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PREFACE

The program is a result of work done over the past few years
at UNB with a major overhauling taking place during the period May to
August this year. BAs a result of GEOPAN's youth, and although a great
deal of effort has been expended in checking and debugging, the program
cannot yet be absolutely guaranteed to be correct in all aspects. If
the reader should find any problems or has any comments on any aspect of
the package it is hoped that these will be brought to the attention of
the author. User comments have played an important role in the development

of GEOPAN and it is hoped that they will continue to do so.
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1. INTRODUCTION

GEOPAN is a user-oriented program package for the least-squares
adjustment and analysis of small plane horizontal geodetic networks.
The package is presently written in FORTRAN and is set up on the IBM
system 370/158 at the University of New Brunswick in Fredericton.

This manual is simply a set of instructions with explanations
on how to use the program GEOPAN. It is not a book on the theory of
the least squares adjustment of geodetic networks. It is assumed herein
that the reader has a certain knowledge of this subject and readers who
are interested in the details of the theory behind GEOPAN are referred
to the reference material.

A good indication of "what GEOPAN will do" when the specific
options are selected, is given by the list of available options which
is found in Chapter 3. 1In a sentence, GEOPAN takes observations which
have been reduced for instrumental and atmospheric effects, rigorously
reduces them to a specified mapping plane, and then performs a least
squares adjustment on the plane. Preanalysis may also be requested.
On the completion of the adjustment, several statistical tests (X2 test
on the variance'factor, X2 goodness of fit tests on residuals, rejection
of residuals) and interpretations {error ellipses including simultaneous
ellipses [6], standard deviations of adjusted distances and azimuths)
are made (see Chapters 3 and 4) on the residuals and adjusted coordinates.

Various autcmatic checks are made on the correctness of the
input data deck, the determination of the network, singularities in the
normal equations, convergence and divergence. The various user options

include;



i)
ii)
iii)
iv)
v)
vi)
vii)
viii)

ix)

X)

xi)
xii)
xiii)
Xiv)
xv)

xvi)

adjustment or preanalysis

fixed, weighted or Blaha stations (see Chapter 6)

choice of a map projection (at present in the Maritimes)

units of metres or feet

confidence level

estimation of the zero error for EDM distances

rejection criterion for residuals

approximation of standard deviations of residuals

input of either covariance or weight mmatrix for weighted or
Blaha stations

reductions to observations to the mapping plane and computation
of standard deviations of observations including centering errors.
maximum number of iterations

convergence criterion

variance factor known or unknown [6]

criteria for checking zeroth iteration misclosures

station abstracts (one page summary of each station)

various printing of intermediate results including the entire
covariance matrix of the adjusted parameters.

Various space and computational optimization procedures are

employed in the solution of the normal equations by the method of

Choleski including the use of a variable band-width algorithm.



2. BASIC USER OPTIONS

The objective of this chapter is to introduce the general
structure of the input data deck and to introduce six of the most
basic option codes available. The material in this chapter is all the
information needed to run the program for most cases of preanalysis or
adjustment. It is recommended that the reader gain a thorough under-
standing of this material before proceeding to Chapter 3. It should
be noted here that only the input data deck is described here; the
necessary Job Control Language for the use of GEOPAN as it is presently

set up at UNB is described in Appendix A.

2.1 General Structure of the Input Data Deck

This general description of the input deck is complemented with
a more complete description in Chapter 3 with a schematic summary for
quick reference purposes.

The basic structure of the input deck consists of four sections.

Details of these are given in section 2.2. The first section consists

of exactly two cards, the title card and the codes card. The second
section gives specific information on the fixed, weighted or Blaha
stations. (See Chapter 6 for a description of the terms fixed, weighted

and Blaha.) The third section contains the approximate coordinates and

other information for each station. The fourth section contains the

observations.

2.2 Details of the Four Basic Sections of the Input Data Deck

Each of the four basic sections of the input deck are described

in detail as entities in themselves. Then the four sections



are put together in the form of a specific example.

2.2.1 The First Section of the Input Deck; Title and Codes Cards.

This section consists of two cards. The first of these two
cards is a title card. The user may punch any desired title on this
card from columns 1 - 80 inclusive. The title card may be left blank
but it may not be left out! This card results in having a title printed
on the printed output and also since it is the first card in the deck,
it makes a good identifier for the deck itself. See Figure 2.1 for an
example of the title card.

The second of these two cards is the codes card. It is with this
card that the user may select any of several options by punching numbers

in the correct columns. The first six options are described in Table 2-la.

COLUMN (S) NUMBER SELECTED OPTION
2 0 adjustment
1 preanalysis
3-6 n number of fixed stations
7-10 n number of weighted stations

'—l
[
|
H
Ky

o]

number of Blaha stations

16 0 no map projection used
1 NB double stereographic
2 PEI double stereographic
4 NS 3° Transverse Mercator, Zone 4
5 NS 3° Transverse Mercator, Zone 5
18 0 linear units metres
1 linear units feet

TABLE 2-la Six of the Options which may be selected on the Codes Card
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Some explanation is in order here. First, it should be mentioned

that zeros need not be punched on the codes card. That is, attention
need only be given to specific options needed which require a non-zero
number punched in a certain column. For example, if the user wishes

to perform an adjustment, column 2 may be left blank. However, if a
preanalysis is desired, a 1 must be punched in column 2. Actually any
other number punched in column 2 will result in (default to) an adjustment
request. Most other options have this default feature; they are all

described later in Chapter 3.

The options for which more than one column is reserved require
that the corresponding number be punched in the right-most column(s),
that is they must be right-justified. For example, if the user wishes
to hold 2 stations fixed in the adjustment (or preanalysis) a 2 must
be punched in column 6. If 12 stations are to be weighted, the 12
is punched in columns 9 and 10.

The linear units are specified in column 18. If distances and
approximate coordinates are supplied to GEOPAN in units of metres a O
(zero) may be punched in this column although it may be left blank as
was mentioned earlier. If linear units are feet a 1 must be punched in
column 18.

In addition to the six basic option codes described in Table 2-la
the user must specify which reductions are to be made to the observations
if a specific map projection is selected. These option codes are
descriked below in Table 2-1b, (For having the reduction corrections

printed see Chapter 3).



Column Number Selected Option
48 0 - Terrain to Ellipsoid reduction correction
not made to observations.
1 — Terrain to ellipsoid reduction corrections
made
50 0 - Ellipsoid to mapping plane reduction
corrections not made to observations
1 - Ellipsoid to plane reduction corrections
made
52 0 - Reduction corrections not made for azimuths.

1 - Reduction corrections are made for azimuths.

TABLE 2-1b Options for Observation Reduction Corrections.

Two examples of the codes card are illustrated in Figures 2.2
and 2.3.

2.2.2 The Second Section of the Input Deck; Fixed, Weighted and

Blaha Information.

Only the number of fixed, weighted or Blaha Stations was specified
on the codes card. In the second section of the input deck more
information is given for these stations. Thus this section consists of
three possible sub-sections; one for the fixed stations if any, one for
the weighted stations (if any) and one for the Blaha stations (if any).

The sub-section for fixed stations must only be present if there
is one or more fixed stations specified on the codes card. This sub-
section always has as its first card a card with FIXED punched in

columns 1-5 with columns 6-80 blank. Similarly, the sub-sections for



FIGURE 2.2 EXAMPLE OF THE CODES CARD

- ADJUSTMENT (column 2 is blank)

OPTIONS SELECTED:

- TWO FIXED STATIONS (2 punched in column 6)

-~ NO WEIGHTED STATIONS (columns 7-10 are blank)

- NO BLAHA STATIONS (columns 11-14 are blank)

- NO MAP PROJECTION (column 16 is blank)

- LINEAR UNITS ARE METRES (column 18 is blank)



FIGURE 2.3 EXAMPLE OF THE CODES CARD

- Preanalysis (1 punched in column 2)

OPTIONS SELECTED:

- 1 Fixed Station (1 punched in column 6)

- 2 Weighted Stations (2 punched in column 10)
- 1 Blaha Station (1 punched in column 14)

- Map Projection used is Nova Scotia 3 degree transverse mercator

Zone 4 (4 punched in column 16)
- Linear units are feet (1 punched in column 18)

- All observation corrections are made (l's punched in

50 and 52)

columns 48,
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weighted or Blaha stations must only be present if one or more weighted
or Blaha stations are specified on the codes card. These sub-sections
always begin with a card with WEIGHTED or BLAHA punched in columns 1-8
and 1-5 respectively. The order in which these three sub-sections
appear is also important. This order is FIXED, WEIGHTED, BLAHA.
Any combination of fixed, weighted or Blaha stations may be selected
with the restriction that any one station may have only one of these
specifications. For example a station may not be both fixed and
Blaha held. The first card of each of these sub-sections is illustrated
in later examples.

The next (second) card in each of these sub-sections is a card
(or cards) specifying which stations are fixed, weighted or Blaha held.

That is, the station names are punched on the card. Station names‘may

consist of any combination of numbers and/or characters with a maximum
length of eight. An example of the second section of the input deck
for the case when only fixed stations are used is shown in FIGURE 2.4.
It can be seen there that the station names are punched in columns 1-8
for the first, 11-18 for the second, 21-28 for the third, and so on.

Station names must always be left-justified. Thus for the example of

FIGURE 2.4, stations STATIONlL and 4321 are held fixed. If more than
eight stations are fixed (or weighted or Blaha held), an additional
card or cards are used.

For weighted or Blaha stations the covariance matrix (or
weight matrix; see Chapter 3) 1is input following the cards with the

station names. Since the covariance matrix is symmetric, only the upper-
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triangular portion need be punched on cards. Each row of the covariance
matrix is typed on a card (or cards) beginning with the diagonal element.
Each card will hold 8 elements punched in F10.3 format. As an

example, if the covariance matrix to be input is;

0.35 x 10T 0.85 x 1072 -0.93 x 1072 0.39 x 102
0.85 x 1072 0.46 x 10} 0.97 x 1072 -0.62 x 107°
-0.93 x 10 2 0.97 x 1072 0.52 x 107+ 0.93 x 1072
0.39 x 1072 ~0.62 x 1072 0.93 x 102 0.13 x 10}

it would be punched on cards as shown in FIGURE 2.5. If any one row
of the covariance matrix contains more than eight upper-triangular elements
the row is continued on another card.
An example of the second section for the case of one fixed
station (STATIONLl) two weighted stations (STATION2 and 345678) and one

Blaha station (12B) is shown in FIGURE 2.6.

2.2.3 The Third Section of the Input Deck; Stations, Approximate

Coordinates, etc.

This section of the input deck must always begin with a card
with the word STATIONS punched in columns 1-8 and end with a card with
-9 punched in columns 1 and 2. Between these two cards there must be
exactly one card for each station in the network. Each card must have
the station name and its (approximate) plane coordinates, X and Y,
punched in the proper columns. Other information, if available, may be
punched on this card: orthometric height, geoidrellipsoid separation and

deflection of the vertical components.



UNIVERSITY OF NEW BRUNSWICK - COMPUTER CODING FORM PAGE OF

PROGRAMMER - DATE -
PROBLEM - .
t12(3faislejzielafiofuliz2iiahals [i8f17 e |w 2ops [22{23]24 SEGLI 28(29{30131 [32133(34(35 (3637 |38(39 o }1) [42(43]4 6l47|4 GMBISZSSMSSISJ57LOSSGO 1{62{63/64 L‘G’IE&L"’O?I"!”"‘”LG"'TO?’IE
Lol 315Dt | | ek BiSPI=2] [ Fpl PI3IN-R 0l 3PIb(={2
0, 11| bl Bl | Fol, izl L ]
n O-PZD'—’ - 01.93D.<_:z<..~ i N —
b‘)l ljb_, . S S D D et B L S - -] -1—
LT T
A=t H B
11T r I - - -
1 -t-1-
I N O I - - B O O
] HNRRERED i - 1
- —_— i — . {.-_‘l—_.— - g
T - A ARNRRANRARRARRA R
= -] 1. I . .
I — _
Izl’ll‘]_b[G IF[QIIO n llz USIM 15 |16117 18 (19 RO R1 [22(23[24 25 P62y 28129| 31 [32 333435363738 39]!0 I {42(43144[45]46 47]48{49{30p | (R |53 55]5657 58(59 cﬂsa 62[63 M.LS 67(68(69(70{71 |72(73 |74{75[76|77|78 |79/}

FIGURE 2.5 EXAMPLE OF THE INPUT OF A COVARIANCE MATRIX

1



UNIVERSITY OF NEW BRUNSWICK - COMPUTER CODING FORM PAGE OF

PROGRAMMER - DATE -
PROBLEM -

S| 6|7 [8}9]10|n 1213115 16 ]i7 hie |0 o1 222324129 2627 [28(29] 30|31 |32[33|34]33 36{37 |38(39 WO 1 |42(43]44]45]48 "4049]:0 |5253545556L1585950 1162|8364, Lﬂﬁfﬂ T0l71 [72[r3 {r4|78)76 77|78 |79 ]800k

1
—
!
T
Tt
!

i

i

1

{

|

7

|

f

|

|

I = s Ty~
R

M

N NN
1
SECH

M
N

TS e
TS ®m

—~ NN WO O
LAY

Sooc o T o
[} . R

To=o oA A n.

P
:
i

i
T
i
-

~ Bo |
D
R
i
i
]
N
|
1

A

1

1
SHSHE
RN
o
5
S TS
]
i
|
T
|
]
|
i
|
|
!
!
13
A

7
|
]
i

- _w:.q B [ NN O O N O ;Ei_“’m_““; *rﬁr____prmwm%m_ Y B ] i

IT?] 3 4} 5[6;[ 78 l 9"0!" 12{13114 |15 [16 (17 |18 |0 RO 1 (22232425 2627 [26]29]30{ 31 [32]33134]35 {36|37 [16]30 40'&4![42"31“1" 6 JIQ@]‘S—IM P15 [83[54]35 58E7 58[69 GOEGII&LS LG 67,68|69|70{71 |72 4[75[76/77]70|79}8

FIGURE 2.6 EXAMPLE OF THE SECOND SECTION OF THE INPUT DECK




for ease in key punching.

justified.

