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Introduction

What this is: This documentation and the accompanying diskette(s) are the Version
1.0 release of the Cadastral Measurement Management (CMM) system. The system
has undergone about a year of testing and evolution. CMM must still be considered
as a prototype, it takes a considerable amount of time for such a new and extensive
system to be tested. Until recently it has not been in the hands of a great number of
users. Primary test sites and other individuals have been involved in the ‘alpha’ and
‘beta’ test releases, with the result of an easier to use, more capable and more bug free
working release. Software development, to be effective and meet user needs, must be
an evolution. In this case we are already aware of many potential improvements and
new capabilities that could eventually be incorporated into the system. But it is also
important to get the system into the hands of user, both to better determine the course
of the evolution, and to allow people to benefit from the capabilities that exist.

We would especially like to encourage all Cadastral personnel to try out the software.
You can expect that this will not be a simple task. In addition to working with
software that is new and unfamiliar, there are a few other aspects of CMM that can
tend to raise the slope of the learning curve. Many of these aspects are the result of
necessary evils. Things that we have come to recognize are necessary attributes of the
system that were needed to properly handle automated computations in PLSS
retracement work.

Two of these factors that will be discussed at more length below are:

*  Using Least Squares Analysis as a means to handle the inherent misclosure
commonly carried in BLM Cadastral surveys.

*  Using State Plane coordinates as the means to dealing with the geodetic
peculiarities of the PLSS.

Some or both of these methods are new things to most of us in BLM Cadastral. Use
of the CMM system will be a lot easier once the user gains some understanding of
these two factors. This is particularly true of the Least Squares Analysis portion.

With this software we have at our disposal some extremely powerful tools that have
not previously been readily available to most land surveyors. The methods and
capabilities are state-of-the-art for the PC. In order to effectively use the least squares
‘measurement management’ tool kit, you need to plunge into it and gain an understand
of some of the terminology and idea behind the least squares process. Like many
aspects of surveying, in addition to reading about it here, the best teacher is experience
and experimentation with your actual survey data. After a while we hope most of you
will begin to see some of the advantages and power that are made available to you
with the least-squares capability.

e
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This system is not like a spreadsheet program, or even that much like a simple COGO
package that can almost be operated without a manual. Please take some time to read
the documentation we have to date, to ask questions of other users, and to avail
yourself of whatever training sessions we will be able to put together this winter.

A good and responsive way to obtain support and get questions answered after you get
started is through the use of the Email system and the Cadastral Forum we have on
CompuServe. Using these systems is still another learning process, however once
conquered the benefits are many.

How to Proceed: The first thing we would suggest first time users of this system to
do is to read through this documentation until you get to the tutorial example. At that
time refer to the installation section and install the software, and then return and go
through the example step by step. Then you may refer to the reference section and
appendix for additional information on capabilities of the system.

What it doesn’t do: (as of Release 1.0 03/91)

*  There is no solar or polaris program. This will be provided in a seperate but
integrated package during the next year.

*  The links to data collection included are preliminary pending user feedback
and testing.

Purpose: The purpose of CMM is to provide a first shot at a PC based Cadastral
Computation System, primarily for lower-48 retracement survey applications, that
would be able to do the job and also:

Recognize the special geodetic nature of the PLSS, the PLSS Datum

Perform the many special Cadastral Survey procedures, adjustments, requirements
and problems.

In the process of tackling these goals we have bitten off a big chunk of work, but it
was clear at the outset that if we were going to take the time to develop software for
the PC, then we should make it as capable and technically correct as possible within
the limits allowed by existing systems as well as our knowledge of the problems.

What you can expect: Software and automation are supposed to make your life easier,
right? Maybe, but sometimes it may seem like the reverse. In this case you are likely
to encounter a pretty steep learning curve. This will be worse if you are not that
familiar with using a PC and PC software. Even if that is not the case there are still
a number of other hurdles you will have to climb in order to effectively take advantage
of this system. As we continue to improve the software and documentation, and begin
to provide training sessions these learning curves will become less steep. Your reward
for climbing the curve will be the ability to take advantage of many powerful

CMM Chapter I - Introduction T bage 2



CMM Version 1.0 Documentation page 3

capabilities that have not been available to us before.

The CMM system is modular, so that sometimes one portion of it may currently be
a little inconsistent or more confusing than others, but it also means that it is not too
difficult to make improvements and advancements in the system.

Some of the goals we have for continued development and evolution of CMM are:

To assure that the user interface becomes as understandable and usable as
possible.

To assure that the software produces the correct technical and legal results.

That the user interface or methodology does not lead the user towards computing
WRONG answers.

That there are methods available to verify the computations or allow for easy
detection of errors.

This last item is one of some concern. One troubling aspect of automation is the
ability to quickly produce a lot of incorrect information, and because you are more
isolated from the process, not be aware of it. This is closely akin to the old GIGO
(garbage in garbage out) phenomena, and is one of the corollaries to Murphy’s law.
In general the computer is not a time saver, but provides powerful tools that allow a
user to extend capabilities further than before.

The computer has also made it possible to mess up magnitudes more data and work,
faster than you can say IBM. Keep that in mind as you work with this system on your
real survey data. Protect you work, backup jobs and think before storing data back
to copies and archives.

CMM Chapter 1 - Introduction o mpage&‘
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Why is it so great?

This is our first attempt at bringing a Cadastral Computation system to the PC. Why
is that special? Well, there are a lot of unique things about how we in Cadastral
Survey BLM, both technically and procedurally, that make it a challenge to automate.
We have a traditional manual process handed down that many in Cadastral still use.
That manual process if conscientiously followed produces good and technically correct
surveys. In thinking of automating the cadastral survey field computation process
Looking at these aspects there are a few big problems we have to overcome. As we
stated above, this system attempts to deal with these:

+ The Geodetic aspects of the PLSS: things like true mean bearings,
application of curvature to survey lines, the effects of convergency of the
meridians and latitudinal arcs.

+  Special Cadastral computations: like double proportion, irregular boundary
adjustment, single proportion on latitudinal arc, etc.

What about these State Plane Coordinates?

Many of us in Cadastral Survey have a built in aversion to the word coordinate, and
even more so for the things called State Plane Coordinates. Practicioners from the
private sector are usually amazed at this, but do not work day to day on large scale
surveys. The traditional methods allowed a pragmatic, correct and efficient method
to be applied to getting large scale Cadastral surveys done. This traditional concern
about coordinates is not without justification as we have all seen coordinate surveying
abused. A lot of this abuse occurred at the advent of electronic surveying at the same
time as electronic computation became available in the early *70’s. People started
doing things (it was easy) that did not represent good survey practice. Traversing
became easy, it was especially easy if you did not have to close into anything. The
ambiguity created by having two coordinates on a point was best swept under the
carpet, often adjusted away. Some people developed a belief that if they could
compute a coordinate on a point that it was surveyed, never mind any kind of checks
or analysis.

The state plane coordinate systems were developed before the electronic revolution to
allow the local surveyor to make use of the network of geodetic control points that so
much money had been spent establishing. Using stations over long distances could not
be accomodated with local plane coordinate systems, and the computational tools used
by the average surveyor were minimal. Books of tables, sliderules and kurta’s. A
simple method was developed along with projection tables that had a sound geodetic
projection background, that could be used to perform geodetic computations and use
the control net, without too many corrections you could keep within 1:5000 of the
right answer. This was pretty tight stuff at the time.

CMM Chapter 1 - Introduction page4
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Things are a little different today with respect to State Plane Coordinates. With the
computer and properly designed software all corrections can be applied to survey data
to obtain very high accuracies with the system. In the case of CMM, State Plane
coordinates are just a means to the end of dealing with geodetics and making the least
squares process a little easier to do. In the future this aspect may change to work
directly with geodetics. To the user there is little difference, the answers are the
same, the software does the work.

The traditional Cadastral way to compute and handle large scale survey areas was to
compute using actual measured lines in terms of true courses defined by latitudes and
departures (lats/deps). These lines were reported as measured by chain and solar
transit. Closure was the proof of the precision of the work and the sum of a large
number of independent distance angle and azimuth measurements. As we have
migrated away from the solar compass/transit in the last 20 years, things have gotten
a little more confusing.

The traditional process in Cadastral Survey was good because it provided a simple
manual way to properly deal with both the geodetic stuff and to avoid dealing with the
misclosures. However it is not very susceptible to being automated. Generally
automated systems like to use coordinates.

Coordinates and the PLSS. There are a lot of particular problems associated with
using coordinate systems in the PLSS datum that are significant. Any useful
coordinate system will be close to orthogonal, that is north is at right angles to east
and all N-S lines are parallel. But the PLSS Datum is not that way. E-W lines are
not even straight, but are instead curves called latitudinal arcs, and N-S lines are true
meridians which converge, that is get closer together as you go north along them.
Working in any projection or coordinate system while also working with PLSS data
requires some pretty good tricks to deal with those transformations. You never had
to worry about any of that with true lats/deps.

A coordinate system’s north can only be the same as true north at one meridian.
Almost no matter what approach you take there are complications.

If you attempt to maintain a rectangular local (non true bearing based) coordinate
system then you will have to deal with rotating bearings to true, correcting some
lines to the latitudinal arc and other problems. This can be called a basis of
bearing system, as it’s bearing may be based upon a reference azimuth at one
point but is not corrected to true everywhere.

