williams (1974) and T van Dijk (1975) using the
same data on a large computer. The oomparison of results is given
in section 4.2.1,3 and section 4.2.2.3.

3.5 The Block Adjustment Programs
3.5.1 Block Adjustment Using Strips as the Adjustment Unit

One of the main objectives of this dissertation was to develop a
compiete analytical y system on a mini which

would have practical applications and block adjustment is
necessarily the most important aspect of this and any other
analytical photogrammetric system. Although block adjustments such
as ANBLOCK (van den Hout, C M., 1966} or the fully rigorous block
adjustment by means of bundles of rays (Schmid, H. 1959) are
degirahle for the high accuracy thet can be achieved they are more
readily implemented on larde computers because of their large memory
requirements. An alternative block adjustment using the strip as
the adjustment unit with adjustment polynomials 1s extremely well
suited to minicomputer application, despite the fact that it yields
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# less accurate result. The suitability of this block adjustment
method is owing to twe important factors viz. the speed of
computation and the low memory requirements even for the adjustment
of large blocks,

The block adjustment program cmsia‘ea of five subprograms each
of which automatically chains into memory the subsequent
subprogram., It was hecessary to divide the adjustment into four
separate units in order to achieve an ad

the minimum practical amount of computer memory. As a result, it is

possible to adjust a block of data comprising ten stripe with less

then 24K bytes of memory. Auxiliary storage is used during the
phases of the formation of the observation equations and the
formation of the normal equations, but this is kept to a minimum by
utilizing the maximum amount of available computer memory. The
primary function of the disk storage in this adjustment procedure is
to pase common data from one subprogram to the next.

The following functions are performed by the different wodules:

1) Module 1 : Locates the tie points and control polnt homologues
in the unadjusted block and generates a table containing the
block tie point control data.

2} Module 2 : Porms the semi-collapsed observation eguations and
#pplies weighting ‘factors to the obsetvation equations; tie and
control pointe are weighted 0,5 and 1,0 respectively.

3) Module 3 : Forms the collapsed set of normal equations from the
chservation eguaticns and stores the collapsed matrix in a work
area.

4} ¥odule 4 : Using a Cholesky {or sguare root) method of solution
this medule solves the normal equation set; the polynomial
coafficients are passed via common memory to the next module.

5) Moduls 5 : The entire block is adjusted using the adjustment
polynomials with the coefficients which have been determined
wsing the above routines.

should it be necessary, it is possible to {terate the adjustment

using the adjusted block data of the current iteration in the

formation of the new chservation and normal equations. It was found
for blocks with short strips, as were used in testing the system,
that the solution tonverged rapidly and that only ome iteration was
perhaps necessary for each block of data that was adjusted.
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3.5.2 Block Adjustment Using the Model as the Adjustment Unit

An &l ve block ad: to that described above
has been provided in the system for those applications which require
higher block ad This ad being
iterative, suffers from the problem of slow convergence but does
produce results which have accuracies comparable with both the
ANBLOCK and rigorous block adjustment procedures (Van Dijk, T J.
1975) .

A5 a general rule of thumb, the number of iterations required
for convergence is equal to the number of models in the block. The

exact criterion for convezgence is somewhat subjective and for this
reason the required number of iterations is entered as data in the
program developed for this dissertation. The advantage of this
approach is to avoid the situation where the result may never
converge and in some cases may even diverge. The adjustment program
has been written in a manner which enables the operator to
periodically review the status of the adjustment and either to
accept the results or to continue processing until satisfactory

has been achieved. In addition, the program

autematically details the residuals at tie and control points after

equal iteration intervals during the adjustment procedure,

The adjustment program is a single program which chains into
memory the output procedure for printing residuals at tie and
control points when reguired.

The progam has been designed te reduce search and computing time
using the following procedure:

1) The block of data is scanned and tables are generated which
contain the absolute sector addresses and the element position
within the model of control points and tie points common to
adjacent models.

2) The location tables are referred to in each iteration to locate
the common tie and control points from which the tie point means
are calculated and stored as a block of data in the work area on
the aisk.

3) The transformation parameters are calculated for each model from

the control and tie points of each model and the respective tie
point means,
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4) The tie and control points of each section are (ransformed using
the linear 1 1 whose jents were
determined in step (3).

5) Up until the last jteration only the tie and control points in

each section are transformed to the model tie point means and
the contrel points. After the last iteration the final
transformed control points and tie points of ecch model are
referred to the original control points and tie points and a new
set of coefficlents for the transformation equations is
determined for each model in the block.

6) All points in each model, inclu@ing the original tie and control
points are transformed using these new equstions.

The above procedure whereby the tie and control points are extracted
and the model is treated as though it contained oniy these points
for the purpose of the adjustmont is approximately thirty percent
faster than a similar ad; which the

entire model after each iteration. The technique described above
did not result in any fabl ducti in the of the
final adjusted bleck.

1
.
!




CHAPTER 4

DESCRIPTION AND RESULTS OF SYSTEM TESTS
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4 DESCRIPTION AND RESULTS OF SYSTEM TESTS
4.1 General

The suite of programs developed for analytical aerial triangulation
on the WANG 2200 r‘nicomputer were tested extensively using two test
areas and one block of synthetic data, The two test areas used were
‘he Durban and St Faith's test areas and the block of synthetic
gtrips was the ITC block published by the International Training
Centre for Aerial Survey (ITC), Delft in the Netherlands (Jerie,

H G, 1964).

‘The Durban and St Faith's test areas were measured by H §
Williams of the University of the Witwatersrand and T J M van Dijk,
who used the game data ag a basis for testing the accuracy of points
measured with a Trilateration Microscope (Williams, ¥ S, 1974) and
the accuracy of aerial triangulation using points of natural detail
(van Dijk, T J M. 1975). The ITC synthetic block was used in the
tests primarily because it was the only data availahle om which to
test the specifiad capacity of the software system of two hundred
models. The results obtained from these tests are compared where
possible with the results obtained by H F Soehngen (1967) and H F
Soehngen, C ¢ Tung and J W Leonard (1967) who processed the ITC test
block on strip and block adjustment programs develope@ at the
University of Illinois.

Unless otherwise stated all results tabulated in this section
are in microns at the scale of the photograph.

4.1.1 The Durban Test Area

The Durban Test Area, located near Durban, covers an area of
approximately 7,5km by Skm at an altitude varying from abcut sea
level to 170m above sea level. At a scale of approximately 1:8 006
the test area photography consists of four strips of thirteen or
fourteen photographs each. Only forty-one models of the test area
were used in testing the system.

The test area contains eighty pre-marked points located in
pairs, each Getermined in planimetric positien by kriangulation from
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the existing trigonometric control in the reglion of the Durban test
area and in height by spirit levelling from the Durban Cerporation
benchmark system. Unfortunately, there is no available information
regarding the accuracy of the positions of the eighty pre-marked
points, However, this does not affect the tests processed on the
WANG 2200 since the objective in progessing the data of the test
area was to compare the results with those obtalned by others
processing the same data on and systems.
The Durban test area was photographed at a scals of 1:8 000
using a Wild RCS camera fitted with a 151,86mm focal length Wild
Aviogon lens No 15UAg.R11. 'The photographic plates vere measured by
H 8 Williams and T J van Dijk using the Trilateration Microsczope
developed by H § Williams (1974). The trilaterated points were
processed by a least sguares adjustment routine on the University of
the Witwatersrand IBM 360 computer to obtain image co-ordinates in a

rectangular co-ordinate system with the local origin at the
principal point of each photograph. The X and ¥ co-ordinates were
positioned to within an accuracy of under three wicrons.

Two control configurations were used in the two different block
adjustments viz. the iterative adjustment using the model as the
adjustment unit and the polynemial bleck adjustment using the strip
as the adjustment unit. The distribution of the control in each
cage is shown in Figure 4.1.1.1 and Figure 4.1.1.2.

iIn the £irst case the control configuration is essentially the
same as that used by T van Dijk when processing the same data with
several block adjustment procedures, The second coatrol
configuration is that used by the strip adijustment program for the
same data,

With reference to Figure 4.1.1.1 it can be seen that the
planimetric control is generally peripheral with a base length of
approximately five models, Two additional control points situated
within the block were used primarily o control the height
adjustment of the block. The total number of control points used
was thirteen,

With reference to Figure 4.1.1.2, several more conktrol points
were used than in the previcus case. A total of twenty-~four centrol
points In both planimetry and height were used in the strip and
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block adj In both adj s all other known
points were used as check points subsequent to the respective block
adjustment procedure.

4.1,2 'the St. Faith's Test Area

The St. Faith's test area, located in Rhodesia, was originally
established for tests involving the application of digital
photogrammetry to cadastral surveys in rural area. The test area
cove.s an area of approximately 4,8km by 6,4km with an average
altitude of approximately 1 430m above sea level.

This test area comprises two strips of seven photographs each,
flown at a scale of 1:15 000. The photography was taken using a
Bilger and Watts FX105 camera fitted with a Wild Aviogon wide-angled
lens with a fixed focal lengtk of 152,23mm. The aperture setting
was 5,6 and the £ilm used was Ilford high resolution f£ilm.

A total of one hundred and seventy-three pre-marked points are
fixed in planimec.y but few of these points are £ixed in height and
other points for which the heights wers determined provide only
sufficient information for the levelling of the strips of
photographs., Owing to identification problems, several of the
height data are and are of little
value. These inaccuracies preclude quoting the results of height
adjustmentas of this block with any confidence.

The pre-marked planimetric ground control was f£ixed to an

accuracy of 1:lb 000 and six of the perimeter control were heighted
by vertical angle £rom the 'y triangulation
stations (van Dijk, T J. 1965).

As with the Durban Test Area data the St. Faith's Test Area data
were obtained from H 5 Williams and ® J van Dijk who measured the
photographic plates and used the same data in thelr experiments.

Two different control configurationa were used in the two block

adj developed an the WANG 2200. The control
configurations in each case are shown in Figure 4.1.2.1 and Figure
4.3.2.2. 1In the former case Eive control points in planimetry only
and six control points in planimetry and height were used while in '
the latter case, ten control points in both height and planimetry
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were used. A1l other known points were therefore used as check data
with the result that the statistics of the check point data axe
known with substantially more degrees of freedom than in the tests
involving the Durban Teat Area.

4.1.3 The ITC Block of Synthetic sStrips 4

The ITC block of synthetic strips consists of a block of data of
thirty strips of sixty models each. The data used in this
dissertation were part of the ten strips of thirty models each
published by ITC in the Netherlands (Jerie, H G. 1964). The data
used herea consisted of a block of ten strips of twenty models each.
In each strip the first twenty models were used. Although only two
hundred models were processed in the tests undertaken here this is
not the absolute maximum capacity of the system which is estimated
to be nearer three hundred models.

The fictitious data were ariginally generated to provide a block
of data to be used in the development of analytical aerial
triangulation procedures and a common data base against which
various users may compare their adjustment methods. The main
advantage of such a block of data is that the abzolute value of each
co-ordinate is known thus facilitating the separation the errors
owing to the adjustment program, the geometry of the figure and the
data. Such blocks of data must have inherent weaknesses in
modelling the true situation and are therefore of limited value in

the of an ad. This
factor does not affect the tests undertaken here since the objective
ie not to determine the absolute accuracy of digital photogrammetry.
The data has been of vital importance in testing the capacity and

speed of the software developed on the WANG 2200 minicomputer system.

The ITC block of data has a major disadvantage in that relief
was not introduced into the original models. The regular format of
the data has heen noted as another disadvantage (Jerie, H G. 1964)
but the writer feels that this need not be so provided no
simplifications are made in the goftware system to accommodate the
regular pattern of principal points,tie points and minor control
points,
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The synthetic data were generated taking into account the
following general assumptions:
i) Principal distance 152, 00mm
ii)  Pplate format 230mm by 230mm
I - iii} Flying helght above mean Sea level 7 603m
iv) Flying height above ground 6 609m
. v}  scale of photography 1 in 43 500
vi} Longitudinal overlap 60%
vii) Lateral overlap 208
viii} Photo base 92mn
ix)  Alr bese 4 000m
®ach model consists of eighteen points; each point has been
subjected to random perturbations to introduce the influence cwing
to: .
i) Earth curvature
i1}  Refraction
iii) Lens distortien
iv) Unflatness of the negatives
v} Pilm shrinkage
vi) Errors of stereoscopic point transfer
3 vii) Observational errors.
The published data consists of models which have been formed from
the original plate co~ordinatesz processed on the Stantec Zebra .
computer ., :
. In the data used to test the programs developed for this
di the scale points located at the nadir points
were translated to assumed perspective centres. This provided data
compatible with the for atrip £ ti and block
adjustment, In addition, the effects of block adjustment routines :
i on the hypothetical perspective centres could be analysed having
: provided better control of the longitudinal tilts of the models in !
the strip. .
The control configuration for the iterative block adjustment
-
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using the model as the adjustment unit consisted of thirty-two
control points in both planimetry and height selected in a
semi~regular arrangement. This control configuration is shown in
Figure 4.1.3.1, The block adjustment using the strip as the
adjustment unit had a control configuration consisting of sixty
planimetric and height control points agein selected in a
semi~regular arrangement as shown in Figure 4.1.3.2. 1In both cases
all other known points in the block were used as check points. The

was selected a5 a matter of

4 gular control confl
convenience for subsequent comparisons with other test and is in no
way a limitation of the system.

in 1967 the ITC synthetic test block was applied in extensive
tests to several adj at the ty of
Illinois, Urbana, Illinois (Scenhgen, B F 1967 and Soehngen, H F,
Tung, C C, Leonard, J W, 1967) the published results of which have
been used as a comparison with the results of the tests undertaken
in this study.

4.2,1 Results of the Durban Test Area

4.2,1.1 Relative Orlentation and Model Formation

The data from the forty-one models of the Durban Test Area were the
mono~measured plate co-ordinates measured by T J M van dijk. Table
4.2.1.1.1 compares the results of model formation obtained by T van
Dijk using the ty of Wi IBM 360 and by
the writer using the WANG 2200 minicomputer. In both cases the

plate co-ordinate data were not subjected to image co-ordinate
refinements. It must be noted that 7 van Dijk used consistently six
points* in the relative orientation of each model, whereas the WANG
2200 realtive orientation used a variable mumber of points ranging
from six to twelve points,

* Model 81/80 is an exception with seven points used in the relative
orientation,
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Table 4.2.1,1.1 Durban Test Area. Comparison of Results of

Relative Ori ion and Model tion Ueing the
Same plate Co- on Two ystens
STRIP NO MODEL NG é,p 6,, V},
A B (MAX) B
1 12/11 5.7 15,0 32,8
11710 3,1 18,0 24,0
1o/9 2,4 16,0 28,0
9/8 04 15,0 26,0
8/7 2,3 10,0 23,0
e 3.7 18,0 35,0
Heans 3,1 15,3 28,0
2 90/89 3,7 6,0 17,0
as/e8 95 11,0 22,0
B8/87 5.2 21,0 37,0
87/86 2.4 18,0 39,0
B6/85 11,9 12,0 27,0
85/84 547 7.0 13,0
84/83 6,0 5,¢ 10,0
83/82 12,1 1,0 27,6
82/81 5,4 14,0 27,0
81/80 5,7 8,0 20,0
80/79 5,6 12,90 29,0
Means 6,7 11,4 24,4
3 63/64 0,4 17,0 36,0
64/65 3,2 14,0 24,0
65/66 4,8 1,0 29,06
66/67 3,9 6,0 12,0
67/68 3,0 10,0 12,0
68/69 407 9,0 21,0
65/70 1,0 16,0 34,0
70/71 6,0 12,9 16,0
11/72 4.7 12,0 20,0
72/73 69 16,0 13,0
73/74 4,3 9,0 13,0
14/78 4.5 9,0 21,0
Heans 4,0 11,3 21,5
4 36/37 3,1 13,0 20,0
37/38 3,4 10,0 21,0
38/39 3,5 12,0 22,0
39/40 4,0 1,0 22,0
40741 0.8 n,0 17,0
41/42 3,1 6,0 13,0
42/43 4,9 8,0 16,0
43/44 L0 10,0 17,0
44/45 2.0 13,0 24,0
45/46 1,5 10,0 18,0
16/47 1,2 7.0 11,0
47748 5.7 11,0 18,0
Maans 7,5 16,2 37,8
Means for the Block 4,2 12,1 22,9
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A - Results of relative orientation and model formation obtained
by T van Bijk.

B ~ Results of relative orientation and model formation obtained
on the WANG 2200.

A,P - Standard deviation in y-parallax after model formation.

|(,p1man- Maximum residual in y-parallax after model formation.

Iin the relative orientation pe;fumed by T van Dijk only points of
natural detail were used for the determination of the elements of
the relative orientation, whereas the writer has used combinations
of points of natural detail and pre-marked points. The results
obtained by the latter are consistent with those obtained by ¥ §
Williams (1974)* who used pre-marke¢ and PUG-marked points, Table
4.2.1.1.2 compares the means of the standard deviations of
y-parallax for the entire block obtained by B 8 Williams, T van Dijk
and the writer.

Although the standard error of y-parallax for the relative
orientation and model formation processed on the Wang 2200 appear to
be considerably poorer than those obtained by T van Dijk using the
IBM 360 computer, the results for the block adjustment using the
iterative adjustment of models do not show any deterioration in
accuracy as a result of using these models, The regults are shown
and compared in Table 4.2.1.1.2.

Table 4.2.1.1.2 Durban Test Area. Means of Standard Deviations of
y-Parallax for all the Models in the Block Obtained
from Three Different Experiments,

Experiment S, v, fmax)

H 8 Williams 8,9 9,0
T van Dijk 3,3 6,4
WANG 2200 12,1 22,9

*The data quoted were processed by both H 8 Williams and T ¥ van
Dijk on the University of the Witwatersrand IBM 360 using the
relative and absolute orlentation program code-named REABO.
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d,’ - Standard deviation of y-parallax for the relative B
orientation over the whole block
V!, fmai- Average maximum y-psrallax residual over the whole block,

4.2.1.2 Strip Formation

Neither ®# & Williams nor T J van Dijk have published results from
their strip formation programs, but for the sake of completeness,
the results of the strip formation using the WANG 2200 are given in
Table 4.2.1.2,1 withont comparison with other experiments.

Table 4,2.1.2.1 Durkan Test Area.
Formation.

Standard Deviations of Strip

STRIP § )

STRIP # 2

STRIP ¢ 3

STRIP # 4

HODEL

& xrere

MODEL

S eiviz

MODEL

S xiyre.

MODEL

12/11-11/16
11/16-20/09
10/09-03/08
09/08~08/07
08/07~67/06

13,0
18,0
23,6
17,0
25,0

90/89-89/88
89/88-88/07
88/87-87/86
87/86~86/85
86/85-85/84
85/84-84/83
84/83-83/82
83/82-82/81
82/81-81/80
81/80-80/79

25,0
17,8
10,0
22,0
26,0
20,0
1,0
15,0
27,0
14,0

63/64-64/65
64/65-65/66
65/66-66/67
66/67~67/68
67/68-68/69
68/69-69/70
69/70-706/71
70/71~71/72
71/7272/73
72/73-13/74
73/74-74/75

33,0
26,0
19,0
14,0
11,0
24,0
14,0
18,0
31,0
12,0
22,0

36/37-37/38
37/38-38/39
38/39~39/40
39/40~40/41
40/41~41/42
41/42-42/43
42/43-43/44 | 9,
43/44-44/45 | 23,
44/45-45/46 | 13,
45/46~46/47 |15,
46/47-47/48 § 21,

Means

19,2

18,7

20,5

Sy =
z.

Standard deviation of

Junctior. of adjacent models in X, ¥ or

4.2.1.3 Transformation of the Strip and Strip Adjustment

[ Subsequent to the formation of the strips each strip in the block H
: was transformed to the terrain co-ordinate system using a three

d ! dimensional linear conformal transformation. The individual strips

were adjusted using third o.ier conformal polynomials for the
planimetric adjustment and a 1 for the
height adjustment.

third order

k
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he control configuration for each strip is shown in Figure
4.2.1.3.1. The results of the adjustments compared with those
obtained by T J van Dijk are shown in Table 4.2.1.3.1. Only strip
two had sufficient check points from which to obtain s meaningful
estimate of the accuracy at check points after the gtrip adjustment.

Pable 4,2,1.3.1 Durban Test Area. Comparison of Results of the
strip Adjustment Processed on the IBM 360 and the
WANG 2200 Minicomputer,

. FTVMNDIR

STRIP T VAN DIJK
NO CONTROL CHECK

6, Loy |6 16 18 [9 (8 |9s
1 12,4 113,3 17,4 {18,2 | = - - -
2 13,1 12,8 [ 19,2 | 18,3 | 14,2 16,1 | 20,1 | 21,5
3 10,5 | 15,4 { 21,7 | 18,6 | 11,8 |15,3] 22,4 [29,3
4 11,8 (13,2 20,3 17,7 {12,3]12,0 21,8 17,7
STRIP WANG_2200
x0 CONTROL CRECK

6, Lo, {8 |4 o, | 8 | 8, |8
1 5,3{10,9 | 7.5 (12,1 | - - - -
2 5,3} 4,1)20,6) 6.6 | 61| 7,1|28,6| 9.4
3 6,5110,0 (16,3 |11,9 | - - - -
§ 10,1 | 6,3 §12,9 |12,0 | ~ - -

LY ¢ &~ Standard deviations in X, Y and 2 respectively

6,~ Standard deviation in planimetry ( 4= o, * é; 3.

1

4.2.1.4 Block Adjustment Using the Strip as the Adjustment Unit

The strip adjusted co-ordinates of the Durban Test Area were block
adiusted using a procedure developed by G Schut (1961). The
adjustment was iteratad and the results showed absolute convexrgence
after one iteration, This can be seen from Table 4.2,1.4.1.
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Table 4.2.1.4.1 Durban Test Area. Results of the Block Adjustment
uveing strips.

4 PLAN ¢ BEIGHT
WO CONTROL TIE CEECK | CONTROL TIE CHECK
1 13,5 20,9 16,6 7,0 35,1 21,6
2 13,5 20,9 16,6 7.0 35,1 21,6
@,140~ Standar@ deviation in planimetry.
Yoy Standard deviation in height,

The accuracy of the results obtained using this run-rigorous block
adiustment procedure compare well with the results obtained from
adjusting the same data with the more rigorous procedure using the
wodel as the adjustment unit, This can be explained by two factors.
viz:
1} The strips in this particular block are short, and
2} The number of control points used in the former 2djustment is
substantially more than used in the latter adjustment.
The residual vectors in planimetry and height after adjustment using
the strip as the adjustment unit are shown in Figure 4.2.1.4.1 and
Figure 4.2.1.4.2 respectively.
A complete comparison of various methods of block adjustment
using the Durban Test Area data and procesased by 7 J van Dijk and
the writer is given in Table 4.2.3.2.

4.2.1,5. Block Adjustment Using the Model as the Adjustment
Unit.

The strip adjusted co-ordinates of the Dutban Test Area were
processed using a second block adjustment procedure viz. the

i block ad: hy ¥ hmer (1962}, The
adjustment was iterated one hundred and twenty times but from the
results shown in Table 4.2.1.5.1 it appears that convergence took
place after the fiftieth iteration.
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Table 4.2.1.5.1 Durban Test Area. Bock Adjustment Results After
Every Ten Iterations.

& prLay & HEIGET

wO [CONTROL | T1E | CRECK | CONTFOL 1 TiE | CHECK
0 8,5 9,0 | 13,8 9,0 6,0 18,8
20 10,1 8,8 | 14,9 7,1 5,5 18,5
20 10,1 8,7 | 15,6 6,5 5,3 18,4
40 10,1 8,7 | 15,9 6,1 5,1 18,3
50 2,9 8,7 | 16,3 6,0 5,0 18,3
60 9,9 8,7 | 16,4 5,9 5,0 18,4
70 9,9 8,7 | 16,6 5,8 5,0 18,5
80 9,9 8,7 | 16,6 5,6 4,9 18,6
30 9,9 8,7 | 15,8 5,6 4,9 18,8
100 3,9 8,7 | 16,8 5,6 4,9 19,0
110 9,9 8,7 | 16,8 5,5 4,9 19,1
120 9,9 8,7 | 16,8 5,5 4,9 19,4

4 .55 = Standard deviation in planimetry.

/e
6, . Standard deviation in height.

‘height”
The results after ten iterationg are compared with those obtained by
T J van Dijk in Table 4.2.1.5,2. The residual vectors at control
and check points after the tenth iteration for the planimetric and
height adjustments are shown in Figure 4.2.1.5.1 and Figure
4.2.1.5.2 respectively.

Table 4.2.1.5.2 Durban Test Area. Comparison of Results from
the Bleck Adjustment Using the Model as the
Adiustment Unit After Ten Iterations.

TYPE ¢ PLAN o6 HEIGHT
CONTROL TIE CBECK | CONTROL TIE CHECK
T van Dijk 10,1 8,3 14,4 4,0 8,3 25,1
WENG 2200 10,5 3,0 | 13,8 .0 6,0 18,9
Otan = Standaxd deviation in planimetry.

dneigﬂf- Standard deviation in height.

3
s
;
E
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4.2,2 Results of the St. Falth's Test Area

4.2.2.1 Relative Orientati and Yodel i

The §t. Faith's Test Area data were made available from the tests
undertaken by B S Williams (1974) and T J van Dijk (1975) who also
measured the photographic plates. As with the tests involving the
Durban Test Area, the data was by the d on
the University of the Witwatersrand IBM 360 computer. BAlthough this
set of data is much smaller than that of the Durban Test Area, the

results from processing it on the WANG 2200 minicomputer provides an
indication of the consistency and generality of the software
developed on this hardware.

The results of the relative orientation and model formation on
the WANG 2200 are compared with those obtained by T van Dijk in
Table 4.2.2.1.1,

Table 4.2.2.1.1, St Paith's Test Area. Comparison of Results of
Relative Orientation and Model Formation Using the
Same Plate Co-ordinates on Two Different Systems.

STRIP NO MODEL NO 8, o dy Ver
A = ax) B
1 . 61/62 4,6 13,0 22,0
62/63 5,1 9,0 20,0
63/64 3,6 a,0 15,0
64765 6,5 10,0 23,0
65/66 7.6 11,0 21,0 :
66/67 6,5 18,0 38,0
Means 5,7 11,8 23,3
2 70/71 §,6 9,0 17,0
71/72 4,2 5,0 10,0
72/73 5,0 8,0 16,0
73/74 4,8 8,0 18,0
74775 6,1 11,0 30,0 ;
75/76 5,6 10,0 17,0
Means 5,4 8,5 18,6
Means for the block 5,6 10,0 20,7
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A -~ Results of the model formation obtained by T van pijk.

B - Results of the model formation obtained on the WANG 2200.
d,p ~ Standard deviation in y-parallax after model formation.
VyFImal}- Maximum residual in y-parallax after model formation.

The standard deviations of y-parallax after relative orientation and
model formation on the WANG 2200 are smignificantly poover then those
obtsihed by T van Dijk. This is contributed to the fact that, as
with the Durban Test Area, T van Dijk used points of natural detail
only in the relative orientation, whereas a combination of
pre-marked points and points of natural detail were used in the test
on the WANG 2200; the g precision & used in the
WANG 2200 system was set so that relatively fewer {terations were

required for an adequate convergence. The results obtained here are
consistent with those obtained previously, using the Durban Test
Area (refer Table 4.2.1.1.1). Table 4.2.2.1.2 compares the means of
the standard deviations for the entire block obtained by B 8
wWilliams (1974), T van Dijk (1975) and the writer using the WANG
2200,

Table 4.2.2.1.2 St Faith's Test Azea. Means of Standard Deviations
of y-Parallax for all the models in the Block
Obtained from Three Different Experiments.

Exper iment Syp v,fmax}

H S williams 5,8 1,2
T van Dijk 5,5 12,2
WARG 2200 10,6 20,7

dy  ~ Standard deviation of y-parallax for the relative
orientation over the whole block
Vy,lmax- Average maximum y-parallax residual over the whole block.

4.2,2,2  strip Pormation
The standard deviations of the residuals at points common to

adjacent models in the strip after strip formation are shown in
Table 4.2.2.2.1.
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Table 4.2.2.2.1 St Paith's Test Area. Standard Deviations of Strip

Formation.
STRIP # 1 BTRIP # 2

MODEL Suypyr MODET, Buyr
61/62-62/63 28,0 70/71~21/72 16,0
62/63-63/64 9,0 11/72-72/13 13,0
63/64-64/65 16,0 72/73-73/74 15,0
64/65-65/66 18,0 73/74-74/75 18,0
65/66~66/67 26,0 74/15-75/16 25,0
Means 19,4 17,4

o, ~ Standaxd deviation of residuals in X, ¥ or Z.

L7723

The mean of the standard deviations obtained in this test is
compared with the mean of the standard deviations obtained from the
strip formation of the Durban Test Area in Table 4.2.2.2.2. It can
be seen from this table that the strip formation produces results of
consistent accuracy and sufficiently accurate to be used for strip
and hlock adjustment.

Table 4.2,2.2.2 Comparison of Mean Standard Deviations of Model
Pormation Over the Whole Block

TEST AREA Sxiyz

purban 19,1

gt. Paith’s 18,4
6,/”; Mean standard deviation in X, ¥ or Z.

