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20. C o n t i n u e d .

~~~R PI E  S~~~bo l P lace ine t i t  A c c u r a c y  P r o j e c t  was to  locate  and cu r r e c t  th i s
-
~~~ prob lem .

This  r e p o r t  d i s cusuc ’ s the  cau se  of symbol p l a cem e n t  problems and
documents  t u e  p r o g r a m  changes m ade .  Sec t ion  2 d t . ~~c r ibes  tile sou rce  of t i c-
no ted  symbol  p lacement er r o r s  , and sect ion  3 di scus ses  the  L i n i u t i z a t  i ( a  Of
these  e r ro r s . S e c ti u ~1 4 p rov ides  a d d i t i o n s  to t i le  v iewer  O per a t i n g
sequence , and sect ion 5 docum en t s  the changes  tha t  h ave been made to the
ori g ina l  RPIE programs .
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-; SECTION 1

INTRODUCTION & SUMMARY 
-

- The Replacement of Photographic Imagery Equipment (RPIE) is a hi gh-

- 
resolution , high-speed , large-format image restitution system. Its major purpose
is to produce hi gh-resolution orthophotos from panoramic photographs. A symbol
generator is part of the system and is used to overprint symbols on the output
orthophoto. Upon completion of RPIE development , it was found that symbols on
some output orthophotos were not being placed accuratel y enough to meet user
requirements. These symbol placement errors were noted only in the system ’s

L j UNAMACE ONLINE operating mode. The objective of the RPIE Symbol
Placement Accuracy Project was to locate and correct this problem .

The major source of symbol placement errors was traced to mechanical and
electronic ali gnment problems in the viewer portion of the system which caused -j
positioning errors in output imagery with respect to the symbols. After these
errors were corrected , the RPIE software was modified so that viewer alignment
errors are checked and corrected as a part of normal operation. Similar
potential error sources in the printer portion of the system were investi gated,
and corrections for them were included in the software modifications.

t

This report discusses the cause of symbol placement problems and
documents the program changes made. Specificall y, Section 2 describes the
source of the noted symbol placement errors. Section 3 discusses the
minimization of those errors. Solutions to newly discovered symbol placement
errors are also described. Section 4 provides additions to the viewer operating
sequence. Finally, Section 5 documents the changes that have been made to the
original RPIE programs. Familiarity with system operation and computer
programs of the ori ginal RPIE system is necessary for a complete understanding

..~‘ of this report.
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SECTION 2

- 
. 

THE SYMBOL PLACEMENT PROBLE M

When work on the RPIE Symbol Placement Accuracy Contract began,
correlator averaging errors were thoug ht to be causing the symbol placement
problem. However , the magnitude of symbol placement errors soon indicated
that a similar but more devastating problem must exist. Throug h observation and
analysis of viewer operation , the princi pal source of error was found to be viewer
alignment with both the mechanical alignment and the electronic ali gnment of
the viewer being incorrect.

The mechanical alignment problems were largely in the viewing optics,
making it difficult or impossible for an operator to make precision measurements
with the instrument . Also, the y 1 coupling to the encoder was sli pping with servo

-
~ 

motion. The electronic misalignment was in the centering of the CR1 optical
axes on their respective floating marks. These three problems were the
immediate cul prits responsible for symbol placement errors , but ~~~ mechanical
error causing the operator to make inconsistent manual measurements and any
electronic error causing the correlator scans not to see and measure as the

- 

operator would see ~tid measure will result in symbol misplacement.

The reason viewer alignment is critical is that ali gnment problems result in
-
. 

- - . faulty measurement of the grid of sixty points on the overlap area between the
input and control photos. To see that this is true , note that the operator
establishes the photo coordinate system of each photo when he manually per-
forms interior orientation. The model coordinate system is established by the

~1 program as a function of control photo coordinates and data given to it on the
UNAMACE magtape. Now assume for a moment that the mechanical ali gnment
is perfect and onl y the electronic alignment is not ri ght. During grid point

rb~
2-1
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measurements a point that the operator would manually measure as having model

- 1 coordinates X m~ ‘t’m~ Em and input photo coordinates x~ 1, y~ 1, the correlator
* might automaticall y measure as having the same model coordinates but with

input photo coordinates x~2, y~2. (The model coordinates would remain stable

- because only input photo coordinates are adjusted to remove parallax. The input

- 
I photo point is forced to match the control photo point.) What the correlator

measures as conjugate image points are not , in truth , conjugate points according

- 
to the manuall y established photo coordinate system. if the mechanical
alignment as well as the electronic ali gnment is incorrect , even the manual point
measurement is wrong because the relative position of the floating mark has
changed since interior orientation was performed.

— I
Faulty measurement of the grid points results in a resection and third-order

transformation computation that does not fit  conjugate images. The entire
output photo at the printer then is substantiall y in error , but the error does not

I become obvious until symbols are observed. Symbols are placed according to the
erroneous model-to-photo fit  and are seen to be offset from their correct
location. In reality the symbols are just symptomatic of the broader problem.
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SECTION 3

a 
THE SOLUTION

Once the source of the noted symbol placement error was identified , it was
necessary to find a way to minimize that error. The first half of this section

- deals with the solution found for the ali gnment problem discussed in Section 2.
- .

~ The solution involves hardware maintenance and program changes.

The second half of this section discusses symbol placement in general. As
j part of the Symbol Placement Accuracy Project , all sources of symbols in all

operating modes were studied for potential error , even though only header
* symbols in UNAMACE ONLINE mode have thus far found to be in error. Some

I changes were made in the programs as a result of the stud y.

3.1 THE NOTED PROBLEM’S SOLUTION

The immediate solution to the noted symbol placement problem was to
align the viewer by fixing the viewer alignment errors mentioned in Section 2.
The primary long-term solution to the problem is to perform the maintenance

.~~ j necessary to keep the viewer ali gned properly at all times. Section 4 of the
Handbook for Replacement of Photograp hic Imagery Equipment , Volume H,

- 
- Viewer System instruction Manual is the “Maintenance ” section of the Handbook.

It contains the recommended procedures for maintenance and adjustment of the
correlator and servo subsystems, both Bendix-built. For instructions on
maintaining the OMI-built equipment see the Handbook of Operating and
Maintenance Instructions for the AS - i lA Photogrammetric Anal yti cal Plotte r
Group, Volume 1: Viewer and Coordinatograp h, published by OMI.

I

, 3-1
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As a secondary soIution to the problem , the RPIE programs were modified

- - 
to perform the following functions:

(1) Allow for small scan ali gnment adjustments to be made by
the operator as part of the viewer ’s operating sequence.

(2) Diagnose major errors in viewer ali gnment and warn the
operator that maintenance is required.

r (3) Compute symbol placement offsets to be u~c~d at the Drinter to
correct for minor electronic misali gnment at the viewer.

The first function is performed in conjunction with the interior orientation
of each photo at the viewer. The operator is asked to insure that the center of

-ì the scan’s axes coincides with the floating mark at an index point. The floating
mark remains stationary at the middle of the index point while the operator uses
the scan ali gnm ent knobs on the view er panel to cen ter t h e  iiii age of the index
point on the scan as it appears on the monitor scope. Because the ali gnment
knobs are limited in the amount of correction they are capable of delivering, the

scan and floating mark must be well aligned before this adjustment is made.

During the normal viewer operating sequence , the operator manually
measures four conjugate image points , called alignment points , on the control
and input photos. Normally they are well distributed in the photos ’ overlapping
area. If the operator has taken care to measure them accurately and if the

viewer is mechanically aligned, the points provide four good examples of

accurate pairs of model and input photo coordinates which can be used to
accomplish the second and third functions listed above. The set of ali gnment
point measurements are saved until after the grid of sixty points has been
measured and the resection and third-order transformation have been computed.

Iq.~~~~~ 3-2
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I Then , using the computed resection and transformation , the program converts
the saved input photo coordinates into their corresponding model coordinates.

- Because of residual errors in the resection and transformation computation and
because of minor offsets in the electronic ali gnment , it is not expected that the

computed model coordinates will be identical to the saved accurate model
coordinates. However , they should be close. The differences in modei

— coordinates are calculated and printed on the CR1 terminal under the title
“ALIGNMENT POINT OFFSETS”. The average X and Y model coordinate offsets
over the four points then are computed. If either of the average offsets is
greater than f i f ty  micrometers in value and if the operator has been careful in
ali gning the scans and measuring ali gnment points , there must be errors in the
viewer electronic ali gnment. When such a large offset is found , the program
prints a warning message to the operator. The message indicates that viewer

J maintenance operations may be needed. If so, the printed ali gnment point
off sets may be of some hel p in diagnosing the ali gnment problem.

The average X and Y model coordinate offsets are stored in the disk photo

file by the VIEW program for use at the printer. The PRINT program adds the
offsets to given accurate model coordinates of symbols to compensate for the

* error in the viewer ’s model-to-photo fit. As long as the error is small (viewer
misali gnment is minor) , the offsets will help to position the symbols correctly.

I 
The “given accurate model coordinates of symbols” come from two sources.
They are found on the UNAMACE tape’s header record , and they are derived
from control stage coordinates read from punched cards to define off line

• symbols.
all ’
,

is 3.2 SOLUTIONS TO OTHER PROBLEMS
.1-’
f.