If you attempt to use full true bearing (lat/dep) non-orthogonal, coordinate system
by adding up the curvature corrected lats and deps, then you will have to deal
with misclosure due to convergency which will cause you to have different
coordinates for 1 point depending on how you got compute or traverse there.
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To use a coordinate system base on a projection has to account for a lot of
problems too. The PLSS system reports distances at ground elevation, whereas
true projection coordinate systems require correction of ground distances by both
an elevation and a grid scale factor to get to the grid distance. This in addition
to rotating bearing to true and usually complex formula are need to figure
anything.

These things make would make working between PLSS data, bearings and distances,
and projection grids manually a pain in the neck. These problems can be handled
today by not judging the problem in terms of how complex it is to handle manually
since it is possible to deal with much of that complexity with software.

In the rest of the world coordinate systems simplify computations, it is hard to think
about computing without them. The traditional Cadastral manual process dealt with
courses rather than coordinates. A computation system could be developed based on
courses rather than coordinates, but this has never been done before, and would be
tackling a whole new computational method.

Use of a projection coordinate system also removes the computational problem of
convergency. When we go to generate the final true line notes and plats we convert
the lines back to the PLSS datum of true mean bearings and ground distance and the
convergency reappears where it belongs. But even after eliminating that part of the
problem, the dilemma that still remains is that we cannot get very far when our
measurements misclose and that part of the problem results in 2, 3 or 4 coordinates
for the same point. This is common problem we have all seen in trying to apply
calculation systems and software to Cadastral work. About the only way is to keep
track of which coordinate came from what line and only use it with computations on
that line. And we need some way to work along latitudinal arcs. Some method would
be handy to allow us to get rid of this coordinate-measurement ambiguity. One way
is to adjust the data.

Why is adjusting good now, when we have always said it’s bad?

Least Squares Principals: The evil word lurking in the background here is
adjustment. This is another aspect of BLM Cadastral work that usually amazes the
private survey practicioner. Traditional Cadastral dogma has also maintained that
adjustment as well as coordinates was a bad word. Why might this be? Well, there
was good reason! The process of adjusting has a bad name because it is so often and
so easily abused. It is easily used as a way to ‘FIX’ bad data. If you have a lot of
traverses connecting, like in a township, a metwork results, but simple common
adjustments commonly available to the average survey practitioner have to be looped.
After a while some good data is being warped to some adjusted bad data and perfectly
good field work starts to become more and more a distorted figure as you progress
through loops on loops.
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CMM Version 1.0 Documentation page 7

One symptom of this problem is how easy it is for this one loop at a time adjustment
practice to change data more than it should. A distance you measured accurately with
EDM as 1000 ft. ends up being 1000.6 ft. Lots of times the surveyor isn’t offended
by this because the program does not printout how much each measurement changed.

But you have no choice, or do you? Is there a better way, some kind of adjustment
process that was intelligent, that would allow you to include all of your network at
once, not just loops hooked onto loops degrading data as you go. Is there some way
that would allow you to define how accurate the measurements were, and then would
let you know if all those constraints were consistent, that is, how much each
measurement was required to change to meet those constraints and if there are
UNACCEPTABLE errors?

Well of course the Least Squares process in CMM has all of these attributes and more.
Unlike the magic "ADJUST" button contained in many commercial COGQO’s, least
squares analysis is an intelligent tool that is USER ACCOUNTABLE. That is you
make estimates of your reasonable measurement errors, the process tries to meet all
the geometric constraints of your entire system simultaneously and then provides you
with data about what happened. Data that can be interpreted to tell you if your
estimates were correct, or if there was likely an unacceptable error or blunder. And
provides a number of other benefits.

The following pages are an explanation from an expert. After you have digested all
he has to say, we would also like to recommend that you read over another paper
contained in Appendix II, that talks about the results of this type of analysis with actual
Cadastral data on several large scale day-to-day Cadastral survey projects.

After you have experimented with the software some you may want to review these
documents, as it may make more sense then.

Acknowledgements

The production of this software owes a great deal to a large number of individuals
throughout BLM Cadastral Survey and students and staff of the University of Maine,
at Orono, and the primary test site BLM Montana State Office, and the Eastern States
Office. It would take a page to list and give proper credit to all of these individuals,
we would however like to express special thanks to Bernie Hostrop, Chief WO
Division of Cadastral Surveys, through whose support and encouragement this project
was made possible.
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Chapter 2 - The PLSS Datum

Introduction:

One of the characteristics of BLM Cadastral Surveying that strongly affects the ability to
automate field computations is the unusual nature of the reference system in which Surveys are
reported. Traditional methods have provided a way to work within this system without the
necessity of a thorough understanding of all of it’s aspects. However those traditional systems
and methods do not lend themselves well to automating, and with the proliferation of
computing systems, it becones more and more necessary to re-examine how we measure in
Cadastral, and what implications that has in automating it. To the non-BLM Cadastral
surveyor, this information should also prove of value in understanding the nature of the PLSS
records and Manual procedures. In other words, in order to effectively automate we need to
achieve a common understanding of how we do our job in terms of measurement technique
and computational methods.

The PLSS Datum - or the Geodetics of Cadastral Survey

The PLSS Datum is the reference system by which the majority of the PLSS surveys are
theoretically reported. The data being reported on a BLM or GLO Cadastral Survey plat are,
of course, bearings and distances. But bearings and distances with reference to what? The
datum that surveys of the Public Land Survey System have been reported in for over 200 years
is discussed in various sections of the Bureau of Land Management’s current edition of The
Manual of Surveying Instructions, 1973.

Some of the Manual References you may want to review are as follows:

1-3. "Details of the plan and its methods go beyond the scope of
textbooks on surveying. The application to large-scale area
requires an understanding of the stellar and solar methods for
making observations to determine the true meridian, the treatment of
the convergency of the meridians, the running of the true parallels
of latitude, and the conversion in the direction of lines so that at
any point the angular value will be referred to the true north at
that place.”

2-1. "The law prescribes the chain as the unit of linear
measure for the survey of the public lands. B2all returns of
measurements in the rectangular system are made in the true
horizontal distance in miles, chains and links...."

2-17. "The direction of each line of the public land surveys is
determined with reference to the true meridian as defined by the
axis of the earth’s rotation. Bearings are stated in terms of
angular measure referred to the true north or south.”

2-19., Describes 3 Basic methods prescribed as current practice to
determine true bearings, 1) Direct Sun, star or ©polaris
observations; 2) Solar attachment; 3) Angles from the horizontal
control network. Use of the gyro-theodolite is also mentioned.

CMM Chapter 2 - The PLSS Datum page 8
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2-74. This entire section is very important on this issue and
describes in detail methods for carrying forward true bearing,
and defines mean bearing and many other critical concepts.
".... By basic law and the Manual requirements, the directions
of all lines are stated in terms of angular measure referred to
the true north (or south) at the point of record."”

2-76. Defines the solar method for laying out the true parallel of
latitude.

2-79. Contain formulas for computing Convergency of two meridians,
and mentions the corrections to closure as a factor of area, and to
compute Rb, effective radius of a parallel.

2-80. Describes use of the Standard Field Tables to determine
convergency.

2-81 & 82. Describe the use of M and P factors for converting
measurements to differences in latitude and longitude.

3-87. Subdivision of Sections, refers to use of intersecting
"gtraight lines".

5-25. Double proportion - ‘Cardinal equivalents’ to be used in
reducing record, and cardinal offsets made to determine proportioned
point.

5-31. Single Proportion to allow for latitudinal curve, or
curvature.

5=-36. Other adjustments to allow for latitudinal curve, or
curvature.

PLSS Datum Defined

Distances: These and other references in the BLM and GLO Manuals make it clear that the
frame of reference for distances is defined as horizontal measure in chains based on the U.S.
Survey Foot at actual ground elevation.

Bearings: The above Manual sections and others identify the frame of reference for direction
in the PLSS as something called Mean True Bearings referenced to the true astronomic
meridian ... at the point of record.

For surveyors familiar with basic geodesy you will recognize that this is a geodetic datum and
that the basis of bearing changes as you go east and west since the reference meridians at
different eastings are not parallel but converge towards the pole.

Because this is a changing reference the direction of a straight line on the ground can be
described with a forward bearing based on the meridian at the beginning point, or by a
different back bearing based on the meridian at the end point. The difference between these
two is equivalent to the angle of convergency of the two meridians.

If we want to accurately describe how far north or west a non-cardinal line goes in a geodetic
sense, we need to use the average or ‘mean’ of these two values. This mean_bearing is
essentially equal to the bearing of the traverse line with reference to it’s midpoint. Thus the
point of record for determining the bearing of a straight traverse line can be said to be the
meridian at the midpoint of the line.

CMM Chapter 2 - The PLSS Datum page 9



CMM Version 1.0 Documentation_ page 1 0

There are other geodetic affects that occur in large scale surveys, but this changing reference
direction in the PLSS datum is by far the most significant.

Straight Lines: Therefore, one unusual byproduct of the PLSS datum is that:
1.  Straight lines on the ground are lines of constantly changing bearing.

A straight line is basically what you would lay out by double centering or projecting a direct
line of sight. The only straight line that does have a constant bearing is the meridian or north
and south line. An example of a boundary that might be a straight line is one that is described
as a straight line running from one physical monument to another. Such a line, if reported in
the PLSS Datum would have different forward bearing and back bearing, and different
bearings at any point along it.

Another term used to describe straight lines is Great Circle. That is the line formed by the
intersection of a plane which passes through the earth center and the earth’s surface. In the
real world such a line is actually not exactly straight to both the ellipsoidal shape of the earth
and local gravity anomalies a line you double centered would be a ‘geodesic’.