15

All data punched on these station cards may be left justified

As a reminder, station names must be left-

Also, all numerical data punched on the card must have their

decimal point punched in the proper position when they are left-

justified. Table 2-2 below is a summary of the format of the station
cards.
COLUMN INFORMATION UNITS FORMAT USED
1-2 blank -
3-10 Station name A8
11-25 Easting (X-coordinate) metres or feet F15.3
26-40 Northing (Y-coordinate) metres or feet F15.3
41-50 orthometric height metres or feet F10.3
51-60 geoid-ellipsoid separation metres of feet F10.3
61-70 deflection component (north) arc seconds F10.3
71-80 deflection component ( east)arc seconds F10.3

TABLE 2-2 Format of the station cards data

An example of the third section of the input deck is illustrated in

Figure 2.7.
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2.2.4 The Fourth Section of the Input Deck; Observation Cards

- This section of the input deck must always begin with a card with
the word OBSERVATIONS punched in columns 1-12 (actually only the first
8 characters, i.e. OBSERVAT, are required) and end with a card with -9
punched in columns 1 and 2. Between these two cards there must be
one card for each distance, direction, angle and azimuth observation.
Table 2-3 is a summary of the format required for punching

cards for distance observations.

COLUMNS INFORMATION UNITS FORMAT used
1-5 observation code (1) - I5

11-18 from station name - A8

21-28 to station name - A8

41-50 standard deviation metres or feet F10.3

51-60 parts per million error - F10.3

61-70 distance observed metres or feet F10.3

TABLE 2-3 Format of the Distance Observation Cards

Of course if a preanalysis is being performed the distance observed
need not be punched on the card. The observation code is 1 for distance
observations.

Table 2-4 is a summary of the format required for direction

observations.
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COLUMNS INFORMATION UNITS FORMAT used
1-5 observation code (12) ) - 15
11-18 from station name - A8
21-28 to station name - A8
41-50 standard deviation arc-seconds F10.3
51-60 degrees of observation _ degrees F10.3
61-70 minutes of observation minutes F10.3
71-80 seconds of observation arc-seconds F10.3

TABLE 2-4 Format of the Direction Observation Cards
The observation code for direction observations is listed in

TABLE 2-4 as + 2. Actually, only the last direction in a bundle is given

the code -2, all others +2 or just 2. This method makes it possible for

the user to arrange direction observations in any order as long as all
directions in any one bundle are placed together with the smallest
magnitu@e direction (usually 0 - 0 - 0) first. This is the only constraint
on the user, otherwise observations (distances, directioﬁs, angles and
azimuths) may be placed in this section of the input deck in an§ order.

When punching degrees, minutes and seconds for any of the angular

observations (directions, angles and azimuths) always include the decimal

Again, as with all of the orservations, the observation itself need not
be punched on the card if a preanalysis is being performed.
Table 2-5 is a summary of the format required for angle observations.

The user should remember that these angle observations are uncorrelated,
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(if correlated angles are desired they must be input as directions).

COLUMNS INFORMATION UNITS FORMAT used
1-5 Observation code (3) - I5
11-18 At station name - A8
21-28 From station name - A8
31-38 To station name - A8
41-50 Standard deviation arc-seconds F10.3
51-60 Degrees of observation degrees F10.3
61-70 Minutes of observation minutes F10.3
71-80 Seconds of observation arc-seconds F10.3

TABLE 2-5 Format of the Angle Observation Cards

The notation AT, FROM, TO for angle observations is described
with the aid of FIGURE 2.8. The AT station is the station at which
the instrument is set up. The FROM and TO stations must be such that
the observed angle is measured from the FROM station clockwise to the
TO station.

Table 2-6 is a summary of the format required for azimuth

observations.
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FROM station

observed angle

TO station

FIGURE 2.8 AT, FROM, TO terminology

COLUMNS INFORMATION UNITS FORMAT used
1-5 Observation code (4) - I5

11-18 From station name - A8

21-28 To station name - A8

41-50 Standard deviation arc-seconds F10.3
51-60 Degrees of observation degrees Fl10.3

61-70 Minutes of observation minutes F10.3

71-80 Seconds of observation arc-seconds F10.3

TABLE 2-6 Format of the Azimuth Observation Card.
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An example of the fourth section of the input deck is
illustrated in Figure 2.9 showing a case in which at least one of
each of the four types of observations are made.

Figure 2.10 shows an example of an entire input deck in

which all four sections are present in the correct order.
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3. MORE OPTIONS

In chapter 2 nine of the user options were introduced. At
present there are a total of 33 options available to the user which may
all be'selected by punching the proper numbers in the correct columns
of the codes card. Also 1in chapter 2,four basic sections of the input
data deck were described. Actually there are three additional sections
which may be present if the corresponding options are selected. It is
the objective of this chapter to describe the additional options and
sections of the input deck and their use and to provide tabular summaries
of this information for quick reference.

The additional sections of the input deck are introduced in

Figure 3.1. These are described below. as separate entities.

3.1 The CRITERIA Section of the Input Deck

In this section of the input deck the user may specify values
for the convergence criterion, confidence level for testing and error
ellipses, centering errors, and angular and linear misclosure criteria
if the default values are not suitable. Subsets of these values may be
specified, that is if only the confidence level need be specified it is
possible to have only this value read from this card.

The criteria section consists of exactly two punched cards; one
card with CRITERIA punched in columns 1-8 and one card with the specific
value or values of the criteria which the user wishes to change from
default values. Whether any specific value is read from the criteria
card- is specified on the codes card. The corresponding options on the

codes card are summarized in Table 3-1.
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COLUMN NUMBER OPTION

46 0 - Default convergence criterion of
0.001
1 - Convergence criterion is read.
24 0 - Default of 95.0% for testing and
error ellipses
1 - Confidence level is read
2 ~ Confidence level is 39.4% (Standard)
42 0 - Default of zero for centering
errors
1 - Centering errors for the 4 types of

observations are read.

70 0 - Misclosure criteria defaults of
LINEAR = 100.0 m/328.0 ft.
ANGULAR = 36000.0 arc seconds
1 - Misclosure criteria are read

TABLE 3-1 Codes card options corresponding to the CRITERIA
section of the input deck.

As an example suppose the user wishes to specify 0.1 (metres
or feet) as the convergence criterion for the solution vector. To do
so a 1 must first be punched in column 46 of the codes card and second
the value 0.1 punched on the criteria card in the proper columns. The
format for punching values on the criteria card is summarized in

Table 3-2.
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COLUMNS INFORMATION UNITS FORMAT used
1-10 Convergence criterion metres/feet F10.3
11-20 Confidence level % F10.3
21-30 Centering error for distance|metres/feet F10.3
observations
31-40 Centering error for metres/feet F10.3

direction observations

41-50 Centering error for metres/feet F10.3
angle observations

51-60 Centering error for metres/feet F10.3
azimuth observations

71-80 Misclosure criterion for metres/feet F10.3
distance observations

61-70 Misclosure criterion for arc-seconds F10.3
angular observations

TABLE 3-2 Format of data on the criterion card.

The user must remember that if the centering error option is
used, values desired for the four types of observations must all be
punched on the criteria card. The same applies to the misclosure
criteria. (However, if a value of zero is desired for any one of them,
the corresponding columns may be left blank).

If the absolute value of any misclosure on the zeroth iteration
is larger than the misclosure criterion, program execution is terminated

with the corresponding information printed.
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3.2 The FACTORS Section of the Input Deck.

In this section of the input deck the user may specify that
the standard deviations of the observations, as they were input on
punched cards, be multiplied by a factor as specified on the factors
card.

The factors section consists of exactly two cards; the first
being a card with FACTORS punched in columns 1-7 and the second being
the factors card with the specific aforementioned factors punched in
the proper columns.

The factors option was created expressly for preanalysis runs
where it is not uncommon to alter standard deviations of observations
in order to meet accuracy specifications for the parameters. Using the
factors option the user need not re-punch the observation cards unless
changes are required in the relative}magnitudes of standard deviations
of any one observation type.

The factors option is selected by first punching a 1 in column
26 of the codes card and second by punching the corresponding factors
on the factors card as described in TABLE 3-3.

The only restriction on the factors is that none of those for
-angular observations may be zero and those for distances may not both

be zero.

3.3 The SIMULTANEOUS Section of the Input Deck

In this section of the input deck the user may specify subsets

of the network for which simultaneous error ellipses [ g ] are required.
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COLUMNS INFORMATION FORMAT used

1-10 Factor for standard deviations F10.3
of distance observations

11-20 Factor for parts per million F10.3
errors for distance observations

21-30 Factor for standard deviations F10.3
of direction observations

31-40 Factor for standard deviations of F10.3
angle observations

41-50 Factor for standard deviations of F10.3
azimuth observations

TABLE 3-3 Format of the factors card

The section consists of one card with SIMULTANEOUS punched in columns
1-12 (only the first eight characters are actually required) and cards
with the names of those stations in the subset desired, the last card
of which having -9 punched in columns 1 and 2. (Remember that it is

the last card with station names on it that has the -9 punched on it).

The simultaneous option is selected by punching a 1 in column 22 of the
codes card.

It is possible to request more than one subset of the network
for simultaneous ellipses. This is done by simply repeating the
SIMULTANEOUS section. The format of the simultaneous station names card

is given in TABLE 3-4.
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Examples of the SIMULTANEOUS section of the input deck are

illustrated in FIGURES 3.2 and 3.3.

COLUMNS INFORMATION FORMAT used

1-2 -9 (last card of subset only)

11-18 Name of a station in the subset A8
21-28 " "
31-38 " "

41_48 " "

71-78 " "

TABLE 3-4 Format of the Simultaneous Stations Card(s)

3.4 Summary of options

On the following pages all of the 33 available options are
listed in the order that they are punched on the codes card. In the first
column of these tables the codes are simply numbered. In the second
column the names of the codes as they exist in GEOPAN are given. In
the third column the number to be punched on the codes card is given
first, then an explanation of the code is given. In the upper right
corner of the third coluﬁn of this table the column(s) of the codes
card in which the numbers are to be punched for the specific option are

given. All defaults of the options are marked with an asterisk.
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Explanations of some of the options which have not been previously
described are given below.

The NZERO option is used to estimate the zero error when
distance observations are made. The zero error may be defined as a
systematic error present in all distance observations which may result
from a poor calibration of the EDM being used.

The NSRES option defaults to using the standard deviations of
the observations as the standard deviations of the residuals. The
alternative of this option is to use Pope's approximation { 2] in
computing standard deviations of residuals.

The NMULT option is used to multiply the inverse of the normal
equations by the estimated variance factor. If a 1 is punched in column
40 the inverse of the normal equations is actually multiplied element
by element by the estimated variance factor.

The NABST option may be used to have station abstracts printed
in the case of an adjustment using a specific map projection. This
option is not available if the adjustment was performed using no map

projection. See Chapter 4 for an example of a printed abstract.
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Code Name

Options and defaults (*)

NCODE 0 - ADJUSTMENT*
1 - PREANALYSIS
3 -6
NF 0 - NO FIXED STATIONS*
n - # OF FIXED STATIONS
7 - 10
NP 0 - NO WEIGHTED STATIONS*
n - # OF WEIGHTED STATIONS
11 - 14
NB 0 - NO BLAHA STATIONS*
n - # OF BLAHA STATIONS
16
NPROJ 0 - NO PROJECTION*
1 - NB STEREOGRAPHIC
2 - PEI
4 - NS 3° TM ZONE 4
5 - NS 3° TM ZONE 5
18
NUNIT 0 - METRE*
1 - FOOT
20
NELPS 0 - ALL ERROR ELLIPSES*
1 - STATION ELLIPSES ONLY
2 - RELATIVE ONLY
22
NSIMU 0 - NO SPECIAL SUBSETS OF*

SIMULTANEOUS ELLIPSES

1 - READ SUBSETS OF STATIONS
FOR WHICH SIMULTANEOUS (STATION
AND RELATIVE) ELLIPSES ARE
DESIRED.
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# Code Name Options and defaults (*)
24
9 NSTAN 0 ALL TESTING AND ELLIPSES AT
95.0%*
1 READ (l-a)
2 STANDARD
26
10 NFAC 0 FACTORS FOR OOBS SET
TO UNITY*
1 THESE FACTORS ARE READ
28
11 NZERO 0 DO NOT ESTIMATE ZERO
ERROR FOR DISTANCES*
1 ESTIMATE ZERO ERROR
30
12 NTEST (REJECTION CRITERION FOR RESIDUALS)
0 - TAU MAX*
1 TAU NON-MAX
2 NORMAL MAX
3 NORMAL NON-MAX
4 STUDENTS T MAX
5 STUDENTS T NON-MAX
32
13 NSRES 0 USE o FOR NORMALIZING
res100RSs
1 USE Of (POPE'S APPROXIMATION)
34
14 NCOoV 0 COVARIANCE MATRIX READ FOR
WEIGHTED STATIONS*
1 WEIGHT MATRIX READ
36
LS NCOVB 0 COVARIANCE MATRIX READ
FPR 'BLAHA' STATIONS*
1 WEIGHT MATRIX READ
38
L6 NCORR V] NO OUTPBC OF REDUCTION