If the viewer is aligned well , the above-mentioned program changes correct

- ~~

- ~ for errors in positioning header and control of f l ine  symbols in the RPIE system ’s
UNAMACE ONLINE mode. (Header symbol errors are the onl y ones that have

_ _  
- 
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~~ !
‘ been noticed in system operation thus far.) However , there are four different

sources of symbols and six possible modes of operation in the RPIE system.
Under the contract all combinations of symbols and modes were investigated for
potential symbol placement problems. The following paragraphs discuss in detail
discoveries made, while Table 3-1 summarizes the changes made in handling the
various operating-mode/symbol combinations at the printer.

As a result of the investigation , two new errors in symbol placement were

- 
.
~ found in the PRINT progra m . First , in the case of input offline and manual

symbols in the UNAMACE ONLINE and OFFLINE modes, the original PRINT
program converted the given input photo coordinates of the symbols to model
coordinates by using only the orientation elements computed at the viewer. The
third-order transformation coefficients were ignored. Consequently, the symbols
were not being positioned as accurately as possible. As a solution, the PRINT

program was changed to use the third-order transformation coefficients as well t -

as the orientation elements in determining symbol model coordinates from input
photo coordinates. - -

The second error discovered involves control offline symbols in UNAMACE
ONLINE and OFFLINE modes. There the original PRINT program assumed that
the control photo used at the viewer was an orthophoto. In reality the control
photo can be either a frame photo or an orthophoto, and the stage coordinates

t I 
read from cards to define symbol positions must reference the control photo
used. A change was made in the PRINT program to check for the frame control
situation. When that case is found , the stage coordinates are first transformed

:~ 
to the corresponding frame photo coordinates and then , using data on the
UNAM ACE tape, the photo coordinates are converted to the model coordinates
of the symbol. When the control photo is an orthophoto , only the first  conversion
(from stage to photo coordinates) is necessary since photo x, y and model X, Y
are identical.

1 
3-4
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- Beside the two correctable errors mentioned above, another problem area

- was discovered. In PROFILE mode input off line and manual symbols cannot be
- placed with accuracy. The symbols ’ input photo coordinates are transformed to

model coordinates by using approximate orientation elements only. These
orientation elements are computed by the VIEW program from the operator-
measured coordinates of the four ali gnment points. They were meant to be used
merely as an aid in profiling at the viewer and not in a photo-to-model routine at
the printer. Some thought was given to changing the PRINT program to not

.
fr allow input offline and manual symbols in PROFILE mode. It was finally decided

to retain these symbols with the warning that they cannot be positioned
accurately.

Again in PROFILE mode, header and control off line symbols will be
correctly placed only if the viewer is aligned well. Unlike UNAMACE ONLINE
mode, PROFILE mode does not lend itself to correcting for small viewer
alignment errors.

One final observation made during the investigation was that printer
ali gnment is critical when the symbol source is input off line or input manual.
Unless the floating mark in the viewing path is ali gned with the printing optical
axes, input of fline and manual symbols will be offset from their correct
locations. The reason for this is that mis-alignment causes the photo coordinate
system used by the laser scan in printing to be offset from the photo coordinate
system defined by the operator during interior orientation at the printer.

-
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SECTION 4

• VIEWER SCAN ALIGNMENT PROCEDURES

This section provides scan alignment procedures that now are a required

~~~

. part of the viewer ’s operating sequence in UNAMACE ONLINE and PROFILE

- modes. When followed , the procedures remove small x and y scan offsets ,

- . insuring that the center of the scan for each stage coincides with the floating

- 

mark for that stage as the operator sees it. With the exception of these scan
offsets , the VIEW program assumes that the viewer unit is perfectly ali gned both

mechanically and electronically. If the viewer is not aligned well , the program

-f (operating in UN AMACE ONLINE mode) will be able to tell and will issue a
warning message. However , the warning will not appear until one input photo has
been processed completely.

Section 4 of the Handbook for Replacement of Photograp hic Imagery
Equipment , Volume I, System Description and Operating Procedures Instruction
Manual is the “Operating Instructions” section of the Handbook . It contains the
original RPIE operating procedures into which the new scan alignment proce-

• dures must be integrated. In the following discussions of the new procedures
Section 4 of the Handbook is referenced frequently to indicate how that inte-
gration should occur. The new procedures add less than a minute to the viewer ’s
total running time.

4.1 PREPROCESSING PROCEDURES

It
The first step toward aligning the scan must be taken before on-line

processing begins. In the original preprocessing sequence (see Section 4.1) four

.
‘

- interior orientation index points on each control photo and four interior
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orientation index points on each input photo are identified. This identification
occurs in both UNAMACE ONLINE and PROFILE modes. One index point on
each control photo and one index point on each input photo will now be used for
more than just interior orientation. They will be used to align the control and
input scans. Consequently, an additional step required during preprocessing is as
follows:

- As soon as the index points on a photo have been identified , pick

I one of the points to use for scan ali gnment. The selected point
should be the point with the highest contrast; i.e., a dark point
on a li ght background or a li ght point on a dark back ground. If

I 
all four index points are identical in contrast , as is the case for

L most input photos, any one of the four will do. Mark the selected
- point on the print of the photo.

-. 

c-~ 4.2 VIEWER OPERATING PROCEDURES

The rest of the changes in the operating instructions all occur in Section

• 4.6, the viewer operating sequence. The first  additional step for scan ali gnment
occurs just after the control photo has been loaded and the first interior
orientation index point has been measured. Specifically, the following step is

• 

- 
inserted between steps 17 and 18.

(17.5) P: ALIGN CONTROL SCAN

R: If this index point is not the point selected during pre-
processing for scan ali gnment , depress the SKIP button
on the viewer panel and continue with step 18.

R: If this index point is the point selected during pre-
~ processing for scan alignment , perform the following
‘ —~1 steps in their specified sequence:
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- 
(a) Set the MONITOR SCOPE VIDEO knob

I j located at the lower left corner of the
viewer panel to V2.

(b) Set the MONITOR SCOPE SCAN knob to
NORM.

(c) Make sure that the scan as it appears on the

~

_ 
- I screen of the monitor scope is centered on

• the screen. If it is not centered , turn the
POSITION VERTI CAL and the POSITION
HORIZONTAL knobs on the monitor scope
to move the scan in the x and y directions

• r and thereby center the scan.

(d) Turn the red PMT POWER button on. The
index point and its surrounding imagery will
appear on the monitor scope.

I 
(e) To improve visibil ity on the monitor scope,

remove its front screen and adjus t the iNTENSiTY
- knob.
.. 

i~ ‘I

(f) At the viewer panel open the door of the

• 
• •‘~~~~t 

control sub panel. Using the ALIGNMENT X2 and
~:- “ 

- 

Y2 knobs, position the index point at the center
of the scan as closely as possible.

(g) Depress the GO button. The index point will become
• 

magnified on the monitor scope so that the scan can
be ali gned more carefully. Use the ALIGNMENT X2
and Y2 knobs to place the center of the index point

I 

at the center of the scan Be as precise as possible

~~~~~~~~~
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- (first h) When satisfied with the ali gnment of the scan with
the index point , depress the GO button.

(alternate h) If unable to satisfactorily ali gn the scan with the

• index point , depress the SKIP button.

- 

(I) The imagery on the monitor scope will return to its
- normal size. Turn PMT POWER off and replace the

•1 front screen of the monitor scope.

(;) Continue with step 18.

~a. 
J To summarize, the button combinations allowed during step 17.5 are

SKIP - The scan is not aligned.

GO SKIP - The scan is not ali gned.

GO GO - The scan is ali gned.

If the scan is not aligned during step 17.5, the program repeats its “ALIGN
CONTROL SCAN” command at each subsequent index point until the command
has been followed. At the fourth index point the SKIP button is ignored. Con-
sequently, if the control scan has not been aligned by then , it must be done at the
fourth point.

The alignment of the input scan is nearly identical to the alignment of the
control scan. The added step for input scan alignment occurs after the first
interior orientation index point has been measured. Inserted between steps 33
and 34, it is as follows:

4.4
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(33.5) P: ALIGN INPUT SCAN

R: If this index point is not the point selected during pre-

- 

processing for scan ali gnment , depress the SKIP button
on the viewer panel and continue with step 34.

R: If this index point is the point selected during pre-
- processing for scan ali gnment , perform the following

steps in their specified order:
I ’

(a) Set the MONITOR SCOPE VIDEO knob iocated

at the lower left corner of the viewer panel to Vi.
L j

I

(b) Check to see that the MONITOR SCOPE SCAN knob
is set to NORM.

t

I 

(c) Turn the red PMT POWER button on. The index
point and its surrounding imagery will appear on the
monitor scope.

I t (d) To improve visibility on the monitor scope, remove
its front screen and adjust the INTENSITY knob.

(e) At the viewer panel , open the door of the control sub-
panel. Using the ALIGNMENT Xl and Yl  knobs,
position the index point at the center of the scan as
closely as possible.

‘4
(f) Depress the GO button. The index point will become

magnified on the monitor scope so that the scan can
‘ be ali gned more carefully. Use the ALIGNMENT Xl

and Yl knobs to place the center of the index point
at the center of the scan. Be as precise as possible.

- - 
. 
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(first g) When satisfied with the ali gnment of the scan with
the index point , depress the GO button.

(alternate g) If unable to satisfactorily ali gn the scan with the
index point , depress the SKIP button.

(h) The imagery on the monitor scope will return to
its normal size. Turn PMT POWER off and replace
the front screen of the monitor scope.

(1) Continue with step 34.

If the scan is not aligned during step 33.5 , the program repeats its “ALIGN

INPUT SCAN” command at each subsequent index point until the command has

been followed. At the fourth index point the SKIP button is ignored. Con-

sequently, if the input scan has not been ali gned by then , it must be done at the
fourth point.