Rhumb Lines: It is also apparent from the various GLO and BLM Survey Manuals and the
actual methods prescribed and used to lay out the system on the ground that most boundary
lines in the PLSS are intended to be lines of constant bearing or Rhumb lines, NOT straight
lines. Such lines cross every meridian at the same angle and are thus curved as viewed on the
ground. Therefore, another unusual byproduct of the ‘PLSS datum’ is that:

II. Lines of constant bearing appear curved on the ground.

For example, the solar compass and transit were instruments that determined bearing at each
setup, and when matched with traditional chaining, measured or laid out lines of constant
bearing.

The ‘Manual’ discussion of latitudinal arcs illustrates one example of a rhumb line. A parallel
of latitude is a line that is due East and West in the PLSS Datum, thus one case of a line of
constant bearing. Since it crosses each meridian at a 90 degree angle, it has a mean bearing
of East or West. All lines of constant bearing in the PLSS datum except meridians will appear
curved on the ground.

It also turns out that:

III. The mean bearing of any chord or sub-chord connecting any two points
along a PLSS rhumb line will be the same as the bearing of the rhumb line
itself.

Thus it is possible to lay out points on a rhumb line by correcting traverse lines to their mean
bearing in computations.
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Most PLSS boundaries are RHUMB lines. This includes standard parallels, township

exteriors, section lines, many grant and reservation lines, some portions of state lines, etc.
The effect is not necessarily limited to E-W lines. Examples that can be seen on any map are
the largest portion of the North boundary of the U.S., and the N and S boundaries of many
states, such as Colorado, Wyoming, Kansas, etc.

Some boundaries are straight lines. This includes specifically described portions of grant

or reservation boundaries, some portions of state lines. Subdivision of Section, (see Section
3-87 of the Manual). There is some controversy about this, and in fact we are dealing with
pretty trivial distinctions in the case of a line a mile or less in length.

Examples that can be seen on a map are the diagonal portion of the East boundary of
California as well as the South boundary of California.

The amount of curvature of these lines is dependent on the project latitude, at higher latitudes,
such as in Alaska, the effect can be very great, for example the change in bearing over a mile
E-W line is about 2’ 23" per mile at 70° N latitude in Alaska, or in southern Arizona: 32 secs.
at 32° N latitude.

Information on the amount of curvature for different latitudes can be obtained from a number
of formulas, as well as derived from the Standard Field Tables, also known as the Red Book,
in either Table 11 - Convergency of Meridians, Six Miles Long and Six Miles Apart..., or
Table 26 - Increments of Curvature.

Note: If you apply curvature corrections to your traverses, you will in essence be surveying
as if you were using a Solar attachment, see Manual Section 2-76. For purposes of line
proportions no further corrections for latitudinal arc need be made. This is the essence of
being in the Datum. That is, to survey in the datum and to then apply secant or chord offsets
as described in the manual would be applying the correction twice.

Coordinate Systems and the PLSS Datum

If you were to try to develope and use coordinates based on the true mean bearings of your
traverse lines, you would begin to run into some problems, why? The reason is a by product
of an effect that we will call ‘apparent misclosure due to convergency of the meridians’. And
it results in coordinates that depend upon the path you used to compute to the point, and as
such become pretty useless as coordinates as they no longer represent in themselves a proper
relation between the points.

Therefore in the PLSS Datum:
IV. A theoretically perfect survey will appear to misclose in the PLSS datum.

The effect will be called ‘apparent misclosure due to convergency of the meridians’ and is a
function of latitude and the area of the loop closed.

Since the sum of true mean lats and deps to a point will depend on the area between the path
to the point and a true line directly to the point, the only correct answer is one obtained by
running the straight line to the point.
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Coordinates systems based on mean bearings will always have difficulty because the math and
trigonometric functions we are used to using are based on an orthogonal (axis are all at 90
degrees to each other and straight) coordinate system, and we are dealing with a different
shaped system.

DOUBLE PROPORTION

Now let’s look at the definition of double proportion as stated in the BLM Manual of
Surveying Instructions, 1973, which states:

"5-25, The term ‘double proportionate measurement’ is applied
to a new measurement made between four known corners, two each
on intersecting meridional and latitudinal 1lines, for the
purpose of relating the intersection to both.

In effect, by double proportionate measurement the record
directions are disregarded, excepting only where there is some
acceptable supplemental survey record, some physical evidence,
or testimony that may be brought into the control. Corners to
the north and south control any intermediate latitudinal
position. Corners to the east and west control the position in
longitude.”

s e e o

"Lengths of proportioned lines are comparable only when reduced
to their cardinal equivalents. "

Cardinal Equivalents; The last sentence in the above quote is one that requires some
explanation. What it means is that only the easterly components (or departures) of the E-W
controlling record lines are used to compute the E and W position, and only the northerly
components (or latitudes) of the N-S controlling record lines are used to compute the N and
S position. This is different than using the line lengths or distances on the record line.

Neglecting to correct the record for cardinal equivalents won’t usually get you in trouble since
most section lines in the original surveys are very near to cardinal and the correction is
insignificant. There are, however, many situations in public land surveys where this is not the
case. This situation will also occur where a retracement or subsequent GLO or BLM resurvey
has reported new measurements in the PLSS datum, and the lines are distorted.

Cardinal offsets

The Manual of Surveying Instructions, 1973 Section 5-26 describes a process for performing
a double proportion. The Manual section states:

"5-26. In order to restore a lost corner of four townships,
a retracement will first be made between the nearest known
corners on the meridional line, north and south of the
missing corner, and upon that line a temporary stake will be
placed at the proper proportionate distance; this will
determine the latitude of the lost corner.

"Next, the nearest corners on the latitudinal line will be
connected, and a second point will be marked for the
proportionate measurement east and west; this point will
determine the position of the lost corner in departure (or
longitude).
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"Then, through the first temporary stake run a line east or
west, and through the second temporary stake a line north or
south, as relative situations may determine; the
intersection of these two lines will fix the position for
the restored corner."

Such a process would probably be impractical in the field if followed to the letter. It is,
however, a valuable way to conceptualize a proper solution of a double proportion and a good
way to model a computational method. In brief, the three part process as described consists

of:

1) A single proportion using the record E-W cardinal equivalents between the control

E and W. In the Figure 1 example this would be point *A’.

2) A single proportion using the record N-S cardinal equivalents between the control

N and S. In the Figure 1 example this would be point *B’.

3) Cardinal (true mean) offsets to intersection from those two points. In the Figure

this results in point 'C’.

This last requirement can be a problem if you are not careful using coordinates, since to make
the offsets cardinal requires knowledge of and proper correction to true north at those points.
The common process of using the East coordinate of the E-W proportion and the North
coordinate of the N-S proportion is equivalent to making a GRID offset, exagerrated In Figure

1 as point ’D’, which can be incorrect.
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Chapter 3 - Understanding Least Squares and Adjustment

Understanding Least Squares and Adjustment
A Basic Approach for Utilization

by Ray Hintz

This is a draft copy of a paper that was prepared for presentation at the Cadastral
Survey 1990 New Technology Seminar, which was never held. Its intent is to help
people feel comfortable with some of the processes which are involved in measurement
management. The author thanks Corky Rodine and Jerry Wahl for their contributions
to this paper.

Introduction

The use of adjustment of survey measurements is obviously something the surveying
community wishes could be avoided. Unfortunately we, and the instrumentation we use, are
not perfect in our measuring ability, and adjustment is the term that has been associated with
the procedures we use in accounting for our inconsistencies.

If an adjustment changes a measurement within an acceptable random error limit we should
not be concerned. The statistical difference between the adjusted and the measured quantity
in this situation is negligible. A 4 second adjustment of a horizontal angle measured twice
with a 6 second least count theodolite is obviously within the expected error range of the
angle. A 30 second adjustment of that angle could easily be termed intolerable, and a surveyor
should not accept the adjustment. The cause of the intolerable adjustment (data entry error,
field blunder, etc.) needs to be determined and the measurement corrected. The readjustment
based upon the correction then needs to be evaluated for acceptability. One role of this paper
is to explain why adjustment can be a valid procedure, and how to judge when it is not valid.

A large number of the surveying community are familiar with the compass rule as an effective
adjustment procedure for a loop traverse adjustment. Unfortunately, this approach is limited
in versatility when a traverse network (series of interconnected traverses) is encountered. A
least squares approach to adjustment of survey data analyzes any survey network configuration
in the same fashion. Least squares analysis is not limited to surveying. It is an accepted
procedure in mathematics, statistics, computer science, and a variety of engineering disciplines.
In most other disciplines least squares is considered a "data analysis" technique as opposed to
an adjustment process. This paper will illustrate that is really an analysis technique in
surveying, too. Adjustment actually exists in any redundant survey network - misclosures are
simply restricted to a limited number of closing measurements in an "unadjusted" situation.
While this unadjusted approach may be a valid procedure in some cases, one would normally
desire a more uniform adjustment procedure since we know this is how random errors occur
in our measurements. No matter what technique is used, if redundancy exists it will be shown
that adjustment exists.

The final point to be addressed in this paper is the accepted lack of under- standing of least
squares analysis in a large component of the surveying population. This is partially due to the
lack of understandable reading material on the subject, and that it requires a computer for it
to be implemented in a production environment. The personal computer revolution is a recent
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phenomena which has allowed a surveyor access to least squares for survey network analysis,
and efficient PC based software is still a difficult commodity to locate.

One does not require an in-depth understanding of linear algebra, calculus, statistics, or
computer science to become a knowledgeable user of least squares analysis. A computer,
dedicated software, and a few hours of hands-on instruction and use are required. This paper
does not replace hands-on instruction and use, but can serve as a primer for those who are
unfamiliar with this approach. This paper is directed to a user, and not to one who wishes to
understand the mathematics which is being utilized in least squares operations.