4.2.2.3. Transformation of the Strip and Strip Adjustment

The two strips in this bloock were adjusted by the same program used
to adjust the Durban Test Area in which the planimetry was adjusted
by a conformal third order polyrnomial and the height by a Separate
third order polynomial.
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The control configuration for the strip adjustment is shown in
Pigure 4.2.2.3.1. The strip adjusted results compare favourably in
planimetry with those obtained by T van Dijk as can be seen from
Table 4.2.2,3.1. No results are given for the height adjustment at
check points owing to insufficient height data, The standard
deviation in height at control for the second strip appears to be
high but this in fact has not affected the results of the block
adjustment which can be seen from Table 4.2.2.4.1 and Table
4.2.2.5.1,

Table 4.2.2.3.1 Comparison of Results of Strip Adjustment of the
St. Falth's Test Area Processed on the IBM 360 and
the WANG 2200

sTRIP VAN DIJK
NG CONTROL, CHECK
S 16y 16 | ¢ 8 | o |6 | 8
1 9,3 110,5 |16,2 1 14,0 | 20,8 12,1 | - { 16,2
2 87! 7,9 |18,5]11,8 | 1,2|13,4| - 17,5
sTRIP HANG 2200
NO CONTROL, CHECK
S 73 6: | %p 6y Sy | o, G,
1 6,31 9,1 114,511,131 1 10,2( 9,6} - ]14,0
2 53| 4,1133,7| 6,7 | 9,2] 9,2 - |12,9
S 6’6,- Btandard deviations in X, ¥ and Z respectively.
o deviation in pi v ( 8=/ 4 ).

4.2.2.4 Block Adjustment Using the Strip as the Adjustment Unit

This adjustment was iterated and converged after one iteration to a

Pl < of micrans at the scale of the
photograph at the check points as shown in Table 4.2.2.4.1, The
small number of height check points and their unknown accuracy and
doubtful reliability suggest that the standard deviation of 31,4
microns at the check points in height is not a true indication of
the obtainable height accuracy using this method. The residual
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vectors after the planimetric adjustment at control and check points
are shown in Figure 4.2.2.4,1.

Table 4,2.2.4.1 St Faith's Test Area. Results of the Block
Adjustment Using Strips.

TTERATION 4 PLan HEIGHT
5O CONTROL | ¥1E_ | CHECK | CONTROL | TiE _ JCRECK
1 17,8 21,7 | 16,9 11,5 24,1 | 3L,4
2 17,8 21,7 | 16,9 11,5 24,1 | 31,4
8y2n =~ —Standard deviation in planimetry ( o / 4 - é; I

Yot~ Standard deviation in height.

It should be noted that the block adjusted regults of the Durban and
8t. Faith's Test Areas obtained using this adjustment program have
comparable accurscles as can be seen from Table 4.2.2.4.2.

Table 4.2.2.4.2 C of Block Ad; Results for Durban
and St, Faith's Test Areas,
TEST AREA & PLAN o HEIGHT
CONTROL TIE CHECK | CONTROL TIE CBECK
Durban 13,5 20,9 16,6 7.0 35,1 2,8
St Faith's 17,8 2,7 16,9 13,5 24,1 33,4
S, ~ Standard deviatien in Planimetry ( &8s 8, ).

y.igh~  Standard deviation in height.
4.2.2.5 Block Adjustment Using the Model as the Adjustment Unit
The strip adjusted co-ordinates of the St. Faith's Test Area were

P using the i ive block ad; The
adjustment was iterated one hundred times. Convergence was rapid,

the adjustment having converged scmewhere between the tenth and
twentieth iterations.

Table 4.2.2.5.1 shows the results of the block adjustment of the
St. Faith's Test Area after every ten iteracions A comparison
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of these resuits with the results of the block data after strip
adjustment seems to suggest that the block adjustprat does mot
improve the accuracy of the data which may be attributed to the
small number of models in the block. Figure 4.2.2.5.1 shows the
reajdual vectors in planimetry at control and check points after the

adijustment,

Table 4.2,2.5.1 8t. Faith's Test Area. Results of the Block
Adjustrent Using the Model,

ITERATION & PLAN & HEIGRT
RO CONTROL TIR | CHECK | CONTROL TIE CHECK
1 - - 122 - - 24,9
0 8,2 9,9 | 14,2 1,4 | 63 | 28,7
20 8,2 9,8 | 14,8 13,9 | 6,4 | 24,8
30 8,2 9,8 | 150 13,8 | 6,4 | 25,0
40 8,2 9,8 | 151 13,7 | 63 | 25,1
50 8,2 9,8 | 15,1 13,6 | 63 | 252
66 8,2 9,8 | 151 13,6 | 6,2 | 25,4
70 8,2 5,8 | 15,1 13,6 | 62 | 25,6
80 8,2 9,8 | 15,1 13,5 | 62 | 258
90 8,2 9,8 | 151 13,5 | 62 | 259
100 8,2 5,8 | 15,1 13,5 | 61 |} 26,1
4,0 - Standard deviation in planimetry { 6,7 [&+ ¢ ).
gy~ Standard deviation in height.

4.2,3 sSumary of Block Adjustments of the Durban and St
Faith's Test Areas

In the tests undertaken for this dissertation two bleck adjustment
procedures were used to process the data of the Durban and St.
Faith's Test Areas, both of which had aiso been processed by block
adjustment programs develope® by T van Dijk (1975). The block
adjustment methods used by T van Dijk were:
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a) The Bundle adjustment (Schmid, B H. 1959,

b} The ANBLOCK adjustment (van den Hout, C M. 1566}, and

¢) The Amer adjustment {Amer, F. 1962},

vhereas the block adjustment programs developed for this study were:

a) The Amer ad an iterative adj using the model as
the adjustment unit, and

b) The Schut adjustment {Schut, G H. 1961/1966) which uses the
strip as the adjustment unit.

Table 4.2.3.1 summarises the St. Falth's Area block adjustment
results of the various methods used by T van Dijk and the writer.

. Table 4,2,3.1  St. Faith's Test Area, Comparison of Results of
varjous Block Adjustments on Different Systems.

e

SYSTEM ABJUST~ & PLAN 6 BEIGHT
MENT CONTROL TIE CHECK CONTROL TIE CHECK
i 7 van Dijk | Amer 8,7 9,8 | 15,3 6.8 10,2 | 20,4
awBLock | 9,2 7,9 16,9 9,8 12,4 | 24,2
Bundle |13,4 Sl | 1,0 - | 23,8
WANG 2206 | Amer 13,5  [20,9 | 16,6 7,0 35,1 | 21,6
senut 13,8 21,7 [ 16,9 | 1,5 26,1 | 31,4
1 4uan - Standard deviation in planimetry ( &,%/d,+9) I
: S4uigne = Standard deviation in height.

Table 4.2.3.2 is a similar summary to that of Table 4.2,3.1 for the
Durban Test Area.
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Table 4.2.3.2 purban Test Area. Comparison of Results of Various
Block Adjustments on Different Systems.

SYSTEM ADJUST- 6 PLAN & BEIGHT
MENT CONTROL | TIE | CHECK ROL TIE CHECK
T ven Dijk | Amer 10,1 8,3 | 14,4 4,0 8,3 25,1
ANBLOCK | 10,6 6,3 | 19,0 4,8 2,7 22,8
Bundie 9,9 - 16,9 16,6 - 29,8
WANG 2200 Amer 9,9 8,7 § 16,3 6,0 5,0 i8,3
Lt 13,5 20,9 | 16,6 7,0 35,1 21,6
©,4, - Standard deviation in planiuetry ¢ é‘:/:{-i‘f 3.
dhv"ghl - Standard deviation in height.

4.2.4 The ITC Block of Synthetic Stripe

4.2.4.1 strip Formation

The published data of the ITC block consists of models formed from
the fictitious plate co-ordinates which were percurbed to simulate
the systematic and random errors inherent in actual aerial
photography and the measurcment of the photographic plates.

Unlike H Soehngen (1967/1.[77R) who usci the same data to test
strip and block adjustment procedures and adopted the scale transfer
factor of 1,0000 between successive modols in sach strip, the writer
hag approached the problem in a slightly different manner.
Perspective centres were assumed for each model and sach model was
rescaled, translated and rotated parallel to its predecessor in the
strip using the program developed to form the strips from the models
of the [arban and 8t. Falth's Test Arzas.

The results of the gtrip formations for the two hundred models
used in the test are given ln Table 4.%.4.1.1.
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yable 4.2.4.2.1. ITC Block. Standard Deviations of Strip Formation
for Pach Model Junction,

Owyz

SIRIP NO 1 2 3 4 s $ 7 8 s 10
TODEL §0

1/2-2/3 53 {24 |55 [35 ja {40 |a {18 |23 |36
2/3-3/4 1 for [15 (20 (19 {39 (33 {17 {15 {20
3/4-4/5 36 |24 |30 {27 |2 |38 {33 |26 |29 |16
4/5~5/6 42 f18 {18 |10 j19 |34 |36 (24 |38 |34
5/6~6/7 28 |46 |13 |20 ji5 J20 |30 {30 |25 |35
6/1-7/8 38 290 |13 135 [29 |27 Ja2g fa2¢ [33 |o§
1/3-8/9 12 {52 {4 |17 |3 |24 {41 |4z [41 |63
8/5-8/10 38 |8s 146 |41 (1 124 |55 |28 (33 |as

$/19-10/11 55 12 30 27 18 42 11 1n 52 35
10/11-11/12 | 13 70 26 07 21 12 44 iz 32 14
11/12-22/23 | 46 20 08 28 39 18 12 20 18 17
12/13-13/14 | 18 49 1L 08 41 23 21 24 05 36
13/14-14/15 | 03 18 i6 13 1s 15 19 42 31 31
14/15-15/16 | 36 27 20 72 14 i3 14 32 28 40
15/16-16/17 | 27 06 17 44 03 12 24 16 33 28
16/17-17/18 | 12 23 25 21 an 25. 58 22 33 11
17/18-18/19 | 38 13 16 28 51 g 19 42 19 08
18/19-19/20 § 16 07 12 36 17 17 o8 48 10 29
19/20-20/21 | 31 16 16 39 33 26 23 25 13 25

Means 29,7429,7| 22,5§27,9124,426,91268,5| 26,5 27,3 27,8

4

= 3
Standard deviations in X, ¥ or 2 (o,,,,,—Ev, E vy +EYT(3n-3)

where n is the numbezr of model junctions).

arriz

'4.2.4.2 Transformation of the Strip and Strip Adjustment

The program used to transform and adjust strips was used without
modification to adjust the planin~tiy and helght separately of the
ITC block. Each strip was controlled by twelve control points
distributed as shown in Figure 4.2.4.2,1. The results of the strip
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adjustment are compared in Table 4.2.4.2.1 with those cbtained by B
Soehngen (1967) who used a third order adjustment polynomial and
twelve control points with a similar distribution to that used by
the writer,

Table 4.2.4.2.1 ITC Block. Comparison of Rewults of Strip
Ad; on Syst All Results
are in Metres in the Terrain,

e

STRIP H_SOEENGEN
KO OONTROL

Se 1oy o |o: fos 6, leés
1 1,311 2,03 | 2,41 {.1,0¢ | 0,98 2,64 |2,14
2z (0,85)2,% 1,73 ]0,9 | o088 1,84 |1,86
3 0,80 1,67 | 1,85 [0,72 | 1,68 2,30 {1,983
4 0,96 | 1,20 | 1,55 | 0,83 | 0,88 1,55 {1,889
5 10,820,72]1,17{0,49 | 1,17 1,66 | 2,04
5 1,26 | 1,40 [ 1,84 0,84 | 1,48 2,00 |3,22
7 6,48 | 2,00 | 2,06 1,00 | 6,98 1,79 |2,35
8 0,941 1,13 11,47 | 0,90 | 1,28 1,98 | 1,60
9 0,86 |3,50{1,73 {0,710 | 1,39 2,20 {147
10 0,651 1,00 | 1,27 {1,12 | 1,48 1,88 |1,86

Heans 0,93]1,48 1,74 (0,87 [ 1,25 1,98 {2,08

STRIP WANG 2200

e st re—ta——n]
RO CONTROL CHECK

6 Lo, 16, 8y 6y Sy 16s |o;
T 0,95 | 1,40 | 1,69 [ 1,24 | 2,01 | 2,38 |3,1) |2,64
2 0,92 10,73 11,18 { 1,64 | 1,77 | 1.00 | 2,08 |2,28
2 2,06 | 2,51 | 1,82 0,83 | 2,26 { 2,04 {3,04 |4,45
4 1,1310,77 {1,36 | 1,78 | 2,67 | 1,79 |3,2% {3,24
5 0,74 | 0,74 | 1,05} 1,91 { 2,00 |2,38 | 1,72 |2,66
6 10,7 9,43 10,88 | 1,48 | 2,31 11,24 2,45 |1,90
7 1,13 1,21 1,66 | 3,70 | 1,35 {1,390 1,81 2,66
8 0,92 | 0,67 {1,13 | 1,29 | 2,56 | 1,70 3,08 |2,00
5 0,85 1,08 |1,37 | 1,24 | 1,74 [1,72 | 2,44 |1,84
10 0,86 [ 1,00 (1,20 f1,91 | 1,93 1,63 {25 [2,95

Means 0,91 0,96 |1,34 |1,50 | 1,92 1,63 2,54 |2,66

4 ¢ 6 ~ Standard deviations in X, ¥ and Z respectively.

o
4, - Standard dsvistions in planimetry (op-} o+
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the results of the strip adjustment on the WANG 2200 are not as
accurate as those obtained by H Soehngen. The yesults obtained here
are more 1 t with those by B in a test with

the same control configuration and second order adjustment
polynomials.

4.2.4.3 Block Adjustment Using the Strip as the Adjustment Unit

The major part of this program consists of the formation and
subsequently the solution of the normal equation system. The
uncollapsed normal equation coefficient matrix for a block of tem
strips using a third order confermal polyncmial to adjust the
planimetry consists of an 80 by 80 matrix which therefore has 64 000
elements. Owing to the structure of the normal eguation matrix it
was possible to collapse the matrix into an 80 by 15 matrix an@
solve for the elghty unknowns simultanecusly in a 24K byte memory.
Allowance has been made for a solution based on twenty-five
planimetric control and tie points per strip or fifty observation
eguations,

The tests undertaken by H Soehngen (1967) are compared in Table
4.2.4.3.} .th those undertaken here., H Soehngen has used a
peripheral control configuration with a few internal control
points. The control configuration used here and shown in Figure
4.1.3.2 ls more evenly distributed throughout the block.

The block adjustment processed on the WANG 2200 was iterated and
convergence was achieved after the rifth iteration., The results
after each iteration are shown in Table 4.2.4.3,2, Figure 4.2.4.3,1
and Figure 4.2.4.3.2 show the residual vectors at control and
selected check points in planimetry and height respectively after
lock adjustment.
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‘Table 4.2.4.3.1 ITC Rlock,
Strips on Different Systems,

Page 82

Comparison of Block Adjustments Using
All Results are in

Metres in the Terrain,

STRIF| B_SOERNGEN
NO CONTROL: TIE CHECK
3 P or S5 S s 3r oy o
by 6,77 10,9 - 6,64 { 0,92 - 1,61 0,98 -
2 0,58 | 8,97 - 0,98 | 0,91 - 1,00 | 1,18 -
3 0,89 | 0,44 - 0,78 [ 6,80 - 1,57 | 1,64 -
4 0,74 | 0,46 - 0,66 | 0,84 - 0,85 | 1,33 -
5 0,52 | 0,58 - 0,68 { 1,02 - 1,29 | .22 -
6 0,63 | 0,43 - 0,47 | 1,37 - 1,33 | 1,36 -
7 1,05 0,36 - 0,6% | 0,79 - 1,08 ¢ 1,26 -
8 0,36 | 0,27 - 0,85 | 0,83 - 1,39 | 1,24 -
9 1,34 | 0,47 - 1,22 § 1,14 - 1,40 | i,28 -
0 0,80 { 8,91 - - - - 1,20 | 1,10 -
usD 0,79 | 0,63 - 0,80 | 0,97 - 1,23 | 1,27 -
STRIP WANG 2200
NO CONTROL TIE. CHECR
[ 4y Oz S¢ o8y Sz 3z oy Sz
1 1,48 1 3,79 § 1,65 1,16 | 2,78 13,27 1,61 [ 2,14 |3,11]
2 1,37 } 0,98 | 1,27 2,66 } 2,59 | 2,94 1,88 | 0,88 2,17
3 2,17 | 1,20 1,78 2,93 | 1,90 | 3,59 2,12 } 1,63 |[3,22
4 1,70 | 1,00 |0,58 2,47 | 1,37 | 3,76 1,82 | 1,63 |3,00
5 f0,9740.8 [1,63 | 2,16 |1,36 |o,88 [ 0,06 | 1,28 |2,35
13 139 | 9,75 | 1,08 1,98 | 2,3L 12,45 1,5 | 1,19 (2,00
7 1,32 | 1,02 {1,30 1,60 | 2,53 (2,75 1,27 | 1,44 [2,50
8 1,85 | 0,62 |1,07 2,38 | 2,47 | 2,43 1,74 | 1,69 |1,98
9 | 1,15 | 1,45 |1,08 | 2,25 | 2,12 | 2,85 | 1,46 | 1,66 |1,96
18 0,91 | 1,43 )1,90 0,92 1,97 {3, 74 1,38 | 1,23 [4,00
MSD 1,45 | 1,11 [1,33 2,05 | 2,12 |2,87 1,59 1,48 |2,62
3, 6,6, - Standard deviations in X, ¥ and % xespectively.
M8D ~ Mean gtandard Peviation.

Table 4.2.4.3.2 ITC Block. Block Adjustment Results for Pive

The Results are Given in Metres in the

Iterations,
Terrain.
ITERATION 8,
NUMBER PLAN HEIGHET
1 1,587 2,128
2 1,588 2,124
3 1,590 2,121
4 1,592 2,119
5 1,593 2,117
6 1,593 2,117
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L deviation of a single of unit weight in
pian
planimetry.
5.:,”,9“; Standard deviation of a single observation of unit weight in

height,
'

4.2,4.4 Block Adjustment Using the Model as the Adjustment Unit

The basic computation in this lters lve adjustment procedure is that
of the four parameters of the linear conformal transformation far
the planimetric adjustment and the three coefficients of the helght
transformation for each section in the block each iteration.
Therefore, for a block comprising two hundred models there are 1 400
anknowns to be snlved for sach iteration. Since the number of
iterations required for convergence is approximately equal to the
number of models in the block an eguivalent of 280 000 unknowns ‘are
molved for during the processing of the block adjustment.

B F Soehngen {1967A) adjusted the ITC Block using section units
of two or three models. The method of adjustment used was the
simultanecus solution of all the unknowns of the linear conformal
equationg using both direct and iterative solutions of the normal
L equation gystem, The largest normal equation set consisted of one
. hundred and ninety-six unknowns for a Seven strip block somprising
I forty-nine sections. N
" The best planimetric adjustment achieved by B Scehngen (1967A)

E was obtained using a Block Successive Over-Relaxation method for the
solution of the normal eguation system. The direct solution of the
normal equations by the Gaussian elimination method produced
comparable results. Table 4.2.4.4.1 compares the results obtained
by H Soehngen using twenty-four ground control points with the
iterative adjustment processed on the WANG 2200 using the control
configuration shown in Figure 4.1.3.1.
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Table 4.2.4.4.1 ITC Block. Comparison of Results of Block
Adjustments Using Sections as the Adjustment
Unlts, All Results are in Metres in the Terrain.

STRIP NO B SORMNGEN WANG 2200
CHECE POINTS CHECK POINTS
B Sy oz 81 4y

1 - - - 1,58 1,53

2 - - - 0,90 0,79

3 - - - 0,86 0,95

4 1,30 1,08 - 0,83 1,00

5 1,32 1,15 - 0,65 0,93

6 1,23 1,24 - 0,80 0,88

7 1,08 1,05 - 0,95 4,75

8 1,25 1,25 - 0,84 0,68

2 1,24 1,42 - 1,00 1,15

10 1,52 1,98 - 1,54 1,64
MSD 1,28 1,32 11,00 1,03 2,35

A,‘sy 6= Standard deviations in ¥, Y and % respectively.
¥SD -~ Mean Standard Deviation,

Table 4.2.4.4.2 ITC Block. Resulks of the Iterative Block
Adjustment Using Models After Every Twenty-Five
Iterations. All Results are in Metres in the

Terrain,
TTERATION CONTROY, TIE CHECE.
L Sy | 8s Sy | 02 3y 8y én o

1 1,70 | 2,18 [ 1,96 | 2,20 | 1,34 | 1.23 | L,82 { 2,38
25 0,47 | 0,31 | 0,70 | 0,45 | 0,93 | 0,98 | 1,35 | 2,24
50 0,47 { 0,25 | 0,69 | 0,41 | 0,96 | 1,01 | 1,39 | 2,27
75 0,47 | 0,23 | 9,69 | 0,40 | 1,00 | 1,04 { 1,44 | 2,31
100 0,47 | 0,21 | 0,69 | 0,38} 1,02 | 1,06 | 1,47 | 2,38
125 0,47 | 8,20 | 0,69 | 0,38 }. 1,03 | 1,06 | 1,45 | 2,42
150 0,47 | 0,20 | 0,69 | 0,37 | 1,03 | 1,07 | 1,48 | 2,44
175 0,47 { 0,19 | 0,69 | 0,37 | 1,03 | 1,07 | 1,49 | 2,47
200 0,47 | 0,19 { 0,69 | 0,37 | 2,03 | 1,07 | 1,49 | 2,48

o,y - Standard deviations in X or ¥ ( o:/y%;v,»zv,’mn-u I

S, éyox- Standard deviations in X, Y and 2 respectively.

o, ~ Standard deviations in planimetrs { &;%/6;+d; I
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Table 4.2.4.4.2 gives the results for two hundred iterations of the
block adjustment on the WANG 2200. From this table ig can be seen

that convergence in the pl c adj took place
between iterations 150 and 175, while in the height adjustment
between iterati 175 and 200, The residual

vectors in height and planimetry at control and selectad check
points are shown in Figure 4.2.4.4.1 and Pigure 3.2.4,3.2
respectively.

4.3 Analysis of Processing Times

One of the critical aspests of large data processing systems on
ming is the ng time. ‘fThe yractical application of

minicomputers to systems such as the one designed here is determined
by this factor. The processing time thus limits the size of the
block to be adjusted within the upper limit of the capacity of the
wmipicomputer hardware and detexmines the type of block adjustment to
be ueed.

At the time of the development of the analytical aerial
triangulation system on the minicomputer the WANG 2200 T was
available. The Central Processing Unit (CPU) of this model has a
read/write memory cycle time of 1,6 micro seconds. As was expected
and subsequently proved to be true, iterative block adjustments
using the model or sections of models consisting of more than thirty
or forty sections are too slow for impl on on mini

with memory cycle times of more than 200 nanoseconds.

Towards the end of the development stage of the analytical
aerial triangulation system, the WANG 2200 VP was released. The
Central Processing Unit of this model is rated at approximately one
order faster than that of the WANG 2200 T. Most of the tests
processed on the model T were reprocessed on the model VP in order
to obtain a comparison of processing times. In addition, it became
feasible to process the iterative block adjustment using the two
hundred models of the ITC Block which previously had been impossible
on the WANG 2200 T owing to the time required to process the block
for two hundred iterations in order to test the convergence rate of
the adjustment.
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The processing times on the WANG 2200 T and the WANG 2200 VP for
the various intermediate phases of the analytical aerial
trianguiation system using the three sets of test data viz. st.
Paith's and Durban Test Areas and the ITC Block are tompared in
Table 4.3.1.

Table 4.3.1 Compariscn of System Processing Times on the WANG
2200 T and WANG 2200 VP Minicomputers.

TEST DATA PROGRAM CPU Processing Times (Secs)
WANG 2200 T WENG 2200 VP
8t. Faith's |Model Formation 978 5
Test Area Strip Formation 108 9
12 Models strip Adjustment 45 6
2 Strips Block Adjustment wslng Strips 540 45
Block Adjustment using Models 1350 129
burban Model Formation 2 280 130
Test Area Strip Formation 150 14
41 Models | Strip Adjustment 45 6
4 strips Block Adjustment using Strips 1101 92
Strip Adjustment using Models & 840 653
1TC Block Strip Formation 3 183 278
200 Models |Strip Adjustment 45 I3
10 strips ‘Block Adjustment using Strips § 133 544
Block Adjustment using Models 25 322 2 678

Strip Adjustment ~ The times guoted in the table are for the lsast
squares of the tal icients of a single strip.
Biock Adjustment - The times guoted are for ten iterations of the
adjustment.

The ITTC Block was pracessed using the iterative block adjustment of

models on the WANG 2200 VP for two hundred iterations which took

approximately fifteen hours, The estimated time for a similar

adjustment using the WANG 2200 T ie approximately vne hundred and fifty

hours. ¥
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Table 4.3.2 details the calculated average processing times

based on the results of Table 4.3.1:

a) DPer medel for tue model and strip formation programs and for the
block adjustment using the girip as the adjustment unit,

b) Per strip for the strip adjustment program, and

¢} Per model per iteration for the block adjustment program using
the model as the adjustment unit.

Table 4.3.2 Average Processing Time per Model or Strip Units

S

PRORGAM CPU Processing Time (Seconds)
WANG 2200 T WRNG 2200 VP

HModel Formation 69 5

Steip Pormation 0 9,8

Strip Adjustment 45 6

Block Adjustment using Strips 34 3

Block Adjustment using Modnls 13,5 1,3

The average time of 1,3 seconds per model per iteration for the
block adjustment using the model as the adjustment unit is
approximately ten times slower than a similar adjustment using a
lazge IBM 360/50 or IBM 370/3145. T van Dijk (1975) estimated the
average time per iteration per model for a forty-one model black to
be in the region of 0,1 to 0,2 seconds, using the TEM 360/50 and the
IBM 370/145 respectively. The time taken for this adjustment on the
WANG 2200 VP mi is with the time
estimated by J J Therrien (1963) using the IBM 1620/1 for the
iterative solution of the simultaneous adjustment of a one hundred
section block. G C Tewinkel (1966) of the Coast and Geodetic Survey
estimated the rigorous adjustment of a block of two hundred
photographs to take about §,% hours (or 117 sevonds per photograph)
using the IBM 7030 (STRETCH) computer and auxiliary disk storage
which compares with the time quoted by M Keller (1967). Based on
the assumption that the number of iterations required for
convergence is equal to the number of models in the block for the

iterative block adjustment using the model, the processing time of
260 seconds per model for a two hundred model block is substantially
slower than that of most of the large meinframe computers. Howaver,
when equipment and processing costs of
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and mini are then
mi used for if block adj of blocks of the
order of two hundred models become economically competitive,

The alternative block adjustment which uses the strip as the
adjustment unit hag definite practical application particularly to
small scale topographical mapping. The main advantage of this
adjustment procedure over the iterative adjustwent using the model

is the ally taster 1

speed. This adjustment
method has in the past bsen favoured by G Schut (1965, 1967) of the
Wational Research Council in Canada because of its ease of
agplicatien, the low number of control reguirements and the economy
of ng particularly on small These factors become
particularly important when applying minicomputers to analytical
photogramnetry.

The above results and processing times substantiate
the econcmic viability and practicability of minizomputers €or blonk
adjustment using strips.




CHAPTER §

CONCLUSIONS

e et



Page %0
5. CONCLUSIONS

The study of the application of minicomputers to analytical aerial

triangulation described in this dissertation and the results

obtained from processing the data of two test areas and one block of

synthetic data on the system developed on the WANG 2200 minicomputer

make it possible to draw the following conclusionss

1) Resitution of the r>del from measured plate co-ordinates is
f£ficiently on the mini particularly on the

WANG 2200 VP which required five seconds per model for the
solution. However, even using the WANG 2200 T, it i possible
. to process a block of two hundred models in approximately two
hundred minutes. If the mystem were used solely as a £ront end
procedure to a large computer system for the formation of the
independent models, it is possible to accommodate a block
consisting of 2 500 models with a WANG 2200 10 Megabyte disk
drive.
2) Strip formation is as equally efficently handled on the
i minicomputer as the relative orientation and model formation
process. The results of the strip formation indicate that the
semi-rigorous approach is an adeguate solution to the problem

and provides for quick processing, an important factor to be
taken into account when using slower computers.

3) Por strips of up to twenty models the polynomials used in the

strip transformation and adjustment program has provided
adequate correction to the strips which is confirmed by the

results obtained from the two block adjustment procedures, It
is possible thst the system be used up to and including the
transformation and strip adjustment programs as a front end
procedure to the large computer in order to trap any
inconsistencies in the data before processing a large blogk
adjustment on a mainframe computer, Used for this purpose, the
minicomputer system would be able to accommcdate very long
strips particularly if each strip was spooled off the
minicomputer disk onto some other medium before processing
3 subgequent strips.
4) Block adjustment on the WANG 2200 T for blocks containing two
hundred models or more must be restricted to the method of
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adjustment uming strips as the adjustment unit, It is however,
conceivably economical, even at Fifteen hours for the processing
of block adjustment using the model as the adjustment unit for
blocks of two hundred mcdels, to use the WANG 2200 VP. On
either the WANG 2206 T or WANG 2200 VP the method of block
adjustment using the strip as the adjustment unit provides a
£ast method of block adjustment and yields results which are
sufficiently for al mapping

With reference to Table 4.2.3.1 and Table 4.2.3.2 which compare
the results of block adjustment using the model on the IEM 360
and the WANG 2200, the consistency of the results indicate for
these two test areas processed that the WANG 2200 operates with
sufficient internal accuracy to ignore accumulation of round-off

B

errors.
In concluaion it must be said that for small photogrammetric

companles the application of mini to y has
geveral economical and practical advantages over batch processing of
data on large These way be as
followss

1) The minicomputer is simple to operate, with the result that the
user does not have to face the problem of becoming involved with
complex operating systems encountered in batck processing on
large computers.