CORRECTIONS TO OBSERVATIONS*
PRINT THESE CORRECTIONS
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¥ Code Name Options and defaults (*)
_ 40
17 NMULT 0 - DO NOT MULTIPLY N L
BY o °* -1 ~
1 - MuLTTPLY N © BY o
42
18 NCENT 0 - NO CENTERING ERROR*
1 -- CENTERING ERROR FOR THE 4
TYPES OF OBSERVATIONS READ
44
19 NDELX 0 - PRINT ALL ITERATION CORRECTIONS TO
COORDINATES* o _
1 - PRINT THEM ONLY ON ZERO  ITERATION
46
20 NCRIT 0 - DEFAULT CONVERGENCE
CRITERION OF 0.001%*
1 - READ CONVERGENCE
CRITERION
: ¢ 48
21 NRED1 0 - NO TERRAIN TO ELLIPSOID
CORRECTIONS MADE TO OBS*
1l - YES (IF NPROJ # 3 or # 0)
50
22 NRED2 0 - NO ELLIPSOID TO PLANE
CORRECTIONS TO OBS*
1 - YES (IF NPROJ # 3 or # O)
52
23 NRED3 0 - NO AZIMUTH REDUCTIONS
MADE*
1 - MAKE AZIMUTH REDUCTIONS IF
NRED1 AND RRED2 ARE BOTH
NOT ZERO
54
24 NITER 0 -~ DEFAULT OF 5
ITERATIONS MAXIMUM*
n - # OF MAXI¥HM ITERATIONS
-1 - ONLY ZERO ~ ITERATION ALLOWED
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i Code Name Options and defaults (*)
56
25 NPRA 0 DO NOT PRINTTEESIGN MATRIX A*
1 PRINT A ON O ITERATION
2 PRINT A ON ALL ITERATIONS
58 -
26 NPRN 0 DO NOT PRINT NORMAL EQUATION
MATRIX N* T™H
1 PRINT N ON O ITERATION
2 PRINT N ON ALL ITERATIONS
. 60
27 NPRW 0 DO NOT PRINT MISCLOSURE VECTOR W
(OTHER THAN %g SUMMARY) . *
1 PRINT W ON O ITERATION
2 PRINT W ON ALL ITERATIONS
62
28 NPRU 0 DO NOT PRINTTﬁONSTANT VECTOR U¥*
1 PRINT U ON O ITERATION
2 PRINT U ON ALL ITERATIONS
64
29 NPRCX 0 DO NOT PRINT THE COVARIANCE MATRIX
C,, OF THE ADJUSTED PARAMETERS*
1 PﬁINT C
X
66
30 NSORT o] DO NOT PRINT CHOLESKI SQUARE
ROOT T* T
1 PRINT T ON O ITERATION
2 PRINT T ON ALL ITERATIONS
5 68
3L NVARF 0 - 0y UNKNOWN ¥
1 - g 2 xown
70
32 NMISC 0 USE DEFAULTS OF

LINEAR = 1900.0 m/328.8 ft
ANGULAR = 368¢@¢.¢ seconds
FOR CHECKING MISCLOSHRES
READ THESE CRITERIA
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Code Name

Options and defaults (*)

33

NABST

0 - NO ABSTRACTS OF STATIONS*
1 - PRINT ABSTRACTS

72
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4. PRINTED OUTPUT

Although the printed output is mostly self explanatory, a
clarification of some aspects may be needed. Each page of a print-out
of a specific adjustment example is included at the end of this chapter
and comments on them are given. (The print-outs for the preanalysis
case and the case which uses no map projection are subsets of the case
to be discussed here.)

The first page of the print-out is always a title page. The
title, which was input on the title card, is printed first enclosed by
a border of asterisks. Just below this title the date and time of the
run is printed with the time in the format: hours, minutes and seconds.
The Femainder of this printed page summarizes the options in effect.

The fixed, weighted and Blaha stations are listed under the corresponding
titles. If there are no fixed stations, for ekample, the word NONE is

printed. The word NONE therefore, should not be used as a station

name. All other information on the printed page should be self-explanatory.
It should be noted however, that not all of the options in effect are
listed here. It is obvious that these are in effect though, from the
corresponding subsequent printed output.

The second page of the printed output is a summary of the
specifications of the map projection being used if any.

The next page is an echo of the input approximate coordinates.
Also printed on this page are the orthometric height, geoid height (height
of the geoid above the reference ellipsoid), the deflection of the vertical

components (in the order: north component, east component), the
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computed latitudé and longitude (longitudes are taken as

positive east of Greenwich), the computed point scale factor

and meridian convergence. The latitude, longitude and meridian convergence
are all printed in the format; degrees, minutes and seconds. On this

page the stations are separated according to whether they are free, fixed
weighted or Blaha stations. A simpler print out of the approximate coor-
dinates results when no map projection is used.

The following page summarizes the reduction of observations from
the terrain to the reference ellipsoid if a specific projection is being
used. The type of observation and the stations between which the obser-
vation is made are printed in the first few columns (as they are when
observations are printed throughout the printed output). As well as
the observation type being printed, the directions in each bundle are
numbered. The AT, FROM,TO terminology was explained in Chapter 2 (for
distances, directions and azimuths fhe AT and FROM stations are the same
and are printed this way). The observed value is then listed along with
the various computed reduction corrections and the reduced observation
(on the ellipsoid). The titles of the actual reduction correction
columns have been abbreviated. The title GRAVIMETRIC stands for the
so called gravimetric corrective term or deflection of the vertical term
I5 ]. 1Its units are arc-seconds. The title SKEW NORMAIL stands for the
skew normal correction which is the geometrical correction resulting from
the height of the target above the reference ellipsoid [ 5]. Its units
are arc-seconds. The title TO GEODESIC stands for the normal section to

geodesic correction [ 5]. Its units are arc-seconds. The title AZIMUTH
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stands for the corrective term - n tan ¢ for azimuths, where n is the
east component of the deflection of the vertical and ¢ is the latitude
of the étation at which the azimuth was observed. Its units are arc-
seconds. The title SPATIAL TO CHORD is the corrective term for distances
in reducing them from spatial distances to a chord (of the reference
ellipsoid) distance and the title CHORD TO EL stands for the corrective
term in reducing the chord distance to an ellipsoidal distance. Both of
these latter corrections are in units of metres or feet.

The next page of the printed output is a summary of the
reduction of the observations from the ellipsoid to the mapping plane.
 This page is similar to the previous one and is self explanatory.

Following this an echo of the input information matrices for
weighted or Blaha stations, if any is given. The columns of the matrix are
labelled immediately above the matrix with the column number (eg. (col 2)).
The name of the station to which each.pair. of columns pertain
along with the labels X and Y are also printed. Row numbers are printed
along the left side of the matrix. The maximum of six columns and 50

rows are printed on one page.

Next .a summary of the input and reduced observations is given
along with the zeroth iteration migclosures.

The next page gives a compacted printing of the design matrix
if this option was selected. The coefficients of the design matrix are
labelled with the station to which they correspond along with a reminder
that the coefficient for the x-coordinate of that station is given first.

If a station has been fixed or Blaha held the title FIXED is also printed.
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Following this is a printout of the normal equation matrix
(if this option was selected) printed in the same format as described
earlier for the weighted or Blaha information matrix. Only the
upper triangular portion of the normal equation matrix is computed, thus
only these elements are printed. Zeros are printed below the diagonal.

The next pages are a listing of the misclosure elements, a
listing of the constant vector elements, and a print of the Choleski
square root if these options were selected.

Then a summary of the iterative corrections to the initial
approximate coordinates is printed. Then the final adjusted coordinates are
printed (if convergence has been reached). The residuals are then printed
along with their standard deviations (computed from Pope's approximation
or just taken to be equal to the observation standard deviations) . All

misclosures and residuals for angular observations are in units of arc

seconds.

The next page is a summary of the rejection of residuals. The
reader is reminded in the event that residuals are flagged for
rejection;observations correéponding to rejected residuals have been used
in the adjustment.

Following this is a summary of some statistical information.

A summary of the computation of the degrees of freedom is given in tabular
form. In this table under the "number of observations" column, the
COORDINATES term refers to the number of weighted stations multiplied by

two.
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The following pages are summaries of x2 goodness of fit tests
on the standardized residuals, error ellipses, the covariance matrix of
the parameters (if requested) and station abstracts if requested, these

being all self explanatory.
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EXAYPLE #16W - CLOSFD TRAVERSE — NelBas - DIRKECTIULNSsDISTANCES = WEIGHTELD STATIUNS

%*
®
*

R R Ly P I R N N R L R R R I R R Y R SR )

WDe NDOVe 29, 1979 142314303

PREANALYSIS OR ADJUSTMTMNT seeseeevecccscacscscsssnscscccssscscsscsescescse AD JUG TMENT

FIXFD STATIONS WEIGHTED STATIUNS ’ OLAHA STATIONS

NONSE KNOWN] NGHE
KiuwN2
KN4 IWNI
KNOw NG

WEIGHTED WEIGHT OR COVARIANCE MATRIX REAL?eccseescessecsacses CUVARIANCE MATRI X
MA? PRUJECTIUN seesveescsccersccccoscevsscocccseceseNEW SJRUNLBWICK DUUBLE STERLUGRAPHIC
CONVENTTIONAL LINEAR UNIT coesecceccseconcsncecscessccscccscssconccsonssconsoscnce METKE
TEST USEN FOKR REJECTIGN UF RESIDUALS essesctecevcssscsscsacvcnne MAXIMUM TAU
MULTIPLY INVFRSFE OF NORMAL EQUAT IONS BY ESTIMATLD VARJIANCE FACTOR? sececces YES
MAX TMUM NUMBER OF ITERATICNS ALLCOWED eceeescscvcvccccccscscscacsvsocsosscscccos B
CRITEFRICN FOR SOLUTION CUNVERGFNCE eceesccessscccscscssccvscececscnsone 0001000
MAKE ORSERVATIUON REDUCTIUNS (TERRAIN Tu LLLIPSULID)?cevesccccscccssvsaccscscsoe YES
MAKE ODSFRVATION RENDUCTIUNS (FLLIPSUID TAO MAPPING PLANE)? seceecscccscsccce YES
RZDUCT ICNS FROM TERRIAN TO MAPPING PLANE MADE FUR AZIMUTHS eccecccoscccconoe YES

kA4



PROJECTICN USED @

ORIGIN : LATITUDE=

SPECIFICATIONS OF THE MAP PROJECTION

. D - - - - - T W - - - -

NEW BRUNSYWICK DOUBLE STEREOGRAPHIC

46 ¢+ LONGITUDE= =66 30 0

30 0.0 «0
EASTING (X)= 300005.000 METRES § NORTHING (Y)= 800000000 METRES

SCALE AT THE ORIGIN 2 0.9999120

REFERENCE ELLIPSOID

CLARK 1866

SEMI~-MAJOR AXIS= 6378206400 METRES
SEMI-MINOR AXIS= 6356583.800 METRES
TRANSLATION COMPONENTS (FROM GEOCENTRE) USED:

X0= -15.000 METRES
YO= 150,000 METRES
20= 180,000 METRES

134



STATION
1005
1006
1007
1003
1004

STATION
KNOwNL1
KNOWN2
KNOWN3
KNOW NS

(EAS#ING)
302720.000
302820000
303163.000
3032€5.000
303570.000

X
(EASTING)
302€40.000
302520.000
303€€0.000
303635.000

INT T I AL

APPROXTIM

B

CUOORDINATES

- D - - D p D = - S W - T o > D D B D S > U D D P = P WD W - - - -

(NORT:ING)
800€£€5.0C0
800945.000
8008654299
8C0€45.000
800915.000

(NUR1:(NG)
801160.,000
8009235.000
800€30.000
800355.000

ORTHOMETRIC
HEEIGHT

291.000
298000
248.000
312.000
372.000

ORTHOMETRIC
HEIGHT

3254000
312.000
419.000
3864000

ATE
FREE STATIONS:
GEOID OCFLECTYION
HEIGHT COMPONENTS
0« 500 2.0 -1le0
~-0.800 261 -1e2
=0.609 2.0 -1.0
0.200 2.0 -1.1
-0.920 19 -1a2

WEIGHTED STATIONS:

- - - - - -

GEQIODO DEFLECTION
HEIGHT COMPONENTS
=-1.400 2.0 =1l.0
-~0.200 2.0 -1.0

0600 2.0 =100

1200 2¢1 ~140

LATITUDE

46

46

a6
a6
46

30
30
30
30
30

2119
30.59
27 .99

20.86

29.60

LATITUDE

46
46
46
46

30
30
30
30

37.55
30.27
20437
11 .46

LONGITUDE

-66 27
27
27
27

27

-66
-66
-66
-66

50.07
47.72
31.77
26 .85
12.54

LONGI TUDE

-66 27
-66 28
-66 27
-66 27

56.16
132
8.33
951

POINT MERIDIAN

SCALE CONVERGENCE
0.999912 0 1 34.3
0.999912 0 1 36.0
0.999912 0 1 47.5
0.999912 0 1 Sl.t
0. 999912 (4] 2 15
POINT MERIDIAN

SCALE CONVERGENCE
0.999912 0 1 29.8
0.999912 0 1 2641
0.999912 0 2 4.5
0999912 0 2 3.7

9v



DISTANCE

DISTANCE

DISTANCE

DISTANCE

DI STANCE

DISTANCE

DIRECTION
DIRECTIUN
DIRECTION
DIRECTION
OIRECTIUN
DIRECTICN
OLRLCTIUN
DIRPEZCTIGN
DIRECTIUN
DIRECTION
DIRECTION
CIRECTION
OIRECTION
DIRECTION

N o= N e N = N e

N = N = N e

AT
KNOWN2
1005
1006
1007
1003
1004
KNOWN2
KNOWN2
1005
1€05
1006
1006
107
1007
1003
1003
1004
1004
KNCWN3
KNOBN3

SUMMARY OF REDUCTION OF ODSERVATIOQS FROM TERRAIN TO ELLIPSOID

> A - D - - W — - —— - = D = A = - - . W D TS - - . o -

FROM
KNO N2
1005
1006
1007
1003
1004
KNOWN2
KNOWN2
1005
1005
1026
1006
1007
1007
1003
1003
1004
1004
KNOWN3

" KNOWN3

T0
10085
1C06
1007
1003
1004
KNOWN3
KNOWN 1
10085
KNOWN2
1006
100S
10c7
1076
19023
1007
1004
1003
KNOWN3
1004
KNCuNS

OBSERVED

(¢}
113

50

273

231

73

293

202

369.387

2944367

352 .8¢1

252 .269

411.634
302.828

o]
20
0
22
(o]
27
o]
14
[
SS9
[+]
59
(4]
43

0.0
45,000
0.0
59.000
0«0
3C. 000
049
48.000
0.0
49.000
0.0
30000
0.0

5.000

GRAVI-

SKEW

T0 GE~

METRIC NORMAL ODESIC

~0.084
0.030
0.030
-0.,026
~0.030
0e 252
0.245
0011
60035
=0e322
-0.321
0093
0.057
~-0.138