Is There Reall h_a Thin "Unadjusted" Data?

The answer to this question is obviously "yes", but it pertains only to non-redundant data or
the raw measurements themselves. Once redundant information such as a loop traverse is
created there is always some form of adjusted information, even if an adjustment procedure
such as the compass rule is not applied.

A three-sided loop traverse provides a very simple example of this phenomena. Assume all
interior angles have been measured along with the three distances, station 1 has fixed
coordinates, and the direction from 1 to 2 is known.

The assumption of coordinates at 1 and the fixed direction "fixes" the network’s position and
orientation in a 2-D coordinate system.

Let us first consider only angles. It is known that the sum of the interior angles of an n-sided
polygon must equal (n-2)*180 degrees, and due to random error it is unlikely that the angles
in the example will sum to that. If you treat two of your angles as "unadjusted”, by the
defined angular geometry [(n-2)*180] the third angle is automatically adjusted by -1 * the
angular closure. If one of the angles was left unmeasured, there would be no redundancy in
angles and thus no logical way to adjust angles.

If one assumes a "raw" closure (no angle adjustment prior to linear closure computation) is
desired, in an n-sided polygon there are always n possible linear closures that can be
computed. In the three sided example a linear error of closure can be computed beginning and
ending at station 1 without using the angle at station 1. The same procedure can begin at
station 2 and station 3, in each case not using the angles at 2 and 3 respectively. In each case
a different linear closure will be realized because the same measurements are not used in all
three cases. There are thus three unique compass rule adjustments possible if angles are not
adjusted prior to closure computation.

Even if this confusing issue is ignored, a loop traverse with a non-zero linear closure has to
have adjustment due to the geometric constraint of sum of latitudes and departures each
totalling zero. Simply computing coordinates of 2 and 3 clockwise from station 1 will ignore

CMM Chapter 3 - Ray’s Least Squares Paper paéé 16



CMM Version 1.0 Documentation page 17

use of the angles at 1 and 3 and the distance from 2 to 3. This omission actually places all
adjustment in these three measurements.

As stated before, one should observe if the amounts of angular and distance adjustment are
within reasonable random error limits. If this is true, the amounts of adjustment are within
the limits of one’s measuring abilities. If the amount of adjustment to various measurements
is not within acceptable limits the adjustment process is indeed invalid. The source of the un-
reliable measurements should be determined and corrected.

This demonstrates that if redundancy exists adjustment has to exist. Geometric constraints
prevent all measurements to remain unadjusted.

When does a Com Rule Approach to Traverse Adjustment hecome Difficul

A compass rule adjustment of a loop traverse with reasonable angular and distance closures
is a very valid procedure, and will often produce final coordinates which are very close to
those produced by a least squares adjustment. Unfortunately a loop traverse is not a highly
redundant situation. A loop traverse is also fairly weak geometrically, and can have undetected
larger compensating errors in it. The sum of the interior angles, sum of latitudes, and sum
of departures are the only geometric constraints in a loop traverse. It can also be shown by
a mathematical technique called error propagation that a traverse’s geometry is strongest in the
direction it "runs". A section of traverse running north-south will therefore have weaker
easting and stronger northing coordinates. Consider the north-south traverse as a guitar string.
It bends easier east-west than it can be stretched north- south. Now let us assume another
traverse section is surveyed in an east- west direction and it intersects the north-south section.
If coordinates have already been computed on the north-south line (and possibly adjusted) the
east-west section will be tying into coordinates weak in easting. If you compute coordinates
on the east-west section first the north-south section will be intersecting weak northing
coordinates. Least squares provides the solution to this problem.
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Before we discuss why a least squares approach resolves this problem, let us consider another
problem involved in compass rule type adjustment of a complicated traverse network. This
problem involves priority of the lines in the adjustment process. Let us assume the following
traverse network, with each side of the polygons representing series of angle and distance
measurements.

3]

4
Which of the following priorities of adjustment should be used:

Case A: (1) outside loop 4-1-2-3
2) 254
3) 35
@) 15

Case B: (1) outside loop 4-1-2-3
2) 3-5-1
3) 45
@) 2-5

Case C: (1) 34-5-3
2) 4-1-2-3
3) 25
@) 15

Case D: (1) 1-54-1
@) 5-34
@) 523
@) 2-1

etc., etc., etc.
There is an incredibly large number of adjustment priority combinations, with little or no

ability to judge which priority is "best". Consider how many possibilities exist in a PLSS
township where all township (exterior) and section lines have been traversed.
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A common "rule of thumb" procedure in compass rule approaches to traverse networks is to
adjust the exterior of the network as one loop first, then decide on a priority approach of
adjusting interior traverses to "fit" the adjusted exterior. This concept is often termed a rigid
boundary approach. This technique is the worst possible approach that could be used from an
elementary error propagation standpoint. The exterior will generally contain more stations than
any other loop in the network, and thus you would expect generally worse closures in it than
any smaller loops. You would thus be adjusting the component with the largest expected
error, and forcing smaller traverse sections (less propagated error) to fit it.

There is no statistically correct procedure that defines sequential compass rule adjustments of
a traverse network. As opposed to a sequential procedure, least squares allows simultaneous
adjustment of any traverse network geometry (including any number of control stations). This
will initially seem impossible since many surveyors are not familiar with how least squares
works, and thus a basic discussion of concepts is now required.

What does one need to know to feel Comfortable about Using Least Squares Analysis?

Whenever we measure something more than once and average the repetitions a least squares
solution is being performed. An average minimizes the sum of the squares of the residuals.
This is the underlying principle of least squares. A residual is the difference between the
measurement and its adjusted quantity (an adjusted quantity being a simple average in this
case). The residuals have to be squared because they tend to be both positive and negative,
and thus a simple summation produces zero if a simple average is being computed.

Now that one realizes he or she has been using least squares all along in averaging, we now
need to define how it applies to survey networks, and where the concept of weighting (or error
estimation) of survey measurements becomes important. Horizontal survey networks consist
of measured azimuths, angles, and distances in addition to control coordinates. Least squares
adjusts all measurement types simultaneously in addition to adjusting all traverse legs
simultaneously. This means relating angular quantities (azimuths and angles) to those of linear
dimensions (distances and coordinates). To allow this, the least squares condition is expanded
to minimizing the sum of the squares of the weighted residuals. A weight is equal to one
divided by the measurement’s error estimate.

Adding the weight into the least squares condition makes all terms in the summation unitless.
As an example, a distance, its error estimate, and its residual, all have units in feet. (1/error
estimate) residual is equal to (1/feet)* feet in unit terms so the determined quantity becomes
unitless. The unitless quantity can be directly compared to unitless quantities derived from
angles and azimuths.

Notice that the least squares condition has no dependency on number of traverse legs, number
of traverse connections, number of measured azimuths, number of control points, etc. At this
time it is also illustrated that the least squares principle can be applied to any measurement
system in any science (not just surveying). It can also be applied to differential leveling, 3-D
traversing, GPS vectors, or any combination of survey measurements.

One estimates his/her errors in various measurements using knowledge and experience. While
repetition of a measurement such as an angle gives a clue to its reliability, the error estimate
derived from repeated measurements does not usually take into account instrument and target
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setup errors, some atmospheric errors, etc. In other words, the standard error computed from
a series of repetitions often tends to be smaller than what a surveyor should estimate since it
does not account for several possible error sources. An obvious example is repeated EDM
measurements from the same instrument & target setup. Often these values will not differ by
more than 0.01 ft. but the combined error in instrument and reflector setups over their
respective points can easily be larger than this number.

Angle and azimuth error estimates are a function of least count of an instrument, number of
repetitions, and stability of instrument setup among other factors.

An interesting option of least squares is that control coordinates can be assigned error estimates
and allowed to adjust. If control coordinates are not to adjust, they should be given a very
small error estimate (such as 0.001 ft.). The control coordinate can therefore be treated as a
measurement in the least squares solution.

Least squares has procedures which allow one to verify if one’s error estimates are reasonable.
The first simple check is a look at all of the measurement residuals (amount of adjustment
applied to each measurement) and see if any are outstandingly larger in magnitude (absolute
value) than the error estimate. If all but a few are acceptable, the unacceptable ones are
obviously possible blunders. If a majority are outstandingly smaller than your error estimates
you have been pessimistic about the quality of your work, or there is very little redundancy
in your work.

To scan thousands of residuals would be extremely tedious so two "global" error computations
can be made. The first is known as a root-mean-square (RMS) error. For a particular
measurement type, RMS error is the square root of the sum of the squared residuals, divided
by the number of that type of measurement. It could be thought of as an average residual for
that particular type of measurement. The RMS error should be near in magnitude to your
average error estimate for a particular type of measurement.

A value which is an indicator of your error estimating abilities for all types of measurements
(the entire survey network) is the standard error of unit weight. To compute this quantity the
sum of the squares of the weighted residuals is divided by the number of redundant
measurements (termed number of degrees of freedom), and the square root of that computed
quantity is taken. Since a residual and its respective error estimate should be near equal in
magnitude, a weighted residual tends to be near one in amount. Of course, random error says
some will be larger than one and some smaller than one. If this is true the standard error of
unit weight will tend to be near one. A value larger than 2.5 indicates error estimates were
optimistic of blunders exist. A value less than 0.7 indicates pessimistic error estimates or
simply a lack of redundancy (therefore no adjustment of measurements is possible). A test can
be applied to the standard error of unit weight to statistically validate the quality of your error
estimates. A "rule-of-thumb" approach of 0.7 to 2.5 works well, too. A failure of this test
indicates an invalid adjustment due to poor error estimates or blunders. If no blunders can be
found, it is generally appropriate to change some or all of your error estimates.