2) A well designed minicomputer system which optimizes the

i 4 of the mini can save many costly
hours in the data capture, data editing and init'al processing
stages of the measured data.

3) Reprocessing of individual phases of the aerial triangulation

system subseguent to correcting the input data does not suffer
from the long delays which are so much a part of batch
processing systems.

4) The inexpensive hardware is gensrally 1obast and therefore doew
not require special tempurature controllst and dust free
conditions under which o operate successfuily,

5.

Interactive programming and editing facilities provide for rapid
and easy development of goftware systems. It is therefore
possible for the user to develop or modify his own sy:isg
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without the need for costly, highly skilled personnel,
6) The overall low cost of data ng using the mini

1 is perhaps the most important argument in favour of
2 : minicomputers applied to analytical serial triangulation.
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1IF 71 THEN L2

izsz-8

tIF Z=0 THEN 215

IGTRI2$,Z+1 , 1 }=HEX{E0)

PRINT HB((OHEEOBH
GO

E1SETR(Z¢ x 1)-1-19((20)
RINT HEX (OBRE0R) Y

~Gm
BIGPRINT BTR{Z%.Z.3

1IF BTR(ZS,Z, 1)<>st(um THEN 817

,z:-zu 1
BYTNEXT 2
:IF PDSIZ4=0D)s0 THEN BRL
-STR(zs POS {26=071 , 1 }=HEX(R0)
'IF ()n THEN E18

elezF E‘nuzs 1,0) OHEXIR0) THEN 219
ElSIF Numzsuza THEN 210
'CBNVERT % 7O Z
THEN

EonF s'rR(z\s.Z.x)QHF)(wF) THEN 218

: 1000
BRIPRINT HEX(07)
IKEVIN 28, B3l, 210
seoTn Bl
8E7DEFRN 95 (RI% :
TSELECT PRINT 005(68)
1PRINY HEX (9UADAOROADA)

.PR!-«‘ITABAE R I I R R T R
ABIS)‘”"'TAE(SH""‘ !
2EPRIT TABLST SYBYEH  LOADING e
SERINY TABLS) 1147 TAB (S0SIHT (LEW RIS ) /2))IRAGITABISL) s ve
“HUITABIEL) S

EEBFRINTTAB(S:;"G".luntn‘l'l.n&bnulub!"
TURN

JOODEELECT PRINT OOB1E64)
CEVIABRARR LS TARIEY S STIYATTAL  CLOTARSAMATTOY EOTT OMrTLIERY




PHOTOS01 O0L/10/T77 =2
1010REM N=NQ OF OPTIONS AVAILABLE

N=g

iPRINT TAB(S){L;" “;Ri%
INEXT @

1020608UB ‘97(15,6,0,“ENTER THE SELECTED NUMBER",2,8)
SRESTORE 2¢Z-1

IREAD Ri%,R%
A0WOPRINT HEX(03)"VDU HAVE SELECTED %8 *;Ri#
1040605UB *97(2,1,1,"18 THIS CORRECT (V/N}",1,0}

HIF Ze=+Y" THEN 1080

$IF ZSCPN" THEN 1040
26070 1000
1050GD5UB 95 (R1%)
LOAD DC TRE




PHOTOSO02 0L/10/,77 1

10REM === *PHOTOBOR® =ww- VERSION= 1
1SREM PHOTOGRAMMETRY SYSTEM OQUTPUT ROUTINES
BOREM WRITTEN BY= M. ARBUCKLE DATE= 02/08/77
30DIM 2864 ,Re8,Z1%64 28960 ,ZRS1 , 2081 , 25630 , 2693 ,2793, 2849, 20810 ,R1s
64
70 DATA “PRINT N,E1",“PHOTD300",*PRINT PLATE COORUINATES",*PHOTOS
» “PRINT STRIP COMTROL" , “PHOTGR0&" , "PRINT BLOCK CONTROL (AMER)"

710ATA Pm:m CHECK_POINTS","PHOTO304%,*FRINT TIE/CNTRL PT STATUS
_UHMER) Y, “PHOTO30S" | “PRINT TIE/CNTRL PT STATUS (SCHUT)*,“PHDTO306

73 DATA “PRINT RESIDUALS AT CHECK POINTS",“PHOTO307","PRINT FINAL
LOCK COORDINATES* , "PHATOR08 ", "RETURN T MAIN MENU", "PHOTOBO4"

xoosELEcr DISK BLO

xsocum 1600

EOEDEFFN ss(zs zs 27)
1IF 25=0

25=25;

irRmar HEX(MOD)

2IF Z5=0 THEN 203

2INIT({0A)Z1E

tPRINT STR(Z1% 1,zsr
B03IF Z7=0 THEN

SFOR Z=1 27

ZPRINT TAB(63)

INEXT Z
1IF Z7=0 THEN 204

SINIT(0C)Zi%

IPRINT STR(Z1$,1,27)
B041F 26«0 THEM 185

126=26-1

:PRINT HB((DDY
189

.xN!Tm )
'FRINT ETR(zis 1,28}

X (B2) 3 “PHOTOROR" sHEX (22)

URN
EosnEFFN'so"scRATCH T
IRETUR!
aosnEFm’m YSAVE DC T {*;
Tcana;ﬁcsxtea:

EX (22} § *PHOTDACR " THEX (221 3 ) % JHEX (22) § *PHD

20 7DEFFN . n “LIST 8 1000,3989"

znsDEFFN 97(21 128,783 zaﬁ 24,283
2106O5UB /58121 ,28,23
$Z1%5=208
$ZSTLEN(Z16)+1
1STR{Z1%,75,3}=HEX (R0205D
H NITAEE)ETR(ZIS,LEN{ZMML 24)
FSTRIZ1% LEN(Z2$)+1,1)=HEX(SD)
PRINT zig:

1ZA$=HIDL (00)




PHOTOB0® Q1rs10/,77 =

:Gusua 18840 ,LEN(Z16)-24~1+Z2,0}

alaksvm sm(zs z x). 218, 22O

aiaAnmzzs 01)
SIF ZRSCHEXLH0) THEM 214
1GUEUB ’SB(Z1,ZB47+3,0)
1ZBSHEX (00
BLAIF BTR(ZS,Z, L1 OHEXI0B) THEN 216
IBTR(Z$,2,1 ) =HEX(20)
tIF Zmi THEN B1B
vz
F Z=0 THEN B15

TR (Z6 ,Z41,1 }=HEX (20)
RINT HEX(O 8) 7

ara
BLSSTR(ZS, y ,z J=HEX (20}
luum‘ HEx(osEan):

ElGPRINT s'm (28,2
sTmzt z, 1)<>HB(¢0D) THEN 217

enNEXT z
3IF POS{Z$=0D)=0 THEN 2@
$ETR(Z%,POS(Z6=0D) , 11-“Exlem
'IE 28430 THER 218
EJEIIF ETR(Z! 1,13 OHEX(B0) THEN 819
ElBIF Numzi)czh THEN 240
COMVERT 2% TO Z
i z)za THEN 2.1
ETURN

EEOIF sfﬁ(zs z.n()uﬁx(oF) THEN 212

'r-nsus 'snm)
$ZE$=HEX (00 )
1GOBUS ‘33(0)
16070 1000
aamum' HEX (07}
N 28, 821, B0

oS
awEerssmu)
{SELECT PRINT 005(6
$PRINT HEX(OSOAOAUAOAOA)

PRINT TaB(S)ioa » X 4 EEEEE R EE R R B R K E KD A
IERINT TaBis ":TAB(E“'"’"
SEBPRINT TAB(S)3 "% an

o TAB L0~ XNT (LENRLR I 1205 b TABUSL) 3 e
SPRINT TAB “"'TAB(EXM “wh
I Sisn oo L £ )

FRETURN
1000SELECT PRINT 005(64)




PHOTOBO® [CEWE V- Verad =

RINT HEX{030A};TAB(S}; "DIGITAL PHOTOGRAMMETRY OUTPUT ROUTINES!

PR
1020REM N=ND DF OFTIONG AVAILABLE
sH=10

TO N
EAD R1%,RS
SPRINT TAR(S);It" “3jRLS

SNEXT I
102060SUB_“97¢15, s 0, "ENTER THE SELECTED NUMBER",2,10)

1030FR1NT HEX(03); *VOU HAVE SELECTED *3RLS
1040608UB r97(2,1,1,"18 THIS CDRRECT (V/N)".x 03
SIF Z6=4YS THEN 1050
F 2§<>"N' THEN 1040

:osocusus ‘sslms)
LOAD DC TRS




PHOTO203 ©01L/LOSTT EX

10REM - "PMJTDBOB" ---- VERSION= t
ABREM = PHOTOGRAMMETRY SVETEM ROCESSING ROUTINES
20REM WRITTEN BY= M. ARBUCKLE DATER 08708707

30DIM 2864 ReH 21864, 28460 ,Z361 , 2451 ,25430 ,2643,2743,28¥8 . 20430 ,Riw

70 ATA VTRANSFER DATA T0 UORK AREAS", "PHATO001","PLATE COORDINAT
REFINEMENT” ; "PHOTDA05
7% nATA MODEL FORMATION®, \PHOTOA00 . <STRIP FORMATLON -pHOTOA
DS TIENE o SEHOTOROR Y SELOCK. ADIUGTHERT (AMER ) IRHO 1080
4‘ ‘BLDDK ADJUSTHENT. (SOHUT) 1 spraTOA0S™
7a *RETURN N MENU" , "PHOTOR04
OSELEC‘T DIEK an
xsocum 1000
LOPRE:
EDEDEFFN'SE(ZS 26,272
F 2500 BN 203
=25-1

RINT HEX (010D}

FIF 25=0 THEW 203

NTT(0A 215

RINT STR(Z1%,1,25)

203LF Z7=0 THEN 20!
FOR 221 70 27

tPRINT TAB(63)

WEXT Z

F 27=0 THEN RO&
NITLOCIZA%

RINT E‘rmzxs.x,zﬂ
zo4xF zs=o THEM 18

ium' i iom

F Z6=0 THEN 199
NIT(09)Z1%

RINT STR(Z1S,1,Z6)
RET

EOSDEFFN‘BO'ECRATCH T *3HEX{2R)} “"PHOTORO3" sHEX (22 )

aoaﬂEFFN‘Eu"sAVE Dc T ("{HEX(28)} "PHOTIBOS SHEX{R2) 1 %) " {HEX (22) 1 "P
D‘(DBOE"‘HEX(

EO7DEFFN’O"LIET 8 1000.9999"

EOBDEFFN’97(21 28,28,28%,24.,28)
amcnsuﬂ '98 (24,28,23)
'ZS=LEN(Zl$)

:BTR(Z1S, 28, a) =HEX [ROR0SS)
NIT(EE)QTMZSQ (LEN{Z141+1,24)
% LEN(Zi$ )44, L) =HEX(5D)




PHOTDORO= ENWEN N ad =

SFOR Zai TO Z4+1
RIBKEVIN STR{Z$,Z,1), 213, 280 1
16070 RIS

213ADD(23%,01)
1IF 2% (HEX(40) THEN B14
100SUR_ 150 125, 224242,0)
1Z3%=HEX
2141F sm(zs ZiIIOHEX(09) THEN 216
R(Z¥,2,1) HEX (RO
~1F Z=i THEN @12 o
$Zaz-p
IF 2=0 THEN 815
STR{ZS,2+1,13=HEX(R0)
FRINT HEX(0B2E00)5

H Eu:sm(zs 1 1)=H79<<eu
R (oazzos) d

EstRJ.NT srR(Zs.Z.i
SIF srn(zs 2,11 OHEX{0D) THEN 817

1ZRZa+

BITNEXT z .
3IF FOB(Z8=0D)=0 THEN a1
:STR{Z6,POS(2$=0D) 1 =HEX {20}

'IF za<>o THEN 218
axaxF sm(zs 1,4 Y OHEXIE0) THEN R19
ZHom
ELBIF Nun(zs)(z4 THEN 210
CONVERT %8 70 2
'IF 2>za TH’EN B2y

anLF s'rmzs . x)()HEme) THER 212
* THEN

=HEX (00}
~Goeu5 93(0)

000
2o PRINT HFXmﬂ
HIEYIN 28, 221, R0
16010 v
EE7DEFFN ssxm
GELECT PRINT 0651645
$PRINT HExtoaquAvoAoA)

IPRINT TAB R R E B R BB N A S A E KR KA A w e
1PRINT ?AE(E)'“*“:TAB(EU:‘*"
EaEPm‘.N‘r TAB( w SYSTEM  LOADING #n

RINT 147 TABIBO-INT (L ENIRLE) /2D ) RIS ITABISL) 1 40

LERINT TABIE)|ene TAB(ZYS

esapn]m"‘ma(s)-ﬂi;n;i&*blquc't&u*bnon;n

monssl_sw et 005 (64 ) ] 1
FPRINT HEX (00ADA)3TAB(S ) “DIGITAL PHOTDGRAMMETRY PROCESSING ROUT !
INESH




PHOTO®80S [EAVER- Ve &4 =

1PRINT
L050REH NeND OF OPTIONS AVATLABLE

*RESTORE
FOR I=i TO N
SHEAD Ri%,R$
EPRINT TABIS)FX3" "iRiS
SHEXT 1
1020G0SUB “97(15,6,0,"ENTER THE SELECTED NUMBER",2.8)
:REHTuRE zaz—l
SREAD RIS, RE
msomum' H.EX(OB:"‘VW WAVE SELECTED ## ¥y
104060508 '57(2 1 1,"15 THIG CORRECT (V/N)*, x 1)
IF Ze="y THEN 1050
'IF zso"N" ‘(HEN 1040

GOTD &
105086508 'Bsmls)
$LOAD DG TRS

B




FHOTOS04 ©1/1L0/,77 1
OREM —-=w PHTOBO4" <--~ VERBIGN= 1
ok PHumaﬂamzrm svsn:n NAZI nsw
EOREH WRLTTEN ICKLE DATE= 02/08

m Z$64,R3E zxse@ zasso a1, 2481 .zBszo.zssa Z753,2898 , 20510 R1s

70 DATA *INPUT ROUTINES®, "FHOTOB00 ", "EDIT ROUTINES®, *PHOTOR0L" D
UTFUT RuuTxNEs" "BHOTOSO0R , YPROCESEING ROUTINESY, "PHUTOEOS*
1GOSELECT DISK B.
1306070 1000
199RETURN
ROBDEFFN ‘9825, 76,27)
LIF Z5=0 THEN 203

1252751
.PRINT HEX (0100}
IF Z5=0 THEN 203
-!NITIOA)le
.FRXNT sm(zu 1,25)
2031F 2770 THEN B804

LINIT(00)Z1%

SPRINT BTR(Z1%,1,27)
ROAIE 2

76
PRINT HEX(OD}
IIF Z6=) THEN 199
$INITLOBIZI%
'PRXNT STR(ZL% 4 281

EOEBEFFN’ED"BCRATCH T "iHEX(ER) 3 "PHOTOBOA" IHEX (221

ETURN
206ERM 1 sAvE oG T (" THEX(BI2) § "PHOTOROR " MEX 1B2) 3 % ) *SHEX (B2 ) 1 "PHD
TOB0A " sHEX 121
RETURN

20‘7DEFFN'0"LIST S 1000,3995"

aosnEFFN's?xzs (2B 78 e 20 20
1060SUB_ 58 (21 128, 2
12195283
Zs-LEN(zuitu
5,25 ,3 ) HEX (202058
.INIT(EE)STRlzxw LEN(zm)U.zM
's;xmzu.l_smzxs)un)-HExlsm

ammum’ HEX(
.GDEUB 'BB(D.LEN(zur—za-.HZE,m

elEkvaN ETR(zs,Z.U' B, 820
He (it
BLEADD (Z8$,01)




PHOTOS 04 Qi/10/s 77 3

PIF ZISCHEX(40) THEN B4
1GOSUB 'BB(ZL Z8+7+8,0)

2ZRE=HEX {01
21a1F BTR(zs z M1y omEx(08) THEN 816

IBTR(Z% 2,1 V=HEX (B0)
IF zwi THEN BI2

215
ISTR(Z%,Z+1 1) =HEX (20}
FRXNT HEX(OBEEDEY'

E].SB’YR(Z!,I,X)=H‘EX(ED)
SPRINT HEX{0BEECE){
:60TQ 217

BABFRINT STRIZ$,2,1}5
:IF STR{Z$,Z,17¢OHEX(OD] THEN 217

POS{Z$=0D1=0 THEN
'ETR(ZS.FDE(ZQ-OD) A)chx(am

HE ZB<>0 THEN 218
EJBIF STRIZS.4,1) OHEX(20) THEN B19
Enst NM(Z$)<ZH~ THEN 210

'lF z>ﬁs THEN 221

EEOIF SIRLS,Z ) OHEXOR) THER 218
SO THEN 2LR

.Gus\JB it

EHlPRlN’T HEX{07}
EVIN zs 221, BLo

GOTO
avheEmSE (R
$BELECT BRINT 005(64)
PRINT HEX(OEUAOADAOAOA)
~pgmy-ma( PR EE RN E G R KL R DA R K E K R AR AN
£PRINT TAB(E)-"*“TAB(EU;"W
BREPRINT TAB(S):
SPRINT TAB(S)'""‘;TAB(SO-INT(LEN(Rlil/E)) Rm TAB(SL)'"*“
IPRINT TAB{S): vk« TABISL15 ¢
BROPRINT TAB(S)i '+ # & e harrararanenasan

§n

TRETURN
1000SELEET PRINT 00%:64)
=;Rim HEX{03CAOA) i TAB{S ) "DIGITAL PHOTOGRAMMETRY MAIN MENU"

lDlORﬁM NeMO OF OPTIONS AVAILABLE

sRESTORE
tFOR T RN

TR e




PHOTO204 CEYER-Yasd =

RI%,R$
FRINT TAB(S) I3 4Res
SNEX
1020605U8 '97(&5 e 0, "ENTER THE SELECTED NUMBER®,2,4)

SUORRINT MEX{03)5°YOW HAVE SELECTED M)
1040G0SUB *97(2,1,1, '15 THIS CORRECT (VIN)" 1o ot
$IF Z$m*Y" THEM
.xF 2$(>"N" e’ 530

wsoansus 'sslms)
LLOAD DC TRE




PHOTOCOO ©0L/20,77
40 REM =www "PHOTO000" ww-w PrewRAM TO INITIALIZE DATA FILES
Eo REM WRITTEN OB/1$77 M. FRBUZKLE

DIM 286821664 1 (10} ,DOS10, NB$ES

130 Gato 3

BOSDEFFH ':50 s
R0GDEFFN '31°80VE DC

00 " $HEX

HOTO0 @)
1000 PRINT HEX(030A0A): TAB(E)'"SE\'TM: UP FILE AREAS"
1005 DATA SAVE
DATA

(610 pATA
:DATA

:DATA
1020 DATA

ipaTA

iDATA

IDATA
1030 LOAD

IC DPEN R 3,"PHOTODOL®
SAVE DC 0, o qu NI$,008
SAVE DC EN|
SAVE DE hEN R 1000, “PHOTODOR"
SAVE DC END
SAVE DC GPEN R @00, "PHOTUROR"
SAVE D

C
SAVE DC OPEW R 10, "PHOTODO4"

SAVE D¢ END
SAVE DC GFEM R 10, "PHOTODOS"
SAVE BC END

SAVE DC OFEN R4B0, “PHUTODOE"
SAVE DC B!

SAVE PC DFEN R1S,*PHDTODO7"

SAVE DC END
DG R*PHOTORO4"

RATCH R iHEX(BRi¢ “IHOTO000 * (HEX 182 )
¢ X (BR) ; "PHOTO00G ™ {HEX (RR) § ) “ {HEX (28 ) 3“7




PHOTOOOL 01L/10,77 1
m REH —--- “PHOTOO04" ~--~ PROGRAM TO TRANSFER DATA TO WORK ARE

20" gem WRITTEN 08/1577 M. ARBU
50 DIM 2664,21664 ,N1(10),D0%10, Nasas xs(so:!:-l AL (15)R4 ,ABS [30)84.A
BHLT0)BA A4S (18)41 ASS (3014
190 GOTD 1000
Z0SDEFFN‘BO'SCRATCH R “;HEX(BR) ; “PHOTOOOL * sHEX (223
E0GDEFFN’3A"SAVE DC R (*IHEX (2217 “PHOTO0DL "sHEX (2813 %) " THEX (B2} 1 "PHO
TOO0L " sHEX (22)
Q00 FRINT HEX(OGOQSA\‘TAStSﬁ"TRD"E‘FERRING DATA 7O WORK AREAS™
1001 DATA LDAD DG Of
SDATA L.DAD ¢ N FJ ,Nll), 9$
IDATA GAVE DA RIG0OL.LINAFL 0 1,M36 D0k
mmnm'A LnAn DC OPEN R*FHOTODOR

toz0 nATA LDAD D X8l

~nAm sAVE DA R(L LIX$ )
:60T0 1080
1030 DATA SAVE D& RUL,LIEND
3DATA LOAD DC OFEN R*FHOTODOZ"

1L=4002
1080 DATA LDAD DC ALS(}

SIF END THEN 1050

.nA'rA BAVE DA RIL,LIALS()

1040
mso nATA SAVE DA RIL,LIEND
A LOAD DC DPEN RPPHOTODG4™
LOAD BC ARE{}

5
"
g8

RUAIILLIARE ()
C END
LOAD BC UPEM R°PHOTODOS®
A LDAD DC AZ¢ )

vl R(S‘lel SLA3% )
1070 DATA LDAD QPEN R*PHOTODOG"
=ABGL
080 nA‘rA 8, LoAD D 6ag ()
HEN 1080
.DATA sAVE BA RIL,LIAGS ()

1090 DATA sAVE DA R(L,LIEND
UAD DE OPEN R7PHOTONOT7*

1100 BATA LoAD DC ASE()
$1F END THEN 1110
IDATA SAVE DA RIL,LIASS(}
26OTD 1100

1110 DATA BAVE DA R(L.,LIEND
WOAD DE R*PHOTOROZ"



PHOTO100 o110/ 77 kS

10 REM ——~- "PHOTDI0C® ----  PROGRAM TO INPUT NO OF STRIFS, FUC
oL LENGTH, NDDELS FER STRIF. PROJECT NAME

20 REM WRITTEM 08/08/77 M. ARBUCKLE

£ nm»m(xm Duno ,Zasx.zlsm Z$64 NSRS ZESES

It

EOLDEFFN 90 *SORAT! CH R
EOBDEFFN ‘31 “HAVE DC R

H'EX(EE) §rpHToL00 -
HEX (22 ) § *PHUTOL00

IEX (2
HB((EE):')':HEX(EE);"PHD

TOL00* sHEX (22 ]
1000 PRENT HEX{0B0A0A}ITAR(S): "DATA INFUT"

1420
tDATA LOAD DC UFEN R*PHOTODOL®

sDATA LOAD DC N,Fi,N1 () HO% . I0%

1010 GOBUB “97¢5,6,0,"1, ENTER THE PROJECT NAME®,25,0)

9%=Z%
1IF J={ THEN 1040

3020 GISUR °9745,6,0,"2. MUMBER UF STRIPS IN BLACK",2,10)
$IF J=i  THEN 1040 5
1030 GDSUE '5717,6¢0,"3, FOCAL LENGTH. 1eee® 6,200}

ccsus “G7(18,6,£, "ENTER THE NUMBER TO BE GHANGED (0=NO CHANGE",1

.zF =0 THEN 1050

2G0TO 1010,1080,1030
1080’ PRINT HEX(030A ) 1 TAB (507 "DATA INPUT  ~
R_STRIPY

ENTER NUMBER OF MODEL.
IERIIT TAB(S)“BTRIP fO"
icsﬂmﬂ L= TU
CONVERT
1061EE0UE 57 1108.520,2002,89)
SIF Z¢=0 THEH 1061
W
1070 GBEUE’ /87415,6,1, "ENTER THE NUMBER 70 BE CHANGED (0sNO CHANGE 2
feiez

$IF 2=0 THEN 1090
1080 CONVERT PL TO Z2%, (44}
1GOSUB 1U7(P1+4.,9,0,78%,2,99)
IF Z(=0 THEM 1080

1030°
TON

IFDR Zml
:Tswru 28]

IF T>EDD THEN B
1DATA LOAD BO DPEN R"FHDTDDO["
DATA BAVE DG N1 N1C) ,N9$ D0S
1100 LDHD DC RPHOTEBI
BOOO PRINT HEx(oavoA),*rAB(s):"Nm OF MODELS EXCEEDS 200 - RE-ENTER DA




PHOTOL100 QLSLOSP7

A
SFOR Isi TO BSO
ENEXT T

16070 1050




FPHOTOL10 1 01,120,777 kS

10 REM ---- "RHOTO104" ~—~~ INPUT PLATE CODRDINATES

12 REM WRITTEN 08/4877 M. ARBUCKLE
5 BELECT PRINT 005(64)

Eo BIY ALSUI0IDE,AESIE0) 13, ATSI60)13,A46 160113, A5$3 L0 (1), J142 2
$2,21564 7364 , 28564 ,N1 {10} ,D0%10 NS9SS

80% wm» —ahy AR Y ~HE -
RS A

81% »nmu Fieiid

82X PT. NO. X1 vi xt

i
mosELEcT msm
SOLOAD LC RYINPUT" 198, 232
EB#DEFFN'SO'SCRATCH R “{HEX (ER)3 "PHOTOLOL ™ SHEX (28)
EDSnEFFN sx“s&vz JDE R (7$HEX (8231 "PHOTOLOL HHEX (2R)§ *) " SHEX(82) L PHO

woo nA‘rA LDAD OPEN T#1 , "PHOTODOL *
:DATA LDAD D6 #1,8,FL,NLE) N9%, D0%

nATA LGAD DC OFEN R “PROTODOR"
P END

1001 PRINT HEX{0301)} (suLToH On PRINTER™
sSELECT FRINT El =1
LPRINT HEX {0

T ¢ oL ik 1 /2
gg%m’ HEX (OE ) ; TAB{ T2} 9%
l;;?ﬂ' MERTOE) $TAB (24 ) 3 *PLATE CODRDINATES®
$PRINT TAB(SE) {D0S
FPRINT
1002 SELECT PRINT 00S(64}
1010 J=0

1J3$="0001%
.JE‘—"QOOE"

1020 PRINT H‘EX(DEIDAOA) TAB(S)"‘PLATE GDURDINATE IHPUTY
103060SUR '57ls L1, UEND OF BLOCK (Y/N)" 4,

TIF Zgmeyt

1F Z!()*N" THEN 1030
1080 Iw3

EXEXTHY

1050 GOBUR 197(6,6,1,"FLATE HO.",6,539999)
1060 PAck(mw# AZS 1 IFEROM
PACIC L Hitbii ﬂmﬂm‘nm&s(um L0)FROM 0,0
1070 Guaga '5747,8,1,"P.0. NO.¥,6,599999)
1080 PACKM.MH“)A:‘(E)FEUH
Q)ETR(AE'HE) 4,10 )FROM 0,0
PACEE FOR "3B3~11" POINTS®

xoexPsum' H'Ex(on TABSS)

1090F‘RINT HEX(OEOADA) TAB(S)"‘WJDEL CUDRDINATEE INPUT®
1100 GORUB ‘37{6,8,@,"PT HO.".&,95939

Pez
111088508 197(7,6,1,"X1",10,9999.9999)
Xi=Z



TR

PHOTOL0 L -3 e NP ad &=
1120GOSUB /97(8,6,1,"V1",10,9959,9959)

Y1z
1190 PACK (HUR#EER 1ARS LLIFROM P
A180 PACK (+44Hi4 S48 BTR (ARS (1) ,4, 10 JFROM X1,Y1
1150 I=Iel
$IF P=y THEN 1380
iIF P=5  THEN 1160
HIE 1-88 THEN 1151
1G0T 1
uswamr HEX((M) TABIG); “NO MURE SPACE - END MODEL./BLOCK®
GOTO 1.