The final change in the viewer’s operating sequence occurs only in
UNAMACE ONLINE mode after the resection and transformation computations
have been completed. When the slash response is typed in step 50, the VIEW

program computes the differences between the operator-measured model
coordinates of the four alignment points and the model coordinates of those same
points computed according to the resection and transformation results. If the
viewer unit is well-aligned and if the scan ali gnment procedures in steps 17.5 and

1 33.5 have been followed , these differences will be random and small. As a

diagnostic aid , the differences are listed at the CRT terminal and are called
“ALIGNMENT POINT OFFSETS”. (If all four points are not listed , do not be
concerned. It is possible for a point’s model coordinates to be indeterminate.)
From the individual point offsets the program then computes an average X offset

4 .  4-6
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and an average Y offset. If either one of these offsets is greater than 50
- micrometers in absolute value , the program knows something is wrong with the

viewer ’s ali gnment. Either the scan ali gnment steps were not performed
- - correctly or the viewer hardware is Out of adjustment. The program prints the

following message:

-

~ WARNING: THE VIEW ER UNIT MAY NEED TO BE ALIGNED

- 

- 
If this warning persists from model to model , even after you have been

extremely careful in aligning the control and input scans, it is time for

maintenance operations to be exercised at the viewer. (The values printed as
alignment point offsets may be helpful in determin ing the source of the
problem.) If the warning does not reappear , assume that the viewer ’s ali gnment
is satisfactory.

It
.1
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SECTION 5

- DOCUMENTATION OF PROGRAM CHANGES

- This section documents the specific changes made in the programs in order
to imp lement the new functions mentioned in Section 3.1 and to make the
corrections described in Section 3.2. Since all of the changes made modif y or
append the ori ginal programs , documentation consists of modifications and
additions to the ori ginal flowcharts , inputs/outputs , and listings.

I -

Due to a lack of test data not all of the changes documented in this section

~ ) were actually tried. Specifically, measurements made at a comparator and
punched on cards were not available or obtainable for checkout purposes. The
result is that changes relating to off line symbols and/or to the UNAM ACE
OFFLINE operating mode may not be correct. Great care was taken , however ,
not to make mistakes in theory. Should measurements from cards be used on the
system in the future , any errors found should be trivial coding bugs.

5.1 FLOWCHARTS

• 
Each flowchart page in this section either is entirely new or is a modified

L version of one of the flowchart pages in Section 4 of the Programming
I. Documentation for Replacement of Photographic Imagery Equipment, Volume I,

~ Program Descriptions. In either case its proper position within the original
‘
. 

~~ flowcharts is indicated in the upper ri ght-hand corner of the page where the
name of the flowchart and a page number are found. The flowchart pages

• 
- (fourteen in all) are divided into three fi gures each of which represents a major

area of change as discussed below.
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The first five flowchart pages (Figure 5-1) are involved in allowing scan
alignment adjustments to be made as part of the viewer’s operating sequence.

- 
After each index point measurement on the control and input photos a new “ali gn
scan” subroutine is called. Its purpose is to control operator/program
communication in aligning the input or control scan. In doing so, it schedules a

new clock function , the “wait for go or skip” clock function (see page 5 of Figure
5-1). This function monitors the GO and SKIP viewer panel buttons and returns

I to the program when one or the other has been pushed by the operator. When the
first GO button occurs, the align scan subroutine helps the operator to center the
measuring mark on the index point by shrinking the scan size which magnifies the

- image of the point on the monitor scope. The scan size is returned to normal
when the operator is finished adjusting the scan’s ali gnment.

The next four flowchart pages (Figure 5-2) are concerned with computing
symbol placement offsets and , in the process , diagnosing viewer mis-alignment.
The one addition to VIEW PAGE 19 is a processing box which indicates that
ali gnm ent point measurements are saved after they have successfully been used

I to compute an approximate resection~ The only changes on page 2 and page 4 of
0

Figure 5-2 are in two connectors. Their numbers were changed to insert VIEW
PAGE 28A between VIEW PAGE 28 and VIEW PAGE 29. On VIEW PAGE 28A the
actual computation of symbol placement offsets occurs. Note that the

- UNAMACE photo-to-model (UPTM) routine is used to convert the alignment
• 

- points’ input photo coordinates to model coordinates. The UPTM routine has
1 ~ been changed to use viewer data , particularly the transformation coefficients ,

when directed to do so by an argument. The UPTM PR routine prepares viewer
-
~~~~ data for the UPTM call; i.e., it puts the data into a format acceptable to the

- UPTM routine. Neither the UPTM or UPTMPR routines have been flowcharted.

The last five flowchart pages (Figure 5-3) deal with all the changes that

~ 
have been m~’de in the PRINT program in order to correctly position symbols

0,

_  
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R4.pSE 
1C~T

O
I
R
ON

C
~T~~

K RESET STACK
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from each of the four possible sources. A new flag, the printing-header-or-

control-off line-symbols flag, is set as follows to different iate  three conditions:

-1 = header or control off line symbols are now being
printed on the output photo

0 = header or control off line symbols are not now being

printed on the output photo

- 

— +1 = control offl ine symbols f rom a f rame control photo

are now being pri r~ted on the output photo

The flag is tested by the “print next symbol” subroutine (see page 5 of Figure 5—

3). If the flag is non-zero and if the operating mode is UNAMACE ONLINE, the

subroutine adds the symbol placement offsets computed by VIEW to the symbol’s

model coordinates. When input of fline and manual sym bols are being printed in

UNAMACE ONLINE and OFFLINE modes, it is the modified UNAMACE photo-

to-model routine that is called to obtain accurate results. As in the case of the

VIEW program , the UPTMPR routine is f irst  called to prepare the data from the
viewer for the UPTM routine.

- 

5.2 INPUTS/OUTPUTS

As part of the required program changes, small additions were made to

two disk data files. The photo file, which transports information between the

viewer and the printer , was one of the files enlarged. Recall that the photo f i le

really Consists of two interrelated data files whose mnemonics are FILE 1.DAT

~~
- and FILE2.DAT. Both were increased by four words per record in order to make

room for the symbol placement offsets computed by VIEW for use by PRINT.
Table 5-1 lists FILE1.DAT data as it now is stored. Note th at the of f sets ha ve

5-17
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Table 5-1 - Photo File (F ILE I .DAT) Format (1 of 2)

I tcm NO . I tem Length U n i t s  Data Type

EACH RECORD — Wo r d coun t — 115 (81 records total)
I D from magnetic tape ’s
header record 18 bytes ASCII

Data for Output Photo —

2 Output photo boundaries

Init i a l X mode l coordinate 2 words pm floating
Final X mode l coordinate 2 words pm floating
In I tial V model coordinate 2 words pm floating
rina l V mode l coordinate - 2 words pm floating

3 PrInt width index ’ 1 byte Intege r

Mode flag~~ .1 byte 
-

5 Inverse of output photo scale 2 words floating

Data Unique to Input Photo —

6 Input photo identification number 16 bytes pm ASC II

7 Actua l input photo i ndex point
coordinates

x coordinate 2 words pm floating
yl coordinate 2 words ~.m floating -

y2 coordinate 2 words pm floating

8 I nput photo ’s r fe re~ ce theta
ang le (center scan angle) 2 words radians floating

9 Input photo ’s focal length 2 words pm f l o a t i n g

10 A i r  r e f r a c t i o n  cons tan t s
Ki 2 words pm f l o a t i n g
1(2 2 words pm f loa J ng

I I  Image mot ion  c o n s t a n t  2 words pm f l o a t i n g

• 12 Orientation elements

BX (also called Xi) 2 words pm floating
BY (also called YL) 2 words pm floating
BZ (also called ZL) 2 words pm floating
KAPPA 2 words radians floating
OMEGA - 

- 2 words radians floating
r~ PHI -2 words radians floating

13 Transformation coefficients

aø 2 words pm floating
al 2 words pm° floating

r a2 2 words pm° floating
a3 2 words pm~ floating
a~4 2 words pm~ floating

- a5 2 words pm 1 floating
a6 2 words pm 2 floating
a7 2 words pm 2 floating
a8 2 words ~m

2 floating ~.‘

— 

a9 2 words pm 2 floating

5-18
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Table 5-1 - Photo File (FILE 1.DAT) Format (2 of 2)

Item No . I tem Length Un i ts Data Type

bØ 2 words pm floating
bl 2 words pm° flo ating
b2 2 words pm° floating
b3 

- 
2 words pm 1 floating

b~ 2 words pm 1 floating
b5 2 words pm 1 floating
b6 2 words pm 2 floating
b7 2 words pm 2 f l o a t i n g
b8 2 wo rds pm 2 f l o a t i n g
b9 2 words pm 2 f l o a t i n g

ii~ Symbol p lacement offsets

X mode l coord ina te  o f f se t  2 words pm floating
V model coordinate offset  2 words pm f l o a t i n g

15 L i n k  to F I L E 2 .DAT re cord 1 word intege r

16 Ri ght  match l i n e  end p o i n t
coord ina tes

P o i n t  l ’ s X mode l coo rd ina te  2 words urn f l o a t i n g
Po in t  2 ’ s X mode l coord i nate 2 words pm floating

17 I n t e n s i t y  ( c a l c u l a t e d  and stored
by p r i n t e r )  2 words f l o a t i n g

18 Center  l i n e  d e n s i t i e s
Maximum 2 words f l o a t i n g
M i n i m u m  2 words f l o a t i n g
Average 2 words f l o a t i n g

19 Rig ht match line average dens i ty 2 words floating

*P r i n t  W i d t h  Index  *~B i t

1 mm 0 7 UN AM ACE 1lode P r o f i l e  mode
2 mm 1 6 O n l i n e  mode Off  l i n e  mode

- 
- 14 mm 2 5 O r t h o ph o t o  con t ro l F rame photo con t ro l

8 mm 3 ii Frame photo no . I Frame photo no. 2
3—I Unus ed
0 S ta tus  = viewed Status = vi ewed and

p r i n t e d

P1OTE~~: I f  b i t  7= 1 , then b i t  6=0 and b i t  5 0.
I 

~ 
B i t  4 Is  m e a n i n g f u l  o n ly  i f  b i t  5 — I .

5-19
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been inserted immediately after the transformation coefficients. Table 5-2
indicates data now stored in each record in FILE2.DAT.

1 Because the photo file was lengthened , the support program IFILES was
- I modified to erase the longer records. For convenience , IFILES also was changed

to initialize record U of FILEI .DAT. Record 0 holds nominal FILEI.DAT data
and is used by the printer in RECTiFY and COPY modes.

- 
-

- The message file (MESFIL.DAT ) was the other disk data file that was
changed. Unlike the photo file , the message file was not enlarged in the sen se

— that more space had to be allocated for it on the disk. Rather , the UPDATE

program was used to add messages to the existing file. The messages are stored
in records that have not been used until this time. All of the new messages

L I pertain to scan alignment at the viewer and appear at the CRT terminal during
the viewer’s operation. The messages and their associated record numbers are as

r follows:

Record Number Message

- 218 ALIGN CONTROL SCAN

219 ALIG N INPUT SCAN

220 WARNING: THE VIEWER UNIT

MAY NEED TO BE ALIGNED
- .  ~,-1

221 X Y

222 ALIGNMENT POINT OFFSETS:
‘-