Notice you can use you error estimates to “classify” different qualities of surveys within a
network, and adjust all of the network simultaneously. Least squares still preserves the
geometric constraints of sum of interior angles being (n-2)*180 degrees and sum of latitudes
and departures of a loop being zero. Adjusted angles will close perfectly between adjusted
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azimuth measurements. If the data is azimuths (or bearings) and distances with no angles the
sum of the interior angles constraint disappears but the latitude and departure constraints
remain. This is no different than information derived from a compass rule approach. A
compass rule adjustment actually produces residuals for all measurements, but they are
generally not termed residuals. The simultaneous analysis of all data on all traverse legs, with
the ability to weight measurements using your error estimates, is the key difference.

The simultaneous approach allows the systematic distortions which result from a sequential
compass rule approach to be eliminated. You truly obtain the "best" coordinates based on a
series of measurements and your error estimates.

Additional Information about Least Squares Adjustment of Horizontal Survey Data

A brief discussion of items involved in least squares analysis of horizontal survey data will
help users with questions like "Why do I do this?" and "What do these numbers represent?".
This will be presented in a question and answer format.

(1) Why do adjustment of large networks take so long to run?

Least squares analysis of survey networks requires solution of a system of equations
equal in size to the number of unknowns. Unknowns in horizontal survey networks are
the 2-D coordinates of the stations. A 1000 station network has 2000 unknown
coordinates (1000 X, 1000 Y). This means a system of 2000 equations, 2000 unknowns
(called the normal equations) needs to be solved. Even on a fast computer this is not a
trivial process. As the size of the network increases the time required for the solution
increases exponentially (i.e., a 1000 station network takes more than twice the time to
solve of a 500 station network).

(2) Why does least squares of horizontal networks require an iterative solution?

The equations used in horizontal data are "non-linear" equations. The inverse distance
and azimuth equations are examples of non-linear equations because they include items
such as square roots, squared terms, and trigonometric functions in them. A leveling
network produces linear equations of the form:

Elev. B - Elev. A = meas. elev. difference + residual

There are no powers or trigonometric functions in this equation. To solve non-linear
equations the equations are so-called "linearized". In doing this one creates a solution
which solves for updates to approximations for all unknowns. The updates are added to
the approximations, and the solution for the updates occur again (the second iteration).
When the updates become "negligibly small" (all less than 0.005 ft. for most surveying
applications) the solution has converged on the least squares solution for all coordinates.
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Several questions arise:

(1)

2)

3)

4)

How are approximations for all coordinates generated, and how close to their final
adjusted values do they have to be?

Conventional traverse computations are the most effective approach to approximate
coordinate generation. This has been implemented for any traverse network configuration
in computer program GENER of the LSAQ, etc. software package developed by the
author. GENER performs a compass rule adjustment for all traverse routes, outputs
closure reports and residuals for all measurements from the compass rule. These serve
as excellent approximations unless blunders exist, and are generated automatically from
any unordered data set.

(Editors note: Current version of GENER does not use compass rule.)

How many iterations are usually required?

If no blunders exist the solution will usually terminate in 2 iterations. The first iteration
will illustrate the difference between the compass rule and least squares solution, and the
second iteration will produce all negligible updates.

If blunders exist a solution will often run more than 2 iterations. There is generally little
need to run more than 4 iterations for a data set.

What is a divergent solution?

If approximations are very poor, or substantial blunders exist, it is possible that iteration
updates will grow (diverge) instead of decrease (converge). It is important that one looks
at pre-adjustment closures and compass rule residuals (produced by GENER) for obvious
blunders, which can be corrected, prior to running the least squares adjustment.

What are the meanings of standard errors of coordinates and error ellipses?

These quantities give the surveyor a feel for the positional reliability of his or her
produced coordinates. They are a function of the proximity of the coordinates to control
stations in the network (further from control you are less confident of the positional
reliability of your coordinates). These error analysis results are very computationally
intensive to obtain, and thus should only be generated for large networks if truly
necessary.

A short discussion of statistical properties of standard errors is required to understand this
component of least squares results. Least squares analysis assumes measurements are
drawn from a normal distribution. A normal distribution results in the familiar
bell-shaped curve of statistics. Values of data is represented on the x axis and frequency
of occurrences on the y axis. The center of the bell shaped curve is the average.
Statistics can show that approximately 66.7 % of your data falls within the region between
the average minus the standard error and the average plus the standard error.

This applies directly to standard errors of survey coordinates. If you performed the same
survey over, using the same techniques under the same conditions, you would be 66.7%
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(5)

(6)

confident that the new coordinate will fall within "plus or minus" the standard error of
the first produced coordinate. Multiplying the standard error by three produces 98.6%
confidence. The error ellipse produces SU - maximum error, SV - minimum error, and
T - angle from north to the direction of the maximum error direction. One will normally
find maximum error approximately 90 degrees from the direction of the traverse at that
point. Error ellipses provide an effective visual tool for inspecting positional accuracies
of least squares adjusted station positions.

What is meant by re-weighting for blunder detection purposes (robustness)?

Least squares can be used as an extremely effective tool in blunder detection. Often
simply looking at residuals will isolate blunders. A technique often termed robustness
serves as a filter for bad measurements. It involves running the adjustment once with
your error estimates, then averaging the error estimate with the residual (absolute value)
for a measurement. This quantity becomes the new error estimate, and the adjustment
is run again. Measurements with small "first run" residuals will get decreased error
estimates in the subsequent run, and the opposite effect occurs for measurements with
large residuals. This will shift the bigger adjustments to those measurements with larger
error estimates. This filtering affect is very effective in blunder isolation. A weighted
average can also be used in determining new error estimates if desired. One can robust
all measurements, or only certain ones (such as angles only). The blunders should then
be corrected and the adjustment re-processed.

What is the meaning of the "Band is xx stations" which appears just prior to the
adjustment process itself?

The equations which are being solved tend to be "sparse”. Sparse means there are lots
of zero coefficients. If one can figure out where the zeros are, the station order can be
switched until the zeros are ordered in some systematic fashion. One approach to
re-ordering equations or stations is bandwidth optimization. It is used by many
adjustment programs. The band is the "width" of the equations with the zero terms
ordered outside of the non-zero band. A 1000 station network with a band of 20 stations
will solve much faster than one with a band of 100 stations. The band is a function of
redundancy and the number of traverse leg connections. The minimum band is found in
an iterative process. The total number of terms in a banded solution is a function of band
size and the number of stations. Without algorithms which take advantage of sparsity we
would be waiting a lot longer for solutions to occur.
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Conclusions

Least squares adjustment is a statistically valid approach which can solve any survey network
configuration simultaneously. With efficient software, a user can become proficient at using
least squares in a short time. Hands- on experience with real data sets is the best learning tool
that exists. One should not abuse the use of least squares adjustment. A user should always
examine that amounts of adjustment to measurements are within acceptable limits.

Least squares adjustment does not eliminate the need for preservation of our measurement
information. It does validate whether or not our measurements appear reliable. “"Measurement
Management” is an integrated process with adjustment, and will undoubtedly be the topic of
another paper such as this. Hopefully this information will allow hands-on experience to be
a more fruitful learning procedure.
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ABSTRACT

The surveyor confronting dependent resurveys of federal lands is often working in an environment
which is thought to not be conducive to high levels of precision. Hilly terrain and thick vegetation
lead to short sight distances and difficult instrument setups. A complete retracement of an entire
township can easily require 2000 instrument setups. The demonstrative amount of data can also
force one to use non-rigorous methods of survey measurement analysis.

Analysis of measurements from dependent resurveys of 4 townships, the largest requiring nearly
1800 instrument setups, will be presented to illustrate that efficient field techniques, combined with
effective measurement analysis, can produce very reliable results. An efficient interface between
a total station/ data collector system and PC-based least squares analysis software capable of
simultaneous adjustment of entire townships will be demonstrated. The interface is not restricted
to any form of field procedure. Software and procedures for the quality control and maintenance
of these large data sets will also be discussed.

INTRODUCTION

One of the major elements of a dependent resurvey is the traverse data used in searching for
evidence of the original and subsequent surveys. Traverse data which is lacking in quality could
result in searching for evidence in improper locations. It also follows that poor traverse data will
result in proportionate measurement, the Manual of Surveying Instructions (USDI-BLM, 1973)
procedure for reestablishment of lost corners, will result in a mathematically correct solution in a
totally inappropriate relative position.

Rigorous mathematical analysis of surveying data has traditionally been restricted to geodetic control
surveys. The personal computer revolution has only recently made it possible for all land surveyors
to have data techniques such as least squares analysis at their disposal.
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A recent joint effort between the Eastern States Office of the Bureau of Land Management and the
University of Maine resulted in the testing of dependent resurvey measurement data in a least
squares analysis environment. The Eastern States Office is responsible for surveys of federal lands
in 31 states. The difficult surveying situations encountered range from swampland such as the
Florida Everglades to Appalachian and Ozark mountains.

It is anticipated many would question the benefits which would be derived from statistical analysis
of survey data which has been collected under very difficult field conditions. This paper hopefully
will illustrate the importance of this type of analysis, and further illustrate that it is possible to
perform precise survey work in difficult field conditions. The integration of quality field procedures
and effective mathematical analysis must both exist. If both do indeed exist, it will be shown that
"adjustment” of survey data truly becomes analysis, as the amounts of adjustment can be controlled
to be statistically insignificant.