1160 xF J-a THEN u'ro
.MAT anv Aas() Tn ABS )

3470 MAT CDPV Aas() IO pas L)
MA copy Aas() TD Aas()
T COPY AGS{ 3% ()
1180 PRINT HEX(oaoAnA) FAB2)  "SEARCHING AHD SORTING®
1190 1-3

1800 uNFAcKMMﬂmAas(u e
12E0 UNPACK (#8843 )ABS (2) TO PL
iz20 UNFACK(#M“ML\S‘(?) 10 P2
1R30 PAGK{#REESEIALS (LIFRON F
.PABK(#%#M*MAAE'&IFR
H »m«nsw(ms(xx 4,20)FROM 0,0,0,0
1240 PACK{####IIALS (T
1350 PACK (+ie, MW)ETR(A“(E)A #OIFROM 9,0,0,0
12 0 FA§K(+N¢# A ISTRALS (3], 4,20 1FROM 1,0,0,0
HIT {0
.UNPAcK(OM“#)S‘rR(AEﬂI).A 3) 7O P
PIF P=1  THEN 1370

53F P=5 THEN 1370 N
@m0’ MAT SEARCH ATE (), -srmnas(n 1,3) TO LO21) STEP 13
(19=HEX (0000 ) THEN 1.
1290 Kltass*vm.(srmwt(n x.L)HVALWranNU.EH
1300 J=iki-t) /12
500 UNRAGICCHHARE BEREISTRIAZS (1), 4,20) TD XL,v4
1320 LHPACK (8o A4S ISTRAZS01) 14,10 T0 XB, V2

1340 A mnmms(mwanr
1350 PAGK(+#i#H QMMETR(AB(K),A BOIFRGM X1,Y1,%X2,Y8
1360 K=ol

607D 1870

1370 GOSUB 1510
1280 PACK (48 , 448 STR(ALS (K) ,4,20FROM 0,0,0,0
13sg PAcxrww#NMmcK:FRaM
1280 DATA BAVE DC A
SDATA BAVE DG END
DBACKEPACE 18

HIF PR=t  THEN 1040

-



PHOTO101 Q1/10/77F =

tIF PE= 5 'mEN 1010
1430 DATA SAVE 1

1LOAD DC R"PHDTDBOO‘
1440 =3

$BELECT PRINT 215138}
i R.lNT

'UNPAcmmMHMs(U To P
SPRINT TAB (B

$PRINTUSING Bs "MODEL. NO*
TPRINT

TPRINT TAB(30)

PRINTUSING B2

$PRINT
1950 UNPACK ($4#$#51ALS(1) TO A
1880 UNPACK(HHH 4444 )8TR(ALS (1) ,4,80) TO B,C.DE
1470PR1NT

INTustG ao A18,C.D E

1480 IF A=i THEN 5

tIF A=S  THEN 1500
H 1330 Ixl+i
4 £GOTD 1450
1500 EELECI' PRINT 005(841

15105
1520 UNPA; cK(ﬂmnAﬂsu) TO PR
1530 IFf p2=i THEN

1IF PR=5  THEM 1slm

1ImIel

1607 1520
1840 RETURM




PHOTOL 02 oL/x0/77 £
10 REM -~—— “PHOTOL0EY ~~-- INPUT STRIP CONTROL
12 BN WRTTIEN 084197 M. ARBUCKLE
S SELECT PRINT 005t64)
EO DIM A1%{15)20,A5$3,J148 , JBSE, 71664 2664 ,ZRS64 N1 (10) ,D0$10 ,NOEaS
0% IHihs BRI —REEREE A <SR R
BI%  HEEEHIH Foradacd
2% BT, NO. X1 vi 2L MODEL N
a
IDOE‘ELECT #1810
\D DG REINPUT" 188,
bR PP B0 SaeRATCH A S{HER(22)1 PPHOTOLOR" {HEX (28
206DEFEN'BLTSAVE DC R ("IHEX (2R): *PHOTOLDR"HEX(B2) 1Y) *1HEX(22)§ "PHO
TOL08" HHEX (BR Y
000 DATA LDAD DC DREN 7 TUDO L
A umn DC u N Fl.Nu).Ns: Dot

BTODO:
1010° FRINT waxmaon--wncn ©N PRINTER*

b3l
IT HEX (0E) 3 B (51 inas
‘F!u

FRINT HEX(OE);TAB (2713 *STRIP CONTROL®
PRINT
RINT TAB(5E)3B0%
PRI
1020 BELECT PRINT DOS(64)
1030 DATA LOAD DG Als{)
F END THEN 1040

1080 31350
15290001"

+JR$="00D5"
1050 PRENT HEX(0B0A0A) 1TAB{S); "STRIP CONTROL INPUT"

RINT

RINT TAB(S): INPUT CONTRDL FOR STRIP NO "3Ji+1

1060G0SUB ‘718,61, "END OF STRIF (V/N)*,1,0%

£ Zz4="v» THEN 1820

SIF ZEOMNY THEN 1060

1070 ImL
1G0SUB '8B16,6,1)

LO8OFRINT HEX(01)3TAB(E}; “RPACE FOR "315-13% POINTS"

1080 GUSUR '87(7,65,"PT HD. ",6,999089)

uao«:nsua 19718,5,1,"x4%,41,595999.99%)

114060508 87¢9,6,1,%Y4",11,999999,999)

1120 cosue '97110,6,1,"21",11,9595599.999) &
uao Eu\;us 1971864, "MODEL ND*.6,995899) i
1190 PACWMNMJAIQUJFRDM P

o




1
1
B
|
i
!

FPHOTOL08 SRR ey o d =

1150 PACK{ +#B8464 Hi# IETRIALSIT) 4, 1B)FROM X3,¥5.29
$PACK L#BRS40)STR(ALS (1) 22, B)FROM M

1160 I=Iel
{IF Pst  THEN 1180

F peS  THEN 1180

OTD 108
AL70PRINT HEX{01);TAR{S}{"ND MORE GPACE -~ END STRIP
16070 1050
1180 DATA BAVE DC Al%i)
:DATA BAVE D€ END

BACKSPACE 18

1200 Gusus x 30
18108070 1050
1280 DATA SAVE DC ENI

LBAD B, R*PHOTOR00"

RINT
1250 mPAcK(w%MHAis(I) ™ A
1250 UNPACK { +#H84H wt)sm(mm(n.‘t..\a) TO B,C.D
UNPACK LB I4)STR(ALS (1) ,22.,3)
AEGOPRINT TAB(30)
$PRINTUSING

’80,8.8,€.0,M
70 1 A=t THEN 1290
$IF AsE  THEN 1290
1280 Ieisi
1GOT0 1280

1830 SELECT PRINT DOS(64)
$RETURN




PHOTO10: o01L/10/577 1

~ INPUT RLOCK CONTROL { ADJUSTMENT

10 Rev ~ “PHOTOL08"
2 REY WMTTEN 0871977 M, ARBUCKLE
& BELECT PRINT 005(64)

eo DIM Ais(ao 120,AB83 J152,J292, znstz Z$64 22564 NL(10),D0810,NoeaE
sax # amﬁt e Aetag i HHEE RS Hmme s

lOOSELECT #is1o
190L0AD DG R*INPUT” 198, R32
BOSDEFFN’Z0"ECRATCH R *SHEX (ER) 3 "PHOTO103!
EO0EDEFFN ‘31 "SAVE DC R { X(EE)"‘FHDTD!OS";HEX(EE):")"'HEX(ELI:'F
TULOS" jHEX. (28)
1000 DATA LOAD DG OPEN T#1,PHOTODOL”
iDATA LDAD DC #1,N,FL, Nx().N% oS
DATA LOAD DC OPEN R VPHOTODOS*
1010 PRINT HEX(0301); "SWITCH DN FRINTER"
SSELECT PRINT 215(132)
tPRINT HEX{0C0AOA)
JB=INT( (66-LEN (N9% ) /21
PRINT HEX(0Z);TABIS) {NG%

PRINT
iPRINT MEX(OE)3TAB(23}; *BLOCK CONTROL (AMER)"

IPRINT
iFRINT TAB(56);D0%
$PRINT

1020 SELECT FRINT 005{64)

1080 J,I1x0
‘J1£='0001 "

1B
1050 PRINT HEx(osoAOA),TAB(s)"'B.DCK CONTROL. INPUT"

lOEOFRINT HEX(01)$TAB(S ] "SPACE FOR “:30-13" POINTS"
1080 GGBJB *9747,6,5,"PT NO.",5,999989)

noncnsus 19748,6,1,"X4",11,999999.989)
umcusus 797(9,6,1,"Vi*,11,599999,999)
1z, cceﬁa 197¢10,6,1,"21%,11,5599959.999)
1180 PACKMH»'#)A“(X)FRDM

1150 PACK {4#b# . B4 )BTR(ALEL1) ,4,B1 JFROM X9,Y9,29

4160 F=I4y
3IF THEN 1180

118 THEN 1180
1IF X=830 THEN 1170
3G0TD 1080 .

1170PRINT HEX{0LJ3TAB(S):*NO MORE BPACE ~ END INPUT™
16070 109

1180 DATA SAVE DC Ats()

1gE0L0AD DU R*PHOTRA00




PHISTO1O3 oLrLO,77 =

3I4=11+
.EELECT PRINT BAS(132)

.PRINT TAB(30);

IPRINTUSING  BR

$FRINT
1RAD UNPACK UHAE#4IAL: ) TO A
1850 UNPACK {Hiies . mm.nsmmu(:)m 21) T0 B,c.0
12GOPRINT TAB{B0);

tPRINTUBING  B0,A,B,C,D

1256

£IF ASS THEN 1830
1280 I=I+#i

1GOTO_ 1240
1290 BELECT PRINT 005(64)
*RETURN



R

PHOTO10S QLILOSTZ 1
£0 REM - “PHITOLO8® INPUT BLOCK TIE/CNTRL PT STATUS (AME
12 REM WRICTEN 05/1977 M. ARBUCKLE

15 SELECT PRINT 008
20 DIM Msuz)u Asss 52 liem sese,zis6e, 2864 , 22664 N1 (10} ,DOSL0  NISAS

BO% 4
8ix m»m R
82% PT. NO. STATUS
100SELECT #1B10
4B0LOAD DC RUIHAUT® 198,

E0SDEFFM 30 "SCRATCH R “'HB((EE) 3 “PHOTOL05* HEX (22 )
EOEDEFFN'S.\"SAVE’BC R (*iHEX(E2): "PHOTOL0S " HEXIER) S ¥ ) "SHEX (ER) § "PHO

1000 DATA LOAD DC OPEN T#1,"PHOTODOL "
A LDA

D_BC #1,N,FLNLC) Nss +Dos

108 TA LoAD BC OREN R ”PH
1010 PRINT HEX{0301
SSELECT PRINT .Jsuazl
IPRINT HEX{OCOAOA)
$IB=INT ((GE-LEN (e ) ) /2
NT HEX(0E)$TAB(JS) 3 s

.FRI
'FRINT MEX(OE)sTAB(EL) § "TIE/CONTROL POINT SYATUS"

LERINT TAB(56) 1008

PRINT
108G BELECT PRINT 005{64)
1030

tH ON PWJNTER"

DEKIP END
1DBACKEPACE 1

ATA LDAD DS ALB()
F END THEN 1031

1G0TU $040
1081 J1=0

GUTO 1050
1G40UNPACK (448 )A1S (1) TO J1
1050 PRINT HEX (GBOA0A) $TAB(S ) § "TIE/CNTRL BT STATUS®

SPRINT TAB{S):"LAST MODEL INPUT *3Ji
IINIT{GOIALS ()
wsomﬁus '97(8,5,1, "END OF INFUT (Y/N)*.1,0)

weyo THEN 1280
: F zso'N" THEN 1080
1070 x-x

78BG

ISUB 1)
10BOPRINT HEX(01)1TABIS) 5 "SPACE FOR "jAB~T:* POINTE"
1030 COSUB ‘97{7,5,5."PT M. ",6,599893)

H100GDEUB *57(8,6 1, 'STATUR® 11,5
1140 PACK(*“MMA:!(I)FRDM -
LL5D PACK(#H#IBTRIALE(I1,4,1)FROM X

3160 I=I+1
AIF Pt THEM 1180

IIF P=§  THEM 1180




PHOTG10S OLILO ST =

TIF I=1l THEN 1170 .

16070 1080
1L7OPRINT HEX{OL}TAB(S); "NO MORE BPACE - END MODEL”

£GUTD 10!
1180 DATA SAVE DC AL}

TUNPACK tOBIRHIDALS (1) TO T
1m0e GOSUB 1B30
Jasocn'm 1080
0 DATA SAVE DC END
.LUA\) G RUPHOTOROD
1830 1=
.UNPACK(me)Aitu) 70 J1
:SELECT PRINT 215(132)

NT
IPRINT YAB(30)¢
IPRINTUSING 81, °MODEL NO

1280 UNPACK {###448A181) 70 A
UNPACK (#%)STR{ALSII},3,1) TO B
IEEDFRINT TAB(30}§
RINTUSING  80,A,B
1270 IF = THEN 1290
1F THEN 1280

1280 1
bov 1280
1880 SELECT PRINT 0D5(64)
SRETURN

=




PHOTO104 QLALOSTT i

L0 REM —-e— "OROTOLOH® —-~= INFUT CHECK POINTS
lE REM WRITTEN 09/1977 M. ARBUCKLE
5 SELECT PRINT 005(64
& B AL$130)89 tEi .usa,.tasa 77655 ,Z664 ,ZESE4,NLL 10D, DOSLD 1O4ES
] —wnw HHEIE -6

B2% FT, NO
1008ELECT #1810
AD DO R”INPUT* 198, B3E
ensnEFFN'ao'scRATcH R “iHEX(22
EUSBEFFN’SJ."SAVE BC R ("iHEX(EE)
TOLO8 " tHEX (23
£009 DATA LOAD DC CIPEN TEL, *PHOTODOL *
DATA LOAD DC #1,N,F1,Ni () ,N9%,D0%
ATA LDAD DC DPEN R ‘PHOTOROS®

AR SR R
1 g

X2
/(EE)'")“,HEX(EEH"?HD

RINT HEX{0COAD,

=INT € (66-LENNI$) ) /2)
RINT HEX(0E}ITAB{JID) iNS¥
RINT

RINT HEX1DE) ITAB(R7) 1 “CHECK POINT&"
RINT
SPRINT TAB(S611008

1020 sELEcT PRINT 005{64)
1020 J

1959 PRmT HEX(030A0A} sTABIS) § "CHECK POINTS IHPUT™

ms\mﬂm HEX(Ol)vTAB(S);"EFACE POR 5430°T4 POINTE”
197(7,6 T'NG. " 6,999999

Z
11008508 fH748,6,0,X1",11,559939.999)
$X352
11£0605UB ‘97¢9,6,1,°Y1",11,595999.999)
1Yz
1120 cusun 187¢10,6,1,"2Z1",11,959999.859)

3180 FAGKUMHSIIALE (L FRON P
2150 PACK Uysbiirkih #4454 15TR (ALS(X) 4,21 )FROM X3,V9.,29
1180 1=r+1
$IF Pai THEN &
IF pi TEM 1ias
1F 1289 THEN 1170

160
L470PRINT HEX(01)1TAB(SY; "NO MORE SPACE ~ EMb INRUT®
16070 1030
sa80 DATA save De also
LEDO cus..\
E20LOAD DC R“FH]TUBDO"

xas 1=1
[T S22




PHOTOL 04 QL s/LOTT7 =

+SELECT PRINT B18(132)
SPRINT

1280 UNPACK (#S#HI#EIALS (1)
1850 UNPACK( +iiriias . wuﬂvs’mmls(l),a 21) TO B,C,D
1EE0PRINT TABIZ0)

SPRINTUSING  80,A,B,C.D
1270 lF A 3 THEN 1890

THEN 1250

1280 x-xu

TGOTI

40
1290 SELECT PRINT 005(661
FRETURM




PHOTO106 ©L/rO ST a
10 REM — "PHOTD106% - INPUT BLOCK TIE/GNTRL PT BTATUS (BCH
uT)
xE REM MRITTEN 05/1577 M. ARBUCKLE
00515
zn nm Msmom AS!S ..usa JEST,Zi%68 ,ZT564  ZSEA NL (10) 00810, NOSES
BOX Huhik #*
aix Mmumw -
8% NG, BTATUS
10055.5::7 Qmm

180L0AD DC R*INPUT" 198
S0SDEFFN *30 "SCRATCH R "'HB((EE)"'FHDTDLDS HEX (22 )
aosDEFFN aé;)s(?vs DC R (*;HEX{E2)}"PHOTOL06* {HEX (22} * 1 " $HEX (22) § *PHO
1000 DATA LOAD DG OPEN THi , FHOTABO!
4 LOAD m: #1,0,F4,NLL) Nss no¢
A LOAD DC UPEN R_"RHOTODY
1010 F'RLN‘T HFX(OEOU"EMITCH ON PRINTER"
SSELECT PRINT EJS(.IEIE)
IPRINT HEX{0C0A:
1IBSINT( AES~LEN(N9
P m' HEX(OEJ"TAE(JB)'NSS

:PRINT MEX(QE) ;TABIRL }; ¥ TIE/CONTROL FOINT STATUS™
$PRINT
SPRINT TAB(56);D0S

IPRINT
1080 SELECT PRINT 005(64)
:IF END THEN 1040
1030 J, 140
s I16*0001%
2JB$0005"
1050 PPINT MEXID3VA0A) TABIS )} "TIE/CNTRL PT BTATUS®

:Pmm TABIS): *INFUT FOR STRIF NO *iJisi
1060GOSUB ‘87(6,6,1,END OF STRIP (Y/N)",1,0)
SIF Z$= Y® THEN 1820

HE 260NN THEN 1080

1070
sua “9818,6,11
1080PRINT HEX (0115 TABIS) ; *BPACE FOR "340~I:% POINTE®

1080 SOSUB (5707.£,5,"PT MI.".5,955999)
1100GOBUE *97¢B,6,1,"X1",1,3)

X922
1180 PACK (#8484 )AL (LIFROM P
1150 PACK(##ISTR(ALS(1).4,L)FROM X9
1160 Y=I+i

1IF =l THEN 1180

1IF Pe5  THEN 1180

3IF I=39 THEN 1170

360TD 10BD




PHOTDL06 OL/LO STV =

1170PRINT HEX(0L);TABIS)
1GUTD 1080

4180 DATA BAVE DC AlSt)
IDATA BAVE DC_END
SDBACKSPACE 15

sJimT14L
1200 GOSUB iEE0
1R1060TO 1050
1880 DATA SAVE DG END

:LOAD DC R*PHOTDROO"
1230 =3

D MORE SPACE - END STRIP®

IA=T1e1
ISELECT PRINT 215(138)
SPRINT
IPRINT
ZPRINY TAB{30};
IFRINTUSING  81,"STRIP NO *3IL
TPRINT

IPRINT TABIIN)S

tPRINTUSING 82

EPRINT
1280 UNPACK (E345#5)ALS (1) TO A
1850 UNPACK | BKIBTRIAIEII) .4,1) TO B
1B50PRINT TAB{30}!

IPRINTUSING  BO.A,B
1270 IF A=L THEN 1890

IF A=S  THEN 1290
1280 I=l+1

160T0 1240
1890 SELECT PRINT 005164)

TRETURN

¥




PHOTOLO7 orsi0s77 1

10 REM = SPHOTOLG74 w~-- PROGRAM 7O CLEAR FILES FOR NEW PROJE

2 REH WRITTEN 0B/1577 ICKLE:
0 DIM Z$64,Z1864 ;N1 (10}, Dosm HEHE
150 GOTE 1000
Z0BDEFFN-30*BCRATCH R *fHEX {881 § “PHOTOL07" $HEX (22
BOGDEFFN'3L"BAVE DC R (*jHEX(22); "PHOTOLO7"HEX (22) 1 * } " HEX (B2 § °P
0107 ;HEX (22)
1000 PRINT HEX(030A0A)ITAR(S): "CLEARING OLD FILEE"
1001 DPATA LUAD DC OPEN R “PHOTODOL"
tDATA SAVE DC 0,0,N1(},NSS,00%
1010 DATA SAVE DC END
ATA LDAD DC OPFEN R "PHOTODOZ*
ATA BAVE DC END

UPEN R
C FND
OFEN R
END

: OPEN R
DC END

QREN R
c

OPEN R
DATS END
1030 1LOAD DC R*PHOTOBOOY

"FHOTODOS"

"FAHOTODOA*

“PHOTODOS "
*FHOTODOE
YPHOTORO7*




PHOTO=200 CL/ROI7T 1
10 REM YPHDTOZ00" ~www  PROGRAM TO EDIT NO OF STRIPS, FOCA
L LENGTH MODELS PER STRIP. PROJECT HAME B
20 REM WRITTEN EBlo8r5y M. ARBUCILE

H i 1,21!54 zssA,Nssas ZRHEE
o Dm Nx(.to;ogosw zas R OF STRIFB",*d. FOCAL LENGTH®
190 Luan DC RINPUT" 195 E 0
BOSDEFFN 30 “SCRATCH R *3HEX (22) § *PHOTORO0 * $HEX (22)
EX (221 1 *PHOTUR00 " (HEX (2235 % ) " {HEX (B2) 3 "PHO

1000 PRINT HEX{030A0A}ITABIS) § "DATA ERLT"
7=

ATA LDAD DC OPEN R"PHOTODOL"
LOAD DG N,F1,NL(),N9%,D0%
1004 PRINT

RINT TAB(SHRS:TAB(SO):NS!
IREAD Rs

RINT TAB{S);R$;TAB(Z0)IN
2READ

'FRXNT (LOD(EIIREITAR(3011FL

xomcusua '57(5 6,1,R$,25,0)
95 =28

1040
10a0i6008 ‘97(8,6,1,R%,2,59)

12
104OREBTORE :
1yl

1G0SUB *S7115,6,1,“ENTER THE (UMBER TO BE CHANGED (0=MD CHANGE®,1
)

$ON 26070 1010,1020, 103
080 FR!NT HEX{D30A) { TAB(S)“‘BA‘I'A EDIT*

:FRINT TABIS) ; “STRIP NO/MODELS PER STRIP®
1060FOR I=i TO N
ONVERT I 7O ZB%, (##)
RINT TABIS)ZES; "  "INLLI)

1070 GUSUB (S7U15.6.1,"ENTER THE NUMBER TO BE CHANGED (0sND CHANGE"
12,103

e

F Z»0 THEN 1090

1080 !:CINVERT P.l TO Z8%, (4
14846,0, zet 2,98)




PHOTO=00 QALILD 7T =2

10890T:
FOR 1=1 TO N

A LOAD BC DPEN R*PHITODOL® 1
.DM’A SHVE DE N,FL mnvNHs bos
100 LOAD DC R"PHGTUBO:
Ecou PRINT H.x(oaonoA) TAB(S):"NU OF MODELS EXCEEDS 200 - RE-ENTER

A
IFOR st 70 250
TNEXT
160TT 1050




i

BFHOTOR0 1 ©1L L0 7Y ES

40 REM we—e 'Ps(r_‘(rDEDl' ——— UP!.'ATE PLATE CDURDINATES
ZOREM WRITTEN 08/157 BUCILE
50 IIM AS(30)23,P$3, Lonua asl 1606150085 , 22864 2564, 20864
JDDSELECT #1B10
D DC R*INFUT" 198, 232
aosDEFFN B0 "SCRATCH R #3HEX{8R) § “PHOTOR04 * THEX (28
BO0GDEFFN'3L "6AVE DC HEX (2833 FWfGEOl“-‘HEX(EE);")"'HEX(EE)"'P
HOTOR04 *4HEX (22)
BOODEFFN ‘B
SPRINT HEX(OEOAOA) TABIS)E"MODFEL *3P4:% NOT IN BLOCK RE-ENTER®
tPRINT HEX (0707
iFOR 1= TO Eson

NEXT 1
1DDDP§1N£ HEX(0F0A0A) ; TAB(S ) ; *EDIT FLATE COORDINATES®
SPRINT

SPRINT TAB(5);"1. CHANGE A MODEL NO*
IPRINT TAB(S)}*B. DELETE A POINT™
PRINT TAB(5)}"3. INGERT A POINT®
FRIMT TABIS) A, CHANGE A PDINT*
RINT TABI(S)3 RN _TO EDIT MENU®
mwmsus 57(15,8, 1 JVERTER THE SELECTED MUMBER",1.,S)
20N _ZGOTe 1250.&3&0 1440,1050, 4580
1050 DATA LOAD DC DFEN F#1, "PHOTO
5070 PRINT ldEX!BSOADA)vTAB(E). nA‘!A EDIT"
1090GDSUB *97¢5,6,1, "MODEL No. (0 TO END}",6,999899)

1P

tIF 2=0 THEN 1000
1090 PACK(#M#!&)F‘FRDH "
1100 DATA LOAD DC #1 A

1IF END“oTHEN mn

1510 IF STR(A$(1),1,31<$P8 THEN 1100
{1R9GOSUB “97(6,6,1, "POINT NOY,6,999993)

PRz
1130 PACK{ fHHHE )PEFROM PR

1150 MAT SEARCH A$(),=P$ TD Lot() ETEF’ &3
S1F Losu)=HEX(oouo) THEN 11
6070 1.

usaFﬂINT HEx(oao;-wm 1As(h):"P”r NO %
EPRINT HEX (070707

FDR qu D 250D

‘2% NOT IN THIS MODEL*

:{
.GDTD 1188
1570 I«2SE8VALISTRILO®(1),1,1))+VALISTRILO% (1) ,B))
PIS{X~) /B3)
1180 UNPACI(U—WH% e IETR )
1130 pren 1.
usmnsua '97(5 6.1, "PCIINT ND",G 999959)

‘3)'“ 208 m x1 VJ,xE.VE

R




g

FPHOTO®RO 1 011077 =

1=
119560808 197(5,6,4,"%1" 10,5858 ,99951

3 : usscusua *H7(10,6,4,"V1",10,9999,9598)
us'lm\:l‘;:g 787014,6,1,"XE",10,9939.999%)
2 ! 'GUSUB *STUIR,6,1,%YE",10,5999,9395)
i XEOOPACK(NMM» wﬂxsm;&i(xé 14,20 FROM X1,¥1,%XB,V2
|

IBL0 PACK (i) AS (L IFT
Aezﬂc;nsun *87(1%,6,1, "ANY MORE CURRECTIONS TO THIS MODEL (Y/N3*,1,0

4 TE=H®  THEN

1240 PRINT HEx(oaoAcAoA)

1850" DBACKSPACE (381
:nATA EAVE DC #1,A80)

1260 DAT LDA 1C GFEN_T#1 , “PHOT
1BELFRINT HEX{0BOA0A) TI-\B(SH"DATA ED!T“
Xa’lucosus 8715,6,1,"PRESENT MOCEL NO. (0 TG END)*,6,993959)

‘IF =o

Fhck (asbenn PorREN P1

1a7mnsug '9716,6,1, "MODEL '8 POSITION IN THE BLOCK *,3,20G)
DSKIP #1, (P3~1)

1280 nATa "UiAn Be $.a80)

THEN 1281
:cm’u 1280

1290 IF STRIA%{1),1,31¢PF THEN LE8C
1300GOBUB *97(7,6,1, "NEW MODEL. ND.*,6,939993)

FPaZ

irecusmspeanrs e ¢
spmACKaPACE 4

3 : DATA BAVE oE i as 0

xsmnm LxJAD ®nc oren T#L, "PHOTODOR"
1311PRI.NT HE03080R) STABIR) 1 TATA EDLTH
: UB *97(5,6,1, "MODEL NU. (0 TO END}",6,999399)

550 w1000
.FACK(MMMJP‘FRDM PL
1330 n TA LOAD DC #1,4%()

£ END o RN 1881
i2hr0 Tas0

"';"
5
B
58
3%

1340 IF STR(A®(11,1.3)<P% THEN (330
1 1350605U8 *97(7,6,1, "POINT NG*,5,599998)
1 :PR=2




PHDTORO0 1 Q110,77 =

1351 PACK (S PEFRON FE

1860 lNIT(OD)LOG()
ARCH AS(),=P& TO LOS{} STEP 23
IF L05(L)=HEX(oooo) THEN 1362

xsewlum H‘EX(DSOAOA) TAB(S)'“PT ND "iP2:” NDT IN THIS MODELM
T HEX {0707 o
-an 1=1 TO Esoo .
142

MEXT T

@070 1350
1370 !=EE$‘VM.QSTR(LO‘(&).).l))‘VAL(S‘TR(LOl(U,E)I
1380 UNPACKH*%##.&MISTR(A%(I)A.EO) Tn xx v1 xave H
13590 PRI = nive

1400 FACK(”%H)A!(I)FRM )
tINIT(00)B1S(

312=0
1410 FOR It=i a0
HE 8 sTmAs(u).A.3>-stwouooo) THEN 1420
.Bnue)—As(Iu
1420 NEXT
1830 DBALASPA\.E #1,1
DA AVE oC M BisY

GoTO 1
1400DATA, LUAD %5c OPEN T#1, "PHOTOROZ”
1441PRINT HEX (080ADA) 1 TAB(E)  *EDIT DATA"
1450 GOBUB ‘87(5,5,1, “MODEL. NO. (0 TE& END)*,6,999299)

1Pz
tIF Zs0 THEN 1000
.PACK(M”M)PsFRm
1350 DATA L ot
1IF -u: TH'EN 1451
16070 1470
1451cneus ‘260
1000
1479 IF sTR(Asu) 1,30p% THEN mso
A cusus 97(8,6,4, "AFTER v.6,999939}

.PACK(W%M#)P;FRD“ P2
1450 IN!T(OO)LQ
ARCH Atn,-Pu TO L) STEP 23
‘XF Lnsu)-HFxmooo) THEN 1491
1G0T
189PRINT, HExwzvoA) {TaBIS)§PT NE
HEX (070707
'FDR x-l TO asvo
A=I4BR

HOT TN THIS MODEL®

ENEXT £

$GOTO 1480

1500 LdSERVALIBTRILOSILI, 1,1} +VALIBTRILOS(L).E))
$Ie(1-1}/83+1

A510 UMPACK (HEHHS I IBTRIAS (1) ,0,20) TO X1,Y1,%R.¥2




PHOTO201 oL/10/77 “
VL, UXR = “5XE, YR = "3VE

1580 PRINT "Xt =
1530 TIT(00)BIS()
1540 FOR Ii=:
mt(n)=As(x.|)
NEXT 1L

X1y "Y1 =

1@=1141

1550@0;1; 79718,6,1,%X1",10,999%.9938)

lsslcnwa 'B7¢10,6,4,"v1",50,9399.95991

1sszcnsua 797131,6,1, "X@",10.3999,3933)
r -Gnsus 97t42,6,1,"v2~,10,3959,8999)

1555|=Acx<(#awmxs (12)FRON P
. HESHISTR(BIS (). 8,201FRON X4, VL X2,V
xsso'mn iz 70 29

1BIs LRI AR

H E

1% DEACKSPACE 1,
1DATA BAVE DG n Bis()
E0TO 10

.