~~~ 
-~~~~~~~~

- r ~
- Both the ori ginal photo file and the message fi le are discussed in detail in

( . Section 3.4 of the Handbook for Replacement of Photographic Imagery
- Equipment , Volume I, System Description and Operating Procedures Instruction-, L Manual.

i

S

,
~~ ~
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Table 5-2 - Photo File (FILE2.DAT) Format

r

I I
I tem No. I tem Length Units Data Type

EACH RECORD — t!ord count (240 records tota l)

Same as i : ems 6 — 19 In FILE I .DAT

l~ J
Left match line average d e n s i t y  2 words f l o a t i n g15

~ 1

~~~ ~I

‘I
~~ - d

I. - i
—

4 ,  

- 
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5.3 LISTINGS

In total , six RPIE source modules were involved in the program changes
made. They are IN IT , CLOCK , COMMON , PRINT , VIEW , and IFILES. Because
the complete listing of each of these source modules is long and because a source
module listing can be produced readil y at the RPIE system at any t ime , modified

versions of the six modules are not listed in completion in this section. Instead ,
only the modifications are listed together with an explanation of how they af fec t
the ori ginal listings. The explanations are found in comment lines that reference

the original source listings (see Programming Documentation for Replacement of
Photographic Imagery Equi pment , Volume II) by giving the page and line
number(s) where the change is occurring. Beyond referring to the location , the

comment line indicates the nature of the change - deletion , insertion , or
replacement. All changes are coded in the assembly language of the PDPII/45
computer.

Following is a table of contents for the remainder of this section. Brief ,
general statements are included to make the changes made in each module
more comprehensible.

Listing Page

1. INIT modifications 5-24

Symbol placement offsets added to printer ’s photo file data
storage.

2. CLOCK modifications 5-25
.

~~~~~~
if

New viewer clock function added to wait for GO or SKIP
button.

5-22
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Pag~
r - 3. COMMON modifications 5-26

Record lengths changed in record blocks for disk phot o file.

Symbol placement offsets added to viewer ’s photo file data
- storage.

I FMTP routine changed to use viewer-computed data.

- 
(FMTP is called by the UNAMA CE photo-to-model routine ,

- I UPTM .)

New UPTMPR routine added to prepare viewer-computed
data for UPTM call.

~

- j 4. PRINT modifications 5-29

Changed to use symbol placement offsets in printing header ,
control off line symbols.

S 
l

Changed to use viewer-computed data , when appropriate ,
in photo-to-model computation (UPTM).

~ 
Changed to check for frame control at the viewer.

I ~ 
i 5. VIEW modifications 5-32

I Scan alignment capability added.

P 

Changed to compute symbol placement offsets.

6. IFILES modifications 5-36

- 

Record 0 of photo file now initialized for PRINT.

- Record lengths changed in record blocks for disk
I photo file.

I 5-23
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KB <I t I l T .  MO D

i FOLL OI J lU G AR E THE MODI F! CAT! (‘US MAC•E TO I NIT
i UUD ER THE R F I E  S~ ME:Ct L PLACEMENT FICC:LiFFg C:~ CO NT RAC T

• 
- 

CHANGE 1—17 TO 
-

- OLOE :L P F T F : R~ PLE:F’TR, FIOVAL, PSEGL~ PV CN T -

j  I N S E R T  ~E TW EE U 1—49 FiN C j~~~ Ø
- GLc,E:L F~~SC’FF . FT S C IFF

- , INSERT BETWEEN 1—469 AND 1—470 -

PXSOFF : . FLT2 0 X SV ME :OL OFFSET
PS’SOFF ; FLT2 0 j ’,’ SVIIE:OL OFFSET
J DELETE 1— 664

$ 

- 

-

.

44 -

P 

I

L ~~~

S -

q~~~e~~ I 
-

S 

- -

ry
‘1 - - ir ~~~f l~~~~ ’

I l  U

1’ IJ%J1 ’ 
I ~~~~~

- PEp~~
_T 

~~~~~~~~ ~~

!~
-- ~~~
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~.- -~~ KB:(CLOCK. MOD
- - 

4 FOLLOWING ARE THE MOC!FIC :AT !ONS MADE TC’ CLOCK
- 

~ UNDER THE RPIE SYMBOL PLFiC :EMENT ACCURAC :Y (:(:U TRACT
-— 

I

I - . I
i INSERT BETWEE N 1-44 ANc . j~~4~

- 

- 
. GLO( L V C SGW T~ VCG C’SK

- (
4

- 
~ IN S E R T  B ETWEE N 2-6!c1 AND 2—6!1

- VCSG I4T . — VZ OSI— 2 a VIEW W A I T  FOR GO OR SI( IP F UU C :T IC I N
MDV VPN L , RI. REA D CURRENT STF ITU S OF GO
BIC *177771, Ri. AND SKIP E:UTTCINS

I IIOV
YCGOSK . —2

RI , RU C U R R E N T
BEO V~~0SiI  ; NO ——CCIN T I PJU E W A I T

- 
.
‘ MOV RU , VCGO SK Y ES—— STO R E BUT T ON S E L E C T !  ON FiND

BR V5BSIC l END WAIT

I

.

L~~~~~~~
H 

- 

- 
-

.

- 
1~ 

I

-
~ - I

S q

~~~~~~

if

r ~
ai. ,~~7 

~ . - • _ -rf~ 
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~~~~~ 
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I - KB :  <COI1I1C’N. MOD

FOLLOWING ARE THE Mc ’CIFICATtON~ MACE TO C:OMMON
UNDER THE RPIE SWIE:OL PLACEMENT AC : C URFiC:V CC’ NTRFi CT -

4

I N S E R T  B E T W E E N  1-1(14 AND 1-105
GLOE:L V~I:SOFF, VYSO FF~ I JP T MPR

I CHANGE 1— 86 TO -

- WO RD 230. RECC’~ D L E N G T H  (BYTES )
i C H A N G E  1— ~~9~ TO

- WORD 230. RECORD LENGTH (E:’,’TES)
3 CHANGE 1— 4 07  TO

• WORD 194. ; RECORD LENGTH (E :VT ES)
I CHAI4 GE 1—4 14 TO

• WORD 194. RECORD LENGTH ( BY TE S)
I CHANGE 1—455 TO -

• WORD 2~(@. ; RECORD LENGTH (BY TES )
CHANGE 1-459 TCI

. W O R D  194. I RECORD LENGTH (BYTES)
CHANGE 1-463 TO

- WORD 194. $ RECORD LENGTH (EW TES )
$ I N S E R T  B E T W E E N  1— 666 AN D 1—6 67 -

PIIGVEL: - FLT2 75. I MAG VELOCITY CONTROL

L 
j  

-

INSERT B E T W E E N  2—1 5 8 AND 2—159
VXSOFF : - FLT2 0 3 X SYM B OL OFFSET -
VY SOFF: - FLT2 0 s V SYME:CIL OFFSET
CHANGE FROM 2— 209 THROUGH 2— 234 TO

IOR
RRGI=O TO IN D i CA T E  THAT IITPS AND IPT f ~P SHOULD E:E
CALLED I N S T E A D  OF U M T P S

3 A R G 2 = A D D R  OF ORIENTATIO N ELEMENTS
A R G 3 = A D D R  OF MODEL SCALE OR Ci (NC’ EARTH CURVATURE C: Ci F:F:ECTI(i t l )
A R G 4 = A C D R  OF AIR REFRACT ! (‘N CONSTANTS OR U (NO AF CcI F:RECT I C U)
; AR GS =ADDR OF REFERENC:E THETA