0.013
~0.015
~0.016

0.005

0.005S
-0.006
-0.007
~0.013
~0.010

0.019

0.016
-0.012
-0.011

0.004

-0.000
0.000
0,000
=0.000
-0.000
0.200
0.000
0.000
0.000
~0.000
-0.000
0000
0.000
-0.000

AZ1- SPATIAL CHORD
MUTH TO CHORD TO EL
-0e576  0.000
-0.069 0.000
-3.547 0.200
-8.475 0.000
-4.258 0,000
-3.928 0.000

0BSERVATION
368.811
294.298
349.314
243,794
407.376
298.900
0 0 0.0
113 20 45.085
0 0 0.0
50 22 S58.966
0 0 0.0
273 27 30.271
0o o0 0.0
231 14 47.761
o0 0 0.0
73 59 48.672
0 0 0.0
293 S9 30.385
0 0 0.0
202 43 4.819

LY



DISTANCE

DI STANCE

DISTANCE

DISTANCE

DISTANCE

DISTANCE

OIRECT IUN
DIRECT IGN
DIRECTION
DIRECTION
DIRECTION
OIRECTION
DIRECTIGN
DIRECTIUN
DIRECTION
DIRECTIGN
OIRECY 10N
OIRECTION
OIRECTION
DIRECTION

-

N = N = N = N e N e NN

SUMMARY OF RECUCTIUN OF CBSERVATIONS FROM ELLIPSOIOD

- - - - - - - - — > - - — -

AT
KNOWN2
1005
1006
1007
1003
1004
KNOWN2
KNCWN2
1005
1005
1006
10C6
1007
1007
1003
1003
1004
1004
KNGWN3
KNOWN3

FROM
KANOBh2
1C05
1¢06
1007
1003
1004
KNGWN2
KNOWN2
1008
1005
1C06
1C06
1007
1007
1003
1003
1€C04
1004
KNOWN3J
KANOWN3

T0
1005
1006
1007
1003
1¢24
KNCwWN3
KNOWNL
10085
KNOWN2
1006
1005
1007
1006
1003
1007
1004
1003
KNOWN3
1004
KNOWNS

cB8

(ON ELLIPSOID) CONVERGENCE

0
112

S0

273

231

73

293

202

SERVAYICN

368.811
2¢4.298
349.314
243.794
407.376
2684900
0 0.0
20 45.09
0 0.0
22 58497
0 0.0
27 30.27
0 0.0
18 a7.76
0 0.0
59 48.67
0 0.0
59 30.39
0 0.0
43 4.82

TO MAPPING PLANE

MERIDIAN

© 0 0 0 ©6 0 00 © 0 0 0 © O

ARC .
TO CHORD

0.00
-0.00
0.00
0,00
-0.00
-0.00
0.00
-0.00
0.00
0.00
=0.00
-0.00
0.00
=-0.00

© 0 0O 6 o 0 © 0 O 0o 0 © © o

LINE
SCALE

0.5999120
05999121
0.9999121
09999121
09999121
09996121

R
oB

(]
113

S0

273

231

73

293

202

EDUCED
SERVAT ION

368.779
294,272
349.284
243,772
407.341
298.574
0 0.0
20 45.09
0 0.0
22 58,97
0 0.0
27 30.27
0 0.0
14 47.76
0 0.0
59 48467
0 0.0
59 30.39
0 0.0
43 4.82

8v



CNOCOPUN~

shanosrdsd KNCWNI

X
(CGL 1)

0.4320C0000~04
0+43600C000=05
0¢347CCCCOO~-04
0.287C0L00D=06
0¢284CCCC0D~04
0.6640008000=-0€
0e273CCCO00D-04
0.,12400C60CD~04

HaNsand SN

Y
(CoL z)

0.436C630000~05
0«644 C00000-04
-~C0«$5800CC00~-0S
04£27C00000-04
=~0626CCCOCD-0S
0.5£7000000~04
0«720000000-0S
€+ 344CCC00D~04

A PRIORI

ANNSOANIE N KNOWN2

X
(CcoL 3

0.347000C0D-04
=-0.958000000-0%5
0.386000000-04
=0+4290)2000-05
0«305000000-04
-06789030000~05
0+213000000~-04
0469000000-05

COVARIANCE MATRIX

NANBEBNNNN

4
(CoL &)

0.28700000D-06
052700000D-04
=0429000000-05
072100000D=04
=0+226000000-0S
0«730000000-04
0.9050000Q00-0S
0.444000000~04

SasNnRsNEN KNOWN3

X
(coL 5)

0284000000-04
-0.62600000D0-05
0305000000-04
=0.22800000D-05
0415000000-04
=0.6980J)000D0-05
04316000000-04
0.773000000-05

AERABORONS

Y
(CcuL 6)

04684000000-0S
0.58700000D~04
-0.678020000-05
0.73000000D=-24
-0.6%9800000D0-0S
0.877000000-04
0.15500900D-04
0.521000000-04

(34



o~NOVHUWN-

Ypuur Araas KNCWNAE RAMANANEZN Y

x
(CoL kg

0.273CCCCCD-04
2.7203CC20D-05
0.2130CCO0CD-04
0.90SCCOCCD~0E
0.31€000000-924
0.155CCC00D0-04
0.443CC000D~04
04360CC00D=0S5

Y

(cou £)

€Ce1240CCCCL-04a
C«344C0CCCD—CA
0«4€9CC0OCID0-05
0e444C0COCO~04
Ne773CLC000~-05
064£21CCCO00D-0C4
€Ce426CCCO0D-0S
0.€43000000-04

0S



%% WARNING *2*#% MORE STATICN CONSTRAINTS THAN THE MINIMUM NECESSARY ARE BEING USED

SUMMARY CF INFUT CUBSERVATIONS, RECUCED OBSERVATIONS AND INITIAL MISCLOSURES:

AT FRCM 1C OBSERVED STD.DEV REDUCED 0BS MISCLOSURE
DISTANCE KNCWAN2 KNGCWN2 1005 3694387 0.006 '368.779 0.003
DISTANCE 1C0S 106CS 1006 2%94.367 0.004 294.272 : 0.006
DISTANCE 1006 1006 1007 352.861 0,004 349,284 0.001
DISTANCE 1007 1007 1003 2524269 ‘0s 004 243.772 0.000
DISTANCE 1003 1003 1004 411634 0.006 407.341 -0.002
DISTANCE 1004 1004 KNOWN3 302.828 0.004 298.874 =0.001
DIRECTICN 1 KMNOwWN2 KNCWN2 KNOWN1 0 0 0.0 2450 0 0 0.0 0.0
DIRECTICN 2 KNCWNZ2 KNOWN2 100S 113 20 45.00 2450 113 20 4£.09 -z2433
OIRECTICN 1 1005 100S KNOWN2 "0 0 0.0 2450 0 0 0.0 0.0
DIRECTICN 2 10CS 10CS 1006 S0 22 59.00 2450 50 22 58.97 2.36
OIRECTICN 1 1006 1006 1005 0 0 0.0 2450 0 0 0.0 0.0
DIRECTICN 2 1006 1006 1007 273 27 30.00 2450 273 27 30.27 =-1.06
DIRECTICN 1 1co? 1007 1006 0 O 0.0 2450 0O 0 0.0 0.0
ODIRECTICN 2 1007 1007 1003 231 14 48.00 2450 231 14 47.76 =357
DIRECTICN 1 1003 1C03 1007 0 0 0.0 250 0 0 0.0 0.0
DIRECTICN 2 1003 103 1004 73 59 49.00 250 73 59 48.67 1.04
DIRECTICN 1 1004 1004 1003 0 0 0.0 2.50 0 0 0.0 0.0
DIRECTICN 2 1004 1004 KNOWN3 293 59 30.00 250 293 59 30.39 ‘ -2.21
DIRECYTICN 1 KNCWN3 KNGWN3 1004 0 0 0.0 2450 0 0 0.0 0.0
DIRECTICN 2 KNOWN3 KNUWN3 KNOWNY 202 43 5.00 2.50 202 43 4.82 7.17

15



DISTANCE
OISTANCE
DISTANCE
O1STANCE
DISTANCE
OISTANCE
OIRECTIOUN
DIRECTION
DIRECTICGN
DlhECIlON
DIRECTION
OIRECTION
DIRECTION
DIRECTION

DIRECTION

KNCWAN2 [
=Ce6507914D+CO

1005 (
=0616990650+0C

1006 (X
~Ce$7341720+CC

1007 (x
~0e4307296D+00

16C3 (x
=Ce7487€220+00

1004 (x
=043011314C+00

KNCW

(x
—0.7398897D+0’

KNOWN2 (X
0.4246€280+03

100S (X
=0.4246€28C+03

100S X
—=Ce€9072510+03

1006

(X
0469072510+02

1006

(XY
0+13E255€6D+02

1607

(X
=-0+13525560+02

X

DESIGN MATRIX A (ITERATION # 0)

- o o - -

Y)
075925660400

Y)

~0s5E54601D+00

Y)
Ce2290393D0+¢00

v)
0.9024810D+00

'Y )
=-0.66283870+00

Y)
0+5535827D0+00

Y)
Ce36172390+03

Y)
0.36399670+03

2 Y)
=063639967D+03

Y)
0411909050+¢03

oY)
-0+1190905D0+03

)
CeS5748363D¢03

2 Y)
=~C.5748363D+03

1007 (XyY)
0e7636223D+02 036445610403
1003 (KsY)

1005 (X,
0€5079140+00

1006 (x
0¢16590690+00

1007

(X
0.97341720+00

1003 (X
0.4307296D+00

1004 (X
0474876220+00

KNOWN3 (x
0+30113140+00

KNOwM1 (x
0.7398897D+03

100S (x
-0.4246628D0+03

KNOWM2

(X
0.4246628D0+03
1006 (x
0.6907251D+¢03

100S (x
=0+6507251D+03

1007 (x
=0.1352556D0+03

1006 (x
0.1352556D+03

1002 x
~0.7636223D0+03

Y)
~0e75925660+00

Y)
0498546010+00

2 Y)
=-002290393D+00

2 Y)
-0.90248100+00

v)

066283870400
oY)
=~0.9535827D+00

Y)
-0036172390*03

oY)
~0.3639967D0+03

Y)
03639967D0+03

' Y)
«0.1190905D0+03

Y)
011909050403

XoV)
«~05748363D+03

Y)
057483630+03

2 ¥)
=0436445610+03

1007 (XoY)

Zs



DIRECTION
DIRECTION
. DIRECTION
DIRECTION

DIRECTION

-Ce7636222D+02

~(.32€445610+03

2 1003 {(XsY)
~0.335642€6L+03 (e3761518D+03

1 1004 {(XeY)
043356426D0¢03 -0.3791518D0+03

2 1004 (XoY)
0.65810770+02 Ce2078235D0+¢03

1 KNCWA3 (XoY)
=Ce65E10770+02 =-0.20782350+03

2 KNCWN3 (XsY)
0e7439055D0+03 -C.67€2781D+02

0.76362230+03 0+3644561D+03

1004 (XsY)
033564260403 -0.37915180003

1003 {(XsY)
—-043356426D+03 03791518D0+03

KNOwNh3 (XsY)
~046581077D04¢03 -0.2078235D+03

1004 (XeY)
065810770403 0.20782350+03

KNQWN4 (XsY)
~0.7439059D¢03 0.67627810+02

€9



ENOCVPUN=OCONONLWN-

B bt s P bt et Pt B0 en

NORMAL EQUATION MATRIX (ITERATION # 0)

- - - ——— - - - - - o -

Mhaasaarslg 1005 HANBREBHON EMLRAANRES 1006 AN OUN NN SENNESSNONY 1007 SANRNBINES
X Y X Y X Y
(CoL 1) (coL 2) (CCL 3) {CcoL 4) (CcoL S) (CoL 6)
0¢70597C13D40S —~C.7E20€€25D+404 -0.46985438D+05 0.31662324D+05 =06747395560+04 ~-0.317643110405
0.0 CeSBAS6EH2D+0S 0227689990405 =0.64675392D0+0S 0.12886130D+4+04 0.54766054D+04
[s Y] Ce0Q 0.115€442404¢06 -0.33683Q57D+05 «0.534555180+4+0S5 0.27084213D+2S
0.0 C.0 0.0 0122307760406 =0e371417620405 «0.773604610405
Ce0 0.0 0.0 0.0 0173101580406 0.62094686D0+05
0.0 0. C Q00 0.0 0.0 0156976110406
0.0 OeC 0.0 0.0 0«0 0.0
0.0 Ce C 0.0 0.0 0«0 O«0
0.0 C.0 2.0 0«0 0.0 Je0
Oe0 0«0 G.0 - Qa0 Ne0 J.0
0.0 Ce.C C»0 Qe 0 0«0 0«0
Q0.0 Oe® 0.0 0.0 0.0 0.0
O0e0 0.0 Q0 0.0 0.0 Q0«0
0.0 CeC Ce0 Oe0 0.0 0.0
0.0 0.0 00 0.0 0.0 0.0
0.0 0e0 040 0.0 0.0 0.0
0.0 0«0 0.0 0.0 0.0 0.0
0.0 O0.Q 0e0 0.0 0.0 0.0

s



Anhssnsnnrny 1003 RAAMARUWNRD AdbanANAdl 1004 NUANNAENRY FAVBRUN NSNS KNOWN3 FEUUNANERS

X Y X Y X Y
(CoL. 7) (coL 8) (COoL 9} {(CoL 10) (coL 11) (cuL 12)

0.0 0.0 Q0.0 040 0.0 0.0

Ce0 0.0 0.0 0.0 0.0 0«0

0.826272€4D+04 04394 3578€E0404 0.0 0.0 0.0 0.0

0.3511€€30D+40S Ce167602100405 0.0 Qe0 0.0 0.0
=0:9106776E8D¢0S ~0.,45403E41D0405 ~0,205043350405 0,231623040+05 0.0 0.0
~0.4762£428D 405 =~0.95646588D+05 ~0e978€1597D+04 0.110547360+05 0.0 0.0