1589 LOAD DC R"PHcm:sM"




PHOTOROR o1/s10/,77 i

REM -—-- *PHOTOR02" ---= UPDATE STRIF CONTROL
20REM WRITTEN 08/1877 M, ARBUCKLE
50.DI Av(15)24,pe3,L08(1)2, 581 ,BIS{15)24 ZR%E4, Z$64 21964
xoossLsm'
180L.0AD DX R NFUT 188
SOSPEFFH’ B0 “STRATCH R“;HEX\E)*"FHUTUEOE" HEX(E2)
B0EDEFFN'3LVSAVE DC R {“:HEX(22) "PHOTOR02" $HEX (2213 ") " {HEX(ER) } *P
HOTD202° sHEX (28)
BOGDEFFN‘200
ZPRINT HEX{030A0A)3TAB(S) ; "STRIP *iP1;" NOT IN BLOCK RE-ENTER"
FRINT HEX(070707)
FOR 1=1 710 2500

=142
NEXT T

SRETURN
1000FRINT HEX(030A0A);TAR(S): "EDXT STRIR CONTROL®

SPRI)
“PRINT TAB{S)1%1. DELETE A POINT®
IPRINT TAB(S);*A. INSERT A POINT™
ZPRINT TAB(5):"3. (HANGE A PDINT"
SPRINT TAB(513"4. RETURN TO EDIT MENU®
xoxocnsus 57(15,8,1, "ENTER THE SELECTED NUMBER™,1.4)
26070 1340, b0 1050 1580
1050 ATA LORD BE UDDEI‘
1670 PRINT HB<(UEBAI7A) ‘TAB EDETY
10B0GOBYR ‘97(5,6,1, "STRIA NO, K END}",2,95)

P1xz
EIF Z«0 THEM moo
1100708 ; Il B
oan 56 #1,880)
'IF END THEN 1301
INEXT T
160TO 1129
11011= Pl

m@\,\a ‘Eﬂo
£GOTO 1000
uesc;:sus '97(5,6 1,"POINT NO",6,993989)

1130 PAGK (HE#SHR 1PSERTH P
1150 INJ:T(W HOF1)

{150 MAT SEARCH AS(),=R% TD Lo$t) STEP 24
.IF Lumu)—HExmooo) THEN 1160
$6OTO A1
i1600RINY stmauAnA) {TAB(S); "PT KO ";Pa:® NOT IN THIS STRIP®
FRINT HEX (0707

tFOR 11 TO asou
ARIAR
ENEXT 1
160TO 1489
1170 Ixass*VAL(ErrR(Losu),1,1))WAL(5TR¢L0:(1),En

1180 uwxcl((mﬂw« A ISTR (AR (X118 4 i8) T8 X.¥,z
HRPACK (A4S IETRAS (1) ,28,3) 10




PHOTOROZ o1 s10s77 =2

1190 PRINT “X = "3%,"Y = Zo= 45T, sy
$60SUB ‘57(9,6.1, NT ND“.S.ssssss)

7
118560SUB /97(10,8,1,X",10,995995.598)
X2
1486605UB 15701161, 10,999399.959}

11avioe ‘g7t12,&,1,2%,10,935519.999)
i200pACK (Nww 1A% (1)FROM 8

IPACK {+HRE8E  AHEISTRIAS (17,3, 18)FROM X, V.2
Jzoxaosus 37113,6,1, “MODEL. NO",6,3335391

SR STR(AS (T ) 00, 3)FROM M
1aaocusua '97(18,8.1, “ANV HORE CORRECTIONS TD THIS BTRIP (Y/N)",1,03
1230 IF Ze=*N" THEN 1250
1280 PRINT HexlasvoAom

1129
1250 DHACKEPACE #1,1
$DATA SAVE DC #1.4%0)
16010
LazopaTh LDAD nc OPEN T#1, *PHOTODO:
LAPRINT HEX(030A0A )} TAB(S):"DAYA eorre
1zaog3fug ’97(5,6,2,*6TRIF NO. (0 TO ENDI".2,99)

$IF 720 THEN mon
1330 FOR I=4 71O P
mATA xoap 1 2e S m. AB ()

1331
NEX
£6pTo mso
13511=01
THEXT
i6DsUB ‘00

$GOTO 1000
4850G0RUE *57(7,6,1,"PUINT NO”,6,959399)

LES1PACK (#4544 ISFROM PR
1360 INIY(ﬂO)LD*()
T, SEAGCH Be ) Pe TQ LOK() STER 29
e Losu)oﬂu 6000} THEN 1
Aasxrnm‘r HEX(OSOAOA)'TAB(E):”PT NO “iPE:" NOT IN THIS STRIP™
PRINT HEX{070707
TFOR o1 TO 2500
1A=I42
SNEXT T
16070 (350
370 1ESGHVAL IBTRILOF (LY 1, L1 HVAL(ETRILOSILY 23)
1380 UNPACKHN*MQ #54ISTR(AS (1) 4, 48} TOX.V.2
SUNPACH K(wmw)am(m(x).zz 31 'r
1390 PRINT "X = = M3y, vz " it
1391GUBUB ‘9715, s 1,715 TS THE CGRRECT “point BZCIL W)
$IF Z8=*Yy" THEN 1400
IF ZS$C N THEN 1381




e

PHOTOROR ©oL/s/10/s77 =

£C0TO 1350

14006OSUB 198€15,1,1)
 PACK (HHEHEE A% (1 IFROM O
Araxr(ou)msu

1410 FoR Tt
HE s‘rmAt(n: 1 3)=HEX (000000} THEN L1280
-axsua)—asuu

1380 NEXT 11

1430 DBACKSPACE #1,1
tDATA SAVE IC #1,B1$1)

:6UT0 1000
1440DATA LOAD DC OFEN T#i,“PHOTODOZ®
1441?R1NT HEX{030A0A)$TAB(S) 1 "EDIT DATA"
450 GOSUR *97(5,6,1,"STRIF NO. (6 TO END)“,2,59)
PisZ
Z=0 THEW 1000
MGOFDR x=x TG Pi
A LOAD TIC #1,A%0)
11F END THEM 1465
sNEXT T

1GOTO 1480
1881I=PL

INEXT I
:GOSUR /200
$GOTD_A00D
1480 GOBUB ‘97(6,6,1,"AFTER PT. ND. ,6,993353)

sz
$PACK (#8444 )PSFROM PR
1490 lef(oolLos(
EARCE; AS(},5P$ TO LOS(} STER 24
n: L % (11 <OHEX(0000) THEN 1500
L491PRINT HEX(030A0A) sTAB(S) 7 "PT ND ":1P2;" NOT IN THIS STRIF*
SPRINT HEX{070707)
tFOR I=l TO 2500
tASIHR
sNEXT I
601D _Las0
1500 ISSSEHVALISTRILOS(1),1,1) J4VALISTRULOS(1),8))

1I=(I-13/24+
1510 UMPACK (L+##RIHE  $HE)STR(AS(1),4,48) TO X.V.2
.WPACK(MMM)STR(At $5) .EE 3
1520 PRINT
1530 ml‘rmmmsn
1540 FOR Itwl TO I

Z," =

SBAS(IL)=AS (I1)
INEXT 1t
118=1448

SI=X+l
1S50GOSUB '97(9,6,1,"POINT NO",6,598598)
iP=Z

E;;‘D%UB ‘B7840,6,1,"X = *,10,959959,999)




PHOTO2 0 0L/LO/ 7T 4

1651606UB 97(11,6,8,"V = *,10,995959,958)
Y=L

A5SSE0BUR “97(18,6,1,"2 = *,10,959999.995)
15SIPACK (##3H#)BIS (12 IFROM P

ACK (+44844% . 543 )STRIB1S (1) 4, LEFROM X,V,Z
OBUB *97(13,6,1,"MODEL NO*,6,599593)

=7
ACK (HSI44#ISTR(BLS LI} B2, BIFROM M

2eras
1580 FOR Ii=l TO 1%
18 L12 ) uAS (T4}
Brid+l

SNEXT 21

1570 DBACKSPACE #1,1
IDATA BAVE DC #1,B1%{)
$GOTO 1000

¢ 1580 LOAD BE R*PHOTOSO0L*




T

PHOTOZ03 ©1/10/77 1

10 REM www- TPHOTOROBY wmwm uan'E BLOGK CONTROL (AMER)
EOREM WRITTEN 09/1877 - CKLE
DY AS (30124783 ,LOS (1)2.B%1 s th(ao)ali 22466 ,2964 , Z156%
mosELEcT
19DLOAD DC R‘INPUT' 198,

BOSDEFFN 30 *SCRATCH R 'HEX(E) 3 “PHDTORO3" JHEX(22)
BDEDEFTN'B1"SAVE DC R {";HEX{Z2}] "PHOTOR03" jHEX(ER) 3 )

DTOR03 " {HEX (22}
IDODPRIN" HEX(030A0A);TAB(S}$ "EDIT BLOCK CONFROL®

HEX(22) 5 P

.PRINT TaBts)io1. DELETE 2 pomr
PRINY ‘(AB(S) "8, INSI

SPRINT TABIS):*3. cﬂANG
iRRINT Tho(o)ina. SEPURN To'EDRT MEMU®
10106OSUB 197(15,8. 1, *ENTER THE GEI ECTED NUMBER":1,4)
N ZeoT0 1310.1440, xosu 1580
1050 nATA LDAD DS DPEN THI, "PHOTODOS”
0AD DC #1,A%
xo7o PRmT HEX(O:-IOAOA)-TAB!SV 'DATA EDIT*
129 GBSDB *9718,6,1, *POINT NO*,6,999599)

1130 PACK (#4488 IPSEROM PE

1140 INITIOOILO$()

1150 MAT BEARCH AS(),=P$ TD LOS(} STEP 24
HIE LOB(LISHEX(0000) THER 1360

LAGOPRINT HEX(080004) s TABIS) "FT WO

NT HEX(070707)
FEIR I=t TO 8500
42

NOT IN BLOCK"

MEXT I
:6OT0 1189
1170 xnasswm_(smﬂ_nsu) 1,43 14VALISTR(LOZ (1) ,21)

1180 UNPACKHNNH” auwﬂa‘mmsu) 4 219 Tu XY,z
1180 PRINT TABISI§"X =
.gusua *H7(3,6,1, ND(:u{.m' Nﬂ" 6 955999)

uascum 197110,6,1,%X*,10,599989.599)

nBGGDsuB 197¢11,6,1,"V*,10,959599,998)

7012,6,1,"2,10,589999,999)
1230EaK b IAS (1 rR0l
SPACK {+HAHIHHE AHHIEE JBTR (AS 11) , 8 , 2L )FROM X,V ,Z
1810 PAcKmM%wms(uFRm ra
1850 DBACKSPACE #1
: T VE oC u AS)

lenDATA LDAD ne UFEN wx,“mmnnaw 3
SDATA LOAD LC #1,A:

13L1PRINT HEX(O‘OADA)'TA-HSH"DATA EDIT"

1a5000sun ‘8717,6,1,"PDINT NO®,6,993939)




PHOTO®ROSD 0L /L0577 =2
1BSIPACK [#HA#E )PsFRm Fe
4360 INIT(00H.08¢
SMAT SEARCH A ¢),=P$ TO LOS() STEF 24
1IF LOBLLIGHEX(B000) THEN 1370
IES‘PRINT HEX (030A0AT 1 TAB(S) 1 "PT ND “:P2i" NOT IN BLOCK®
NT HEX{070707
FDR 1—1 0 500
AmIIR

IMEXT 1

16GOTD L
1370 I‘EEG*VAL(STR(LOs(l) 1,42 ) +VALISTRILOS 1) .2))
< 3Xm{I~1)/B4+L

1880 UNPACIL+S4HERES  $5BISTR(ASIT) 4,21 T X,V.Z

1390 PRINT TABULGI}"X = "jX,5V 3 "IV, %7 <

1393GC\SUE ’97(15 s 1."15 THIS THE cnRRFm‘ FOINT (Y/NI*11,0)

'XF zs<>“N" THEN :351

ﬂoocosua '59 55,1
'PAcx(w#sumsulFRm °
.INIT(OO}B::()
1410 FGR 1im
IF s'mms(n) x,sy#a(nuonoo: THEN 1420
13@=18+.
'Bxs(IE)—As(n)

1480 KEXT 1.

1330 nBAcKSFAcE 1,1

fDATA SOV DG #1.B1%(1
]

1440DATA LDAD e DPEN TeL “FHOTDDO&*

LM)PRINT HEX(DEOAM) 'TABKS) L/EDIT B
a7

7(6,6,1s

AFTER

ATA
« NO. L6y 995555)

K(MMNIPSFRDM P2
1450 INIT(DO)LDG()
EARCH AS(},=P% TO Losn sTEP o
Los 1J<)HExwooDl THEN 1
149.‘PRINT HEX (030404} 1 TABS) ¢ "PT ND "§PE{® NOT IN BLOCK®
SPRINT HEx(0707 97
IFOR Y=l T 2500
$A=IE
INEXT I

16O0TG 1480
1800 1=E56*VAL(STR(LO$(H 1,10 HVALIBTRILO$ (1) ,8))

L={I-

1510 UsAck s shates FEHRISTRIAB(T) (8,210 TO X,V.2
1520 PRINT TABIB)IVX = "iX,"¥ = *3¥,%Z = *32

1s30 INIT(OO )BJ.sU

1520 FOR 11

G(Il)=At(L\)

SR

liatta <




PHOTOROS OLILO LT =

lssosusus 79749,6,1,"POINT NO*,E,999598)
62
Gnsus 197(10,6,1,X = ",10,999599,959)

xssmusus 7H7(11,6,1, = ,10,599559.959)

1sszcnsu5 '9711B,6,1,"Z = ".30 999999.539}

L'aswr-\cmmﬁmmsmw
ACK { +H i wmw)sm(s:. (121,4,81IFROM X,V,Z

SnIBHL

1560 FOR FisI TO B8

1B18118) AR (15)
'Xé J:

1570 nBAcKEPAcE #1y
'DATA EAVE 6 m Bist)

1580 mAn Dc R"PHDTGB(M"




PHOTORO0 4 Q1L /1O ST £

i1 UPDATE CHECK POINTS
zop.sn WRIWEN 0971977 .
50 D 1A% 100)24,PU3.LOS LR, B mstao)aa 22864 , 2864 , 21864
N 104 osa_scr H#1B!
180L0AD IC R INFU'Y“ 198,
Ao PN S0 SCRATEH A+ THER (B8  "PHOTDR04 < SHEX (22)
BL"SAVE DC R {"iHEX (22) 1 *PHOTOR0AY HEX (22}
SHEX (88)
wooPmm HEX(030ADA) $TAB (5} 3 "EDIT CHECK POINTE

NIHEX (2213 P

. i
mxocm /97 (4! "ENTER THE SELEGTED MUMBER",1,4) d
Z60T0 :310 144:1 1050, 1580
1050 nA'm L0AD DC OPEN TaL SPHOTODOS*
LOAD DG #1,A%{
1070 PRINT HEX(DEOA()A)'TAE(S)' "DATA EDIT'
Fec! sfzusus 79718,6,1, "FDINT NO*.&. 959599)

1130 PAcK(mmwsFRm P2
1180 INIT{ODIN.0%()
1150 MAT SEARCH A%(),=P$ TD LO${) STEF 24
1IF thu)ausx(noooy THEN 1180
36070 11
llSOPRIN‘T HEXm::oAnA) TAB(S):‘PT NG *jPE:" NOT IN BLOCK® .
T HEX(070707
.FUR I=1 T3 2500
£A=143

SMEXT 1
£GOTO 1189

1170 i:ass'VALtsTanﬂux,x.l)MVAL(sm(Lot(n,an
2w (I~

1180 UNPACK { +#%#4#% . Hﬂms’m(m(n,a ai} TO X,¥,2

1180 PRINT “X =
GOBUB 571D,B,1, "FDINT NE".G 9995991

ussaosua ‘97(10,6,1,"

,10,999993,388)
usscns\m f97111,6,1,"Y",10,259999.953)

USUB fD7(1R,6,1,°Z*,10,095898,809)
IEOOPACK(##MMAHI)FRBM
e ‘m&memmncx) 4 21IFROM X,Y,Z H
set0° PAcKlmemsu)FRm P2
1eso nBAcKEPAcE #1,1 E
SAVE DT #1,A8()

e LDAD e DFEN T#1  "FHOTODOS™

:DATA LOAD DC 41 ,A%¢)
1SLIFRINT HEX{0G0ADA}; SEAb s ¢ “DATA EDLT®

1350G05UB '9747,8,1, "POINT NO"16,999959)




PHOTO204 oL/ALO /77 =]

1BE1PALK (% )PSFRON PR
1360 mxnoun_os(l .

T SEARCH A(),=P$ TO LOSC) STEP 24
L) ot 5000) THEN 1370
ICAPRINT. HEX(030A0A) 1TAB(S) 3 "PT NO "3PE3" NOT IN BLOCK"

RINT HEX (070707

.FoR I=1 TO 8500 -
148

NEXT I
160TO 1950

1370 I=ESE*VAL (STRILO${1),1,1)+VALISTRILOSI1},8))
$Is{I-1}/BA+)

1880 W UNFACKHM*'*.G##M)STR(AS(I).‘hEl) TO X ¥,2
mstcusua '97(15 5, 1,-15 mxs I'HE CURRECT POINT (Y/M}*,1,0}

F Ze=ry THEN 19
F Z%ON" THEN i
70

140060SUB 'sa(x
RCK (SRabHRIAS LL1FRON 0
HITC00IBLE()

1410 FDR Ii=1 TO 30
sTR(As(n) 1,31 -HEX(000000) THEN 1420

-sxs(le)»&\s(xu

1420 NEXT

1430 DBACKEPACE #1.1
:DATA BAVE DC #1,B18()
$GOTO 1000

1430DATA LOAD DC OPEN Tﬂ.'PHmDDns“
IDATA LOAD DC #1.A%¢

1841PRINT HEX(030A0A) TAB(S) EDIT

1480 cosua ‘97(6,6,1, "AFTER FT. .

.s 1999399)

Ack(wmumwmn ) B
1450 INITL00 )L 05()

SEARCH A‘l).—Ps 0 Loﬂ) ETEF B4

LO% (1) OHEX{5000) THEN 1

1851 FRENT HEX1030R0A 17 TAE(S)"’PT Nn $PR;* NOT IN BLOCK"

1GOTO 1480
1500 I=BSE#VALISTRILOSIL), 1,1} HVALIBTRILOS(L),2))
o ST (010 /R4
1510 UNFACKH“MH *M*MBTRMHI)A.EI) TO X\V.2Z
PRINT XY = ViYL e e
15 INIT(OO)BLQ()
1860 FOR Ii=4 7O
Bu(u)=As(n)




TR

PHOTORO04 D1L/s20/77 =

slel+l
1550608UB *97(9,6,1, "FOINT NOB*,6,999599)

'casua '97(10,6,1,"X = *,10,999953.995)
Lssmus £97(11,6,1,Y = *,10,999959,598}

155atte0n F97U18,6,1,"2 = *,10,999993.999)
ABSIPACK Ui )B1% (IR)FROM P
IPACK{HMHRE  MHB I ) STRIBIS (12) , 4,81 IFROM X,V .2
11201841
1560 FOR I1=1 TO 89
B8 {IRI=AR(I1)
fIB=1gvd

SMEXT I

1570 DBACKSPACE #1,1
1DATA SAVE DC #1,8i%(}
160TG 1000

1580 LOAD DC R"PHOTOBOL"




PHOTOR0S QL /10,77 a

= Pl Hm'naos" ~=~- UPDATE TIE/CNTRL PT STATUS (AMER)
EOREM WRLTTEN 08/197 + ARBUCH

50 DI Asua)‘u PE3, Losu)e 5% ‘Bis 1R 1ZRER 2864 21564
100SELECT #

150LOAD I “mPu'r- 188,

E5SHRREN 50 oBCRATGY HE((ZE)"PHDTDEOE“'HEX(EEY

BOGDEEFH ‘3L SAVE DC R (¥ IHEX (221 “PHOTOROS™ HEX (2213 7 ) SHEX (223 1 P
HOTOR05 " sHEX (221

BOODEFFN 200

SPRINT HEX10BOA0A) {TARIS): "MODEL. *3

PRINT HEX{0707073
I=1

AT 4R,

SNEXT 1

i* NOT IN BLOCK RE-ENTER®

TRETURR
10Q0PRINT HEX(0B0A0A)TAB(E); "EDLT TIE/CNTRL PT STATUS®
SPRINT

$PRINT TAB(S}:"i. DELETE A POINT®
PRINT TAB(S): 2. INGERT A an'r'
ERINT TAB(E)"':!. CTHANGE
tPRINT TABIS}; "4, RETUS Tn EDI‘I’ MENYY
1010@09.15 '97(15 &, &3 vENTER THE SELECTED NRMBER® .1 &)
0N ZB0TO 1310 1440,1050,1550
1050 DATA LOAD D GPEN T84 ~PHBTODOG"
1070 sari HEx(oauo,oM.TAa(s). FBATA EDIT
cosus +871%,6,1, "MODEL ¥0, (0 TO M)".s 98993993

5% i 1000
+100D8TA LL toe ne 7C FLA80

Wﬂckm%ﬂwmsfu o P2

35O
usscnsua '97(5.5,1 SPOINT NO®,6,9899999)

PRaz
1130 FACK(%W“’P‘FRW r2
‘\140 1":1’(00 )Loﬁ()
RCH AS(},=P$ TO LO%() BTEF 41
oIF LOt(l)"HEX(UﬂDﬂ’ THEN 1160
1GOTD 147
1460PRINT = LI0ADA) ITAB(S }E *FT NG "3PE3Y 1 B
NT HEX (070707} ot IN THIS MODEL
AFUR 1“1 TO 2500
ThELR
SNEXT I
IGOTO L1B9
1170 !BE5E’VAL(E7R(L°“1 11,1 HIRVAL(BTRILOF (1) ,8) )

WA\:KW&)ETP!M!X) 4.1 70 X
1150 PRINT TAB(5}IYSTATUS = #;X

$GOBUR /578,61, FOINT NO",6,999985)




FPHOTO®ROS 01/10/,77 =2
usscnsua 197(10,6,1, “STATUS" 1 .,4)

xaouPAcKt%*##H JA% (1 IFROM.
KU )STRIAS (1) 18, Seront =
Jazmsosus (ST(15:6,1. A MORE CURRECTIONS T THIB MODF. (V/M)¥,1,0)
1880 IF Z="Nv THEN 18!
1240 zgxm HEx(oavoAoM

1250 DBACKSFACE
nAT sAvE ot n AsL)

13105ATA LOAY DG OPEN TH1, "FHOTODOE®
SBLLFRINT HEX(030R0A)STAS (5) 3 "DATA EDIT*
138 ncDEUE 57458, 1, "MODEL ND. (0 TO END),€,599999)

1P1=
:IF Zao THEN 1000
13300ATA | LDAD BC #1080

WFAEK(%«#«#)M(:) TO PR
3 SIF PLOPE THEN L

16070 1350
1331605UB ‘200

16070 1000

1B50GOSUB £97(7,8,1, "POINT NO*,6,999999)
2P2e;

1BS1PACK (k424K | PSFROM F2

1360 INIT(OO)LU 3]
SEARCH A%(),=PS TO Lns(l B'IEF at

LOS (1) <OHEX (00007 THEN i
1aB1FRINT HEX (030A0A) TAB(S)"‘P’I’ WS $PR; " NOT IN THIS MODEL"

2PRINT HEX(070707)
OR 1=1 TC E500

07O 1850
1370 I-RSEHVALISTRILOB(L),1,1) 14VALISTRILO%(1),8))

BE T

$I=(I~1) /414
1380 UNPACK{##ISTR(AS(I),4,1) TO X
1330 PRINT TAB(S)}"BTATUS = *iX
1391G0SUB /97(15,6,1,"I5 THIS THE CORRECT POINT (Y/N)<,1,0)
$IF Z8=7v" THEN 1800
F Z8<>*N" THEN 1381

aT0 1350
1400GOSUR /98 (15,1,1)
ACK (A EH 1A% (TIFROM 0 -
NxT(ao)BnH

1310 FnR 13=1 1O “
B SIRAs L), 1 R)=HEX(000000) THEN 1420

uu:a)-mm)

1420 NEXT

1430 DBACKEFAEE #i,1

¢ A SAVE DC #1.B1$¢)




PHOTO=O0S 01 /10777 =

$6OTD 1000
1430DATA LOAD IC OPEN TH#1, "PHOTODOG"
1AALPRINT | HEx(o:-mAaA) TAB(SH"EDIT DaTA
7¢5,6.4 ENN" 16,999598)
-Px =z
3IF Zw0  THEN 1000
1850 (DATA LOAD BC Qx.Au)

.UNPACK(“HQQ#)A‘(!) 70 PR
$IF PLOPE THEN 1
16070 1480

mstsua 'aoo

xaso o '97(5 6,1, “AFTER PT. NO. *,6,595599)

R TP———
1850 INLTL0IL08 ()
SEARCH As<),=Ps o Los() sTEP a1
.IF Loau)(»«u;xt THEN 1.
2491PRINT HEX(030A0A); TAB(S)"’P‘( o “4PET" NOT IN THIS STRIP®
$PRINT HEX(070707)
ZFOR L=
ZARI4R
SNEXT 1

16070 1480

1500 I-ESG'VAL(STR(LDHI) 1,133 +VAL(STRLOS (11,83}
FI=CI-1)/4;

1510 \NPACKHMS\'R(M&U.A.H 0 X

1520 PRINT TAB(5)3"STATUS = *iX

1530 INIT(W)msU

1340 FOR D 3
-Bxstn)—Ann)

eniit
31aT+l

155060SUB *97¢9,6,1, "POINT NO",&,993993)
GOSUB “87(10,6, %, "STATUS", 1.4}

1X=Z.