A R G 6 = A D c R  OF FOCAL LENGTH
A RG7=R Dc- R OF TEMPO RA RY ’ STORAGE (4 WORD S)
A R G 8 = A D D R  OF TRAN S FORMATION COEFFICIE NTS

FMTP: tIDY R5, — ( SF - > a SAVE R E T U R N  A DDR ESS
151 (R5)+ ; INC TO A R G U M E N T S
nov 4 ( R5) ,  R2 R2=ADC F: (IF Fi F:GLST
151 CR2 ) ; ARG 1 -E i I N  F iRG LST ~

- 
- BEQ 16* .. YES—— USE MIPS CA LL

~~ ~~ 
- MDV *5t+2, RU ; NO—— USE UMT FS C: AL L

MOV *5.Ri
14$: MOV — (R 0),- (SP)  I SAVE YOL A T L E  DATA

SOB Ri~ 14*
MOV (R5)+, (R0)+ a STORE ARGUMEN TS FOR LJMTF ’S

. C ~~_ nOV (R2)+, (RU)-’-
- 

MOY CR2 )+,(R 0)-’-
PlOY (R2) +, (RO)+
Pl O Y (R5), (RU)
JS R R 5, UMTFS LINAMACE MC’ C- EL—TC I - FHOT O SUE:R

ii: . WO R D 0
2$: • WO RD 0 (

~ 3$: . W ORD 0
4$: . WO R C (1

5* : . WO RD U -

P l OY l I l t  RO ,~ 
.
~~~~~~ 
.~~ (~~~1~Icr~ 
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PlOY *5, Ri.
15$ : MOV (SP)+ .(RCi)- i -  4 REZTC’RE VOLATILE DATA

- - SOB RI. 15$
MDV (5P)+ , R5 RESTOR E R E T U R N  AC -DRESS
RTS R5 $ RETURN

16$ : MDV #12$+2. R0
MDV *7, R1

17$ : MOV — (RO ), — (SP) a SAVE VOLATILE DATA
SOC RI. 17$
PlOY 13$. — ( S P )

~~~~~ (RO>~~ a STORE ARGUMENTS FOR 1-lIPS
TST (R2)+
PlOY *6,Ri

18$: NOV (R2) + ,- (R0) i-
SOB RI.. 18$

. MOV C R 2 ) , 13*
MDV (R5).R5
JSR R5, t -1TF S . PlOC~EL—TO —PfIOT O SUCk

6$:  . IIORD 0 -
7$: . WORD 0 -

8$: . WORE) U
9$: . WO RD 0 -
10$: W ORD 0
11$ : . WO R D ii
12$: WORD ~

-
4 ON RETURN AC2=PHOTO X.
a f l( :3=fH(ITO V

JSR R5. IPTA P a ID E A L I Z E D — P H O T O — T O— A C T UA L
- ) 13$: - WORD 0 . —PHOTO SUE:R

NOV (5P)+ , j3 $ - - -
Ti DY *6$, R0 -

NOV
BR 15*

$ PREPARE-FOR-LIPTP1 SUE:RCIIITINE (USED IC’ ~TC’RE 2 FOCAL LENGTHS
$ FROM ONE AND COMPUTE O R I E N T A T I O N  ELEMENT M A T R IX  FROM ANG LES)

a ARG1=AD1:- R OF FOCAL LENGTH
AR G2 A Dc R OF S T O R A G E  FOR 2 FOCAL LENGTHS (4 WORDS )
A RG3=Ac~DR OF CR1 ENTAIl ON ELEME:NT ANGLES ( OMEGA)

a A RG4=ADD R OF STORAGE FOR: M A T R I X  (36 WORDS ) -

UPTMPR : Lc~F U( R 5)+ .  AC U a STORE FCICAL LENGTH AS X AND Y
TIDY (R5)9- . RO a FOCAL LENGTHS TO MEET

- STF AC O. (R0)÷ a IIPTM ROUTINE ’S ARGUMENT
STF AC O ,(R( i )  JR E~ U I R E M E N T S
MDV SP. R1
NOV *3, R2
TIDY (R5 )+ , R 4

t LDF ( R 4 ) , A C O
RDDF & (R5), RC : 0 a ADD REF THETA TO OMEGA
STF A CO4 ( R4 ) +

1$: TRAP 18. a COIIPLITE T R I G  FuNCTIONS AN D
I ~ - STF AC U. — (SF - > a STORE (‘N STACK SO THEY END

T RAP 16. UP IN FOLLOWING ORDER :
STF ACO. — ( S P )  a 5K. CK~ SW. CW 4 SP, CF

-

~~~ 
- CMP — C R 4 ) 4  - C R4 )

SO B R2,1f-
~~~

‘ 
I . LDF 8. ( R4 ) , A C : @ -

if SUBF e( R5)+ . A CO
STE RCO. 8. CR4)
MOV SF.  RO a COMPUTE O R I E N T A T I O N  M A T R I X
MDV (R5 )+ . R2 a ELEMENTS AND STORE IN T ETI FORAR’ *’

- I STC ’ RAG E——
LDF ( RB )+ , RCO a SK
LDF ( R O) + , A C1 a C K  -
MULF - ( R 1 ) . A C I  . CPCK

- STE AC1. A C5
MULF ( R 0 ) . A C O  a SW SK ,~~~~~ ~~ ~

‘

~ 
p f l~~! 
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5-27
-

~~ - - - - 
- ‘~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~



- r ‘

STE ACU , AC4
MULE — (RI). ACO a SPSWSK

- SUE:F A CO, A Ct a CPC K—S PSW SK
STE RCI, ( R2 )4 a Ail
LDF (Ri)+. ACO ~5p
MULE (R 0).ACO ,SWSP

Y IIILILE -(RU). ACO ,CKSWSP
- LDF ( S P ) 4 R C 1  a S K

MULE (RI) .ACI a CPSK
RDDF A d .  A C O  i CFSK +CK SWSP
STE AdO. ( R2 ) +  a RI2
LDF — ( RI ) , F ICC I
PIU LF — ( R1 ) .~RC@ ; CWS P
liEGE AdO a —~:W5P
STF AC U. <R2 )+
LDF (Ri)~~FICU a d-ti
MUL E (S P) .  AC U a SKCW
liEG E AC O a —S KCW

I - STE A C C i - ( R 2 ) +  a A2i
IDE (R i )+ . AC @ a d-Id
MULE. ( R U ) , R C C I  ; CKCW
ST E AC O, (R2 ) -$- a A22
LDF (REI)+ , F,Ci a d-K:
LDF ( RE i) + , RCO , SW

- STE A C E 1, ( R2) +  a A23
P1UL E (Ri)4- , AC:i a SPCK
LDF ( R i ) . A C 2  ,C P

-~ MUL E AC4 ,  AC2 a SKSW C Pj AD OF A C2. A d .  $ SKSWC :P+SPCK
STE Ad -I. (R2)4- ; A31.
MUL E A d -S . Rd -C l a CKCPSW
LDF (SP), AC I aSK
MULE — (RI). ACI a SPSK
SUEE Ad -cl, ACt a SPSK—C KCPSW
STE A C I , ( R2 ) +  ~=A :c2
LDF (RU). ACEI a did
A DD *24,- SP

I MULE ( 5p ) + , flC:0 a CPCW
STE ACEl, (R2)+ .
RTS 

- 

R5 ;RETURN

‘P

I-

‘I.’

~• 1~~•

I-v
‘s-I-

if

!, I
I

- 
.

- 4 - 1Y 4 ~’V! ~ tlI~~~ ‘rn ~~~~ •
~

‘4
~:ç’ w~~
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KB :<PRINT. NOt)
— S 

a FOLLOWING FiRE THE MODIFIC :ATIOTJS M1~~E TO PRINT
a UN DER THE R P I E  SYP1E:OL PLACEMENT A CCURACY CON T R A C T

4 INSERT BETWEEN 1—5 3 AND 1—5 4
- GLOE :L PX SOFF , PYSCIFF, UFTMF- R, VP2CIFE

.* INSERT BETWEEN 1—348 AN D 1—349 -

PTEMP: - . +~~4 •
$ INSERT BETWEEN i—7 7~ FIND 1—777

1ST *0 a PRINTING A HEADER OR CONTROL
PHCSYPI = . —2 $ (iFFLINE SYMBOL?

BEQ 1*: a NC1 -— SKIP
TSTB F-MODE I V ES——UW AMF ICE (INLINE MCIC-E5?
BLE 1$ - a UD—-P RC’FILE. F —M . RECT. OR

a CCIPY
BITB * iOO. FMC’ C’ E
CUE 1$ $ W C’—— L II4AM AC E (‘FELINE
A DOF PXS OFF . FICEt Y ES— — A DC ’ C’FF:;Ers IC’ SY M B OL ’  S
A DDF. PYSO FF, AC1 a XM. YM IC’ CORRECT FCIR VIEWER

1$:
J CHANGE 1-1011 TO

CUE PERR 4 -

a CHANGE i—14B3 TO
RDDF PXY RE: F l-190. • FiC:@ a LEFT AV G DENSITY

a CHANGE 1—14E: B TO
- 5$: NOV #PXVR E:F÷17Ei. ,R 5 ~ADDR (‘F NEXT INTE:NSITY

j  INSER T BETWEEN 2—322 FiND 2—323
MCIV *—I, PHC:SY1-l a SET F- R INTING-—H EF ICER—OR —

a Ct INTROL--CIFFL I UE--SYM E: CILS
a FLAG

$ DELETE 2— 328 AND 2-329
$ CHANGE 2- : :O TO
POFSYM : TSTE : PSMODE a UNAP1ACE MODE?