0.948$0C59040S5 0.2767451SD4+0S 0.61860905D+04 = 0.95823672D+04 «0.17671118D+0S5 -0.558035300+04

0.0 0+ 1238E284D+06 —0e21760750D4+04 =04513027980+0S 0199618180405 0.630373210+04

0.0 0.0 0709174150¢05 0.125161100+05 ~0.95764785D+05 0430066353D¢+04

0.0 0.0 0.0 0.103334150+06 —0.384641350405 ~0.619617150+05

0.0 Ce0 0.0 0.0 0570011270406 0.346707890D0¢06

0.0 0.0 Oe0 0.0 0.0 0521025330406

0.0 CeO 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 O0e G 0«0 0«0 0.0 0.0

0.0 0.0 0.0 0.0 ’ 0.0 0«0

0.0 0.0 0.0 0.0 0«0 00

00 0«0 0.0 0.0 0.0 0.0

SS



OONT P WN -

soRaNALANE KNCWNA

X
{CoL

0.0

G.0

0.0

0.0

0.0

0.0

o.o

Q.G

0«391E6E€14D 405

0.1236ECBED+05
-0e36124279D+C6
=0+27775E890+0¢€

0296757660406

0.0

0.0

0.0

0.0

0.0

13)

HABAABUNN Y

Y
(COL  14)

Ce0

0.0

00

0.0

Ce C

Ce0

Oe0

c.o
=0e2S60£1020+404
«0e11243717D404
=Ce135€4€ESED+O06

—-0e¢ 149€34440+406
0011725€580406
0.92064205D+05
0.0
0«0
0.0
0.0

AR MOAN SN B KNOWNL

X
(CoL 15)

0251362930+05
0.21545394D+05

~0+408464500+05
-041536684GD+06
0452459G240+04
031640923D¢04
03052771230+06
0.0
0e0
Ve0

RANBNNRNNS

\ 4
(CoL 16)

-012288854D+0S
~0e10533304D+05

0.0

0.0

Qe0

0.0

0.0

C.0

00

0.0

0.80347387D0+04

0627766207D+0S
~0168417410+04
~0.981889080+03
= 0e965586600+0S5

0675796904D+¢05

0«0

0.0

Jassnsuda® KNGCGWN2

X
{coL 17)

~0.412739120+05
«0+37782343D+05
=~0.23466022D¢05

0+40458€659D¢04

0.0
~0.501482410+05
0897062420405
0.3092738SD+05
0142295460405
~0429932329D0+06
0.1093023€0¢06
0.40612808D+06

0.0

NERREENNNR

Y
(coL 18)

0.20211504D0+0S
-0.23764792D0+0S
=0+20113734D405
0+340788510+04
Va9

0'0

0.0

0.0

Q2

Qa0
~042137902G6D+06
=0 +34924082D+06
0.16066237D0+06
0+77600589D+05
Qe191761130¢06
=065930344D4+0S
-0+143151760+06
0359865190+06

9S



DISTANCE
DISTANCE
DISTANCE
DISTANCE
D1ISTANCE
O ISTANCE
DIRECT IUN

DIRECT ION .
DIRECT ICN

DIRECTICN
DIRECTICN
DIRECTIGON
DIRECTICN
DIRECT ION
DIRECTION
DIRECTICN
DIRECTIGN
DIRECTICON
DIRECTION
DIRECTION
COCROINAT

CCCRDINAT

CCCRDINAT

CGCRDINAT

MISCLOSURE VECTOR ELEMENTS (1TERATION # 0)

N ™ N e D= D e

N = N = N e

ES

ES

ES

ES

AT

KNGQWN2
100S
1006
1007
1003
1004
KNOwN2
KNOwWN2
1005
100S
100¢€
1006
1007
1007
1003

1003

1004
1004
KNOWN3
KNOWN3
KNQOWN1

KNCwN2

KNOWN3

KNOWN4

FRCM

KNOWN2
1605
1006
1007
1003
1004
KNOWN2
KNOWN2
1008
1005
1006
1006
1007
1007
1003
1003
1004
1004
KNOWN3
KNOBN3

T0

1005
1006
1007
1003
1004
KNOWN3
KNOwWN1
1005
KNOWN2
1006
1005
1007
1006
1003
1007
1004
1003
KNOWN3
1004
KNO?NQ

LR A A RN R RN K E N NN NNNNR]

(x)
(v)
(Xx)
(v)
.O.‘ﬂ.........‘...‘x)
(v)
(X)
(v)

MISCLOSURE

0.288443050-02
04645365030-02
0e14554406D0-02
0.129204850-03
~0.170053630~-02
~0.125565760-02
0.0
«0.23309016D+01
0.0
0.236008590+01
0«0
-0.106455400+01
0.0
~0.35677059D+01
0.0
0.10387064D+01
0.0
~0.22091885D0+¢01
0.0
0.716833350+01

0.0
0.0

0«0
0.0

oo ©O
o ©0O

LS



L& w N

[¢,]

Yo TR s NI, 3

CUNSTANT VECTOR ELEMENTS (ITERATION # 0)

- - - — > - - -

STATION
1005
10006
1007
1003
1004
KNCWN3
KNCwh4
KNCWN1
KNCWiN2

(x)
~0.425924450+02
0.20231831D+03
-0.23730259D0¢03
04225091G30+¢03
-0.417480020¢03
0.89558081D+03
~0e¢426605220+03
0¢.137968810+03
~04344979570+03

(v)
-0.236470320+03
0.450097370+03
~0.260249260+03
0.254229380+03
«0.34817095D+03
0.18279747D0+03
0.387822930+02
-0.674514160+02
-0.135645690+02



ONOVPUWN=CORNONSWN -

50 Jus pub put Pt Pub Pub Pub gt

CHOLESKI SQUARE ROOY (ITVERATION # 0)

sannanarsrs 100S DANDNUNRN S ANV ANARNNN 1006 SRUEBNENLN sSesasrvany 1007 RENRERRNSS
X \ 4 X Y V X Y
(cou 1) (COoL 2) (CaL 3) (COL 4) (coL S) (coL 6)

0.26570068D402 —-0.29434074C+02 =017683577D0¢03 0.119165250+03 =0,281291980402 =0119549090¢03
0.0 021245€83D0¢+03 0562122120402 ~0.19576299D0+03 0014742539D0¢01 0626574900¢01
0.0 Ce0 0284576890+03 -0.563586500+01 ~04205321990403 0.196204G20+02
0.0 0.0 Je0 0264106970403 -0131228250+03 -0.235802880+03
0.0 0.0 0.0 Q0.0 0336050860403 0.546458090+02
0.0 O0e0 0.0 0.0 0.0 0.278744170+0
0.0 0.0 0.0 0.0 0.0 0.0 :
0.0 C.0 0.0 0.0 0.0 0.0

0.0 Ce0 0.0 0.0 0.0 00

0.0 Ge0 0.0 0.0 0.0 0.0

0.0 CeC Ce0 00 0.0 0.0

0.0 0.0 Q0.0 0.0 0.0 00

0.0 0.0 0.0 0.0 0.0 0.0

0.0 O«C G0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0e0

0.0 Oe0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0«0 0.0 0.0

6S



WN=OOONONSUWN -

Ll ol o

Ahbhbypadan 1003

x ..
(coL 7

0.0

0.0

0289941020402

0.1335€2380¢03
~0.202600420402

0.899135530+01

0¢186564500+023

0.0

00

Ce0

0.0

0.0

Q.0

0.0

O0e0

Cs0

0.0

000

I XN RS Y

Y
{(C<cL 8}
0.0
0e 0

0.1383ECG50+02

0.€37E£225D402
=Ce113€€1€2304C3
~0.251581150+03
=04 1092E367D0¢02

C.2C€8082080¢03

0.0

00

0.0

00

Ce O

0.0

Oe 0

0.C

C.0

0e0

dxrnangasR 1004 AEEANRUUNN
X Y
(CCoL 9) (coL 10}
0.0 00
0.0 0.0
0.0 o.o
0.0 0.0

=“Ce610155710402 0.689249960+02
=0143897090+4+02 0.162550420402
=04324372350+402 0.22765758D0+02
=~0.62888022D04¢02 ~-0.188052790+03

0.24895858D#03 0235689540+¢02

00 0248760210¢03
0.0 Qe0
0«0 00
0.0 0.0
0.0 0«0
Qe0 0.0
0.0 0.0
0.0 040
0.0 0.0

ARNANEN NS KNOWN3

X
(cot 11)

0.0
0.0

(oYX}
000

.

0.0
=06945155000+02

0490968498D¢02
=0.373997110¢+03
=-0417703180+02

0.64123642D¢03

0.0

0.0

0.0

0.0

0«0

0.0

0.0

Y
(coL . 12)

0.0
0.0
0.0
0.0
0.0
0.0

NEBNVBNSRE

=0e298471260¢02
0287268940402
0415444555D0+02
~06226067520+¢03
0526491730403
0436757460403

0.0
Je0
0.0
0.0
0.0
0.0

09



ENONRPUN=CONOCUNSWN -

o S e Gt s P b P gt

sovas ey KNCWNS RAADRUNAGH RAEG BBV NNL KNCGWNI BARNBUNNON Aoy ssney KNOWN2 FavanNENEE

x Y X Y X Y
(cee 13 (oL 14) (coL 15) (cuL  16) (coL 17) (coL  18)
0.0 0.0 0.94603687D0402 -04462506910+02 =0+15533970D+03 0.76068609D0+02
0.0 0.0 0.77866150D+02 -0.380678950402  =0413555266D403 ~0.848936920+02
0.0 0.0 0443344417D402 -0421190604D0402 ~0.151996420403 -0.66321179D0+01
040 0.0 0.1595611604¢02 =0.78007678D0+401  =0,183102470402 =0.84258549D+02
0.0 0.0 0.40290876D+02 -0.19697762D+02 =0.11242574D+03 =0.30215409D0+02
0.0 0.0 0355897330402 ~0.17399425D0402 =0.3019137950402 =0426018641D+02
0.0 0.0 0238914200402 -0.,11680250D+402 =0.,83902786D402 0.25589985D+02
0.0 0.0 045852131 70402 ~0.286104210+02 =0.86601753D0+402 =0.20145755D+02
0e15731779D403 ~0.14301617D+C2 029827284D+02 -0.145822280+02 =0.621065390402 =0.10129704D+¢02
04343137123D+40Z =C,2164EE300+01 0.25738162D402 ~0412583102D0402 =~0.187815570402 =0.69Y147018D+01
~0+4694E67020403 ~0.22008660D+403  =0.49406923D+402 0.55425818D+01 =0.115733490+403 -0.33252758D+03
~0e575516510402 ~C.784310€€D+02 =0.282228800403 0.51977494D¢02 0433733884D¢03 ~04395641990+03
0.216%4E11D0+02 (C.£4271037D0402 ~0.183367110¢03 0.306133690+02 0296423570402 =0.76344730D0+02
0.0 0.185242730+03 =0.104650020+403 0.129819750+02 0683428330402 -0.12347929D+03
0.0 0.0 0391182680403 -0.15894237D0+03 =04383716730+03 0.10236014D0+03
0.0 0.0 0.0 0.2014478S0+03 0326546890402 ~0.144855590+03
0.0 0.0 0.0 0.0 0163824210403 0,67969874D+01
0.0 Ce.0 0.0 0.0 0.0 0120946290+03

19



STATICN
10c8
1606
1007
icc3
1004
KNCWA3
KNGWN4
KNCWN1
KNGWN2

STATION
1005
1006
16¢7
103

1C 04
KNGWN3
KNCWAG
KNCwA1
KNCWA2

SUNMMARY CF I1TEKATIVE COURRECTICNS TO INITIAL APPROXIMATE COORDINATES:

-t - = -, G0 - - — > - - - -

CLD X
30277C.CCC
302820.0C0
2021€GC.000
3C22¢€£.000
30357C. 060
2¢3€€C.0CC
303635.000
272640.720¢C
302530.CCC

CLD X
3027€5. 955
202815.56¢
3C31£S.567
3032€4.5S¢€
303570.0C1
30365%.SS €
30363€.000
302€3%.55%
302530. 000

QLD Y
800655000
800945.000
800865.000
800645,.,000
800915.000
800630.090
800355 .,000
801160.2090
800935.,000

oLOD v
800655.001
800944.95%6
800865.001
800645.000
800915.003
800630.000
800354.997
801160.001
800935.000

FTERATION #

DX
~0.00072
=0.00490
-0.00344
~0.00387

0.001406
-0.C0249
-0.00035
=-0.000%S
=-0.00024%

ITERATICN #

DX
0.00000
000000
0.00000
0.00000
0.00000
0.00000

~0400000
0.00000
0.00000

oY
0.00097
~0400391
0.00059
0.00022
0.00296
0.00041
-0.,00272
000051
-0.00012

DY
=0.00000
-0+00000
-0.,00000
=0.00000
-0.00000

-=0.00000

0.00000
-=0.00000
«0.00000

NEwW X
302769.999
302819.995
303159.997
303264 990
3035704001
303659.998
3036352000
302639.999
3025304000

NEW X
302769.999
302819.995
303159.997
303264 .996
303570.001
303659.998
303635.000
302639.999
302530.000

NEW Y
800655.001
800944,996
80086S5.001
800645.000
800915.003
800630.000
8003548.59Y7
801160.001
800935.000

NEW Y
8006554001
800944.996
800865.,001
800645.000
800915.003
800630.000
800354, 997
801160.001
800935.000

Z9



STATICN
1005
1006
1007
1003
1004

STATICN
KNOWN1
KNOWN2
KNUWN3
KNOWN4

F I N AL

. ————— . ———— - - -

(E‘S:lNG)

3027€5.5%9
302815555
30321€5.557
3032€4.5956
303570.0C1

(EﬁS#lNG)

202€35459%9
202€30.0€0
303€65S.558
303€35.000

(NUR;H!NG)
8C0655.001
800644.,996
8UCE6S.001
800645.000
800515.,003

(NOF¥HING)
8C1160.001
800535.000
800630.000
800354.997

a6
46
46
a6
46

WEIGHTED STATIONS:

ACJUSTED

COORDINATES

FREE STATIONS:

- ——— - - o -

LATITUDE

30
30
30
30
30

21419396
30.5€8569
27.58933
20.86207
29.60146

LATI{TUDE

46 30 37.55196
46 30 30.26607
46 30 20.36894
46 30 11.46251

-66 27

LONGITUDE
=66 27 50.07151
=66 27 47.72010
-66 27 3177332
26. 85364
12.53975

-66 27
-66 27

LONGI TUDE
56.15892
132335
8432633
9450660

-66 28
-66 27
-66 27

POINT
SCALE

069995120
0.9599121
0.9999121
0.9999121
0.9999121

PO INT
SCALE

09999121
045599120
09999121
0.9999121

MERIDIAN
CGNVERGENCE
0 1 34.25
0 1 35.96
0 1 47.53
0 1 51.09
0 2 1.a8
MERIDIAN
CONVERGENCE
0 1 25.88
0 1 26409
0 2 4.53
o 2 367

£9



i0
11
12

14

15

17
19
15
20

DISTANCF
DISTANCE
DISTANCE
oI3TANCE
2I1S5TAICE
DISTANCE
DIRECTINN
JIRECTICGN
DIKRICT ION
DIRECTY 1ON
OIRECT IDN
DIRICTION
DIRFELTION
DIRECT ION
DIKLCT ION
DIRECT ION
DIRECTION
DIRECTIUN

DIRECTION.