ASSIPACK (K B454 BLS L I2IFRON P
:PAcg«:)sTmmi(LE) +4, 1 3FROM X
1I=I2+

1560 FOR Ii=]
~Bxs(xa:=As(u i
iie=ten

1570 DBACKSFACE
1DATA SAVE o al,ms()
1B0TO 1004

1580 LOAD DC R“PHDTDBOI"




PHOTOZ20G6 OL/ILOISTT 1
uan'E TIE/CHTRL, PT STATUS (SCHUT)"

10 REM -

BOREM URITTEN 0871577 ARBUCKLE

50 DIM Asmn)a B3 008 112,m81") 518 R0 74 Zesen 2360 21864

LO0SELECT #1BL

130LDAD BC R tapur 193, gae

BDSDEFFN ‘30 *BCRATCH R™JHEX (22) ; "PHOTUROG" {HEX (22)

BOGUEFFN’31 "BAVE DC R (" HEX (22} "PHOTOR0G SHEX (@211 * 1 *3HEX (22 1 “P
HOTO206" THEX (22)

S00DEFFN‘200

RINT HEX{DZ0A0A}:TABIS )] "STRIP *jPi3" NDT IN BLOCK RE-ENTER®

RINT HEX(0707073

PHUTDEOG J

OR I=1 TO 2500
=142
Y 1

ZRETURN
1000PRINT HEX (0R0A0A);TAB(S) I "EDIT TIE/CNTRL PT STATUSY
RINT

4. DELETE A POINT®

INSERT A POINT"

PRINT TAB(S)3"3. CHANGE A PUINT

SPRINT TAB(S)] 4 RETURN TO EDIT MENU

wmcnsua '57115,6,1,"ENTER THE SELECTED NUMBER”,1,4)
Z(; TD 1310 1440 wso 1880

m C OFEN T3, *PHOTC .
1070 PRINT HExm:-mAnA):\‘AB(S):"DATA EDIT"
xosocusug 797¢5:6,1,"STRIP ND. (0 TO END)",2,53)
$IF 250 THEN 1000
1200FOR I=t TO A
ATA LOAD, Bc #1,A80)
£ E4D  THEN 1101

NEXYT 1
160TD 1189
1101208

HEXT T

GUSUB 200
15078 1000
.nascusu; /87(6,6,1, "FOINT NO®.6,995599)

1130 PACK(AI4 PSRN pi2

1380 INIT(0O)LO®

1150 MAT BEAREl sn oP% 70 Lot () STER &
Los(l)—HB«noum THEN 18

ueoFRmr H’EX(DQUADA) TABIS)§“PT NO “iF23* NDT IN THI& STRIP*
RINT HEX(070707}
FOR I=i T4 2500
el 42
NEXT L

0To 1189
170 x esewm.(s‘rml.usu) 1,43 14VAL CBTRILOS (L) ,23)

= (Lo} ) /i
1180’ UNPAcKm#)R‘rR(AuI),u.u ™ X
1190 PRINT TAB(S);*STATUS = ™iX




PHOTO20S CX /107,77 =
:GOSUB *97(9,6,1, PRINT KO~ ,6,995998)
fPaZ
1195608UB "57(10,6,1, "BTATUS", 1,3)

1X=Z
1200PACI LiHHHHME ) A (T )FROM P

.PACK(*#)ETR(M(I) 4,31 )FROM X
Lezocnsua 97(15,6,1, "ANY MORE CORRECTIONS TO THIS STRIP (Y/N)*,1.0)

230 IF Z$="N" TH N 1850
150 PRINT YEX(030A0ADA)

1250.BBACKEPM;E #1,1

1310DATA LOAD DC QPEN T1i,“PHDTODO7"
1311PRINT HEX(030AO0A);TAB(S); *DATA EDIT
L3R0GESUE 197(5,6,1, "STRIP MO (0 TQ END)*,&,99)

F Za0 TM’EN moo
1330° FDR I=t
1DATA LOAD nc M HABY
$IF END  THEN 1331

13SIPACK (#4HEVE)IPSERON FR
1380 INIT(OG »Lot( )

), =Ps TO LO% () STER 4
'IF Lﬂ!(l)()HEX(ﬂoDo) THEH 137
HABLERINT. HEX (030006) ¢ §TABLS) { BT ND *3P24" NOT IN THIS STRIP®
SRRINT HEX (0707
$FOR Ixl 7O Esoo
1A=I4B
SNEXT T
16070 1850

1a7o I:EEENAL(BTR(LONL),1,1))+VAL(STR(LON1),EH

1380 UNPACK(%)ETR(AS(X),} 11,10 %

1390 PRINT TABIS)

BBICEEUB 57016, 6,1, “15 THIS TNE CORRECT POINT (V/M3® 1,01
TIF ZewrY* THEN 1300

HIE Z8 O THEN 1391
401 oscwa 58

TR CH TR TAS LT oEROM 0
.:Nrr 1061D184)

1410 R Iyst
BIF ETR(AHIU z.sx-ﬂexwooaao» THEN 1420
112s1848

S S




PHOTO206 QL1777 k3

1;(12)=As(u)

1480 1EXT I

460 Beidbace #1,1

aTA BAYE C #1,B15()

NAODM’A LDAD DC OFEN T#1, "FHOTODO7*
1241FRINT HEX (030A0A);TAB(S) 3 “EDIT DAT:
1850 BOSUB ‘97(5,6,1,"STRIF NO. (6 TO END

1 =z

2,59)

=0 THEN 1000
1a60ibR i T
BATA n LoAD D DC #1080

0 1am0
1451 E=PL
NEXT 1

1480 Gnsus *9716,6,1,"AFTER PT. NO. *,6,999399)

K (5 FSRROM P2
1am0° lNIT(OD )Losu

$5PE TO LOSL) SYEF 4
BRIk 16000 THEN 1
1891PRINT HEX ¢ svom'TAB(sH"PT Nu "3F23* NOT IN THIS STRIP"
SFRINT HEX1070707.
DR 1=: TO R500
92

NEXT 1
H 26OTO 1480
1500 z—aEG*VAL(E’rRlLos(n 1,1) HVAL(STRILOS(LY R}

1510 UNFAcK(ﬂ)STR(As(I) 4,1 70 X
1580 PRINT TABIS){ K
1530 INITI00)B1%()

1540 FOR Ilel TO ¥

$BIG{I1ImAS(11)
EXT 1L

fretoetan
Bty
1SS0G05UB “9719,6,1, "FOINT HO" 6, 899299)

DEUB 'S7410,6,1,"BTATUR" 1.3}

1555PAcmwwﬂranua)F
PACK ﬁ’)ETR(Bls(IEM‘& 1 Serom x

1560 FDR 11-1 7O 39
SBL%(I2ImAB (1)
$IRelBeL

SMEXT X1
1570 DBACKEPACE #1 .1
1DATA BAVE DC #5.818()




e T

PHOTOROS

$60TS 1000
1580 LOAR DC R'PHOTOBOL"

or/10/777




PHOTOROQO o1L/10/,77 a1
0 - "RHOTO300" OUTPUT NO OF STRIFS, FOCAL LENGTH,
mDELs PER STRIP PROJECT NAME

1

@0 REM WRITT! B/08/77 ARBUCKLE
S0 DIM Num) nosw zatx 71864, z»s& Nosas , 22864
BOX NI OF STRT
] %
Bi% FOCAL LENGTH
R
a8% MODELE PER
STRIP
BI% . STRIF NO
NO OF MODELS
Bax 4

T
100SELECT #1810
1906070 1000
BOSDEFFN 'S0 'SCRATCH R *;HEX (22) 7 "PHOTOS00 * SHEX (221
BOEDEFFN"21"SAVE NC R (*;HEX(RE)} "PHDTOI00" {HEX (2813 *) ¥ {HEX(ER) § "FHO
TOZ00” HEX (28)
1G0OPRINT HEX(GEOAOA)"‘PRINTING THE PROJECT NAME, NO OF STRIPS ETC"
SO10PRINT HEX(91):'SUITGH DN THE FRINTER"
LECT PRINT exsu:-la)
$FRINT HEX [0C0A0A
4BELECT PRINT nus(sn)
SPRINT HEX(0L)iTAB(E4)
$SELECT PRINT 215(192)

1020DATA LOAD DG OREN T4,
LOAD DT #1,N,F1, Nl() Nas Dos

'JB-INT(SE LEN(ND9$) ) /2
1030PRINT HEX(OE};TAB{JS) iN9E

8L,FL

[
83

1040FOR 1={ TO N
FR usmc; B4,1,M8(1)

105osELEcT PRINT 005(64)
LOAD DC R*PHOTOBDR"




PHOTORO L 01 /1L0s 77 1
DTO3014 —--- OUTPUT OF PLATE COORDINATES
12 REM WRITTEN 05/1977 . ARBUCIGE

15 SELECT PRINT 005(64)
20 DIM A1%(30)23,AZ6(60113,A3% (60)13 ,A85(60)13,A553,L.0S(1)12,J1R,J2

$2,21864 2663 zzss‘t N1{103 nosm NB$R5
Bo% i A i A -
i A
1% 4 ARBHBEHEE RO
szy. PT N, Xt vt x2

xonsELEm txsxa $2B10
190GOTO 100
SOSDEFFN ' so 'GCRATCH R *3HEX(22); *PHDTOS01 * iHEX (22)
EDSDEFFN‘EH"EAVE Dc R (W3HEX (2233 "PHOTOS01® SHEX(ER) § *} " JHEX (22) 1 P
70304 ¥ {HEX (2
1000 DATA LOAD DC ohen T#1, "PHDTODOL*
1DATA LOAD DC B1.N.FL .mn.NEt Dos
ATA LOAD DC OPEN i
1001 A‘RINT HEX{030L){ "EwncH uN FRINTER"
BELECT PRINT BiS.
SFRINT HEX (OCOACA
2I9=INT (GG-LEN(Nss))/a
SFRINT HEX (DE)3TABLIS) jNS

PLATE CODRDINATES®

PRINT
PRINT HEX(OE);TAB(24);
1PRINT

SPRINT TAB(S56)1D0S
$PRINT

1002 SELECT PRINT 005(64)

1010 J=0

1020 PRINT HEX {DBOADA) 3 TAB(S)"FLATE CUDRDINATE OUTPUT*
1SELECT FRINT e15(id8

1440 I=2
tDATA LOAD DE #2,ALS¢)
fIF END  THEN L5600

SPRINT
TUNPACK (HHEE 1AL (1) TD 7

RINT TAB(50) ]
N stm; 81, "MODEL NB*,P

:PRINT TAB{Z0)
tPRINTUSING 68

3450 UNPACK (###48# )18 (1) TO
1460 UNPACIUobibh mm«-)m‘a(mtu) 4.B0) TO B,C\D,E
1470?R:‘n‘ (a0}
RrToaTNG. B0, A48,8,0.8
rery 1F A=l THEN 1440
1IF AeS THEN 1440

1490 I=x+1
$GOTD 1450
1500 EELECT PRINT 0D5(&1) .
LOAD DC RPPHDTOHORY



PHOTORO2 [EWEN-Vead EX

e “PHOTDI0R® ~~w~  QUTPUT STRIP CONTROL
12 REM WRITTEN 09/1577 M. ARBUCKLE
558 ,Z864,ZES6H \NL(10) \DOSLO NISEE

4]
&5 S Mtusmﬂ.am.nnzda&:: L

BO% $EMMEE RS RS e bod ~AH 0 SRpEE

BiX  SREGEISE RS

@2% PT, MO, 4 vi 2zt MODEL N
&

1005ELECT #1810

L2060T0 1000

2OSPEFFN'30*SCRATCH R »;HEX{2E) 3 "PHOTOZ0R" sHEX (82)
S0GDEFFN’BL*SAVE DC R (°iHEX(2E)3 *PHOTOS0@" HEX (2213 ") "{HEX{ER) ; "PHO

TD30E% JHEX |2R)
1000 DATA LGAD DC OPEN THL, “PHITODOL"
$DATA LOAD DG o! N, ES N1(1.N9s (Pos

“DATA LOAD
1010 FRINY HExKr"iox)"sw_le DN FRINTER"
¥ PRI EASK 32)

HEX (0T
'JB:INTHS&—LENANBS))/E)
SPRINT HEX(OE)STABLJIS) iM3$
PRINT

:PRIN; HEX(OE)

;PRXNT TABISE) ;D0E

louEELECT FRINT 005¢54)
PRINT HEXLUBUAOA) s TABS) | "PRINTING STRIP CONTROL"
S8ELECT PRINT aisuaz)
1uzonATA LOAD DC )
THEN 1090
1030 Im1
:nsnu

'anm TAB(SO).
'P NTUBING 8. “ETEIP ND"3iI1

:Faxm‘ TAB(30) 3
IPRINTUSING 82
'RINT

2080 UJPACK(#AHDMN AL
1050 UNPACKHﬁWka #ﬁ:mmmsul.ff 18) TO B.C,D
URPACK |48 ) BTRAIS11),2R,3) TO M

MIGUPRXNT TAB(30}:
'FR!NTUELNG 8048,B.C.DM
1070 XF A=L. 1080
1080 IsI+t
£G0TD 1040
1090BELECT PRINT [IB{64)
$LDAD DC R*FHCTOAGR"




OL ALOST77 1

PHOTO305
10 REM ~=w~ "PHOTQZ0S" -=-- OUTPUT TIE/CNTRL PT 8TATUE (AMER}
12 REM WRTTTEN 08/1577 M. ARBUI
15 SELECT PRINT 005184)

20 DI A12112)1 ,ASE3 J142 JRER 2186 2664 ZASA NL (101, 10810 IvoeRS
i

Bu uﬂ«&m i
STATUS

1% FT. MO
AobsELEc’r 810
19060TD 100!
EOSDEFFN'SO“SCRATCH R “IHEX(EE) ) “PHOTOS05" (22)
HEX (B2) } "PHOTO305 " JHEX (22)

SOGDEFFN’35"SAVE IC R {
TOZOS* jHEX (23)
1000 DATA LOAD OC GPEN T#4, "PHOTODOL*
$DATA 1.0AD DC #1,M,F1,N1L) NS, 10S
tDATA LDAY DC OFEN R “PHOTODOG"
1010 PRINT HEX(0301); "SWITCH ON PRINTER®
LSELECT FRINT 215¢132)
$PRINT HEX (OCOAGAY
£S9=INT ({66-LEN(NDS 1) /E}
$PRINT HEX(OE)$TABLID)NIS
LPRINT
AB{21)1*TIE/CONTROL POINT STATUS"

.-me TABISE) 1008

musﬂ. c'r PRINT 005(64)
'PRxNT HEX(OEOAOA).TAE(E)-"FR;[NTINE TIE/CNTRL PT STATUSY
T PRINT BA5(432)
maum\'m LDAD IC ALS)
:IE END  THEM 1090
1030 I=R
SUNPACK (H##SREI01511) TO Tt
TPRINY
SPRINT TAB(50):
:PRINTUSIMG  B1,"MODEL ND *3It

1060 UNFAGK (94 1AL$ (1) TD &
1050 UNPACK (#8)BTRIAMSIT) 4,1) T0 B
L0BOPRINT TAB(50);
$PRINTUSING eo ,A.s
1070 y: As1 THEN &
FAQKum m Iy 108
10801325 uNPAnK(M)ETmMsm.A,x) e

1GEDPRX.NT TAB(S0);
1080 rzmmsm: eo WAB

1070 g5 Amt 1020
SR AR THEN 1080
1080 InIsl
<G0TD 1080

10B0SELECT PRINT 00564}
iLGAD DG RPPHOTOROR®




PHOTOR0R Qs /s10,77 3
10 REM ~—vm "mmoaua' wm-=  QUTPUT BLOCK CONYRTR.
12 BEM URITIEN O M. ARBUCKLE

PRINT IS
ED nxn Axs(zO)Ea.Asss ls2 T2z stsnuzssal VEEHGA Nuw; DOS10 ,NOSES

a0% ~
oix ﬁmmnf mﬂ*

88X FT, 0. Xi vi z1
LDOBELEUT txam

130C0T0

aasnEFFN'za"scEATm R "3HEX(E2)  *PHOTDR0R™ (HEX (82 )
BOGDEFFN ‘31 "SAVE D R ("3HEX{B2}$ "PHOTOROZ® HEX (2811 * 1 *$HEX (22) § "PHD

TDADS IHEX (22

1000 DATA LOAD B CPEN T#L, *PHUTOROL*
$DATA LOAD G AL, NH),N9$ joo%
iDATA LDAD D

1010 PRxHT HEx(uaon-"swncH \:N PEINTER"

ELECT PRINT Eis(l

F‘ INT_HEX (0COAC
'JS:ZNTHSE-LEN(NS‘!))IE)
.PR%NT HEX{OE) §TAB (J9) INSS

RINT HEX{DE)$TAB(23): "BLUCK CONTROL {(AMERI"

'FRINT “TAB{SE)1D0%

.\ousELEc’r FRINT 005(64
TRRIIT HEX (D30ROAS HTAB (51§ "PRINTING BLOCK CONTROL™
$BELECT PRINT exsuza;

1020 DATA LDAD DC Al$
SIF END THEN mso

1080 1=t
SPRINT TAB(30)}

PRINTUSING g2

$PRINT
LG40 UNFACK (H##H9IALS (1) TD A
1080 uNFACKthM A4 IGT (ALS(1),4,21) 10 B,C,D
UJSOPRINT TAB 130

NTUSING 8D 28180
1070 xF A=l THEN LOR
10BO IsLrs
£G0TO 1040

LOBOBELECT PRINT 003(84)
LOAD D¢ R"PHOTOROR™




et i Gy A PR e e

PHOTOZ04S o1L/sr0/77 i

- "PHOTOB08" ~ TUTPUT CHECK POINTS
12 gen WRITYEN 09/1977 M. ARBUCKLE
S SELECT PRINT QO5{64) R

ao DIM AL% (304 ,ASST J1sa.JEtE zxtsmz‘s# 22664 . qu:ol no‘m NISZE
BO% HEERE RS S W L S i
B.\x #m»m daaad
2% T XL vi zt
wanLEc‘r nsxo
19060TO 10
EosDEFFN'C—m HORATCH R
BOBDEFFN'3L"SAVE DC R (*jHE:

EX {32) 1 "PHOTUS04 " tHEX (22)
HEX (82) 3 "PHOTOS04 * SHEX (BE) 5 *} " $HEXER) § "PHO

TOA0A Y SHEX (221
1000 DATA LOAD BC OPEM Tii,*FHOTODOL®

*DATA LOAD DC " N,Fx ,NlU.Nss . D0%

\TA LDAD IC DI
1010, FRINT Ha(u:ox;;*smrm DN FVINTER'
CT PRINT 215132

PRlNT HEX{DCGADA

:J9=INT ({66-LENINSS) ) /2}

tPRINT HEX(0E)}TAB(IB)INSE

2PRINT

‘PRXN']I: HEX[DE) ;TAB(27) § “"CHECK POINTS”

RIN
: PRINT TAB(S6) 100%

.quELEcT PRINT 005(54.
FRINT HEX{030A0A}} TAB(S):'PRINTlNG CHECK POINTS®
BELECT BRINT 15Hae
1oz BAA LOUAD DC A
+IF END THEN XBEO
1030 I=
'PRzH‘r TAB(EO)'
m’rusmc

1040 wvnc«(nﬁ'ﬂums(n oA
1050 UNPAC) KHMNH HREEHIBTRIALSLI) 4,81) TO B.G,D
10GOFRINT TABIZI
SPRINTUBIN: 80 28B4CD
1070 IF Awl  ¢HEN 108
HIE =5 THEN xogo
1080 1=

s

xososELEcT PRINT QOE (643
fLGAD DC R*PHOTDROE"




e

QAL/LOrT7TT LS

PHOTO306
10 REM ~——= PHDTO306% —w-n QUTFUT TIE/CNTRL PT STATUS (SCHUT)
12 REM WRYTTEM 08/1577 M. ARBUCKLE

15 SELECT PRINT Of
ao mh 1814014, AS’S .usz JEBR,Z1964 ,ZEG . 22564 NLEL0 DOSLO NSRS

R
aﬂ *mnm "
STATUS
JOOSELECT uaw
A90s0m0 4
SnEFFN'so“scRATm R *3MEX(2R) “PHUTOROE “ SHEX(22)
EOEDEF,’FN'S:éAVE DC R (*HEX(2R)} "PHOTOBUE " THEX (22) § * 1 " 1HEX (887 YPHO
5" 3t
1000 DATA LOAD DC FHOTODOL
'nA LDAD DC m N o Nul,Nsﬁ 0%
T OFEN R "PHOTODO7*
1010 wum‘ HEx(oaon-'swam ON PRINTER™
IBELECT PRINT 2is(102)
IPRINT HEX {0GOAC
.Jg-xm'((ss LEN(NSS) /2)
INT HEX (OE) 1TABLID) INS$
'FRINT

:PRn«rr HB(DEI'TAB(ELH"TIE/CDNTRDL FOINT STATUS"

RINT
PRINT TAB(56)300%

RINY
101195LECT FRINT 005(68)
SPRINT HEX(0B0A0A)$TABIG): "PRINTING TIE/CNTRL PT STATUE"
ISELECT PRINT R15(132)
1020DATA LUAD DC A1%(}
2IF END  THEM 1090

1030 =1
sIi=giey

TFRINT

SPRINT TAB{SO}:

IPRINTUSING 84, "STRIP M@ *{I1
$PRINT

TPRINY FAB(SOD)}

:PRINTUEING 82

1060" DNPRGICLHSHEBS1ALE 11 TO &
1050 uNPADK(“)ETRlet(:) i) TOB
10BOPRINT TRS (s

PRINTUS, IM; 0.A,8
1070 TR ALl TiEN T0d0

GOTD 1050
1090SELECY PRINT 005(60)
LOAD DC R*PHOTOROZ




PHOTOSE07 SRRV N N ard 1

L0REM —=m "Pm‘msow e REsmUALs m‘ FHEL‘.K POINTS
2OREM WRITTEN
0 pi ke (301241618 (3012, EE(mv.LoturE sxua) CE% (301858 ,2$64, 218

§3.Z2564 . 2456420664 N1 (10) 9525, 00810
0% PT. NB. % x
z v
arx MaDEL CODRTNATES TERRAIN COORD
INATER 1DUALS
BK BHISE —HRRREE BIE R LB —RHORRE I G
et L iy 7L B4
83 = g SIGMA Z -
100 SELECT #
150 LoRD BC RAINPUT® 198, E38
1000 PRINT HEX (030ADA) STABIS ) "RESIDUALS AT CHECK POINTS"
PRI

e

PRIN’T TAB(S):"1, AMER ADJUSTMENT:
$PRINT TAB(S)$"®, SCHUT ADJUETMENT"
1001 GOSUB ‘97(9,6.1,"ENTER THE REGUIRED NO*.1.2)
*IF Z=0 THEMN 1001
$ON 760TO 1002,1003
1002 =2000

42000
GUTD 1004
1003L=17000
£M=1p
1008 | DATA LnAn 26 RiL LIC1S ()
F END THEN
.DATA SAVE DA R(M m\:lsn
6070 100/
1005 Data SAVE DA R(,M)E
INT HEX (03040413 TABIE)' "RESIDUALS AT CHECK PDINTS®
'DATA LOAD BC OPEN T#1, "PHOTODOL "
SDATA LUAD DC 01 N Fl Nx().nss Do
1010 SELEC
3=, xNT(ss—LEN(Nss) i)
PFXNT HEX{QCOE}; TAB(JR) $NBS

PHINT HEX (GE) 3 TAB (20§ “RESIDUALS AT CHECK POINTS"
'PRINT TAB(59) ;D0%
NT

1030 PRIN ING 81

ZPRINT HEX(0A)

LPRINTUSING 80
PRINT HEX(0A)

1060 DATA LOAD DA R{A721,L.1A4%()
$IF END THEM 1330

1070 M=1auou

DATA LDAD DA RU4051,L)S2()

'DATA LOAD DA READOL,LINL(F1,81¢)
1080 _§;

st @)

PIF S=Nit1  THEN 1080




. i

PHOTOS07 01L/10,77 =

ENG=NRBL(S+1)

£GOTD 1100
1090 8=NL

sN@=51 (8)
1100 DATA LOAD DA R{M,MCLE()
$1F END THEN 1310

110 UNPACKI##MM#;CI‘(I) oA
1IF A

1IF A=
'xF A=5 THEN 1050

1120° TRTT100)L08 O3
$HAT SERRCH P48 (1 BTRICIE (1), 1,35 TO LOSL) STEP 24
1130 IF LO®(1)=HEX(0000) THEN L
1KI=REERVAL {STRILOS1),1, l))+VAL¢5TR(LD§(1) 211
TKE=(K1-1)/28+1
1180 uNPAcK(u:CH#.mN)sTR(Msle),A.Eu T X1,¥4,21
1X6,Y6 , Z6xl
1150 NE=E2{5)+4000
tFOR Jm1 7O N2
1160 DATA LOAD DA R(NS,NSICE$L}
0 xNIT(ou)Los()
ARCH C2%{),=5TRICL1),1.3} TO LOS() STEP 2¢
frey IF Lonn:ﬂax(ooool THEN 1290
1190 KL=BSE¥VALISTRILOSII),1,1) HVALISTRILOS(1),8))
IKE= (KL~ 1 /4T
1200 UNPACK (+i44#a% mu)sm(cestxz) 4,21) 10 X2,v8,2Z8
1210 PACIC (3R ) C2% (K2 )FROM
220 DATA SAVE DA RNG, Ns)ces()
1888 Xaiketie
1VEaYEVE
1ZG=Z6+Z8
1I5=I544
1240 NA=NS

SHEXT J
1850 X=X6/I6

IVE=VEIVBHE

tI7=17+1
1270 PACK (#@iH#)C16 (1)FROM O
1280 PRINTUSING  82,A.X.Y,Z.X1.VL,21,V1,Va,v3
010 1300

1290 FRINTUSING  82,A.%.Y.Z
1300 Isl+l
607D 1110
1310 VI=EAR{ (VA+VS)/ (RRLT-R) )
$VE2SER (VE/(17~1))




PHOTDSZO7 01710777 =

1380 PRINT HEX (OAOAOA)

TPRINTUBING = B3.V7,V8
1390 'L.OAD BC R"PHOTDSOR*




PHOTOSBOS ©L/1LDSTT 1

REM -—w= "PHOTOB0R" ---- FINAL CDDRD!NATE LIsT

20REM WRITTEN 07/78

50 DIM AAs(so)EA,Cn(smzu SE(XO).LOS(I)E.BAUOY Co% (30124 2964 219

4, Z3%65 | Z4664 ML 110 ,NOSRS, DOS:
PT. NOD.
v z
2%
NO D
SRR
PR BLREE BEB
100 SELECT #1B10
180 LOAD BC RVINPUT® 198, 238
1000 PRNT HEX(OSOAOA),TAB(E)"FINAL BLOGK COORDINATE LIST"

—HHERE S

'PRINT TAB(S:"A AR AUSUSTHENT:
2. Ao AT~
"ENTER THE REQUIRED ND*.1.2)

1010 GnsUB '97(5 s H
0 THEN L

DN zGD‘m wzo msn
000

1040 DATA LOAD DA Ril.,L)C1s{}
+IF END THEN 1050

AT SAVE DA RIMMICLS()
D 1

1050 x)A'rA sAvE TA REM,MIEND
HT HEX(030A0A] 5 ' TAB (51 1 "EINAL COORDINATE LIST*
1060 SELECT FRINT 2151538)
1070 DATA LUAD nc DPEN T#L, "PHOTODOL"
ATA LI 1,M,FLNLLS NSS , D08
=1NT(56—LEN(NS$) /e
RENT HEX (0COE) $TAB (JR) sNI%
RINT

1090 ggmr HEX{0E) i TAR(PR) {HEX (0 )  *FINAL. COORDINATE LIST*

RINT TAB(S3);D0%

PRINT
4030 =120
£33 Data CAD na R(M;mclt(l
G
112
!UNF‘ACK(W‘W“‘)CS‘UY T0 A
FPRINT
RINTUSING  B2,A
PRINT
-anmusm; 20
PREINT

1110 UNPACK (848444 1C18 (X1 TO &
HIF A=l THEN 1100

$IF A=S  THEN 1100
1180 UNPACK {+ Btiiksl . 49 16TRCIS(2) 14,84} TO XB,VE,Z8

X
MODEL.
A




PHOTO308

01 /10777

1130 PRINTUSING  83.8,X2,va&,Z2
£60TO 11

1140 Isl+f
:6GOTD 1110
1150 LOAD DC R*PHOTOBOR"




PHOTO400

10 REM MODEL FORMATION
14 REM URITTEN 10/197%

QLALOTT 1

~———*PHOTOA0D
M. ARBUCKLE

Eo :;m A(au 5).Aus 80),AZ(5,5) , Rﬂ(g 1),DE(3,1),X${30)83,M1(10)

B0}, F (&

3l DIM V(20,1) ,AB(5,5) AR5
40 DIM X{5,1) nta :-n 83,387,513, 3).52(3 3} ,R2(F,1),XB18,1),V1(L

50 DIM Rta 3) el 3),C(3,3),D13,8),14(1,2),L213,1) NISES,DOSL0

51 SELECT

52 DATA LDAD m: OPEN T#i,"PHOTODOL"
tDATA LOAD DC M N.Fl 103 ,N9$, D08

E SELECT FRINT O

Nr HEx«oaoavoAaAuAcAuAOA) TAB(10II*"M DD EL FORMA

ss'eELECT pRINT 215432}
120 DATA LOAD DA R(NEZ,N3IX$()

3IF END THEN: 380
125 1s8

120
1SR UNPACK (#48%84)X$ (1) TD P

1IF P=1 THEN 124

:IF P=5 THEN 124
183 Jud+i

tIST4L

160T0 ize
184 NL=I-6

:N1=N1+3
130 FGR Le8 TG ML
131 e
150 UNPACKHMW% A IBTR (XS (1), )
130 WPacK (s e 4,20} TO X1,Y1.%2.v@
180 YA=Y1/F1
170 XB=XE/FL

180 yRsYR2/FL .
AL 1midvisve

8 yw—(X1-X3)

a4
ALIL,5) X1 BYE-X29vL

B0 F{J1,1)=Ya~Y1
B50 MEXT I
260

MAT AL=TRN(A}




PHOT406

MAT AR=R1¥A

0 MAT AZ=INV(AR)
MAT AG=A3FAL

MAT X=ARE

MAT X1=IDN

Disl,+

St1,1)

G1,8)u0 . 84%(3,1)

0 B(L,B1=-0.58X(2,1}
8(2,4)=~0.56X(3,1)

Bt@2,2)=0

S(3,8)=-0.5%¢(1,1)
8(3,3)=0

MAT S1=11-B

MAT S2x548%
Te2/D1

MAT SB=(T)¥ER

0 MAT Re1i-S2
MAT R1=TRNIR)
€i1,11%0
CL,2)=~X{5,1)
C(1,3)=%¢4,1}
€(2,11=X1(5,1)

oy

Xi=X1/F1
=yl /EL
+A=XBAFL
vasva/FL

6 LitL,1)x2
Litg,@)=va
Liti,@) a1
0 12¢1,8)X1
[ELENR
La@,i)=
FOR J=t TO @

Tx0

FOR =i 70 3
T=T+DLT KIPLRIK 1)
NEXT K

DELT, 13T
EXT J

T=0
FOR M=t TO 3
TeT+LL{L MIRDEH, 1)

01710777

JBESIX (1,10 44X (R, 1) 24X (3,10 42)
=0

UNPACK L 3 ) BTR (X$(11,4,20) 7O X1,V1.X2,Y2




PHOTO400 ocirs10s77 =

806 NEXT M
MG

aaa 19—15 1
MAT Xazadry
Bso MAT X=X-X3
860 GOSUB 1400
(E)<=0.0005 THEN 850
a0

870 IF
€80 ROTO
890 GOSUB 1030

S00 DATA BAVE DA R(NG NEIXS ()
910, K]

820 GE\TE\
ssu DAYA SAVE DA R(NG ;NG IEND

SNJ-INT( 8s-LEnNas ) /2)
SPRINT HEX (0COE) ; TAH(.J) ;N9%
PRI
IERINT HEX (OES ;TABIRS ) ; "MODEL FORMATION®
$FRINT TAB(59):D0§
SPRINT
sagf=s
370
$DATA LOAD T R(NAMSIXSC)

$IF END THEN
43 UNPACK (#¥8484)X$(13 70 P
949 PRINT

LPRINTUSTHE 1301,P
$PRINT
$PRINTUSING 1302
EPRINT
950 DATA LOAD LA RINEMSIXS(}
260 uNPAcmeu)xt(m h(]
SUNPAGK {18 BRI ATR XS (1) V8,200 TO X4,V8.Z,¥7

HIF Pe{ THEN 250
tIF P

71 R_!NTus:LN" mﬂo P,X’# MG ZNT

seo T—'n
41

e
930 S4uSGR{T/(1-3)}

SPRINT

ZPRINTUSING 110,854
1000 Na=N5

26010 94E
1010 BELECT PRINT 005(64)