EASTERN STATES OFFICE FIELD COLLECTION PROCEDURES

The Eastern States Office of BLM has been using total stations and data collectors for 3 years. The
data collector system is HP-41 based and was developed in-house to specifically meet the Office’s
needs. While it presents the problem of additional field equipment, a second tripod is used with a
tribrach mounted prism on all foresights. The tripod, as opposed to pole, mounted prism has
proven to add a level of precision which is well worth the problems associated with carrying the
added equipment.

In standard operation the backsight is a tack mounted on a lath. All horizontal angles are measured
once each in the direct and reverse positions. Re-measurement occurs if the difference between the
direct and reverse measurements if greater than 10-15 seconds (subject to setup conditions). The
data collector stores the average horizontal angle and horizontal distance resulting from the two
repetitions.

Solar/polaris observations for azimuth determination are taken approximately every 30-50 setups on
the traverse covering the perimeter of the township. The number and location of the solar/polaris
observations are a function of the visibility of the sun or star as well as terrain considerations. A
solar/polaris observation consists of 8 repetitions.

One geodetic control station in the area is tied into the dependent resurvey traverse.

The cadastral computation system used by the Eastern States Office is also HP-41 based and has
been developed in-house. The advent of PC-based CAD produced the need for communication
between the HP-41 and the computer. The same type of data transfer was used to bring the traverse
measurements into a MS-DOS environment.
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BASICS OF THE LEAST SQUARES ANALYSIS

Once the dependent resurvey traverse data had been transferred to the computer a translator program
was written to reformat the data for the least squares analysis. The least squares analysis software
package used was developed by the principal author, and has evolved over the last 5 years from
comments from a number of users in both private practice and government surveying positions. The
observation equation approach is used and all measurements can be automatically reduced to an
appropriate state plane grid. An automatic coordinate generation program supplies approximate
coordinates for the least squares analysis. In addition these approximate coordinates are used to
generate unique scale factors for each distance measurement and unique convergence angles for each
measured azimuth. While the software allows multiple elevations to be used in the reduction to the
ellipsoid ("sea level" reduction), a project elevation was assigned to each data set. The use of a
project elevation mirrored the approach used in the HP-41 system.

A post-adjustment traverse closure routine enabled calculation of conventional linear closures,
angular closures, and precisions. The methodolgy used in these computations will be more fully
described in the presentation of these results.
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TEST DATA SETS
Table 1 lists the four sites of the data sets.
Project
Test # State Plane Zone Elev. (ft.)
1 Missouri East Mercator - NAD 27 1225
2 Michigan West Mercator - NAD 27 1171
3 Missouri East Mercator - NAD 27 1200
4 Arkansas South Lambert - NAD 27 932

Table 1. Test site zones and project elevations.

Figure 1 (a) - (d) are plots of the traverse data for test sites 1 - 4 respectively. The small triangles
represent stations which were held fixed in the least squares analysis. Since the plots are based on
state plane grid north, the direction of the traverse data illustrates the angular difference between
grid and geodetic north. One can see that some lines were not traversed for logical reasons such
as encountering a body of water. It should also be apparent some tests were partial retracements
of a township.

A traverse "link" always had a beginning and closing angle measured to existing traverse lines,
enabling calculation of angular closures in addition to linear closures.

Table 2 illustrates the amount of data in each test.

Statistic Test #1 Test #2 Test #3 Test #4
# of control poin;;----_——_—g_---_—___z-—————__-;_-_-—_--_I
total # of stations 1036 644 1789 1708
# of distances 1057 660 1823 1742
# of angles 1077 676 1857 1773
# of azimuths 14 17 24 31

Table 2. Amounts of data in each test.

The section corners on the south township line of test #1 had coordinates computed for them from
a prior survey of the township immediately to the south. These coordinates were held as control.
As one can see, the amount of data is truly demonstative. A significant amount of blunder detection
techniques have been built into the pre-least squares analysis coordinate generation algorithm, the
analysis itself, and the post-adjustment analysis routines (Hintz, 1988). Since least squares requires
the solution of a system of equations that is equal to the number of unknown coordinates (3714
equations, 3714 unknowns in test #3) you do not want to have to run the least squares analysis
multiple times.
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LEAST SQUARES ANALYSIS RESULTS

The least squares results are illustrated in table 3 in a fashion that highlights the amount of
adjustment that was applied to the measurements. In all tests control was held fixed, distances
received error estimates of 0.02 ft plus 2 ppm, angles received error estimates of 10 seconds, and
azimuths received error estimates of 6 seconds. These error estimates were suggested by Eastern
States staff based on their instrumentation and field techniques.

Statistic Test #1  Test #2 Test #3 Test #4
Dist. RMS residual .003 .002 .002 .002
(ft)

Max. Dist. residual .019 .004 .007 .006
(ft)

Angle RMS residual 3.0 2.5 2.4 2.8
(seconds)

Max. Angle residual 16.3 12.4 17.6 18.9
(seconds)

Azimuth RMS residual 2.3 1.9 2.0 2.9
(seconds)

Max. Azimuth residual 7.1 5.5 6.4 12.2
(seconds)

degrees of freedom 88 67 128 132
stan. error of unit wgt. 1.13 0.87 0.96 1.11

Table 3. Least squares analysis test statistics.
For an in-depth explanation of the terms in table 3, one may refer to Wolf (1985).

All residuals in table 3 are reported in absolute value form. We are certain many will find these
results hard to believe. The authors also experienced this feeling in initial testing stages. As stated
earlier, these results are the combination of effective field procedures plus a simultaneous
statistically based approach toward analysis of survey measurements.

In the introduction it was stated it was important to verify that the amounts of adjustment applied
to your measurements is insignificant. The worst distance residual of 0.019 ft. was on a fairly long
line and is well within most EDM precision specifications. The largest angle residuals by inspection
were found to be restricted to extremely short lines of less than 200 ft. Maximum residuals of less
than 20 seconds on these lines is quite insignificant when one correlates the distance that shift is
equivalent to in ground distance. The azimuth residuals are well within the limits of azimuth
determination by solar observation. As a final verification of error estimation, the final standard
error of unit weight for each test was very close to one. Statistical testing of this value indicates
a high confidence level in all tests. Though not intended to be a focus of this paper, the analysis
provided maximum absolute error ellipse axes (one sigma) of 0.58, 0.45, 0.62, and 0.69 ft. for tests
1 - 4 respectively. These were appropriately at stations furthest from the control points.
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POST-LEAST SQUARES ANALYSIS RESULTS

The goal of the post-least squares analysis processor was to obtain conventional survey closure
estimates which are meaningful in a traverse network which is very interconnected. While loop
traverse closures are a conventional survey product they do not reflect the amount of adjustment that
has been applied to measurements. Loop closures also do not reflect how the traverse
interconnections affect each another.

An example of the decribed situation is two loop traverses with a common portion. The loop
closures indicate nothing with regards to how the two loops "fit" one another in a simultaneous
solution.

For these reasons it was decided to output traverse "link" closures between "junction” points in the
traverse network. A junction point in the township retracement scenario ends up being relatively
close to a section corner location. For the Eastern States Office data sets it follows that most of the
traverse links will be approximately one mile in length.

All computations use the unadjusted traverse measurements reduced to their grid equivalents. No
adjustment to angles is applied. An initial direction is determined by inversing the adjusted
coordinates of the end points of the first traverse leg. Computations proceed along the link traverse
using measurements reduced to grid. On the last traverse leg into the junction point the computed
direction from traversing can be compared to the direction computed from inversing adjusted
coordinates. This comparison is the angular closure for the link traverse.

Two types of precisions are determined. The first is a conventional precision derived from the the
linear error of closure, computed from latitude and departure closures, divided by the sum of the
traverse distances for the link traverse. Unfortunately, in a link traverse the precision derived in
this way is directly related to the "fit" of the starting direction for the link traverse computations
which was derived from an inverse of the adjusted coordinates.

The second precision is a comparison of the traverse link length based on measurements reduced
to grid to the traverse link length derived from an inverse of adjusted coordinates. The difference
between these two lengths divided by the sum of the traverse link distances results in a precision
based on "distance inverse". The distance inverse precision will undoubtedly yield quality results
since the least squares analysis adjusted all distances small amounts.

A overall precision for the traverse network is computed from the sum of all the link closures
divided by the sum of all the link traverse distances.
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The post - least squares analysis results are highlighted in table 4.

Statistic Test #1 Test #2 Test #3 Test #4
evaluated 61.0 44.5 90.5 83.3
traverse miles

Lat. / Dep. 1/13300 1/17900 1/12900 1/11800
Precision

Distance Inv. 1/129100 1/164200 1/86400 1/94800
Inv. Precision

Ave. Angular 24.3 20.6 25.1 32.1
Closure

Largest 110.0 80.0 92.0 144.0

Angular Closure

Table 4. Post - least squares analysis results.

These results are not intended to reflect a standard way in which traverse networks should be
evaluated. These procedures were simply developed to help the authors evaluate these data sets.

CONCLUSIONS

The applicability of least squares analysis to dependent resurvey traverse has been illustrated. As
a byproduct, it has also been shown that it is possible to perform relatively precise traverse under
difficult topographic environments. Possible approaches for illustrating precision of results has been
discussed and demonstrated.
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Chapter 4 - Overview and Introduction to the Tool Box

CMM contains many functions, many of these functions are in modular form and currently
are actually contained in separate programs. Later on in the Reference chapter there will
be a more in depth description of some of these programs, however at this point we would
like to give you a short introduction to most of these programs grouped into rough
functional areas. This ist does not necessarly represent the order in which you might use
these program.