DIRECTION

N -

SHMMARY

AT
KNOWN2
1005
1706
1no7
10073
1)04
KANOWN2
KNOWN2
1105
1005
1106
19306
1007
1co0”
1003
10073
to0Ca
1004

KNOWN3

. KNDIWN3

FroUCeD

FOp
KNDWND
1005
1007
1307
1003
1004
KNOwN2
KNQOwHN2
1005
| 30 Ko 2
1006
1006
1007
1007
1003
1003
1004
1004
KNCWN3

KNOWN3

Ot SIHRVATLUuNL »

o
195
1005
1907
1003
104
KI4JWN3
KNI wN1L
12309
K wN2
1006
1205
1007
1206
1703
1507
1204
1003
KNTYWNT
1004

KN:JWN4

e

[0}
113

2493

202

HEOI VALY

DUCED Voo
JokaeTT7TY
294272
3a4v.284
24377072
4074341
298t 14
0 0.0
20 45409
Q Vev
el 56.9}
0 0.0
27 30.27
0 Q.0
14 47.70
O 0Qe0
59 48.617
0 OQev
99 30639
QO OVeu

43 4A.ve

Alvo AJJJUSTLD OBSERVATICNSS

LTL«DEV
0002
UeOVs
Je VG
0. 206
UevoOou
Ved04

2450
2990
2450
2050
250
24959
2e50
250
2 «50
2450
2450
2950
2e50
2,50

RCSTOUAL
0.002
Ge0U1L
0002
Je0 0V
0.004
[ RRVEVIY]
1403

-1.03
-Vel2
Oel &
Ve?77
~Qe77
Oelo
—0.16
~0 006
006
=0.09%
0«09
-1l.11
le11

SV0eDEV
V002
O0eudl
Oeu0e
0e001
Oevoz
04901
Oeb7
0eis?
Oes?
Vet 7
Vet 7
0.t ?
0.7
Va7
0e87
0ea7
Uets 7
Oets7
Vo7

Vet37

ADJIJUUBSERVATIUN

Q

113 29

0
50

293

202

3ube.731
2944273
34942385
243773
4076340
29ded74
O 0.0
43402
U 0.0
22 HI3.21
0 Uev
27 28«73
0] De0
14 47,44
0 0.0
39 47499
0 Ve0
59 3057

Ve

(4

7.05

o



SUMAALY OF REJECTION OF RUSTOUALS AT THL #%e0JdU % CUNFIDINCE LEVLL

(TAU MAKX CRITUERION uscu)

COMPUTED FACTOUR FGR STAMDAKRD DEVIATILDN UF KESIDUAL = 17277

PFRJLCTED RESIDUALS:

S5TUeIEV
J3ISFRVATION AT FROM 0 RE ST DUAC KESTOUAL CRITICAL PUINT
5 DISTANCF 1003 1703 1004 [ORVIVE:Y | 0e0Jdc2 0.0038 REJeCT

1 PESIOUALS ( S X OF THE OboERVATIUNS) WFRE FLASOGED FOR KEJECTIUN

tx ks HARNING *#=%%x O3SEFRVATIONS COPRESFPFONDING TO REJECTED RESIDUALS HAVE BLLEN USEV 4id Tl S ADJUSTMENT

S9



STATLIHTICS SUMMAKY

MUABER OF T TEPATIONS KEGUIRCED F Uk CUNVULKGENCE == 1
MAX ITMUM NUMBES OF TTERATIUNS ALLJwL) ————==m—=———- > 5
NUMBER OF OUSERVATIUNS NUMJ ot UF UNKNJwWNS
DISTANCES [§] ZERU ERKUR ‘ Q
OIRECTICNS 14 ORIENT AT TON 7
ANGLES J

AZIMITHS V]

COURPDILATLES s} CUURDINATILS 14
TOTALS 24 : 25
THE HMNUMRFR OF OISHEES UF FREEOUM 1S 3
FSTIMATED VAR TANCE FACTOR= 00312170

CHI-SQUARF TEST UN THE VAIJIANLE FACTUR

(VARTANCE FACTUGR KNUWN)
0.260413 < 14000000 K< 11.291317 ?
TEST ON VARTIANCE FACTOR AT THE 95,000 4 CUNFIUDENCE LEVEL PAS3S5ES

( 1 RESIDUALS WL RE FLAGGED Furt REJECTION )

99



CHI=SQ2UJAINE QuUCDNERS Wt FLIT 18ST

N THE SYANDARDIZID DI_CTIUNs ANGLe AND AZLIMUTH RESIVUALS

THFE NUALER OF CLASSES 1S 2
THE NUMSUIR OF DLGVEFRS UF FRItJIOM Uk THE TEST IS 1

CLASS INTERVAL  GHSLRVED FREG. () FXPECTED FREQe(L) (U-€) (U=C) %%
(-2.5 , 0.0) 7 o 1 : 1
( 0.0 o 2¢5) 7 6 1 1

TUGTAL (CHI-SQUARE STATISTIC) —->

THF CHLI-SQUARE CPITICAL VALUE A1 THE 95030 & CuNFIDENCE LEVEL 15 -->

0e332 15 LESS THAN d. 84

Tt TEST PASSES

(SFF HISTUGRAM OUON NEXT PAGEL)

NIOTE: THF HISTOGRAM [S FIRST PLOTTED wWITH 2 CLASSES (THAT USCD IN THE GUODNESS OF FIT TEST)
20 CLASSES SO THAT A MORE DETVAILED REPRLESENTATIGN OF THE ACTJUAL KRESIDUAL ODISTRISUTIULN 1S GIvEN.

(U-Crex2/c
O0el7
Oel?

0633
.34

THCN «11H

L9
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CHI=S50GUARPLD GUUUNLS3S UOF F 1T TieST

ON THE STANRAFDTZED KiS1OJALS (AL KESLDOUALS INCLUDED)

THE MHUMBELK OF CLASSES 15 2
THE NUMRBER OF DOGREES UF FRCEDIM FUR THE TEST IS [}

SUAMAS Y OF THE COMPUTATIUN GF THE CAl-50QUARkE STATISTIC

CLASS [INTFERVAL OBSERVED F‘;E()c(ﬂ" FXPECTED FREQ(1) (U-E) (O-FE )22 (U-E)s¢2/E
(—2eH o 0.0) 7 Y -2 “ Oeda
{ 060 o 2e¢5) 13 9 4 16 173
TOUTAL (CHI-SQWUAKE STATISTIC) --> 2422
THE CHI-SQUARKE CRITICAL VALUF AT THE 954000 X CuNFIUVENCE LEVEL IS -=> 3e.84

2422 1S LESS THAN Je 34

(SEE HISIJLURAM UN NEXT PAGE)

NITE: THE HISTOGKAM (S FIRST PLNOTTED WITH 2 CLALSES (THAT USED IN THE GUUDNESS GF FIT
i

1EST): THEN wiTH
20 CLASSES SO THAT ‘A MORE DLCTAILLD REPKESENTATIUN uF THE ACTJAL RESIVUAL DISTRIgUI]

OGN 1S GIVcNe

0L
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STATION 994000 % CUNFIDENCL eLLIPLED (METRES)

FACTOR JSEND FOKR CATAINING THESE FLLIPLUES FROM LTANDAKD ELLIPSISE (VARIANCE FACTOR KNOwN) = 2et48B4

(CUVARIANCE HATRIX OF LAPAMETERS WAS MULTIPLIED BY THE CLSTIMATED VARIANCE FACTLR ( 0812170 1))
STATION SEMI=-MAJUK AXIS SEMI—MINUR AXKLS AZ LMUTIH UF SEMI-MAJUR AXIS ARDA GF ELLIPSE
1205 0.021 0.019 332 1o a4 Uell 3700-02
1306 Je21 0.017 352 11 8 Qs 11432002
1007 n.022 0717 S0V 5 18 Vell729D-02
1003 0,021 D018 354 30 37 0e118740-02
1004 ve.021 0,017 325 48 9 OelloyOL-02
KNOWN3 04019 0.014 233 43 51 VeB3231070-03
KNOWNS 0+017 0.014 10 b 36 Ve70234D-03
KNOwWN1 0.017 0.014 1L 16 17 Ve 77336D-03
KNOWN2 0.01R 0.013 354 48 45 0e771738D-03

TOYAL ARLEA OF STATION ELLIPSES = 0.89499D0-02
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FACTUR JUSTO

(CIVARTANCE

Fl M
1039
1005
1005
19095
1003
1005
1005
1005
1000
10906
1296
1000
19306
1026
1390
1007
1007
1007
1007
1027
1097
1003
1003
1003
1003

TO
1 QUE
1007
1003
1004
KNUWN 3
KNOWNG
KNOWN1
Ko wN2
1907
1003
1004
KNOWN 3
KNNWNA
KNCWNI
KNOEND
1003
1004
KNOWN3
KN(1#Na
KNOWN1L
KHOWN2
1004
KNGWN3
KNDOwNA

KNIWNI]

MATRIX 0OF

SEMI-MAJOR
0011
04014
D014
Ne01lE
1.015
0.019
NeD17
N0e«013
0,011
0014
0.016
N.016
NDeuly
DsDLAR
0,014
0.209
0.015
0.016
NeV19
Ne018
0015
Ne015
0.015
24018

‘n.o1A

FEOAT IV e D00

PARAMLTEZRS wWAS

SIMI=MINGR
0.0Ca
0.011
0.016
0.014
0.014
0.017
0.018
0,012
0.009
0.011
0.016
0.012
0.016
0.014
0.011
0.908
0.012
0.012
0.0L6
0en14
0.012
0.012
0.012
0en1hH

G215

%

FOR OATAINING THESE ELLIPSES FROM

LU L OLNECE C AP SES

STANDAKD ELLIPSESS

(METHRES)

IVARLANCE FACTUOr KNUaN)

MULTIERPLIED BY THe CSTIMATED VARITANCE FACTUR |

AZIMITH

MAJUR

~Q
318
109
304
41
305
a1
2e4
14
41

332

346

29
354
306
32e

13I8

3

2498

(Y]
(
&)

AN

349
30
51
O
3

L

|
3
4
29

40
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P-4y

35

La
39
20
24

o

8
43
33
27

13
49
32
10
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29

43

40

53

4)

OISTANCUE

2946273
44l edbL
4954098
8414192
B9 e Jay
Y1IveH 4l
Deled04
3603731
349 4285
Siben 8
750.000
B597el21
1DVLe L a7
26We 40
290 .1006
2434773
4154043
DI TS
690 eI 4
537 .840
v33.86 74
497 e 345
3454230
4706111

807343

PRECISION

— — -
se . .o

- e -
LT P .

-
.