$LOAD DC R‘PHm’naos"
1030 I—ll

1050" PAGK (+. AHBE40H1STR(XS(3) 14,820) FROM 1,%(4,1),%X45,1)
1060 UMPACK {+#384 . i ) STRIX$ (1) .4, 20) TO X4 ,¥1,X8,va




PHOTO400 01L/10777 25

1070 UNPACKUBEH#4R)XS (L) TO P

1080 IF Pul 1290
:IF HEN 1230

RE{1,13uxE/FL

RE{@:1)2VB/F:
R3(313=

0 MAT R2eRERD

51

1150 2= (RB(B,11-RE(1,114X(5,1)) /{X1#R2(I, 1 }-RECL,1))
Xg=X16Z

1170 Ya=V18Z
1180 Y§=RE(2,13¥(Z-X{5,1)1/RE(B,1)4+X14,1)
1150 YE=.5¥ (Y4eYS5)

1800 Y7=F1%1VA-Y5)/2Z

1801 T=T+YVAR

1830 PACK (+#. $E#IKEISTRIXS (1) 8,80 )FROM X4.V6,Z,Y7

1850 =g+l
160TQ 1050

1290 §9-8GR(T/{I-9)3

1881 RETURN

1200% fetdid i AR R

B4 —F. 408

1301% MOBEL MO
S

1302% FT NO x v

z ¥ PARALLAX
1310; ¥ PARA_LAX ETD ERR =

%
% Mﬁ MM AT PHUTD BCALE

102 FDR I=4 TO NL
1410 UNPA"K(«MW [PBIGTRIXST) 4,200 TO X1.VE,XE.v2
uao Rs(x Unxe

430 RIIE /Fx
e Rals.x)ﬂ
1450 MAT RE=RWRZ
1480 X1#X1/FL

IY$=YL/FL

1470 Zu(RELS,1)-RE(L,1)4X 05,13/ (XLRE(3 1 )-RA(L,171
1480 xn-rx"%

1480 vgeR2(2, U«(z-xts 171/RBUBLI4X AL
1500 Y7=(va-va)
.T=T»v7¢e
1501 T-
1810 s:zssGRlTMm—M)
1580 E-(E4-55)IBA
1830
-stm




T

PHOTO401 o1L/10/,77 ES
10 REM «-~-- "PHOTO401* ---~ JUNCTION OF ADJACENT MODELS
11 REM mRJ‘.TTEN 1171578 M. ARBUCKLE
20 DATA L R14001 ,L3IN

JFL
30 DIM x)s(awaa (X8 54 TE3 X1 101 V1 (103 zuxo).xa(m).vauo).zzun
1,A8(30)83,X3(10) \¥B(10),23110) LOF{1)2,D0$10 ,N98E5 N1
40 DIM A(RD,S) ! FIED.U AL, B0),AR(3,3),A3(F, 1), X(3,13, R(:g 31 R1(
3,1} ,RB{3,1) 4413,
74 SELECT PRINT (AEE
S PRINT HB((OSOAOA) TAB (S "STRIF FORMATION®
72 SR EET He)
1DATA LOAD Dc PEN TH1, "PHIT
TA LUM‘J DG #L,! N Fx Nlu oe “hos

B=INT 1 66 -LEM IN:
78 BELECT FRINY Lt
RINT HEX{OCOE) 3 TAB{JR) ;NBS
INT

AINT HEX{OE);TAR(RS); "STRIP FDRMATION"
SPRINT
R1NT TAB(59):D0%

a0 LnEDQO
:M=7000
20 IN:T(colxnn
£AD DA R(LvL)A‘U

110 UNPACK (43%4#8 5% (1} TO P
SUNPATIK {8  SR&IFEH I STRIAS(I1,4,80) TO X.¥,Z
120 FAck(nsmmxs(x ROM, P
Mwm#)sm(xxt(x) 4,10)FROM X,V,Z
130 xF P=s
A Fai THEN 10

B 110
140, nATh SAYE DA ROMMIXIS()

150 TA EAVE A R{M,MIEND
xso M L-7o

b3 INnmo)xxs() XBE0)
1
‘nATA LOAD DA RUMIXLS )

180, DATA LOAD DA R(M.Ma)xzs()

F END
'MAT ARZER
MAT FeZER

T AL=ZER

IMAT AB=ZER
MAT AT=ZER

IMAT A4=ZER
200 V4,V V6=l
210 I1sa

eI=4




e

PHOTO4O 1L 01/10/s77 2

E20 UNPACK ( +ha . WWH)BTR(X&S(Q) 4,18) TO X1(13,¥1(1),24(1)
B30 UNPACK (+##4 . $ 848488 1STR (X25 (2) 14, 18) TO X2(11 VEN1) ZRIL)
240 UNPACK«M»“)XLN:) TO PL

1IF Pis) THEN @31

:IF P3s5

asy xNxY(oo)Lusn
SEARCH XB#1) . =s'rﬁ(xxs(1) 1.5) TO LO$ () STER 23

'IK‘ LO!(H-HB((MJOD THEN
252 K1=AGE%VAL 1 U‘TR(LO’(X) 1, nva.(s’rR(Los(n a1
B53 IBwiKi-1)/2%
BEQ UNFACK {-+ii# . i"%w)s\‘mxlsur.a 183 TQ X1E11),Y1iI1},Z1(L1)
390 UNPACK (+EH4 34 TR (XBS (12,4, 48) TO XEUI1),YR(ILI 2ZBI1L)
300 IF Ii=4 THEN 381
BL0 I1=I1+1

380 I=Ivl

1E0T0 B840
B30 Ii=T1-1
B33 Img

tHE=Y2(3)

tHE=Z2(3)
@70 FOR I=1 Y0 LI
B8O XBL)=XB(I)-Hi
330 Y2(1)=ya(L)-HS
400 Z2(1)=ZB(X}-HE
430 x1(1)=xx(1)-m
WD) SVE(T)-HE
-ziu):zl(l)-Hs

Mo FI;R 1=\ To.8
1I9=148

450 Tx=(x1lly—xuxs))quz)-xxlls))«(v;,(:n YLD VLTIV IIB) et

}-ZLLIBIH(ZELT) 2L

460 TE-(Xa(l%xEusl)'(XE(I)-xaus)Y»(V‘(I)-VE(IBI)Hva(lb‘/atlsn
+{ZB(1)-ZRLI8)) ¥ (ZR(T)-ZR(1D) )

470 L1=BER{TL/TRIN.L

480 NEXT 1

450 Li=lL1/2

510 FOR I+i TO Xt

520 X2(1)=XBII)6L 1

0 YRAL)»Y2iLl}4L

B4y ZBILI=ZRLIIMLL

5850 NEXT X

it

560 FOR I=t TO I3
570 J=E*I-1
580 Keua¥Y,
san ALY, 1)=0

0 A3, B)R= (21 (3142R1T) )
] ALT @) XL -XB (1)




PHOTO40L 01,107,777 =

G20 ACK,1)=21(1)+2R(T)

830 A(K,B)=0

40 AlKBI=vi(EIva)
LI 1) ==(YLLI4YRIL))

ggo F(K.L)-Xl(IHXE(I)

€80 HA'T A1 TRNU-\)

590 MAT AB—AI

700 MAT A3

790 VAT Aistiiees

F20 MAT X=AAFA3

730 MAT X=(-1)%X

T80 R(1,1)=Xi3, 1)*x«3.1)‘x(1 et 1)-%(8,119% (2. )-1
TS0 RIB1)=EE (X(L, 12,1)-X13,1

T80 R(3,1)=-B% (X(1,13+a, 1?‘X(3 m

770 R(1,2}=E*(X(L, XI*X(E 134xX13,17)

T30 RI2,2I=X(F,114X(E 4 )X (L, 1)'xu,x)+x(a 11%x(@,1)-1
730 R4B,B)=-BF(XIB,11-X(1,119X{3

800 R(1, 3)-—2'()«1 1r-xt@,3)9x1d, 1)1

818 R(2,3)=-2# (X{E,1)4X({,1}¥X(3,1)}

BRO R{3,3)=X(3,108X(3,1)-X11,11EX(1,13-XI,1)EX(2,1}+1
B30 TA=17(x(3,1)8%03, 1 34x 01, 10901, 11ex (@, 1exea, 1)+1)

300 MAT REmR*RL
910 TL=VI-RE(L,1)4XL(L)
980 T2=TE-RE{2,1)4Y1(1)
930 TATE-RE{Z,11+Z1(T)

940 NEXT I
950 T1=T1/11
2/t
TA/I1
970 FoFi/HI
1=HIATL
tHESHD4TE

o860 UNPACK(MMH")XISU) 108
SUNPACK US4 1XBS (1) TO B2
830 PRINT - JUNCTIGN OF MODELS *iBL:-*1B2

RXNTUSINB 1388

1000 1«2
méo uNPAcK(ﬂﬁM)XE!én Jo PL
1080 IF P1=5 THEN

1040 UNPACK (+4##3 . wa#hmmmxat(u,u,xa) TO X3,Y3,Z3
1050 X3mx3-Hi
1YBaYE-HE




PHOTOA40 1 OL/LO LTV 4

$Z323-HE

1080 RLt4, u—x:ﬁu

1070 RL(2,1)=Y3

1080 Ri(3, Rt

1090 MAT Ra=RARL

1100 X3aR(1 1)+H1 B
VIR (R, 1)4HE2
£23oRAII, 1)+H3
.leT(oo) Losits

1110 MAT SEARCH xxt().—sm(xzslx) 1.3} TQ Lo} BTEP 23 E
.IF LO® (1)=HEX {0000} THEN 1.

1120 K1=R56#VAL (STRILOBIL), L, 3 TRVAL(STRLOS (1) ,2)

1530 T1=(K1-1)/B3+1

1140 UNRACK (+#t#  #58###0)STRIXISIE1) ,4,18) TO XB,va,Z2

1150 Vi=X3-x2

=V3-Ve

1v3=23-28
1160 PRINTUSING 1380,P1,X3,V2.23.X2,V2,72,V1,V2,V8
3170 X3= (XE+BIX0.5
= (Va+V2)#0 .5
= (Z34Z2) %05
1180° vaevuvua
IVESYEAVEER
IVERVE+VESE
tIa=1aed <
1190 PACK{+i6 . 4548848 BTR (X18(11) 4, 18)FRUM X3,V3,23
1200 PACK(##*#.*#%S”MSTR(XEK(I).0,15!FR\'M X3,Y3,23

1210 @
1e20 anrusms 1380,71,%X3 Y3
3 1220 PAckum BERRSRBTRINES (1) .8, 18)FRON X3,v3,28
12340 1=
L 207 10

1850 Ga-SOR! (vmvswsx LigrganE
1260 DATA SAVE DA RIL,MIX1$
IDATA BAVE DA R(M,| ma)xas()
IPRINT

A ERINT
b IPRINTUSING 1330,64
r sPRINT
RINT
1270 78 Pies THEW 130
1880 GOTO
1890 oMz
o 1300 GOTO 180 ’
i B it BB e e v T ¢ SULLL
I B t E i albt S s P
tsa1x PT O X2 ve 22 '

ok vz
1330% BIGMA X/Y/Z = f. 84 MM AT PHOTO SCALE
1340 SELECT PRINT 00B(64)
$PRINT HEX(03) .
$LOAD DC R*PHOTOHO3”




PHO T4 0 o120, 77 ER

10 R —~w~ UPHOTO40R* ---=  ABSOLUTE ORIENTATION OF A STRIP
[ BTRIP ADJUSTMEN’T

1iREM M. ARBUCKLE

15 SELECT PRINT ot

HEX (G30A06 1 { TABLS 13 “ETRIF ADIUSTMENT =

15 SELECT PRINT 215(132) #1B!
1DATA LOAD DT OFEN THE PHDTDDOA"

S0 DIM RUB:3),U08,1),Ca% (30124

40 DIM A17,18) F(28,13,4(3,11,U¢3,13,A518,20) X¥307,1),RE(3,31,N0¢
18) N2 (44) ,LOS{1)8

50 DIM R3(3,3) x:a(a.u.muor cuun CB34) CR134),81(14],52(18),53
(14),6(10) ,xi%130123,X8(7,1

51 DIM B3(14,6) ,BG(E,11.FEC1G, ; JXBLG,1),018115589,X(8,1),A2(80,B
3 AZ(E, 81,468, 1) ,A5(8,8) NI (10),D0510 Na%EE

SHDATA LDAD DC #1,N,F1,N1 (3 ,N9%,D08

59 J9e0

&t =4t
61ImINT L(E6~LEN(NSS) ) /2)
;xNT HEX {0COE) s TAB (J11M3%

gxm_ HEX{0E) { TAB (RS )5 *STRIF ADJUSTMENT"
It
RINT TAB(S3);D0%
RINT
88 Le7000
1L3=4008

a=13+1
SXF I3=N+l THEN BASL
1813,
8',Va 60
INE(I3) =84

'9=0

&4 I7=1 (133
MAT AZER

:MAT X=ZER
65 1
A‘r A _LOAD DA R(Ls.lecxsu
$0R 12=1 70 4
65 IB=19vy

SUNPACK (Bt ) CLSLIE) 10 A

0 (18 )A

&7 UNPACK (+4&#### . 144 )STR(CL$(18),4,18) TO C1{I8),CA(X9) ,CBII8)
6B \HPACK LBIERER ISTRICLS (127 ,22,3) T0 M

6% SicgR

SDATA LOAD DA R{SL,S2IX18()
70 UNPACK (HEB%44 1X15(L) TO B
74 IF BsM THEN 73

78 GoTD €9
78 INIT(b0ILOB()




PHOTO40®2 oi/10/,77 =
SMAT SEARCH Xi$(),=STRICI${1R),1,3} TO LOS(} STEP 23
$IF LDS(1)=HEX(D000) THI
kL Kl-EEE*W\L(ETR(LO!(A) 1,43 VALISTRILOS (1,20}
216 K
SUNPACH Mw X1$(163 TO
TUNPAGK (T hbh AUHEER STRIXIS 16) ,8,18) TO X.V,Z
77 BL(IBI=X
:52(18)=Y

MA.; FEDIM A(3,3) F(3,4)X(3:1),A303,3)
sl
8L x1=suu
YL=8R(1)
521783011
&8 XB=H1{2)

123=83(3)

110 GLeus-uR
:G2-Vi-va
163y U2

180 64=X1-X2
I65YI-VE
1GGnZL 22

130 G7avi-va
GasbiL -3
sHE#21-23
THEmY1

160 1im(GLIRCRIBIGAIE)/ (CHIDICEIRIGEIR)

150 LimEGRILL)

158 LEsi/LL

160 AL E5067-G51G3) e

170 AB=GESGT-GSHH.

180 Biw (GA}’BB-GE.HE yRE

190 BReGH*H1-GE¥HE

H00 CmGARE7-GENHE

0L Ciwi/C

BLO DieARI2+BRABICIR
220 pEe-R# (ARYAI+BRYBY )
830 DI=ALHE+BY4E-CIR

240 R{3.,3)=1-DE-5GR (N242-44D19D3} ) / (24
ES0 R(3,11m(AL-AZR(3,3] 14C1 1/(EmLy




EHOTO4 08 L 10sPT =

260 R{3,8)=(BLi-BE*R(3,31I4CL

E70 Ei=R2¥ (R(3,B)%(Z1-Z8)-R(3, 3 (VLV}
280 EBnRE® (R(3,39%(X1-X2)-R(3,1)21Z21-22))
a0 Ea:muﬁ(a L)*{V1-VR)-R(3,2)% (X1-X2)}
800 Af1,1)=X1-X8

A0 ALY B

320 Af4,33e21-28

T30 ALE,1)=R(3,1)

340 A(R,BISRIZ,2)

@50 Al2,3)=R(3,3)

BEY AL, 1)=EL

70

A(a.e)=EE
380 A(3,3
a0 F(x l)n(Vl—VE)'LE
400 F

410 F(a,u-(ul—uem_a
420 MAT A3Z=INVIA)
HAT X=AGHF

440 FOR I=1 70 3
450 R{B,X)=X(I,1}

480 NEXT T

470 R(L,1)=RE¥(R{D,BI¥RS,; BJ-R(E RI*R(I,2))

480 R(1,B)=RE¥IR(Z,3)*RID 11¥R(2,391

480 R{1,3)=RE*(R(2,1)2R (3, E)-R(E 2IREILN

500 U0 (1,4 )%UL-L1%{R(S, 4 RX1R (1 2IPVLHR (3,3)9Z1)
B10 UO(E,1)=VE-L1# (R(2,6)¥XLRIZ 2 HVL+R(2,3)¥21)
S20 U0 (3,1 1=i1-L1% (R{B,1)0X1+RIS,EIFVI+RIT, IHZL)
530 MAT Ra=R

ASEZER
F=2ER
pR=ZER
T AG=ZER
AB=ZER
X9=ZER

A=2ER
REDIM F(14,1),A(7,14},AB014.7) ,AR(7,7) ,A4{7,7) ,AB(7,1)
He=t Tma

560 Xats 1)—51(1n

x:a 13wERIL)
343, 1)-?.-!(1;)

581 u7=cu:u
1V7=CEIIL)
SW7=CI{IL}

530 MAT V=RXa

610 AS{I,1)m-LI¥V(R,1)

€20 AS(1.E)=Liv (3.0
0 AS(Y, )-vt Wy

540 A5(1,5)=:

650 AS(T, uva*V(x 1

660 A511,3)= L 1RV Ia, 1

&70 AS{F,8)=ViB.L

it -
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680 AB(J,G)ms
690 ASIK,2)eL1¥V(1,1)
700 AS(K,. Fretaviz, 13
7xo AE(K 4)=Vi3,

Ki74m
730 F(I,U=uou,1)¢L1ivu.n—u7+u4
780 F(J,03=U0(B, 10418V (3,1 )-V7+V4
TE0 FAK,130U0 (3, 1)+L IRV (3,1 )-W7+104

NEXT 1t
760 MAT A=TRN(AS)
tMAT AR=ARAS
IMAT AG=AYF
SMAT ABWINV AR}
aso mT XB=AREAE
1)%%3

AT X8=

850 Rsu 1r=1
880 R3(L,21u-X3(4,1}
B30 R3(1,3)=-X9(2,1}
900 RatE.L1=xet, 13
810 RA(E,2
820 R3(2, s}-—xs! 12}
930 R3(3,1)=X3(2,1)

240 RID E)=>(9(3.1)
30 B3
980 MAT R :-mw
570 Li=Li+X9e4,1)

sL@ei/Ll
980 UBUIHX(S,1)
980 VARVAIXG(E,1)
1000 WA=a+XT(7,1)
3010 REM STRIP ADJUSTHENT BEGING AT LINE 1
1030 MAT REDIM X(B,1},A3(28,8) ,AR(8, B),As(a 1).M(B 8),F(28,1),A5(8,B

A4=ZER

IMAT F=ZER
1080 UO(L,1)%U0 (1 ,13+U%
1080 UGIR,1)»U0(3,1)+V4
1070 Uo(:a 13u013,1) 4004
1980 s-a(:a)

1Iel+
UNFAGK(#HHMCAMX) ™A

1110 I1F 1240
1180 UNPACK(H?W%” ##4)STRICLE (X ,4,1B) TO UL,V1,¥1
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1130 I8=1B+1
I SUNPACK (84 IBTRICIS (1) ,B2,3) TO M
1140 CL{I8)=U1

12T

LOAD DA R{E,SIX151)
1170 UNFACK(MMﬂ)x;s( YTOB
1180 IF B=M THEN 1150
GUTO 1160

$190 INIT(00)LO8()
BEARCH Xi8(), -snm:ssul 1,3) TO LO$(} STEP 23
:IF Losu)=HEX(oono) THEN 1
1191 K1sB5E4VAL (BTRILO$(1) .4, unan(srR(Lnun,an
116eKL-1) /2341
1201 UNPACK (38 A#HHSR ISTR (XIS (161 ,4,18) TO X,Y.Z
1230 S1(18)=X
1ER(IE)=Y
153(38)=2
1G0T 1100
140G ,62=0
L TFOR Ji=1 TO 18
1GLRGI+CL(IL)
ce=ca¢re(m

. :GL=G1/m

: t6p=GR/I

sear BoR Ta” 70 18
jiicuiy

1288 X1=81 (1)
VieSE(E)

£Z1%E3(1)
1243 UL=C1(I)

2UL=(UL«G1) /1000

V1=(V1-GR)/1000
1850 GOSUB 8180
1260 A3(NE, L)l

TSR

1E70 ABINZ,B)=X5
1880 A3 INE.4)=-¥5
1899 ATNZ E)mxERXs vetys
1300 A3 (NE,6)=-2#XGH
o 1310 ARINR, 7>-xs~xs~xs~a-xsavsnv5
1320 A3 (NE,8)uYERYERYE-BEXEHXEIVE
X {530 ANz
AS0615) s
1550 Aatva 85X
msu Asxm 5)=-AS(NE &)
] €)=A3INR,S)
¥ 1350 ity
1390 AQINT,B)=AT (N, 75
1400 FiNz,{)=xs-u1




} PHOTOS.0= 0LILOSTT &
3410 F (M3, 1)1=Y5-V3

1420 BIIX, 1)1

1430 BA(I.RI=XS

1480 B3(I,3)=V5

1850 BILI,4)WXEHYE

1460 B3(I,5)=X5#X5

1470 B3I, 6)=X5exmaxs
1490 Fa(I,))aZ5-

ety

1884 NEXT £
1430 MAT AS=TRN(AZ)
: AR=ASHAA
AdaINV(AR)
E=ASAF
X=A4%AE

REDIM BS(G.12),A2(6.61,ALLE,6)
ASaTRN(EI)

AR=AS*ER

BE=ABIFR

AL=INV (AR

XB=A4HBE

1780 PREN’T TAB(5133 “PLANIMETRIC AND HEIGHT CONTROLY

1810 PRXNT TABIG) s "FT NU.-:TAB(H 13X sTABIIE) : *Y I TAB(47) 3 "Z* 1 TABC
B1)3*X"3TABI7G vITABLES) S P27 i TABIST) 5 *VX" ITAB (1063 VY " TAB (1L

5332V
4 1820 PRINT
1822 VB, V5, VE=0
1830 FOR ii=i 7O 18
184D X3=S1{11)
sViaBRIL)
1=G3(11)
1880 Ut=CytIi)
1vi=£a(ily
SWi=C3(IL}
4860 Gosua 2160
1a7e

1880 FR NTUE NG B2E0 NO 1LY UL VL UL I3 VI Z23XE-UL 3 VE-V1 28405
1890 YBw(XE-U1) 484V
1800 ve=tye snewa
1810 vs-‘za‘unaews
1920 Wi
1358 VBiEoRt wavvay s enza-nn
- 1850 YSEAOR(VE/ (RAI6~6] 1
1550 VR=SGR(VE/(2*18-81)
1960 YE=HERIVE/ (18-6))
1970 Y7=5aR (VEIRSVEHRIVESR)
1SDOPRINT
PRINTUBING 3240,V5,V2,V6
2000 PRINTUSING B2E0,V3.v7
TERINT

2020 ;Rgg TAB(20); *ADJUSTED COORDINATES®
3 2080 PRINY TABIG);"PT NO"$TAB(1S) ;X" (A azn
Rt )3 XPITABLER) § 4V TAB(AT) § °2!
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2050 a-sus)

avso n E.
IDATA LDAD DA RIS,8)X181)

2061 UNPACK(*MM)X!‘H) Ta A
ZPRINT HEX{0A
.FRCK(*#M“?E‘(HFRDM A

! 2063 PRINT TAB(S)'“SEC‘TIUN B

2065 wmc«w&mrﬁxxxs(n) TG A

A=y THEM 2
I A THEw Bie:
2080 UNPACK (+$3% #eddis ) BTRIXIS (11),4,48) 7O X1,V1,21
5 Ri10 GOSUB R160
2120 COSUB 2280
2l30 FRINTUSING B270,A.x2.¥2,22
2131 PACK(SAIEESICES LI IFRCM
LEACK (TARRRPR bR ) DU (CBS (11,4, 51L1FRON X2,¥2,22
2180 1ixIits
caTR 2065
8181 JouIoe
PACK (48444 1C2% (L1 IFROM &
SEACKLLETIBHE AHHHHISTRICIE (14D 6,20 )FRN 0,039
160TO 2146
8142 PAGK ($446#84 008 (11 JEROM
LPAGK BRR R BHSEE ETR (CHB (T1) 8,21 1ERDH 0,0,
2146 DATA SAVE DA RIGH,B4)CES()
XF Bi=l. TMEN 2150
160TH 206
2180 PRINT HEX(08)
1OTD 63
2151 DATA BAVE DA R(4051,LINEC)
1DATA SBAVE DA R(S4,54)END
f . fLOAD BC RUPHOTOBOS®
; S0 %ALY, L3uX
- £i% B
2180 X813,1)%71
2190 MAT U=ReX3 b
2E00 XS=t42UL1,1)400(5,1)
E210 Y5=U1Mp2, 1400 (211)

Erima tib e AL
2550 Bl

$Y5={VE-02) Imoo
RETURN

E

: o230
e E240% STD ERR I X=—# .4 STD ERR IN Yook obié  STD BER IN Ze-g.%
BESOR  EREER  BRASHEABE CHMEE AR RN, =~ .

A CRReE R RRERERE -hR # i “*’ MNG#H} **
£280% 8TD ERR IN PLnNIMETRv-—» 444 BTD ERR OF AnJusTMENT:—#.m« i
BE70% N B SR BB
B82S xu 11-xX43, 1)ax5+x(4 LIRYE-X IS, L)% (XERXE-VERYE ) 4 (G, L} ¥2FX

easo)xauxe«xn,nf VBYHXIE 1%

i




PrDTOD403 ©OL/LO s TT a

EA00 VRAVE-X(R,11-X{4,110%5-X (3, 1)FYE-X6,1)% (XSAXG-VE#YE) ~X 5,1 454,
)

BR10 YR=YR-X(H 114 IXEEXEHXE-IAYCHVERYE ) -X (7,1 )% (SAXERXEHYE-YSAVERYS)

E880 ZE%rS-X811,11-X81F,1}9X5-XB13, 1 1¥VE-XB (&1 ) ¥XSHVE~XE (5,1} AXE4X
SXB (6,1 TRXSEXERXS

BIEL XBaXAr10004GL
2VEYANI 000462

BIB0 RETURM
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§ REM ~=—- "PHOTBAO3" ~~~-  BLOCK ARJUSTHENT BY SCHUT’S METHOD
MODULE L
REM WRITTEN 04/1% M. ARBUCKLE
1§ Con xuao).xa(so) m,ua
12#);&4&1 HEX(030A0A) i TAB{S5) 3 “BLOCK ADJUETHMENT*

PIF G140 THEN 1§

SPRINT TAB(S);

.xNP\n‘ *ENTER THE Ho oF ITERATIONS REGUIRED® Q2
=0 THEN

INT

.PRINT TAB(SI;"MIN w 1 3 MAX = 10V
IFOR I=i TO BSO
3 T

oo 18
18BELECT FRINT 005(64)

IPRINT HEX(OZ0A0A}ITABIS) { "BLOCK ADJUSTMENT*
15FR

RINT TAB(S) 5 “ITERATION NO

20 DIM ©18150)23 ,AL$140)4, ct(ao)zl& Num) LO$ (218
@0 DATA LOAD DA R{3051,LINLC)

sI%0

IDATA LOAD DA RIL,LIALSL)
IIF END THEN 170

50

I=1al
LI=NL()
:UNPACK(MMM)A“U) TOF
&0 u nA R(L.l EESI=13)
-mnmou.asu
CH C% )‘=STR(A19(II‘L‘21 T LOs¢) STEP @4
90 pid Lnsu):HFxmoo THEN
100 Kx‘ESG’VFL(S{R(LOs(l).lyl)HVAL(ETR(LOﬁ(UvEI)
$KR={KL~1) 728}
110 UNPACK [+ %31 . #m#vsrR(CleE),A 213 TO X,V,2
120 PACK (B4 ) C1% L1 IFROL
£20 pAck PA\:I««%»QM ﬂaﬂxs‘rﬁ(cxillnl\ ELIFROM X,V,2

i50 PAcK(MMMmL‘(I)FRUﬁ 1
n RILR,L2)ELS(}

170 nATA salE DA RELE,LBIEND
$LOAD DG RPPHOTOALZ"
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PHOTO413 [R WS N-Parad ES

10 REM ~-—- "PHOTOR43" ----  BLOCK ADJUSTMENT BY SCHUT'S METHOD
MODULE &

11REM FORMATION OF THE NORMAL EGUATIONS

12 REM URITTEN 04/1576 1. ARBU

B9 SELECT PRENT 00554} Y

SOPRINT HEX{030A0A) ITABIS) 1 "FORMATION DF THE NORMAL EGUATIONS
3SELECT PRI'F™ DOS(E4)

40 DIM AS{S0,sc. ,ABIES,10),243,52(10)

BO DIM AL$(40)4,C15{40)28,026 (40124 ,CA9 (15)24,F5(50,1) FEIRS, 1) \LOK
e

60 DATA LOAD DA R(AD51,L9)82()
706 DATA LOAD DA R{40DL,L9)N,FL
80 L=4082
1L0=4008
146213000
5513500
30 Lim4076
100 =1+l
1IF I=Nel  THEN
tDATA LOAD DA R(LO Corcascs
SMAT ASEZER
tMAT AG=ZER
$MAT FS=ZER
SMAT FEwZER
10 16,3112, 18,18,I7=1

120 nA'rA LOAD DA R{LL et »
:DATA LOAD DA RiL,HIALS
1DATA LOAD DA RLE,L1 )zs
tIF END THEN 140

iDATA LDAD DA R{LE,L1)0RS()
Hiele
)