F $ CHANGE 2—331 TO
EGE 8$ a NO—-SKIP

$ CHANGE 2— 332  TO
JSR R5. PRWS UC $ Y ES——REWIND TAPE

$ CHANGE 2-335 TO
- BR 4$ a N D

$ CHANGE 2-327 TO
• - ADD *PFXI#E:. •

- I CH ANG E 2—:-41 TO
-
- - - 

- CLI 9$ $ P—M LINAMACE
I I INSERT E:ETWEE N 2— 35 4 FIND 2—355

9$: CLR PHCSYP1 IR ESET PRINTING-HEA DER- - OR- - - 
$ C:CINTRC IL—OF FLINE—SYM E;CILS

*
1:, 
‘
~ 

— I FLA G
I CHANG E 2- .55 TO

I 
BR P35

-
~~ a INSERT BETWEE N 2-355 FIND 2—356

4$: BR P A D SYM
10$ : 1518 PMC’DE a PRC’FILE MOC-E?

- ~~- BLI 3* - a Y ES——USE INPUT PHOTO F IC- UC IALS
$ NO, LINAMFICE (‘NI. I NE (1k (‘FELl NE

- 
- 5-29
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JSR - R5. IIPTMF R a PREPA RE A R G U ME N T S  FC’R L ’ FTM
• WOR D F-F a STORE INPUT F-J-UITO’ S FC, C:AL LENGTH

a T W I C E
- WORD PT E M P+44 a IN THIS TEMF-C’RFIF:Y STC’F:FiGE
• WORD F-NO a COMPL IIE INPUT PHOTO’ S O R IE NTA T IO N

- 
- WORD FT H T FI R a ELEMENTS tlF~TRI :-
- WORD PTEII P a AND S.TC ’ RE IN THIS  TE PiP STORAGE
BR 3$ a LISE INPUT PHOTO FIDUCIAL S

— a CHANGE 2-358 TO - 
-

BR 10$ a NO, INPUT F HCITO
a INSERT BETWEEN 2— 59 FIND 2-760

TSTB Pt l UCE a PROFILE MODE? 
-

BLT F-35 a YES -
BI T B #40. FMODE a NC’—— FRFIME C:~,pJTR(IL?

P35 ; 14O 
-

MDV $F-FXI, R5 a YES
- BITB *20. PMOcE - a FHC’TCI I (IN TAPE?
- 

lii a YES
ADD *YF-2C’FF , R5 , NC’——P H(’ T C’ 2

a SETUP FOR UPTM - —
11$: MDV R5. PEOC a FOCAL LENGTH AC (~’F~

- ADD #60. • R5 a CFI1-1ERFI STF ITIC IN
MCI V R5. P CA M S T  a COC’ RDS AC CF :
ADD *12. • R5 a O R I E N T A T I O N  ELEMENTS
NOV R5, FOR IEN a M A T R I X  A C I F !

I 
- SUB #64. • R5 a R5=FICIIC: IFILS’ F lCC R

I NEG PHCSVM a SET PRINT I W U— H EAC - E R— OR
a CONTRC’L--CIFFLI NE- S,~lE:C,LS

- a FLAG P O S I T I V E
~I $ CHANGE 2—360 TO

~ J P35 : I-iCY R5. iS$ a STORE ADCR OF NC’M CCIORDS
r ,CHRNQE 2-380 TO

TST PHCSVM a CONTROL C’RTHOFHc’TO?
a CHANGE 2—38 1 TO

BLT 4$ a YES—— ALREA DY HAVE MODEL COC’RDS
a INSERT B ETWEEN 2— 381 AN D 2—38 2 -

- BE~ i9$ ~NO—— INPU I
JSR R5. PSUI9A a NC’. CC’NTRC’L FRAI’lE—-—C OUVERT
BR i~~ a FROM PHO TO IC’ MO DEL
BR 4*

L 19$ :
a INSERT AFTER 2— 40 5 ’ S  PAC’SYM :

- CL R F H C S Y M  a RESET PRINTING—HEA DER—OR—
a CC INTR C ,L— C IF FL IN E— SV M B C IL S
I FLAG

‘~~ a INSERT CETI-IEEN 2-407 AND 2-4@$

r TSTC PM OD E a PR~’FILE. P--N , COPY, OR
a REC :T IF’ v’?

~ — BLE 1$ a YES--SKIP
• -: - a NO, LINAMAC :E ONL I NE OF: C’FFLI NE

- JSR R5. UPTP1PR a F-REF-ARE A R G U M E N T S  FOR iF-TM
• WORD PF a ST ORE I NFUT FHOTC I ’ S F O C A L  L E N G T H

-~~~~ a T W I C E
- WOR D PTEM P+44 a IN T H I S  T E M F O R F I RY S T O R A G E
- WORD P1-J O a COMPUTE I NF-UT PHC’TC” S (‘RI ENT A T I ~IN

- • WORD PTHTRR ,ELEMENTS MAT RIX
‘ - WORD PTEMP a AN D STO RE IN THIS TEMP STORAGE

a CHANGE 2— 41 8 TO
F 

e JS P PS, PTTV R
‘ -

f
- a CHANGE 2-427  TO

BR 4* a ERROR
a INSERT BETWEEN 2-441 AND 2— 442

2$: JSR PS. PCLWT I a WRIT FOR HANOWI-IEELS TO COMPLETE
h. h ‘—1 BR 3* a I GNCIRE E:EC:AUSE (‘F E R ROR

4$: 151 (SP)+ - 
- -

B-k 2 $ 
- -

J1-31 
‘~~~ ‘~~ ~ ir~ p- ,

. “~~~~ - -- 
:- 
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-~~ ~ I-~~ ~ ~ 
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- a CHAN GE 2-701 IC’
-

- 
i CL I P3! ,PROFILE

- 
- a IN SE R T  B ETWEEN 2-701 AND 2 -702

-
- 

~~~~- ‘  CDT P34 , LINFIMFICE (INLINE (IR (‘FELINE
a CHA I IGE 2-707 TO

DOE P33 a RECT/CC’PY
a CHANGE 2—704 TO
F’SUI9R: N O V  *PXMR. RI

- a CHANGE 2-705 TO
MCIV RI, RU

a INSERT E:ETWEE N 2— 708 AND 2-709
P34 : JSR R5, UFTM a IINAM FIC:E FHC ’TC ’ -- T C’ — PlC’ CEL USING

BR 2* a ALL DATA F F:OM V I  EW EF:
- WORD PXMR a PAN PHOTO C (‘(‘PC- S PUTR

~~~ 

- WORD PTEIIP4-44 FC’CFI L L E N G T H  F N T R

- WORD PEXC I a EXPOSURE ST A T  I ON F- NT F:

- WORD PTE MF (‘RI ENTFII ION M,~iTF: I~ : P U TF:
• WORD FZST a ESl IMAT EE- ST A R T I N G  ELEV FWT R
- WORD PARGi . a PNTR TO ELE Y SUE:F:’S FiRG LIST

- 
- WORD 3$ a PNTR IC’ F t -1TF SLIE :R’ S FiRG LIST
• WORD PX M R a MODEL CC’C’RC’S FtJT R

2$: TS T RU a INDETER MINA T E SO LUTION?
- BN E P25 a YES

- DR P26
3$: • WORD 0 $ FLAG TEL NG FMTF’ TO CALL

a MTPS FiNE I F T A F
• WORD PE:X0 a EXPOSUF-:E ~-T F :T iC ’ N FNT R

I~ 
I - WORD 0 a N D  EARTH C~~l F VF lU F : E

- WORD U a N~’ A l P F:EFRACrI C-N C:C,F:F:E(: T ION
L -

- 
• WORD PTHTAR a REFERENCE THET FI FOINTE F :

i - W O R D  F-F a FOCAL L E N G T H  P O I N T E R

- WORD FTEMP+54 a PHCITO (:(,,:,FC5 TEIIF STC’RFIGE
-
~ 

- WORD PTC a TRANSFC’RMFiT IC’N C:~IEFFICIENTS

~ a POI NTE R -
a CHANGE 2—7 09 TO 

-

- - I~ P33 : JSR R5, Pfll a NO—--TRFIMS-F(IRM CC’ORDS INTO

Is

~

~ ~1

J -~~

-s- i

- I
~ f ’
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a FOLL O W! 1JG ARE THE t-i OD IF 1 1- A l l  (INS MA CE TO V IEW
a UNDER TH E RE ! E S~ ME : C ,L P L I IC-EI I E NT FlCC:URFIC: V C:C,t~T RFiCT

- -

a INSERT BETWEE N 1—61 FiNC- 1—6- 2
- GLOE: L UFTIIFF. VXSOF F. V YS OFF
- GLOBL V C S - G N T .  YCGO5~

a INSERT E:ETW EE U 1—8 2 7 AN D i--$~ 8 - -
-

CLR VS CRLC RESET SCAN AL I GUEC’ FLAG
$ INSERT BETWEEN 1-E:41 FIND 1—842

JSR PC, VALSC: a ALIGN 5(:FIN -

a I N S E R T  B E T W E E N  I— E : 5 .5 AN C- 1—856
JSR PC~ VFILSC AL IGN SCAN (IF NCIT ALIGNE D)

a INSERT E:ETWEEU 1—856 FiNE’ i—CS?
JSR PC, VA L SC $ ALIG N SC:AN (IF NcIT ALIGNE D )

a INSERT B E T W E E N  1—85 7 FiNE 1-858 -

JSR PC. VALS C a ALIGN SCA N ( IF  NOT AL IGNE D)