Data Input Programs

GENER
GENER’s ultimate purpose is first coordinate approximation generation, which is
necessary for the Least Squares analysis process. However, it’s front end is designed
for manual data entry and editing of the primary measurement data.

ESO
Data Collection conversion for Eastern States Office data collection files. These files
must first be transferred to the PC.

TDSLSA
Data Collection conversion program for the Tripod Data Systems (TDS) CO-OP41
data collection format. This program is preliminary.

ARIZONA
Data Collection conversion program for the Custom BLM CO-OP41 data collection
format as designed by Olian Shockley. This program is preliminary.

LIETZ
Data Collection conversion program for the LIETZ SDR24 (and other) data collector.
This program is preliminary.

Measurement Processing

CMM
Is the command you type to get into the system. CMM is actually a DOS batch file
created by the INSTALL program and runs MANAGE.

MANAGE
Is the CMM Main Menu. Besides providing menu access to several of the
measurement functions. MANAGE allows you to create, select and define project
parameters such as State Plane Zone. It, through CMM provides access to the work
horses GENER, LSAQ, DXFLSA, your text editor and access to the Cadastral
Utilities sub menu.
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GENER
Discussed above under data entry, also serves as an important role in processing by
providing the basic data file for the system (the LSA file), and computing initial
coordinates and closures for the traverse data to date.

SD allows you to supply individual (rather than cross the board) error estimates.
CMM and Manage prompt you for default error estimates for your measurements,
such as control, azimuths (solars), angles and distances. This is important since one
frequently encounter situations where the default errors are not valid such as when
you go thru some short shots, or unstable setups, etc.

SSHOT
You can put your sideshots into GENER along with your other data, but they do not
do anything to help the analysis, they cannot provide any redundancy to the system
and end up slowing the processing down for nothing. If sideshots are ALWAYS
going to remain so (you have no intent to ever tie in the point another way), they are
best entered here. Not used much it happens.

Measurement Analysis

GENER
As above, but GENER’s closure’s are your first indication of errors. Because of it’s
methods, it cannot be relied upon for precise closure numbers, but the first large
misclosure it encountered points to problems in that loops data. Subsequent loops
may look bad but could be okay.

BLUNDER
Used to be part of GENER, now a standalone. BLUNDER applies a few geometric
methods to try to find angle and distance blunders. This will be added to. It’s
current methods sometimes fail on rectangular data. So don’t believe it if it doesn’t
tell you anything.

RAW
A special version of GENER. This program runs your traverse data from the LSA
file without adjustment. If a major blunder exists in the data it can usually be seen
more clearly here than with GENER’s report. RAW creates a VIEWable file as well
as a report.

LSAQ
The main Least Squares Analysis program. Through the process of error estimates,
and looking at the results of the adjustment contained in the .LSA file there is a great
deal of information about large and particularly small errors. The combination of all
your measurements and their redundancy is the key.
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CHECKER
Serves two purposes: First compares closing raw measurements to adjusted
connection points, and is the closest analogy to "What is the precision ratio" for this
type of system. Carefully used, CHECKER can also lead you to locate many errors
and blunders in your data. This is true because while many measurements ‘give’
because of bad data, the line with the error will likely have the largest misclosure.

VIEW
A screen graphics program that allows you to view your traverse files. This version
allows panning and zooming as well as toggling point id’s and has many other
options.

DXFLSA (a batch file which runs DRAW )
Creates a graphics DXF file which can be viewed or exported to a CAD system and
used to obtain hardcopy. Graphics can point to strange things that the system is doing
to your data when you have very large problems.

LOOPER
Allows you to cut out a section of raw data from a large project and create a smaller
data set. This can be of help for two reasons. 1) to help locate errors or blunders
known to be in one area. To eliminate excess processing time recomputing good data
in other areas of the project.

COMBIN
Combines projects. You can work separate projects or parts of projects, then
COMBINEe them into one once they are connected.

COMPARE
Compares two .COR coordinate files. This is useful after trying different weighting
options, or comparing common lines between data sets to see if the real difference is
of any importance.
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PLSS datum handling computations

CSTUF
Provides a multitude of PLSS datum computations. See extensive documentation in
the Reference Section. True and/or Plane traversing, inversing, all kinds of
intersections. Can be used readily to develop search areas, one, two and 3 point
control and subdivide sections, inverse to get Mean True line. AREA computation
is not fully worked out yet.

INREC

Inrec is a very important program that allows you to easily create the .REC record file
that is used by the PROPORT and AUTOPROP proportion programs. This is
essentially a digital record plat upon which all proports are based and thus it is very
important to verify all entries are correct since all future proportions are base upon
them. It is possible to use non-standard corner naming but in general the system
functions best and is really designed to take advantage of the organisational attributes
of the standard numbering scheme.

WHATIS

Another important program. WHATIS is the means we have to define which of the
traverse points in your project ARE to be considered or are accepted as corners, and
thus to be used for proportions. It is also possible to tag each traverse point and/or
corner with attributes such as original, local etc. This does not serve any function at
present, but may be used in the future to provide symbology with the output graphics.
The programs AUTOPROP, PROPORT, SECTSHOW all use this record file for
proportions.

PROPORT
The corner by corner PROPORTiIon program, performs single and double
proportions geodetically correct.

AUTOPROP
A wonderful program that performs mass proportions and even normal subdivision of
section automatically based upon the control you have currently defined with
WHATIS and the record file you have built with INREC. Primarily developed to
allow for generation of search areas, may be used also as a independent check on
PROPORT for proportions and CSTUF for subdivision of sections.

CMOVE
A program that computes corner moves and/or offsets to true line.

ADJUST
A program that provides for Grant boundary, Irregular boundary and Compass (non-
riparian meander line) adjustments, as well as 1, 2 and 3 point control and manual
versions of single and double proportions.
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Other Programs

UTCOMM
The Utilities menu program. Uses the file UTCOMM.PRG to define any number of
user programs. This program has been enhanced to work with a broader range of
graphics cards and the definition file it uses is customisable by the user in terms of
colors as well as to add programs. (See installation section Appendix 1.

CONVERT
General purpose State Plane <--> Geodetic conversion program. The initial Least
Squares Analysis produces a geographic coordinate file, however subsequent
programs, and many of the utilities work primarily with the .COR file, so if lat/longs
are desired for those additional points the .COR file can be processed into geographic
coordinates with CONVERT.

PROJEC
A direct program to create a project definition file ((DEF). Normally not needed
because the CMM-MANAGE Main Menu System performs essentially the same
function. However, the MANAGE does not allow you to assign extreme unrealistic
error estimate values. Sometimes that is useful in searching fof blunders. PROJEC
has no such limitation.

LOOK
Look is a file browsing utility. CMM operation produces many report and output
files, many of which it is essential to examine. LOOK allows the user to select from
amoung the files produced for the project and view (without edit ability) them.

TE/RUNTE
A public domain text editor supplied with the system. Associated documentation files
and configuration programs are included with the system.
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Cadastral Measurement Management FILE Naming

All input/output files are based on the project name followed by a DOS extension which
describes the file. If a project is called HOSTROP, all files will be named HOSTROP with
different extensions beyond the DOS".".

Program Input Files Output Files
CMM .DEF .DEF
GENER .DEF .LSA
.LSA .GEN
LSAQ .DEF .ADJ
.Lsa .COR
.GEO
BLUNDER .DEF .LSA
.LSA .BLU
CHECKER .DEF .CHK
.Lsa
.COR
SD .DEF .SD
.Lsa
.SD
DXFLSA .DEF .DXF
.LSA
.COR

.ADJ (for error ellipse info.)

SSHOT .DEF .S8S

.SSS .COR

.COR
all utility .DEF Various Reports
programs .COR .COR

LSAQ, CHECKER, and SSHOT also use project.LEV for elevation information if this
option is selected in CMM.
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Preliminary Details:
Types of Data - Measurements:

CMM processes measurements that are already reduced. Such as:

Meaned Angles Right
Angles left may be entered, but they are converted to angles right.

Horizontal Distances at ground elevation.

Default units are feet, this can be changed within an entry session or overridden per
entry to Feet, Chains and/or Meters entry.

Other data that is required before a job can be completed are:

Geodetic Control
For at least one point on the job site. Scaled data is adequate to allow the system to
properly compute proportions, etc. and return correct true bearings. If good control
is later tied in it can be added to the data and the project quickly rerun to produce true
values.

Azimuth Control
This will usually be in the form of astronomical observations, azimuth marks OR
more than one control point on the project. Azimuths can be either true forward
azimuths, OR grid azimuths, but grid & true cannot be mixed within one project.

Basics of data entry?

In the future the goal we hope to have most of the field data transferred from a data
collector that will collect and maintain raw measurement data and create files compatible
with CMM. This version of CMM contains a few data collection conversion programs,
these are rudimentary at this time.

For many users data will have to be manually entered. This is most efficiently done thru
the front end functions of the GENER program.
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Other _skills of value

Knowledge of DOS - This system has made an attempt to provide a functional and
understandable user interface. This can always use improvement and this is recognized.
The system is also operating a rather complex mix of functions that creates quit a few files
on your PC. For this reason a good working knowledge of the PC’s operating system DOS
will usually be of benefit to any user. Particular familiarity with file management functions
such as copying, and hard disk management functions such as creating and using
subdirectories and changing drives are useful.

In the future there will be more job management functions in the system, for now it is
useful to know how to copy files so that you can get old jobs out of the working CMM
directory, make copies for testing to protect the original data, and renaming files for some
of the same reasons.

Special installation or customisation of the system also requires a moderate knowledge of
DOS.