274801
323901
34999
51573
S9uL?S
43361
30067
29219
22550
37068
45216
53101
53405
15351
20755
26338
27583
33721
36836
32596
421060

26440

26098
20070

45467

ST eDIVe

ADJ DI STANCE

Ve JU4
Je JUD
O« vuo
JedVo
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Qs 003
veddd
04003
Ve JUS
[VERVEVEY
[VERVIVE
[VERVEV S
Qs )07
0s Vo
Ve lOO
Oe 04
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UeUUD
[VERVIVE
O« 000
QeJdDS
OeJUD
0eJUS
Je U7

OeVVOL

204484

QeB12170 ))o

STIeDEVe

ADJsALLMUTH
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2.58
2435
1.54
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1.50
2s03
272
2409
2.23
1e75
152
les80
517
4,05
2.75
2e90
2e44
leb8
2450
lew?
3.01
3.22
2490

1.82
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ADSTHACT FOR STATI NI 1995 (VS VZTERAINED 2Y PRUKAM OGCUPAN UN WED, NLVe 23, 1979Y)

EASTLING (X)) = 302T7EDLIGYy WFETEES LATIT DS : 39 30 2le 19050 |
MORTHLING (YY) 2 BON6ESS )01 AETWIES CIONGTTYDE 2 00 27 5de 07101 V CUVARTANCLE MATRIEIKX
ORTHUOMEeTRIZ HEOIGHT 2 291020 NUTHDS JOGBEOINDAL ALISHT @ VeI MLTRES O.b)gZQZSJO’OQ —O.HIJ9:4970-05
DEFLECT ION COUOMPI2NENTS @ 2¢0 SBECONDS (MIIFTH) S ~1e¢0 LUuCUmnus (LAST) —0e¢313994970-35 0e00G8117410-04
HMERIDIAN CUNVERGENCE ¢ o] 1 34,25 H POINT GCALE FACTUR 3 Ve 9949120

FROM TO GO AZTHUTH uhkliv DILTANCL AKC TU LHURJ LiNe SCALE

1005 KNOWN2 219 23 SHe1H dobe 781 0 v Je OV Jed9499120

10095 10206 9 46 G946 30 254,273 0 Q 0.00 De999G121
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ASSTRACT FM STATIUN: 1704 (AS DITERMINCG LY PrRUSRAM GEGPAN UN wbDs NJVe &9 197Y%)

CAST Iris (x) : 30281905 MUTKES LATT T : 4o aIJ 3VeH30LI )
NURTHING (YY) 2 800944 o996 MFTDRS LONGTTUUL 2 ~bLbL cf 47.72G10 CLUVARNLANCE MATRIX
OrTHOMUETREC HETGHT 2 2GR L0000 MFTRICS [GLINTOAL HELTOGHT @ “Uer 00 MLTRES | 0.43;:31304—04 —Q.JT;;;;;OD—OQ
DEFLECT IUN COMPONENTS ¢ 2e 1 SECUNDS (HWTH) S ~1e2 SELLHUS (ZALT) -0.372864700-05 073954824 3D0-04
MERTOIAN CUNVERGENCFE @ 0 1 RIS LY H POTNT 5CALE +HACTULR Q.UQ%VIZI

FFREGM T0 GRID AZIAUTH GRIU DISTANCE ARC TO CHUOKRUD LING SCALE

1006 1005 189 At 54,20 I hel?0 v 0 =0.00 Deyv99121

1006' 1007 103 13 23.09% 349,239 ] Q 0 =-0.00 De¥999v121

08



AISTRACT FOUP STATIONS

EASTING - (x) 3
NORTHING (Y) 2
ORITHOMULTRIC HEIGHT 2

DEFLECTION COMPCONENTS @

MEIRTVDIAN CONVIRGENCE 2

fHOM
1907
1007

IN21S9,)G7T7 AP TRES

BOIRES IV METRES

1007 (AT CIfeRMINED UY PruurAM obUPAN UN WLUDe HiVe 20 1679)

LATE TUU : 4t 39 2le983I33
LOINGTTYUOE ¢ i 27 3le?77 322 CUVARTANCE MATRIX
—_——A - —— - -
248,000 METPIDIS JOFOIOAL M lonil 3 ~Jewd0 ALTkeS 030419921004 =0e4334622060-05

240 SVCﬂNDS (MIPTH) S —lou SECLLNDY (EAST) —0e4tE 3402005 077391019D0-04

0 1 4754 H POITNT >CALE FACTOUR 32 VDe99I9121
GRID AZIMUTH SRID DISTALCE ARC TU CHURD LINE SCALE
1006 283 14 " 23.09 349.290 0 V] 0.00 Ve 2499l 2l
1003 154 29 10.53 243774 o] 0 -0.00 Je9999121

18



ARCTHRACT +00 STATION S 1003 (AS DITEiAINED LY PRUGHAM S0 OFAN ON wEDds NUVe 2ds 1979)

CALTLiNG (<) 3 3032F4 45G6 METRFS LATTITUOLW : 40 U 20ebL2UT |
CNORTHING (YY) 2 BONEAS,IN0 MFTRES LAMGTTUIL 3 - 27 2LeHD S 4 . CUVALLANCE MATRIX
OGHTHUMLITRIC HETIGHT @ ' 312.000 T Tkt S JGTDINAL ALLLSHT 2 Je2 ) ALIREDS Oo53;;:::3)—04 —0.205;;;;“0—03
ODEFLECTIUN COMPUNENTS @ 240 STCONDS (FITH) S “ledl StCUivJo (CLALTYH —0.2088U0L4U—-US 0;747629050-06
MEKTOI AN CONVERGENCF @ 4] 1 5107 H POINT SCALE FACITUR 3 d.vvval&l

FROM TO GNID AZIYMUTH GRID UISTANCE AKC TG CHORO ' LINE SCALE

10013 1007 134 2¢ 1253 243773 Q 0 0.00 0edY¥99121

1003 1004 49 ca D52 40T o340 V] Q 0.00 Ve 7999121
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A TRACT F0:00 STAT oS 190 (AS DITERALNED Y PinuSitAM SGEORPAN UN Wk uve cos 1679)

FASTING (x) = 303977901 METRES LAT I YUt H At 39 25001406
NORTHING (YY) 2 A7091%.232 MLCIKES LONGITUDE ¢ -6 27 1253975 \:.UVAHIAN(,E MATKIX
ORTHTAZTRIC HEIGHT ¢ 3726000 MPIRES (GEQINAL e lsdl 32 ~0e00 ALTRES U-‘idzzgt—;:dJ-Od —0.1&;;1:;10—0@
VEFLCCTIUN COMPONENTS 2 1¢9 SECCOHMDS (NIRTH) S =1 o2 SLCLGNLS (LAST) -V0el125634910-04 0.635205000-04
MERIODIAN CONVERSGENCE @ 0 2 1e43 H POINT SCALL FACTUR ¢ Qe 9939121

FROM TO GRIN AZIMUTH oriD JISTAvCL ARC Ty CHURu LINZ SCALE

1004 1003 228 29 0..52 . 4372540 [¢] 0O -0.00 QervuyIlel

1004 KNU&MN3 162 28 31.09 298.874% 0 0 -0.30 Qev799121
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AJSTFACTY FUR STATILNG KrifyaN? (AT GITORAINED DY PIYORAM GIUPAN UN wZDy KhiVe <3 1979)

LASTING (k) 307650 ,95F ALINTS LATITuue 40 30 20.3ub94 |
NIRTHLNG (YD) ¢ 300ATINIIN AFIRFS LONGITUUE & =96 27 Bes2003 CUVAKLANCE MATRIX
CATHOMETRLIC HCIGHT @ 4154000 YFIRTS GEOTNAL Ml 1T @ VeLU0 MLTRES o.Jx;;ﬁz;vo—oa —0.;5:33::70-05
DIFLECIION COMPONFNTS @ 240 SFEONDS (NIGTH) G —“1.0 SECJUNOS (EAST) —0e351001170-05 04527790380-04
MLk iOlAaN CUNVERGENCE 0 2 4653 3 PUINT SCALE FACTUR @ Uew449121

FROM 10 GRID AZINUTH GRID DISTANCL AKC TU CHORU LINE SCALE

KNNWN3 1004 a2 20 31 .0y 2yn.dl4 0 0 0.00 C Vewuuvlad

KNOWNMNT KHNOWNA 165 11 3Re14 27¢e 157 [¢] 0 ~-0.00 BEVERRA2S S
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5. ERROR MESSAGES

GEOPAN will print various error messages in the event that
errors are encountered in the input data. This feature simplifies the
debugging of the punched input deck. These error messages are listed
below with some explanation of the possible causes and remedies in the
event that they do occur.

The only event in which a system error should occur is when
an error occurs when attempting to read data. This would be caused for
example by reading a character in F10.3 FORMAT. When this occurs however,
the system causes the culprit card image to be printed before program
termination. Thus the remedy will be clear in these cases.

Any other error which may occur should be one of the following
GEOPAN error messages. (The XXXX's stand for specific information which

will be printed).

*** TINPUT ERROR # 002 *** CODE # XXX on SECOND DATA CARD IS OUT OF
ACCEPTABLE RANGE

Cause: One of the numbers punched on the codes card is not one of
those specifying a legal option

Remedy: Change the culprit.

*** TNPUT ERROR # 003 *** EXPECTING TO READ - FIXED - BUT FOUND -XXXXXXXX -
Cause: Fixed stations were specified on the codes card but the FIXED

card was not found where it should have been
Remedy: Include the FIXED section, or put it in the proper sequence in the

input deck.
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*¥*x* TNPUT ERROR # 004 *** EXPECTING TO READ - WEIGHTED - BUT FOUND
- XXXXXXXX=-
Cause: Similar to # 003

Remedy: Similar to # 003

*%* TNPUT ERROR # 006 *** EXPECTING TO READ - BLAHA - BUT FOUND
= {XXXXXXX~-
Cause: Similar to # 003

Remedy: Similar to # 003

*%* INPUT ERROR # 008 *** OBSERVATION NO. XXXX IS FIRST AND POSSIBLY THE
ONLY DIRECTION IN A BUNDLE, SHOULD HAVE CODE 2 NOT -2
Cause: A direction which is first in a bundle has observation code -2
(columns 4 and 5 of the observation card). Since it is -2
(signifying the last direction in a bundle) it must be the only
direction in a bundle. A one direction bundle is meaningless
and GEOPAN will not accept them.

Remedy: Remove the culprit or correct the observation cards.

**% TNPUT ERROR # 009 *** IN INPUT OF A PRIORI INFORMATION MATRIX ELEMENTS;
ZERO DIAGONAL ELEMENT ENCOUNTERED.
Cause: Probably a mispunched card or a misunderstanding of how the matrix
is input on punched cards.
Remedy: Re-read the corresponding part of Chapter 2. The matrix is printed
before termination so that a direct comparison can be made with the

cards read.

*%x* INPUT ERROR # Ol0 *** SINGULARITY ENCOUNTERED IN NORMAL EQUATIONS

IN POSITION (XXXX, XXXX)
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Cause: A singularity encountered in the normal egquations is detected
during the computation of the Choleski Square root. Since all
stations are previously checked that they are determinable, a
singularity at this stage is a severe ill-condition caused by
observation geometry eg. a poor intersection angle.

Remedy: The geometry will probably have to be altered or more observations

added to better define the culprit station.

*** TNPUT ERROR #011 *** STATION XXXXXXXX IS BOTH FIXED AND WEIGHTED...
ONLY CNE OF THESE OPTIONS MAY BE CHOSEN FOR ANY ONE STATION
Cause: The reference station is both in the list for fixed stations
and weighted stations. GEOPAN considers that the user overlooked
this fact and that it is not what was desired. Program execution
is terminated.

Remedy: Fix or weight the station, not both.

*%%* TNPUT ERROR # 012 *** STATION XXXXXXXX IS BOTH WEIGHTED AND BLAHA
HELD... ONLY ONE OF THESE OPTIONS MAY BE CHOSEN FOR ANY ONE STATION
Cause: Similar to # 011

Remedy: Similar to # 011

*%*% TNPUT ERROR *** STATION XXXXXXXX IS BOTH FIXED AND BLAHA HELD....
ONLY ONE OF THESE OPTIONS MAY BE CHOSEN FOR ANY ONE STATION
Note: This error should be numbered # 013. This will be done in the near
future.
Cause: Similar to # 0l1

Remedy: Similar to # 011
*** TNPUT ERROR # 014 *** THE NUMBER OF DEGREES OF FREEDOM IS XXXXX; MUST
BE NON-NEGATIVE.

Cause: Negative degrees of freedom. This is a severe error since the

normal equations will be sincular.
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Remedy: Include more constraints; either in the form of observations

“or in the form of fixed, weighted or Blaha stations.

*** TNPUT ERROR # 015 *** OBSERVED SLOPE DISTANCE BETWEEN STATIONS
XXXXXXXX AND XXXXXXXX IS LESS THAN THE HEIGHT DIFFERENCE BETWEEN
THE TWO STATIONS.

Cause: Probably mispunched distance card. This error may also occur
when a near vertical line is observed. In this case simply
remove that distance observation since it will add nothing to
the planimetric accuracy of the stations.

Remedy: Correct or remove the corresponding distance observation card.

*** TINPUT ERROR # 016 *** CODE FOR OBSERVATION NO. XXXX IS NOT ACCEPTABLE,
MUST BE 1, 2, 3, 4 or -2
Cause: Mispunched observation card. (The code is in column 5). See
chapter 2.

Remedy: Correct the corresponding observation card.

**% INPUT ERROR # 017 *** OBSERVATION NO. XXXX HAS BEEN GIVEN A ZERO
STANDARD DEVIATION: CHECK INPUT FACTORS, IF ANY.
Cause: Mispunched observation card.

Remedy: Correct the corresponding card.

*** TNPUT ERROR # 018 *** DISTANCE OBSERVATION NO. XXXX IS ZERO.
Cause: Mispunched distance observation card. This error will not occur
for preanalysis cases.

Remedy: Correct the corresponding distance observation card.
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*** TNPUT ERROR # 019 *** OBSERVATION NO. XXXX HAS DEGREES, MINUTES OF
SECONDS OUT OF ACCEPTABLE RANGE.
Cause: Mispunched observation card for directions, angles or azimuths.
Legal values are:

0.0 < degrees < 359.0

o
(@]
A

< minutes < 59.0

(@)
o
A

< seconds < 60.0

Remedy: Correct the corresponding card

*** INPUT ERROR # 020 *** A FACTOR FOR STANDARD DEVIATIONS OF OBSERVATIONS
IS ZERO OR NEGATIVE
Cause: An input factor for standard deviations was input as zero or
negative. Only positive (non-zero) values are acceptable.

Remedy: Correct the factors card.

*** TINPUT ERROR # 021 *** SPECIFIC OPTIONS WERE REQUESTED FOR CONVERGENCE,
CONFIDENCE, CENTERING OR MISCLOSURES BUT DATA CARD WITH THESE
VALUES WAS NOT FOUND
Cause: At least one of these options was selected on the codes card
but the CRITERIA card was not found in its proper place.
Remedy: Correct the situation by not requesting the option(s) on the

codes card or by adding the CRITERIA cards.

*%* TNPUT ERROR # 023 *** OPTION TO READ FACTORS FOR OBSERVATION STANDARD
DEVIATIONS WAS SELECTED BUT DATA CARD WITH THESE VALUES WAS NOT
FOUND

Cause: Similar to # 021

Remedy: Similar to # 021
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**%* TNPUT ERROR # 025 *** EXPECTING TO READ - STATIONS - BUT FOUND
-XXXXXXXX— PROBABLE CAUSE: IMPROPER SEQUENCE OF INPUT DATA
Cause: The STATIONS card was to be read at this point but -XXXXXXXX-
was found instead.
Remedy: Correct sequence or structure of the input deck (see Chapters 2

and 3)

**% TNPUT ERROR # 027 *** EXPECTING TO READ - OBSERVAT(IONS) - BUT FOUND
—XXXXXXXX~ PROBABLE CAUSE: IMPROPER SEQUENCE OF INPUT DATA
Cause: Similar to # 025

Remedy: Similar to # 025

*** TINPUT ERROR # 029 *** END OF DATA ENCOUNTERED WHILE READING STATION
NAMES FOR SIMULTANEOUS ELLIPSES
Cause: Possibly the last card with station names for the simultaneous
subset does not have -9 punched in columns 1 and 2
Remedy: Correct the SIMULTANEOUS section of the input deck. See

Chapter 3.