-
‘ a INSERT BETI-JEEN 2—120 FIND 2—121

CLR VSCFILE- a RESET SCAN A L I G N E D  FLAG
$ INSERT BETWEEN 2—241 AND 2—242

JSR PC. VFILSC a AL IGN Sc:F,N -

a INSERT E:ETWEEN 2— 2 57 FIND 2—25 8
JSR PC. V FILSC: a FILl ON SCAN ( IF NC’ T FiL I GN EC)

a INSERT BETWEEN 2-25~ FINE’ 2—259
J - 

JSR PC, VAL SC a A L I G N SC : FI N ( I F  NCI T A L I G N E D )
a INSERT E:ETW EEN 2—2 59 FIND 2— 260

JSR PC. VALSC a FIL IGN SCFIN (IF NOT ALIGNED)
-
~“ a CHANGE 2— 407 TO -

CGE 12* a PlO. IJNFIMFICE (INLINE
a INSERT B ETWEE N 2—4 09 ANC- 2—4 10
12$: P1OV *V F’M, R(1 a SAVE MEASURED AL I GNMENT FC’  I NT

N OV ~Vri1A. r-~. • INPUT F~~C-T~ F~~ :- ~- ; - : -:- a L c~ -c~-~ -~MDV #VPP. R2 a FÜR tRIER ( :OMFUl- 17 IO~J OF
MDV *V PPA, P3 a S’,’IIE:t,L FLF iCEM EUT C’FFSETS
MDV #4. P4 a STORE P O I N T ’  5— —

13$ : LOF (P-@ +, RCCi ~ XP1
SIF ACO, (Rj ) +
LDF (RC 1)+,RCCI a Y M
STF RCO,( R1)+
TSTF (R0)+ a ( S K I P  EM)

-4 LDF (R2)+ . A CO a X P
- 

1 ’ STE ACU. (R!)i-
i~~ LDF (R2)+, ACC1 ,‘,‘p

STE A CU. ( R : - )÷
SOB P4 . 13$ a REPEAT FOR NEXT ALIG NMENT PT

a CHANGE 2-1010 TO
ç -

~~~~~~ EEQ VSW -1E:L a NC’, IINAMAC:E CINLI N E—— CO M PUTE
a SYMB OL P L A C E M E N T  OFFSETS

a DELETE 2-1011 -

a INSERT AFTER 2— 1061
a BEGIN CO N FUTATIO N (‘F SYNCO L

- a F-L FICEME NT OFF S ETS——
VSYMC L: JSR R5, UPTMF’R aF IRST ,  P R E P A R E  FIRGUMENTS FOR

a LIF TM R O U T I N E
- WORD YE a STORE: I NFU1 FHC’ T C” S FOCAL

a LENGTH T W I C E
- WORD VTEMP+C.0 a IN THIS TEIIF C’PFIF:Y STORAGE
• W ORD VC’IIEGA a CONFUTE I NFUT F HC ’T O ’ S C’R I ENTAIl ON

• WORD V THTA R a ELEMENTS MFiTRI ; :
- - - WORD Y T E M P  - a FIN D S T ORE  I U T H I S  T EM P  S T O R A G E

a THEN, (:(IMF-I.ITE OF FSETS E: FISED ON

_  - - 
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a SAVEr ’ Ft L IGUI’ i ENT FT  MEASU REMENTS
CLRF AC2 a STC’ RIIGE FOP Si’ii (‘F Xii c-i FFEF: ENCE
CLRF FIC3 a STC ’RFIGE F OE: SUM (IF ‘,‘M C- I FF E F E U C E
NOV *V PNR. RU a LINK TO A L i G N M E NT FT MOE-EL CC’C’RDS
NOV *VFFR ~ Ri a LINK TC’ AL I CINMENT FT F-NOb C:cIC’RDS
CL~ R2 a GC’(’C’ FT C:C,U1JTE F!
NOV *4, R3 a AL I G NM E N T  F T  C O U N T  ER
PlOY *YTEMP4-44, P4 a LINK TEl TEMP STOrAGE
PIOV B *6(1. YNALF T a INI T A L I G N  FT $ FOR (IFESET

a DI SPLAY
JSR R5. VCC.S a RL !GUMENT P O I N T  OFFSETS: -
- WOR D 222.
JSR R5, VCDS a • X ~‘

• WORD 221.
a GET NEXT ALI GNMENT PT ’S  PAN
a PHCIT (I CCICIRC’ S— —

2$: LDF (R1)+ , ACI aXP
LDF (RI)+. FICU ;V P
STF ACI, (R4)+ -

STE AC O. C R 4 )
INCB VNAL PT a INC FIL IGN FT Is FOR OFFSET

- aDlSFLFjV
JSR R5, CRSF,V a SAVE REGISTERS

• JSR R5. UPTM a FORTRAN UNAIIACE FHC’TC I TO
a MODEL F:CIUT INE——-C:Ot’ iPUTES MOE-EL
a COORC’S C:C,RPESF’C,UC’IUG TO F H O T O
a COORDS

BR 3$
• WORD VTEMP9-44 a F-FI N P1-1010 CCI C’Rr- S F’NTR
• WORD VTE MP+ Ec 1 a FOCAL LENGTH FtJ TF:
- WORD VBX a EXFtISURE STAT I OIl FNTR
- WORD YT E M P  a ORIENTATZC’N MATRIX F-MTR
- WORD VZST EST IMA TEC ’ STA RTING ELE V PUlP

t - WORD V EL A RG a PNT R . 0 ELEY SiiE:E:’S A F-!G L IST
- WORD it a PNTR IC’ FMTF SUE:F:’ S FtRG L I S T
• WORD V TEM P +44 a M Or E L  COUPE’S F N T R

3$: TST REt a INDETERMINATE SCILUTIC’tJ?
BNE 4$ a YES, FOI NT IS OUT OF RANGE

a --SKIP
JSR R5, CRRES a NO---RESTC ’F :E REGISTERS
INC P2 a INCREMENT GOO D F T COUNTER
LDF (R 4),ACI -

LDF — ( R 4 ) , A C C I
SUBE ( R0 )+.  AC E’ $ PT’S Xii OFFSET=C:OI1PUTED XM

a OF AL IGN FT— MEF ISUR ED Xii
;CiF ALIGN FT

SUEF (R0)-I- , RCI $ PT’S YM ( IFFSETr CCIMPL IT ED Vii
a O F  AL IGN F-T—MEASUREC’ YM
aUF ALIGN PT

• JSR R5, CRSAV a DISPLAY THESE OFFSETS
NOV *VC IIARG . RI
STE ACI, — ( S F )
STE RC6’. — ( SP )
NOV SP,(R1)
M DV * “0= ,R0

VN A L F T = . —2
JS R R5, VCDS
• WORD 95•

~ - ,j JSR PS, VCC’2V L
WORD 4

‘ ADD
JSR PS. CRRES

~~ 
ADDF ACE’, AC2 ,ADD 11-115 PT’ S OFFSETS TO

~~ I - ADDF RC1, RC3 a STORED SLIMS CIF XM . V ii D I F F
SOB R3, 2$ a REFEAT FOR t EXT ALIGNMENT FT

7$: L DCIF P2. FiCO a A T L E A S T  ONE GOOD PCI I1IT7

L - 5-~~
- 
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DNE 5$ a Y ES
CLRF AC 2 a NO——S ET A V E R F I GE MOC’EL coo~c-

• CLRF A C3 a CIFFSETS TC’ ZE RO (NC’ SYME:OL
- -•- - - -~~ - 

‘ 
- BR 61 a F’ LF IC:EMEWT C:CIF:REC :T I (‘US)

~: ~ ~ 4$ : JSR PS. C R R ES a RESTC’RE REGISTERS
TSTF — ( P4 )
SOS P3. 2$ a REPEAT FOR NEXT ALIGNMENT PT
BR 7$

5$: Dl YF FICU. FIC2 a COMPUTE AVE RAGE MOE-EL C(’ORD
DIVE ACE ’ , AC 3 a OFFSETS FiNE- ST ORE AS SVME:CI L

6$: STE AC2. VXSC ’ FF a PLACEMENT CC,RF:EC: T I ONS
STF AC3, VVSC IFF - -

ADSF RC2 a I F  RN OFFSET 15 LA RGER
CMPF F5O. AC2 a THAN 5(1 M I C R O N S ,  WAF -:N THE
CFCC a c’PERFIT C’R FIE:OUT V IEWER AL I GNM ENT
DLI 8$

- RB SF AC3

L 
CMPF F50, FIC3
CFCC
DDE 9$

- - - 
I 

- 8$- : JSR R5. VCC’S • W A R N I N G : THE V I EWER UN IT M A Y

• WOR D 220. a NEEc- TCI BE FIL ICINEC’ ”
9$: JMP V RESET
i$: • WORD U a FLFI G TELLI NG FMTF’ TO CALL

a MTF S FiNE’ IF T A F

• WORD VBX a EXPOSURE STA T I  ON F’NTR
- • WORE ’ U a NO EARTH (:IjpyF~TuF:E 

- -

- WORD 0 a N D  Fl I P  R E F R A C T I O N  E- C F : R E C : T I O N
- WORD VTHTFIR a REFEF:ENCE T H E T A  FNT R

L J J - WORD VF a FOCAL LENGTH F’NTR
- WORD VTEMF + 70 a PHOTCI CC’OF:C-S TEMF STC’RAGE
- WORD VTRA NC a TRFINSFCIRI-1RTZCIN COEFFICIENTS PNTR

a C H A N G E  S— 489 TO -

V IPTI-l I NOV $~CO. V INCNT a lull INCE~-~ PT * -T o o
-
~~ a DELETE 5-490 

-
a IN5ERT BETWEEN 5—516 AND S— Si?

JSR R$. VCC’ S a READ “ MEASURE INDEX POINT
- WORD 104 a 0 MESSAGE

a CHANGE 5—517 TO
INC #0 a I NCREMENT

V I N C N T =. -2 $ INDEX PT Is,
- - a INSERT E:ETI-JEEN S— Si 7 AND 5—SiC

M OV B VIN C:UT , VI1ESE:Fi-22. a STORE IT IN
a INSERT DETI-JEEN 5—534 ANC’ 5— 535

a ALIGN SCAN SUE:ROUT I NE
VALSC:  1ST #0 a IS ScFIN ALREA DY AL I GNEC’ ?

- 
- V SCRL D = -2

DUE 4$ a Y ES— —SKIP
JSR PS. CRSFIY a NO--SAVE REGISTERS

• - BIT - #4 ,  R5 a CONTROL STAGE ?
BEQ 5$ aNO — —I NFUT STAGE

• WORD 218. 
-J5~ ~5, v cc -s a Y ES— -- ” ALIGN CONTROL SCA N”

1$: JSR PS, VA LSCS •
BR 7 ;SK IP BUTTON
N OV I sYSC OEN.  P2 a GO BUTTON
PlOY #VSC FILC’ , RI
BIT *4 , R5 a CONTROL STAGE ?
BEQ 8$ a NO——INPUT STAGE
Pl OY IsSO3IS, (P2) a Y ES—-- SC :A N SIZ ErIMM

- 

I NOV *140632, (P2) a SET BEAM C:LIRRENT EC!UIV ALENTLY
PS. VFILSCS

DEC (Ri) a S K I P  BUTTON- - INSURE SCAN
; FIL ICiNEC’ FLA G IS E :E IS ET

- 
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- I - NOV #140000, (F:2) a ZERO E:E1,I1 C:URRENT 
-

NOV *53777, (P2) a SET SC:F,N SIZE IC’ I-lAX
3$: I NC (RI) a SET SCAN AL I GNET’ FLAG
7$: JS R PS, CRRES a RESTC’RE F:ECiISTEE:S
4 $ :  RTS PC a PETURN
5$: JSR. R5, VCt ’S a “ALI G N INPUT SCAN”

- WORD 219.
BR 1$

8$: NOV *10315. (P2) a SCFIN SIZErIMM
PlOY #130632. (R2) .S E T  BEAM CURR ENT EG!L ’ IVFI LENTLY
JS R PS. VAL SCZ
DEC (RI) a SKIP (: 1ITT(,tl— - - IN~ t IE:E S( :AI -J

a RLIGNED FLAG IS RESET
MDV * i300OO~ (P2) a ZERO BEFIM C:URF:EIJT
NOV *13777. (P2) a SET S(:Fi N SIZ E IC’ MAX
BR 3$

a FILIGN SC:Ffl4 SUE:—-SLIE: E:C’UTINE
VA LSCS : CMP 

- 

*64.VINCNT .4TH INDEX Fl?
BE~ 6$ a Y ES— —FORCE A GO E:UTT ON -

NO V *VCGOSK , RE’ a NO——ALL OW GO OR SK I P
-nov YF-UL , ( R U )  $ STORE STATUS C’F GO F iNE ’ SKI P
B I C  

- #177771, CR0 ) a BUTTONS FOE-: (:LC,C I(
NOV #V CSGWT . V5 E I S I  a SCHEDULE WAIT  FOR GO OR SKI P
JSR ~$, ‘/(:L1-JTj a CLOCK FUt,1 C:T I UN -

— I BIT *2. (RE’ ) a SKIP BUTTON ?
DUE 9$- a YES

2$: TST (p5)4- a NO—-GO E:UTTCI1J
9$: RTS PS a RETL IRN
6$ : JSR R5, VG( IWT a W A I T  FC’ R GO BUTTON SUE:R

BR 2$ - -
•

a INSERT BETWEEN 6—30 1 AND 6—3 02
YPPR : - +40 ;SFIVED FILIGNMENI POINT INPUT

a PHOTC’ CCI C’ R C’S
V P M A :  - +40 a SAVED ALIGN MENT FOI UT .~O DEL

- a CCICIRC’S
a (IINFIMFiC:E CIPILINE ~INL’~’)

a INS ER T BETW EEN 6- 325  AND 6 -3 -2 6  -

• FLT2 0. C-i, 0. 0, 0, (1 a AND FOR (UNFIMFICE ONLINE ONLY )
- FLT2 0, 0. 0, 0 $ F’HCITO (:cIOF:C-5, METE-EL CC’ O F- :DS. RUE-

- a FOCAL LENGTHS C-UP I MG i~CI~1FLt _
a TRTION OF SYMB OL F’LACEMENT
a OFFSETS

I. 
-

~~
---

• ---- - - -----

I
’

-
-’ -

• ‘I
a

- L

- 5—35

~~‘f ~~~~Y A s !’ ~ I 
~~ ~ ‘ ~~ r- r T ~ T

:- - - 
- - - - -

-- — I --—r - ri~~ : - - ‘~ ~
- ~~~ 