130 6OTG 150

140 ZF="END

180 UNPACK(MWM)MNIU TO PL

HEN
180 UNFACK(M)EYR(M‘(IU.4.“ To PR
;

IF zs-"m" THEN 170

70" xF Past” THEN 150
189 xNU(oo)Lus(

EARCH CL!().—B’X’N(Al’(IJ~X) 1,31 TO LOG() STEP 24
ano ;I(é-assﬁvAL(eTR(Louu 14200 TAVAL (STRILOR (11,8 )

Em'g’&”““‘*“”’“ G ISTRICIER) 4,210 TO X1V 2 .
220 INIT(00)LOS :
A icH zasu =smuus<n-u.1 33 TO LOS() BTER 24
3 =HEX 10
240 m-ass»m.«s’rmt.atu) 1.n)¢VAL(sTRu.0‘(U-EH
$33= (K11 [ReL
HRPACK TR AR arpemisTR IS (19) 14,20 TO ¥2,vR.28




FHOTO4 L3 oL/10/7 77 2

as0 man"s

260 GGEUB :—170
270 60T 15

280 xMI‘r(oo)L\nu)

850 MAT BEARCH C4%{),=ETRIAL$(I1~1),1,3) TO LOS() STER 24
00 KLZBESIVAL (STRILOS(L),1,11) VAL (STRALOS (1).21)

1-4

o meAcK(w«ﬂm AHIHIBTR(CAS (I8 14,18) TO X4.VE,23

N

£1

az0’Boms e:-lo
230 GOTD 15

30 SATA SAVE DA RULA,LAIHLLASC)FSO)

1ATA SIVE DA RILSLSIHLAG () FE()
6070
aso para SAVE DA RIL4.L4IEND
E D8 R(LSILSIEND
ss0LoAD o R-'Pmm
370 HE@‘HL
(B2 .

ot

380 ABGHE L=t

330 A5H3, auxt
300 nSIH3

310 ASHE, 57=xug»vuz
420 AS(HI,E)=-aw
188 AR ST i va
230 A5(H3,8)=V145-FEKLIRIYL

450 AEH-E 1

S 1H3, ux-‘xa

19 Afiaia)id
480 B3, 13)wvmenXae
450 ABIHZ, xn)- XY

500 AG(HI,15)=F¥XDF \'e}z X243

510 AR (HI,16) =IrXatarVA e

580 AB(HE,B)=1

530 AS{HE, 3)-\11

580 AS(HE.4)

550 ASIHE, 5)=a*xuv1

560 AGIHE,B}=X1

s o A lHe STy =3 oatvx-vua
B0 AS(HE,8)=X143-3rX1sV1 42

B AE(I»E 10)=-1

600 AB{HE,11)=-Y2

S10 ABIHE,18) =mXR

620 AGI(HR,13)=-BRXBIVE

630 AS(HE,14)wVE4R-XEIR

640 AS(H2,15)=YR43-34X2ipsvE

€50 ASIHR,16)=B¥XRRVEIZ-X24H

660 F5(H3,1)=X1-X2

670 FS(HE,1)=¥1-V@

68O ABIHL,1)=1 .
B30 ABINL,RI=XL




PHDTOS13 ©rL/r0 7T

700 AG(HL,3) eVl
710 AB{HL,A)=X1#V1
780 AG(HL 5)=X112
' 730 AGIHL B)=-1
N 780 AGIHL,7)=-XE
3 750 AG{HL,8)=-VY2
i TE0 AB(HL D) =-XB¥VE
770 ABHL,101=-X242
780 FS(H! l)nZX'ZE
790 FOR J4=l 70 16
-As(Hs Jn.:AS(Ha J4 )41
-As(He. 2, J4 ) $I1

800 FDR _m=z 10 16
A6 IHL ,mluﬂs(m..mwm
SNEXT Js
B10 Fs(Ha X)-eE(HQ SIS
B =S (2, 1) HiL
-Fs(m l)—FS(Hl 1381
20 RETURN

830 HE=E*H1
1H3=H

~nu=sﬁn ey
=1

14 A5 (HE .51 xaHE yae
50 A5 (H3 ,6)=-25.
sso AS{H3, 7>=x3b3—-3ﬁx3w:-ne
200 ASIHE, e)=v303-3!x302*v3
i a1e ABlE.EI -
5 (HE . 3)-‘(3
939 A 2,49
940 AS(HE &) exaeva
950 AL (HR,6)=X312-V34p
960 AS (HE,71=3¥X31EFY3-Y343
970 AB(HE,B)=X343-33XIFYIHE
980 F5{HA,1)=Xi-X3
280 PR )eviova
1000 AG(HE, 1)

H 1030 AG(H1 ,41=x34ya
1040 AG(HI,5) X312
1050 FeiL s )=zt 73
1060 FOR

LN Ha 3,02 }stlg
.AS(HE J4)=A5mz Ja) el
1070 Fsu-«s u:Fs(Ha 1%L

. $EERE,1IFEIHE, v
1080 FOR Jéal

1AB G ,Jm-As(Hl..M)im
INEXY Ja




~

PHOTOW LS

1099 RE

0L /IO 5TV

IFE (ML, 1 )=FE (i1, 1 )81
TURN




P
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10 REM =--- "PHUTOAZE" -~--  BUOCK ADJUETMENT BY SCHUT'S METHOD

MODULE 3
11 REM FORMATION OF NORMAL EQUATIONS
20 Dm AS(SO 16 F5(50,1),A6(16,50),A7(16,16) ,F6(16,1),ABLL6.16) ,F8

25 2 3=i2000 f

=13500

{H3a1R000

SLA=34500

H 90 DAT/ A LUAD DA RILLLLIHLAB0) F5()

a0 MAT Rmm AS(HR, 161, FEHR, 1) ,AB(16,HE)
50 527 Aa-TRN(Asy

! 60 MAT A7rA5'A5
: 70 MAT

DATA SAVE DA RIL.L3IAT(}, FG()
80 HAT RERLN As(ao 16),¥5(58,1
RILLEIIAL AS(),FEN

REDIH AS(HE,161,FEIHR, 1} ,AB(1E,HR)
T A7=ZER

] FB=ZER
ABSTRN(AS )

T FE=AGAES
ATRAGHAS
18 e

R J=8 1O i6

140 K!-I—B
1Kas,

150 A7(K1JKE)’A7(K1 WKRIABLT .Y

6 (K1 ,1)RFGIKL (3 1+FRLL, 1Y
EXT 1

160 DATA SAVE DA RILELIIATL) FBLY

170 MAT REnm ABIEE,101 FE(RS,1),A6150,85) A7 110, BN
HAT_REDIY A 0,107,F6(10.1),AB¢10,

180 bAYA REDAD DA RILEABINLAS ) ES()
REDIM AS(HL,107,FE(HL,1) AB{10,He)
EDD HAT A7=ZER
AT RauzER
210 HAT AG=TRNIAS)
¢MAT FEuAGKFS

AT A7RAGEAS
T AB=A7

AT FWFE

sDATA BAVE PA RiLA,| L‘HA‘HI.FG()
220 MAT REDIM AS(ES,101 ,FE(25,1

:DATA LOAD DA RILE,L&)H! Asu F&()




T

PHOTDARD [CENEN . Ve ird

$IF END THEN 30
B30 MAT REDIM Aslm.m) FS{HL.1),A6(10,HL)
a0 MAT T A7-ZER

50 HAf

AS=TRN{A5)
FE=AGHFS
ATuABRAS

R I=§ 10

3I=6 10 19

270 KivI-S

=60 §7u<1 @) =AT7IKE KR +AB (T, T3
’FS(KI LIFGINE 3 IHFBLL, L)

=90 D?I"A EAVE DA RILALEIATUY FEC)

MAT FBBFG .

16010 BEg
800 DATA SAVE DA RL3,L3)END
IDATA SAVE DA R(LY LA4IEND
310 LOAD BC R“PHOTOAE3"
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4 REM =--- "PHDTO43I" ~~--  BLOCK ADJUSTMENT BY SCHUT'S METHOD

MORYLE &
S Ri3f SOLUTION OF THE NORMAL EGUATIONG
11 DI $80.16),F (B0}, V(80),F5116,1) ,AS{16.16)

HRES
15 nATA m T RLGO0L LM FL

INB=HPE

SMAT RED!M ANZ,16) ,F (N3}, X1 (N3} X2 (NB) ¥ (NI}
B0 L=140¢

1KI=KLeL
50 A{K,K3)=AS{I,1)
SNEXT
IF(OSFEIT, 1)
SNEXT I
60 N1=N1+1
$O0TD B0
80 M=13-1
M1=13
90 FOR It 1O N3
lgn A3, 11o8GRALL, )
180 A(I,JY=A(1 J)/A(J: 1)
SNEXT X

130 IF N3I1+4M THEN 150

131 IF M3=I+M THEN 150

180 ME=Ie
1GDVD 160

180 ME=M3

155 IF ME-I-—!(D THEM B30

160 FOI +1 TO M2

155 B Tart o Bl

BEO AMS ) =AM, 1) A (L, M3-1+1) #A LT, MA-T+J}
NEXT '

THEXT M3
230 NEXT I
230 FOR Kei O N3
250 8=F(K}
555 37 K-1)=0
F70 IF tK4M1)<0 THEN oo
16010 Bno
200 MRuK
P50 300




Y

PHOTO4SS

©rr10/77 ]

aso Ma=hi
9 FOR 12 TO MR
588 HoR-EC
40 gt smu SRR
820 YiK)=-5/AIK,1)
SHEXT K
325 Ma=a -
330 FOR KeN3 70 1 STEP -1
235 B=Y(K)
380 IF NA-KI=0 THEN 400
350 IF tMi-K+1)<=0 THEN 360
:GOT0 365

380 1F nasxaex THEN 385
365 12
370 FDR Isa 0 M2
350 B=B-A(K,1)#XZ{KeI-1}

NEXT
00 xe(K)ss/A(K 1)

Kebi3 401
700 1anIg+i
iIF 4#2 THEN 740

710 114500

1501

k=) MAT Ralm ANZ, 103, F(NG) X2 (N3] JF5(10,4) Y (N3),A5(10,10}

.MAT FsZEﬂ
730 6UT
740 LnAn Dc RUPHOTO443"




PHOTQ44-3 SR W N N ard a
4 REM -—-- “PHOTD443" -—~- BLOCK ADJUSTMENT BY SCHUT'S METHOD

MODULE 5
§ REM TRANSFORMATION OF THE BLOCK
& SELECT PRINT 815(138) #1810
SDATA LOAD DC DPEN T#1,"PHOTOROLY
11 DIM A(H01E ,BH(E0)28.1X3 (B, X4(5) ,CL# (40 12h o Msmom C48(25)84
1C28¢40120 , 283 ,L0$ (12, X5 (B) xa(sl.Num).NesEs
12 Ei,E2,E8,E4,E5,E6,12,13,14
<DATA LOAD DC #1 M, Fx.Nu) Nss nos
13.!2 -INT {GE-LEN(NSS ) )
R N’T HEX{OCOE? ; TAB(J2> Noe

RINT MEXUOE) ;TAB{ES ) ; "BLOCK ADJUSTMENT "

RINT
¢FRINT TAB(50):“RESIDUALE AT TIE AND CONTROL FOINTS®
RINT

SPRINT TAB(59)3:D0%
PRI
L4PRINY TAB(SE ] “LTERATION NO®;G1+L

121148
143 IF IlsN THEN $49
144 N)=T1#B+1
tNE=IER5+L

O N3
.Xs(mnxu:l

ENEY, T

1K=
IFOR IsNE TG N4




PHOTDA 4 o1 /LT =]

=KL
E(Kh»(E(I)
xqs DATA LuAn DA RILLIALS(

07D 160
151 Z&="END"
160 J=i
170 UNFACKM*%M&)AI&U) TOP

THEN 142
180 wwackwns‘mmxtw) 4 13 TO M
= "END "

1BL IF M=t THEN 230
200 IF M=3 THEN 207

2 =

209 INIT(00)LOS()

B10 MAT SEARCH Elﬁ().-ﬂTR(Als(J) 1,3) TO LOst} STEF 24

280 IF LO%(1)=HEX(0000]

281 kL-ESGWAL(STR(LDsu).x UMVAL(STR(Los(u 30
TKE= (K1 ~L}/2a+L

BRE UNPACK (+#H##iR AX534STRICIEIKR) ,4,B1)  TO X1.Vi 21
1GOSUB 770

B=Z
223 0N M GOTD  ER4, 226, 240
224 INITI00ILO% ()
288 MAT EEARCH cet() -BTR(MMJ).x B) TO LO${) BTEP 24
226 IF L.0% (1}=HEX(O!
a7 kx:assaanrs‘rR(Locu).x.x)nvnusTR(Lotu) 21)

&eg UNPACK(+*WQ*Q;$*#H)ETK(CE‘(KE)‘4.21) TO XLa¥2,Z1
225 GOSUB  B70

15EL+ (XBX ) 42HW

24 (Y2-Y) 425

3+ (22-2) 424

$IB=X3+L

IPRINTUBING  313,P XR,Y2,Z8.X,V 2, XB-X YR~V ,Z8~2
230 gmgri

SGOTD 3
240 INIT(0OILOS()
B50 MAT BEARCH G (1,=BTR(AL$(J},1,3) TO LO$() STEP 24
260 ‘I§L=ESEWAL(BTR(LO'!($) o103 VAL IETRILOS (1) )}
B70 UNPACK [ +#H4 B ) BTRICAS () ,4,18) TQ X.Y,2




. PHOTOA4S 01 /40577 =

BEO EfsE1+ (X2-X) 2%
1ER=ER+ (YR-V) 1280
$ER=E3+(Z8~Z ) 42%0W
1IGmIB+HL
881 PRINTUSING 314, ,XB,VR,Z2.X,Y ,Z,X8-X,V2-¥,28-2Z
5 890 Jugel
1600 170
300 Si=5QR((EL+E2)/ (EXIT-H*B))
$92=5GR (£3/ (L3-NA5) )
54=ESGR(S1 12+542)
310 PRINT HEX(0A0A)
IPRINTUSING  311.61,52
a1z Shu ek BICNA 0 HEIGHT = ~BiHb.#3
! BB PRINT.
1PRINT
SPRINT TAB(7)1”(* CONTROL POINT)"
WUBE BESH  DRMHHELEER RS RRRRBE R —SBRGR R
; I L R N
' BIAKS HREEER  HEBHRELAEE  CRBRERB.ERE  —HRNE SRS R
! SHREREE L HE BRRRE D BB 30 —ah e
31S% PT. ND X1 vi 21
. va z= vX w vz
421 1.=8000
18000

[t F— 267
hiL=Xieg+t

! INESTEEHL

N IN3=NL+7

H GG

$FOR I=hL TO N3
$K=Ke1

480 Jim2

tDATA LOAD DA RIL,LIAS(Y
UNPACK (R4 )AS (1) TD P
.Facmcﬂw“)ssu)mﬂn P

END THEN
ago’ UNPACK(”«QW)ANJU o P

450 LHPACK | HbRRRY *n»mmmsun 14,81) TO XE.¥4,21

461 GoAUB

ag2 pacm*uam)asumkm [

463 PACK(+Hétiihe  #HIkH ISTRIDE LT1) ,4 21 IFRON XY, 2
ERTESTENY




PHOTO4 4.3 o1L/10/77 2@+

-Gan 450
AHBESE DS (JLIFROM P
A8 b s BAETTY
tDATA SAVE I Rl HIBS (3
a6 IF F=1 TH

467" DATA s»vs DA R(M MIEND

SSELECT PRINT 005¢64) -
41

LIF 81068 THEN 470
L7000
i 70 DATA LOAD DA Rm.M)Asn
F END THEN

.DATA SAVE DA R(L \_)As()
:GOTO 470
471 DATA SAVE R R LIEND
1IF @L<>GE
1COM CLEAR
iLDAD DC R"PHOTOS03"
4soaT REDI xuam,xa(ao) »

770 cl x:—l(.l)*xx*xam)»vux’ (414 (X1 42-Y142) #X3 (5) ~B*XLIYLRXB(E) + (X1
Z-BHXIAVLIRINNT (754 (VE1Z-BEXLISAYL ) #X3 (B}

771 x»uoc

TFAO CR=XE(2I+VARXS(BI4X1HXD ()+RIXLIVIAKA(E )+ (X1 12-V1 424X (6 )+ {BFXL

$BHVI-V143IEXA(7) ¢ (XS 4B-BHXIHV142) AT () [
781 VavislR
;gg ga=x4u)«xx-xa(a)wx-x@(3)+xnv1~x4(»>~xx HEAXE (5}

TURH
S cx=x5u)«xuxst:a)—vuxswuxxue—waa:nxs@x—anxuvuxsme(xua
-aixﬂvua)'xst?n(vx 43-AFXIERYLI¥XS (B)
B71 X=X14C1
580, C2 xs(a +v1*xs(5)+xux5(4navx10v1*xs(5)qua -V142)#XE 61+ (@R
va-‘(ioa)*xswn(xna -AXXLIVL4E)¥X5 (B

81 v

385 ca=xsu.)oxnxs(e)«Vx*xﬁ(3)axuvuxsmnxueixs(sr

884 ZeZi+ld \
H9B RETURN




PHOTS4.04 o110 /,77 3 R

lDSE.EC‘T PRINT 00564}
m—e WRHOTO404" <--=  BLOCK ADJUSTMENT BY AMER'S ITERATIVE
METH
B0 REM WRLYTEN 0B/1576 M. ARBUGCKLE
40 REM ## WRITTEN JUNE 1976 »
aicoM 08,01 3
50 DIM A®(12)41,C$(50)B8. XE(!O),VE(.\O).ZB(LO)vXB(lO)yVB(!OY.ZB(lO 1
1,MB(53,N3(10) ces(zo)elz L0%(1)2,AL(20,4) ,AR(4,801,A3¢4,4) ,FL (20, *

1),FR4,1),R313,3) . 3
©0 DIM %14, n,AxsuEml Hnts) AQ(10,3},R148,30),RR(3,33,FO(10,1),
RES,43,RS(D,1),X6(102,VEL10),26(10),X7(10},¥7(103,27¢10) ,NL (10},

Nasas , nd%10
&BPRINT HExmzvoA) TAB(E:, BLDCK ADJUSTMENT * B I
70 DATA LOAD DA R(A711,L)CES

'gATA LQAD TA R(4001,LINF, Nl()

tIF 00=i THEN B0
TFLRRINT

3PRINT T,

£INPUT “nu vnu wISH TO RESTART (Y/N)*,2%

1IF Zeaoyx

HB((om.TAB(sN
.FRINT HEX {0C0

IPRINT TAB(S)S
SINPUT “ENTER THE ND DF ITERATIONS®.OL
11F ui-lu’r(m/xm*muo THEN 80
3PRINT
SPRINT TABIS); "MUST BE A MULTIPLE OF 10"
SFOR Ist 7O 7500
SMEXT 1
TG

100FF Z&m'h" THEN
$XF DO=01/19+1 i 110
-xF Qo=L THEN 1k

.uoom
sLOAD nc R“FHDTUBOE"
120128000
M=9000
130 DATA LOAD DA RLLICHE)
13F END THEM 150
140 DATA BAYE DA R(MMICE()
$160TO 130
150 DATA SAVE DA R(M,MIEND
180 1=4203

1701822 :
iDATA LOAD DA RUL,PIAS()




PHOTOA4O4 0L /2O /7T =

F END THEN 250
.x:—lq
180 LNPACK I8) TO V3
-UNPACK(#)STR(ANXE),4,1) ™ Xt

200 DATA LOAD DA R(J43*I3,LICH(}
210 INIT(O0ILOS()

T, SEARCHOS L) 85,6963 =S’VRAA5(IE) 1.3) TO LOS() STEP &4
IIF LOS(L)=HEX (00 2
1=EEE*VAL(ETR(LD!H B
=(K1-13 /2448

LU} VAL (STRILO$(1),2))

oT0 220
B1IUNPAGK (###444)A8 (1) TD MO
ZPRINT HEX({030A0AT; TAB(S); *ERROR IN MODEL NO "iMO

=20 UNPACK(*ﬂm.ﬂﬂﬂﬂs‘rk(ts(ls).4.21) TO X,¥.2

230 FA:§(+mm~Hmis'{Rmﬁﬂa\ JERLIFROM X,V,Z
+18=12

=40 DATA shve DA R(I,PIASL)

250 N3{1)=4201
=0

8=
11=4201
260 83=0
SFOR 1@=1 TD N~}

270 Na=0

Ot 908
EB0 AS=g+2
1B1eGHL
16010 =00
aso As-E*x

300 an 1881 TO AS
NE=H2+NL (18)

HEXT 1
310 18+2
$DATA LOAD DA Ru.Pms()
2IF END THEN
380 E7=0
SUNBACK (44884 1A% (12) TO A4

s




FHOTO4049 R W R Virad =2

{IF Adwi THEN 410
GIF AG=S  THEN 4RO
830 LisNatsl)
R I3=1 TO N2
350 1N1noo JLOE ()
DAD DA R(LL.LEIAISL
as0 W-\T SEARCH Alsuma 4513+ =STR(A§(IE) 1,3 TO LO%() STEP 41
3IF LO$(L)=HEX(00
B60 Ki ESG‘VAL(STR(LO‘U.\ & ;luvausrku_os(x).a))
1I6=(K1-1) /412

FI7EI741

sMB(I7)=l1

1MO1I7I=16
370 Li<i®

SNEXT 13
380 PACK (#### )5TR(AS {12) 87, 10 IFROM M2(}
390 PACK (##)ETR(ASI2) ,37,51FROM MO(T
400 PACK (##)STR(A$(I2),5,11FROM 17
.Iznletl
360TH
at0 nATA EAVE DA RUI,PIASL)

420 SATA BAVE DA REL,FIASC)

270
4301F moo THEN aat

431 1F Za- 10 ‘n-lm 930
SPRINT
IPRINT HExloc)

440 3=4201
:LE2=10500

450 y@=a
SDATA LDAD DA R(I,DIA$()
3IF END  THEM
fig=0

:M3=0
460 UNPACK (B###4H IASLIR) TO Ak

SUNPACK (HSTRIAS (18 ,3,8) T X1 .21
470 UNPACK (#%1STR (A8 {18) 57,53 T0 MO¢)

238=
280 UNPACK (B##H )ETR(AS(1R) ,27,10) 70 M3()
490 UNPACK CHERIIS #4540 ISTRIAS 1) 6,21) TO X,Y,2
coto 500, 510, 500, 5l
500 xa-leu
18)=X
:vsuay-\/
zaIer=2
$BOTD 520
510 M3=H341




PHOTO404 01L/10/,77 -+

X7 (M3ymx

OR 13=1  TO 2%

ATA LOAD DA R(M9(IS) L3IALSL)

INPACK (HEE0H #4568 )5TR (AL$ (MO (I31),6.81) 10 XB,v2,22
=14+1

540 X=X/14
BT

=z /18
550 OM X1 GOTO 580, 560, S70, 600
560 X6{M3 =X

641431 =V

6143 )=Z.
=To+1

$60T0 460
570 YNIT(co)LosU
(3 ,=STR{AS (123,1,3) TO LOS{) STEP B4
1=assnvAL(srmLosu) 1,17)4VAL (STRILOS (1) @)}

Ki-
s80 UNPACK(+%Nﬂ.ﬂ*%ﬂ)5’fﬁ(cﬂ‘(£6l.4.EU TO X,¥.2
590 XB(IB)mX
Y8 (I8 )=y

aTe 460
600 INITmo:Lum )

2

H CR% (), =8TRIAS(I2),1,3) TO LOS{) BTEP B2
J-ess-vnusTmLos(U 1,47 1+VAL(STRILOS (1) ,2,1))

11}
610 uNFAcK(me.aMntsm(cas(!ﬁ),15,7) Toz
620 XE(M2)=X
(MBI =Y

6 (M) =2
Pt =a)

$60T0 460
&30 DATA SAVE DA RILE,LEIXG(),VEL1,Z60),X7(),V70),27(3,X8(),VB(),Z
BL2X90).Y813,290) 18,13

640 DATA SAVE DA R(LE,LEIEND
650 LL=10500

11=4201

660 DATA LOAD DA RILLALLIXG () VE(1,Z60) XTI, Y70),2743,XB1) V8 1) 26¢
}EBULYOL) 290 18 M3
B THEN 820

870 DATA LUAD DA R(Y,PIAELY
680 FOR 14 1 na

sME=I|
690" X6 e X4 24)




PHOTO404 o1/10 7,77 =

SYRIMRI=VEL1A)

228 MR) =26 118)

X9 (M2 ) =X7 (1)

V3 (MBI =VT(14)
29 (MR)IwZ7113)
ENEXT

700 Si,58,53,84,55,96,57=0

740 FOR 1A=t TO I8

J20 S1=514X9(14)
3SBuGR+YS(14)
:53=3+X8 1 14)
:54=55+VBII4)
INEXT 14

730 S1=H1/%8

740 FOR I4=1 7O X8

750 T1=Xa(34)-81
1T2=Y9{14)-82

1T8=X8{14)-53

1TA=VB(14) -84

TEO S5=SS+TINTI+TE4TE
SSE=RE+ TN TR+TRATA
:5'7-9732-1’3—‘“‘74

770 HL=56/S5
sHR=57/85
£HA=ER-HLNS1 -Hasen
SHA=EA+HRASL 1 %52
780 S1=BAR (HIHI+HARHR)
SMAT RASZER
SMAT RE=ZER
SMAT RB=ZER
MaT
MAT RS=ZER
IMAT FO=ZER
SMAT AO=ZER

780 FOR Ji=i 1O M2

800 XS=HLEXS(J1)+HBHYS L1 JHE
2VE=-HE#XS {I1)4HLYI{TL) +Hl

B10 AO(JL 2)=t

SFOCIL, 1 P29 (I1)51-ZB (J1)
INEXT Jb
BRO MAT RISTRN(AGH
SMAT RE=R1%AD
:MAT RI=INVIRE)
830 MAT RA=RL¥FO
IMAT RE=RI*RE
$MAT RB= (-1 )%RS
Z0=RG(1,1)
FC-RG (R, 1




A
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:D=RS¢3,1)
840 IEs2
650 UNPACK (#BHIHIIAT (12) T 42
THEN

as0 UNFACK(S#)STR(AS(IE) 4,1) TO XL
B70 UNPACK LHSHHI . &8 JSTRIAS (12),6.81) TO X,V.2Z
880 xs—xmuvme Ha
VET-XAHER
RN veen
ggo t;éc?(wmﬂ JHBRSE)STRIAS (12) 6,21 )FROM X8,V5,Z5

10, nATA SAGE DA R{I,PIAGE)

i
9B0 Z9=Zo+i
2GOT0 430

930 125000
sL1=a201
$.30L05I0
940 11=2
131450
s0ATA LDAD DA RIL1,LLIAS()
$IF_END lamo
13ATA Loap nA R{L3,LBIXGC),VEE) ,Z60),X7(1,¥70),Z70) X80} ,V81) .28t
1,X843,VB13,29¢1,18 M2
$FOR IS=f TO M3

ME=1P+15
X8 (M2 ) =X6 (15}
1YBUR) VB I5)
128 (M2} =76(15)
MEXT 15
115=0
950 DATA LOAD DA R(IZ,I3)C8()
980 UNPAcmhu#sms(n) ™ e
1IF P 1040
'1F P-s THEN 1040
KIHISTRIARIL1),4,4) 10 ©
a70 INIT(OQ)LO!
980 MAT SEARCM ct()<E\5 686, =STRIAS(11),1,3) TO LOL() STEP a4
E KA-ESSHVAL(ETR(LOG(L) 1000 +VAL (BTRILGS (1) ,21)
2GR KL~k ) /BA 4
1000 UNPACKHWNW AHBESIBTRICS (T6) 4,21} TO X,V,2
& GOTD 1010,4020,1010,1020
1010 uuuu
$X9(14)=X
IVBLIg)aY
32814 )uZ
2G0T 1030
1080 I5=IS+1
EX7UISINX
IYTLIS) =Y
127(15)=2




e

PHOTO404
1030 I1=li+l
260T0

1080 81,82, aa £4,85,86, 070

1050 FOR T4e1 TO 19

1080 slnsbxsum
1BR=ERAVa(1A)

IMEXT 14

1070 BieB1/I8
182-ER/1B
1E3083/18
{EASS4S1B

1080 FOR 16=4 TO I8

1080 T1sXDI4)-BL
1TReYB(I4)-B2

T3=XB (14 )-53
1T4=YE{I4)-54

1100 55-55-»11*11”;&15
*B6-BE+TI#TA+TRETA
.57-15'7#5*1'3—\‘1*14

1110 m-ss/ss
.Hansa Husx‘nz«sa
THA=BA+HFEL ~H1HG2
1180 MAT R1=ZER
MAT RE=ZER
IMAT R3B=ZER
ZMAT R4=ZER

5uZER
' iMAT AO=ZER

IXBIMEI=XT (I5)
SYBMEI YT (LI5S

SZBIMA) =27 (35}

INEXT 15
1240 200 1S3 TO 42

widel

-w(xs B #HLEXS (15 ) tHRRYB LIS ) +HT
A0 15 ,3) =-HENXD (15 )4H19¥3 (15) +n
SCO15,1 )29 (156)%81-Z8 (1)
INEXT 15

1180 NAT RL=TR (0

‘MA RG N’V )
sMaT R4=Ruro

2MAT R:

AT e Vs

SZO=RS (1,13
1CeRE (8,13

Q1L /10,77
























































































































































































































































































































































