%%* TNPUT ERROR # 030 *** EXPECTING TO READ - SIMULTAN(EOUS) - BUT
FOUND —-XXXXXXXX-

Cause: Simultaneous ellipses option was selected on the codes card
but the SIMULTANEOUS section of the input deck was not found
in its proper place

Remedy: Either do not select the simultaneous option on the codes card

or include the SIMULTANEOUS section in its proper place.
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*%* TNPUT ERROR # 031 #*** STATION XXXXXXXX IS NOT DETERMINED; MORE
OBSERVATIONS REQUIRED.
Cause: The observations input which include the station mentioned are
not sufficient to determine the position of that station.

Remedy: Include more observations from or to that station

*** TNPUT ERROR # 032 FIXED WEIGHTED OR BLAHA STATION XXXXXXXX IS NOT
PROPERLY TIED TO NETWORK: MORE OBSERVATIONS ARE REQUIRED.
Cause: The fixed, weighted or Blaha station has no observations to or
from it in order to tie it to the network.

Remedy: Include the missing observation(s)

**% TNPUT ERROR # 033 THERE IS NO POSITION CONSTRAINT: MUST BE AT LEAST

1l FIXED, WEIGHTED OR BLAHA STATION.

Cause: Position constraint in the form of at least 1 fixed, weighted ox

Blaha station is required since GEOPAN does not yet use inner
constraints

Remedy: Include the fixed, weighted or Blaha information as required.

*%** INPUT ERROR # 034 THERE ARE NO ORIENTATION OR SCALE CONSTRAINTS:

ONLY 1 FIXED, WEIGHTED OR BLAHA STATION BOTH A DISTANCE AND AN AZIMUTH

OBSERVATION MUST BE GIVEN.
Cause: No orientation or scale constraints on the network. Normal

equations are singular in this case.

Remedy: Include the required constraints either in the form of observations

or in the form of fixed, weighted or Blaha stations.
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**% TNPUT ERROR # 035 *** THERE IS NO SCALE CONSTRAINT: WITH ONLY 1
FIXED, WEIGHTED OR BLAHA STATION, AT LEAST 1 DISTANCE OBSERVATION
MUST BE GIVEN

Cause: Similar to # 034

Remedy: Similar to # 034

*** INPUT ERROR # 036 *** THERE IS NO ORIENTATION CONSTRAINT. WITH ONLY
1 FIXED, WEIGHTED OR BLAHA STATION, AT LEAST ONE AZIMUTH OBSERVATION
MUST BE GIVEN.

Cause: Similar to # 034

Remedy: Similar to # 034

*** INPUT ERROR # 037 *** NO INPUT DATA FOUND
Cause: Input deck was not found

Remedy: Include input deck

*** TNPUT ERROR # 038 *** INCOMPLETE INPUT DATA
Cause: All of the input deck was not found.

Remedy: Include a complete input deck (See Chapters 2 and 3).

*%%* INPUT ERROR # 039 *** END OF INPUT DATA FOUND WHILE ATTEMPTING TO
READ FIXED STATION NAMES
Cause: Less station names in the FIXED section of the input were supplied
than the number stated on the codes card.
Remedy: Correct number on the codes card or include all names of stations

which are to be fixed
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**%x TNPUT ERROR # 040 *** END OF INPUT DATA FOUND WHILE ATTEMPTING TO
READ WEIGHTED STATION NAMES
Cause: Similar to # 039

Remedy: Similar to # 039

*%% TNPUT ERROR # 041 *** END OF INPUT DATA FOUND WHILE ATTEMPTING TO
READ BLAHA STATION NAMES
Cause: Similar to # 039

Remedy: Similar to # 039

**%* TNPUT ERROR # 042 *** STATION NAME XXXXXXXX READ IN A SET FOR
SIMULTANEOUS ELLIPSES IS NOT ONE OF THOSE IN THE NETWORK.
Cause: Probably a mispunched station name in the SIMULTANEOUS section
of the input deck.

Remedy: Correct the card or cards in this section.

*** TNPUT ERROR # 043 *** STATION NAME XXXXXXXX APPEARS AT LEAST TWICE
IN A SET FOR SIMULTANEOUS ELLIPSES
Cause: Repetition of a station name in the SIMULTANEOUS section of the
input deck

Remedy: Include each station only once.

*** FRROR # 044 *** PROGRAM TERMINATION DUE TO SOLUTION DIVERGENCE:
CHECK INPUT DATA
Cause: Divergence may be caused by poor approximate coordinates,
blunders in observations or in ill conditioned networks.

Remedy: Check for the above causes and make the necessary changes.



97

*%* TNPUT ERROR # 045 *** STATION NAME REFERENCED AS WEIGHTED WAS NOT
FOUND AMONG THOSE INPUT WITH APPROXIMATE COORDINATES
Cause: Probably a mispunched station name either in the STATIONS
section or in the WEIGHTED section of the input deck

Remedy: Correct the corresponding card(s).

*** TNPUT ERROR # 046 *** STATION NAME REFERENCED AS HAVING BLAHA
INFORMATION WAS NOT FOUND AMONG THOSE WITH APPROXIMATE COORDINATES
Cause: Similar to # 045

Remedy: Similar to # 045

*** TNPUT ERROR # 047 *** STATION NAME REFERENCED AS BEING HELD FIXED
WAS NOT FOUND AMONG THOSE INPUT WITH APPROXIMATE COORDINATES
Cause: Similar to # 045

Remedy: Similar to # 045

*%%* TNPUT ERROR # 048 *** OBSERVATION NO. XXXX REFERENCES STATION XXXXXXXX
WHICH CANNOT BE FOUND AMONG THOSE INPUT WITH THE APPROXIMATE COORDINATES.
Cause: Similar to # 045

Remedy: Similar to # 045

*%* TNPUT ERROR # 049 *** STATIONS XXXX AND XXXX(AS THEY WERE READ IN)
HAVE THE SAME NAME, NAMELY: XXXXXXXX
Cause: Identical station names given to the two referenced stations

Remedy: Give each station a unique name.
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**% TINPUT ERROR # 050 *** STATION NO. XXXX (AS IT WAS READ IN) HAS NO NAME
Cause: Columns alloted to the station name on the referenced approximate
coordinates card (in the STATIONS section of the input deck)
are blank.
Remedy: Give ‘the station a name. (Station names may not consist entirely

of blanks).

*** TINPUT ERROR # 051 *** SINGULARITY ENCOUNTERED IN THE INPUT MATRIX
FOR WEIGHTED STATIONS; POSITION (XXXX, XXXX)
Cause: Probably a mispunched card in the WEIGHTED section for the input
information matrix for these stations

Remedy: Correct the input matrix data.

*** TNPUT ERROR # 052 *** SINGULARITY ENCOUNTERED IN THE INPUT MATRIX
FOR BLAHA STATIONS: POSITION (XXXX, XXXX)
Cause: Similar to # 051

Remedy: Similar to # 051

Hopefully these error messages printed by GEOPAN along with
some warning messageé will make the program easier to use. Should a
system error occur other than the one mentioned at the beginning of
this chapter, the user should contact the author since such errors

(although they should not occur) will be severe.
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6. TECHNICAL DETAILS

The objective of this chapter is to give the basics of how
GEOPAN operates. Details are only given where no
refegence on the particular topic was immediately available to the
author. Most details of the theory and mechanics of computations
are found in the cited references.

First, in order that the user might find the way around in
the program itself, a road map of subroutines connected by CALL
statements is given in Figure 6.1 in the form of a subroutine calling
tree. All of the major subroutines are shown on this figure. A simplified
flowchart of GEOPAN is shown in Figure 6.2. Since all the major
Operations are indicated in this flowchart, details of the program will
be given by moving through it and describing them on the way.

The first thing GEOPAN does is read the input data deck and
store the corresponding information. Most of the details of which
matrices, vectors or variables contain which data is given in the program
listing documentation in Appendix B. Details of the ith row of the
matrix AP are given in Table 6-1 where,

X, is the easting,

Y. is the northing,

H. is the orthometric height

N* is the ellipsoid-geoid separation (geoid height)

g. is the north component of the deflection of the vertical in arc-

seconds

n. is the east component of the deflection of the vertical in arc-

seconds
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N. is the radius of curvature of the ellipsoid in the prime
vertical plane,

M. is the radius of curvature of the ellipsoid in the meridian
plane,

¢. is the ellipsoidal latitude in radians

A, is the ellipsoidal longitude in radians (positive east of
Greenwich),

k., is the point scale factor and

Y. is the meridian convergence in radians at the ith station.
The information in columns 1 - 6 of AP is read; that in

columns 7 - 12 computed.

Column # 1 2 3 4 5 6 7 8 9 10 11 12
a *
Contents Xi Yi Hi Ni gi U Ni Mi ¢i xi ki Yy

Table 6-1 Contents of the ith row of the Matrix AP

The next operation is the generation of sequence numbers and
checking of the input data. Then codes are generated for space
optimization. For each row of the design matrix (internally a six
column matrix) column numbers are assigned to each element. These
column numbers are the numbers of the columns in which the corresponding
elements would have been if the matrix were of its theoretical dimension.
Besides this, a vector is created in which the row number of the highest
non-zero element in each column of the normal equation matrix is stored.

Thus the system is solved using a variable band-width although no
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optimization is done concerning the minimum area or height of the band.
Next, standard deviations of the observations are computed.

If no centering errors were specified all this entails is the computation

of the distance standard deviations taking into account the parts per

million contrikution as;

_ 2 . 2.1/2
oDistance = (0 + (PPM . Distance) )

where ¢ is the standard deviation of the distance (not including the
parts per million contribution) as was read in columns 41 - 50 on the
observation card. PPM is the number of parts per million as read in
columns 51 - 60.

If centering errors were specified their contribution to
the standard deviations of observations are added (as the reader may
confirm from the geometry and simple error propagation) such that:

for distances;

2 2)1/2

= . + 2. T
° (oDlstance 2. Cent

for directions; (p = 206 264.81)

5 = (02_ ' + 2 (p.Cent)Z)l/Z
Direction S
ij
for angles;
2 p.Cent .2 p.Cent 2. 1/2
= . —_—)+ 2 (/]
(O omsle S (=)

ij ik
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for azimuths;

2 + . (D.Cent)2)l/2

azimuth S..
1]

g = (o

where, Cent is the corresponding centering error read in,
Sij is the distance between stations i and j and,
Gdirection' Oangle’ and Oazimuth are those read from the data
cards.

At this stage the information contained in the matrix AP, as
was previously discussed, is computed and stored. Then the title page
and initial coordinates are printed.

The next operations are the reductions to observations. First
the observations are reduced from the terrain to the ellipsoid, then
from the ellipsoid to the terrain. For detail of equations and
procedures of reducing observations the reader is referred to reference
[ 5] from which all equations were taken for GEOPAN.

Checking the determination of the network,.i.e. checking to
see if all stations are defined by the observations, is done next.

This is done by simply counting the observations to and from each station
[ 3]. Next the normal equations and constant vector [ 4] are formed

and the system solved by the Choleski method [ 4]. At this stage any
singularities are detected by computing the "Googe number" [ 3] for each
row of the normal equations.

Checking for convergence is done by simply comparing the
absolute value of the solution vector elements to the convergence

criterion.
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Checking for divergence is done by comparing the absolute
values of the elements of the present solution vector with the
corresponding ones of the previous iteration. If any element of the
vector increases in absolute value in any one iteration and if these
values are greater than the convergence criterion, a counter is increased
by unity. If two such occurences are detected, program execution is
terminated with an appropriate error message.

If convergence is reached the adjusted coordinates and
residuals are printed. The residuals are then checked for rejection
using the specified criterion [g ]. A summary of the computation of the
degrees of freedom is given, including a count of the different types
of observations and unknown parameters. The 1? test on the variance
factor is performed [g].

Next, error ellipses [ g] are computed and printed. The
covariance matrix of the parameters is printed if requested. Finally
station abstracts are printed if the option was selected.

For a description of the theory behind Blaha stations see
reference [1]. The computational algorithm used for computing the
correction to the covariance matrix (of the parameters) for Blaha
stations is not efficient. 1Instead of allocating more space for the
consequent additional matrices needed for Blaha station computations,
some computations are repeated. A more efficient algorithm is needed
here.

The so-called weighted stations are treated as observations
of coordinates. The observation equation for the input coordinates

of these stations is written as;
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where X represents the unknown parameter associated with the particular
station and XObs the "observed value" or the value from another
adjustment which has an associated covariance matrix. These observation
equations are treated exactly the same as those for distances, directions
angles and azimuths. Although the corresponding portions of the design
matrix and the misclosure vector are not explicitly created in GEOPAN
these contributions are added to the normal equations and constant
vector respectively in each iteration. At the time of writing this
manual however, the corresponding residuals are not tested for rejection,
nor are they printed. They are used in the computation of the degrees
of freedom and the estimated variance factor.

For fixed stations corresponding columns of the design matrix
dare eliminated thus reducing the size of the normal equations to be
solved.

At the time of writing this manual an insufficient amount of
computer runs were made to give any definite figures on run times and

costs of adjustments using GEOPAN.
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APPENDIX A

Job Control Language



A. Job Control Language

Figure A.l1 shows the JCL required for a typical execution of

GEOPAN.
The program has the following limits on network size:
Number of statiomns (total: 60
Number of fixed stations: 30
Number of weighted statioms: 30
Number of Blaha stations: 30

Number of Observations: 300
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