r 
- 

-

-. -~~ ~~~~~~~~~~ ~
-
~~~~:i , i ~~~~~~ ~~~~ ~~~~

- 

~ - ~~~~~~ “ - ~~~~~~~~ _ _ _



- 
—

- 
- 

-
- — - ,  K S:- (IF ILE S MOD

a FOLLOWING ARE THE MOc•I FICFIT IONS MAC E TEl IF IL E S
a UNDER THE R F I E  SY MBOL FLACEMENT ACCUR A CY ( CUNTRA C :T -

I a

INSERT BETWEEN i—2Z FINE- 1—26
a RECORD C l :  -

P V C P I D :  - ASC I I  /OOc lO Elcl 000c l0000El000/ a CCINTROL PHC’IO ID I
- P X M O:  • FLT2 8 a MOD EL COOR ~-S (‘F ENTIRE
- PXMF: - ELT2 U a OVERLAP A R E A  TEl E:E F-RI UTE D

PYP1O: • FLT2 8 -
PYIIF : - FLT2 0
PI-IIUDX : - BYTE 3 a INDEX 1(1 PRINT WI E.TH ((t , 1.2 .3)

- PI-IDDE : - BYTE 0 - a B RECT; 1 IJNFIIIAC:Ea 21 FRC’F 1 LE
PDF SC : • FLT2 100000. a cILITFIJ T F-HObO SC :FIL ING

I a ~P1UC-EL D I S T A N C E / R H O  TO C-IS TR UCE
I 

PINE-: - ASCII /0@Elti@ El000ci000EICICI/ $ INPUT PHCI T C’ IC’ *
PIOXI : - FLT2 8890(1 a INTERIC’R ORIENTATION ELEMENTS
PIOVI : - FLT2 -100000
PIOY 2: - FLT2 100000

- PTHTAR: • FLT2 U a THETFI REF
PF: • FLT2 S@EI060. a FOCFIL LENGTH

- P1(1: • FLT2 U
- P1(2 : • FLT2 U

PK IMC: - FLT2 U
j , - P&X0 : - FLT2 8
I PI3YO : • FLT2 8 -

PBZ O : • FLT2 500000.— P1(0: • FLT2 8
PW O :  • FLT2 0
PPO : • FLT2 U
PlC:  +80. a TRA NSF(IRMFIT ION COEFFICIENTS
PXSOFF: • FLT2 U ~X SYMBOL -O FFS ET

- 
- PY S O F F :  - FLT2 U a V SVME:~

,L C’FFSET
— PNXT IP: - WOR E’ —1 a POINTER TO NEXT I NP UT PHO TO

PYXM3 : . FLT2 8
PVXM 4 : . FLT2 8
PINTNS : • FLT2 3. 5 a INTENSITY FOR (:URREUI PHOTO

- PCDMAX : • FLT2 8 a CENTER LINE
PCD P I I N :  • FLT2 0 a DENSITY INFCIRMATION
PC D A V G :  - FL T 2 0
PR DA V G :  - FLT 2 €1

a RECORC’ S 1—80 :
a CHAN G E  1—37 I~’ -

• 
• WORD 0, 0. 0, 0, 0

- a INSERT B ETWEEN 1—4 5 FINE’ i—46
• RECRO IsDI(LE:. ~F1PciRE: a BEGIN R E C O R D I N G  RECORD 8

- • W A I T  #C’KLE: a W AIT FC’R FINISH -

- -
~~~~ 

- a INSERT BETWEEN 1—85 RUE- 1—86
- 

- a FILE I RECORC’ E:LC,CK FCIR
- a RECORD 8

- FIRDRB: • WO RD 2
- - 

- • WORD P V CPID -

-: 
~~~~ 

. 1-lORD 230.

~~

-
- ,‘

~ I 
• WORD 0 ,0

- -: a CHANG E 1-~-9 TO
- I-lORD 238

-

- 
— il “

~~~ 

‘ a CHRUGE 1-101 TO
: 

‘

~~~ 
- - WORD i94.

•

U ~~~~~~ 5-36
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