Additional Program Documentation

There are several utility programs that are included with the system that can help you
manage your jobs. Documentation for these programs is contained in DOC files that are
included with the CMM system. These utilities are:

TE This is a basic Text Editor, information on it’s commands is available both in
a DOC file installed with the system and by using the <F7> key while in the
editor. The editor is exited with the <F4> key, giving you the option to save
a modified file or exit without changes.

LHARC This is a file compression utility. This is useful for job storage as you can save
all the files associated with a job in one file, and in addition they will occupy
much less space. Documentation is contained in a DOC file installed with the
system, and simple operational reminder is available by typing LHARC(Enter)
at the DOS prompt.

BAT2EXEC
This program allows you to compile DOS batch files into executable files. This
allows then to be incorporated into the Uilities menu through the
UTCOMM.PRG definition file.

KC
This is a capslock (and other) keyboard toggle utility. Documentation is supplied
in a file called KC.DOC.
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Getting Hard Copy

Since files are the primary means of output for CMM, a direct method of obtaining hard
copy is not provided. In many cases the files and reports do not need to be printed, but
in some cases printouts will be essential. For example a corner move report. Hard copy
provides additional assurance that what you did is documented.

Use your editor:

WordPerfect: ASCII or text files can be imported into WordPerfect and then printed.
Using a wordprocessor to perform this function allows you the maximum flexibility
to document multiple files in you job, and to print to a wide variety of printer
hardware.

MultiMate: same as for WordPerfect.

Other: There are a number of other editors you may use or install with the system,
for example WordPerfect’s Program Editor has a print option.

DOS’s PRINT command:

Dos contains several ways to print files, one of which is the PRINT command, check
your DOS manual for how this operates.

TE
Allows sections of text to be blocked and sent to a printer.

LOOK
Allows sections of text to be blocked and sent to a printer.
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Figure 2 - Example 1 Diagram (Colorado Central Zone)

page 44

CMM Chapter 5 - Example Getting Started




Chapter 5 - Working out Example 1

Starting at a Point #1, with scaled lat/long of:

Latitude: 38° 30’ N.
Longitude:  108° 22’ W,

at the original Cor. at the SE Cor. of our fictitious Section 26. This location is somewhere
in West Central Colorado (Colorado Central Zone). It is usually easier to deal with simple
point numbering when you start out with this system. CMM will take up to 16 character
station names. There is no distinction between upper and lower case, however, so point
’aa’ will be considered the same as "AA’. The diagram shows the following data.

SAMPLE PROBLEM 1

Inst. Dist. FS
@ _Bs FS Desc. _ Angle Right Hor Chains
32 1000 Solar 1 16°27°00" (none)
i 2 16.951c
2 01 3 Temp 186°02"12" 23.210c
3 2 4 185°45°00" 16.986c
4 3 5 Temp 170°10'36" 23.944c
5 4 6 T 85°41°12" 39.521c
6 7 5 BS 7 Temp 99°24°'03"  3.883c
7 6 8 G .~ 110°40°54" 16.276c
8 7 9 ~ Temp 172°29/24" 23.435¢c
9.8 00 S - 160°00'54"  3.695c
109 11 G 103943706" 29.269c
11 10 12 : _ 194°05°12" 12.054c
72 11 3 - v 20.553¢
135012 14 Local sC 15.745¢c
14 13 15 o 12.832¢c
15 14 16 Temp 28.170c
16 15 1 = Beginning 39.680c¢

Note: In a few cases the forward point was sighted first.

Figure 2 -- Traverse data for sample problem

Let’s enter this traverse into CMM from scratch, First we will have to invoke CMM and
setup a new job.

1) Start CMM by typing:
CMM(enter)

at the DOS prompt.
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2)

Note: -In the following documentation the (enter) is implied. Normally
prompis provided by the program will be displayed in sans- -serif
font, and any responses and data typed by the user will be indicated
in italics. Like this:

Prompt: User supplied

. .  :: Enter Bearing: 89.2233 (enter inferred)

If nothing happens, check through your installation as discussed in the Installation
Appendix 1.

If you don’t see the screen shown in Figure 3, skip to 3). You will only get the
Screen in Figure 2 if this is the very first time you have run the system. This occurs
whenever a file named TEMP.JOB does not exist. This file stores the default job
name. Otherwise you should see the screen show in Figure 4.

- CADASTRAL

- Measurement
Management
System
1990

Cadastral Messurement Management System

You do not have a default Job defined...

Enter Jobname: SEC26A

<enter> To Quit

Figure 3 -- Introduction Screen for your first job.
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3)

If you do get to this screen, enter your first job name at the prompt or type (enter) to
quit as indicated. In the figure we have already typed in the name.

Job names, also called projects, are restricted by the normal DOS file naming
conventions since the project name is actually used to create all the files associated
with the job. Briefly, the name can be only up to 8 characters in length and cannot
contain any of the following characters

IV, . <>2/:5"[1*+ =
Upper and lower case letters are treated alike, and you should not include any DOS
file extension in the system UNLESS specifically prompted to, as the CMM system
adds that for each of the variety of it’s different files.

You should now see the Cadastral Measurement Management Main Menu roughly as
shown in Figure 4. This menu covers the primary measurement processing programs.

 cadastral MM Main Menu  v.09/23/90.4

Current Job
SEC26A

J - Joa: Cregge:neu_nt'¢ﬁange Job
G - Generate c@o}dihatea-& Enter Data (GENER)
A - Adjust/Analyze Traverse Network  (LSAQ)
¢ a'ébmpuféfgééiii&justmént Closures  (CHECKER)
D - DXF Output File for AutoCad/Sketch (DXFLSA)
E - Edit Data File
U - Utilities: Cadastral Computations (UTCOMM)
X - Exit

Enter Letter or Use Arrow Keys and hit <ENTER>

Figure 4 - Cadastral Meas

urement Management Main Menu

The choices in the menu are in the approximate order you might use them in a project.
We will get to all of them in the course of this example, rather than describe them all
at once. The choice you would normally make first would be to select J to name a
new job. Unless it is the very first job executed in the system or the TEMP.JOB file
has been inadvertently deleted, (see 2. above) you will define the new project name
here.
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4)

3)

6)

All choices in this menu can be selected either by moving the light bar to your choice
then hitting (enter), or by keying the single letter next to the item.

Therefore to create a new job, etc. key:

J

This should bring up an

. ) _ cadastral MM Main Menu  v.09/23/90.4
overlaying window ] -

prompting for the Job Name

as shown on the right. If the | 4 - é‘f‘:f_‘éf‘”ﬁéuu"bb‘ Name or (?): SEC26A I |
- - . 3 i ihaimnintl ........... - - — ]

JOP is already the default it 6 - Generate Coordinates & Enter Data (GENER) I
will show. o

After defining your new job name by either or both 2) and 3)

The next step is to setup the parameters for the job and begin data entry. This is done
thru the second choice on the menu:

G - Generate Coordinates & Enter Data (GENER)

Make that selection. You will get a screen that looks a little like Figure 5 below,
except not as cluttered. The prompt that is hidden says:

Measurements Adjusted to State Plane Zone? NO

You can run the measurement management and analysis portion of CMM without
being in a projection. If you do so, the system has no way to deal with the geodetics
of the PLSS and none of the utility programs will function to do any PLSS
computations like proportions, etc. Also, if you have multiple solars they cannot be
properly corrected to a common base. If you want to work with local coordinates
leave the current answer as NO and proceed with <F10>.

Normally CMM is run in a projection. It is important to choose the correct State
Plane Zone for the project area. If you get too far out of the proper zone some of the
computations will start to accumulate strange errors.

In this case we are in the Colorado Central Zone (a guess), and so following the
prompts at the bottom of the screen we first hit:

<F2>
Now we can change the answer to the ZONE question to Yes by hitting:

Y
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SR

. | %k CADASTRAL ** :
. SEC26A MEASURENENT MANAGEMENT Coordinate
Generation :
Project Definition Parameters

Measurements Adjust g e
 [Enter stete Avbreviation: co

State Plane Zane:

7) As soon as you hit the Y, the State Abbreviation Prompt window shown above
appears. The state abbreviation is the Postal Zip Code two character code. In this
case:

co
as soon as you enter the State, prompts for a lot of additional parameters appear on
your screen and your cursor is place to respond to each in turn. The screen now
should look like Figure 5 above.
tym: NAD 19er

evl:

When you hit enter at each prompt an additional option

selection window opens. In this case we first get the Zone
selection window and select the Central Zone with the light
bar and (enter), or by keying the corresponding menu
choice. In this case key:

2
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Next you are prompted to select the datum.

In most cases you will want NAD27. Remember that the

select Datun [ev:

=

default units for most NAD83 systems is metres. The 1 - NAD 1927
Datum Selection window is illustrated on the right. 12 NAp-1983
8) After selecting the datum your next selection is:
Elevations will be read from a file: NO
Most of the time you will leave this at the default of NO. Because CMM is designed
to work in a projection, proper reduction of lines measured at ground elevation
requires some information about the project elevation.
There are two ways to do this.
Average Project Elevation: most of the time, an averaged project elevation is all
that is needed.
Derived from a file: Elevations can be derived from terrain information
contained in a file. In some cases where there are large variations of elevation
over a project it will affect accuracy of computations. This variation can be
modeled with sample points contained in an elevation file. There is no program
that will create such a file. This mode may become more practical with data
collection systems. For information on what the elevation file should look like
see the detailed documentation for LSAQ in the reference section of this
document.
Answer the default: NO
9) The next prompt is the other option for elevation as discussed above, the average
project elevation. As long as this is within a few hundred feet there should be no
adverse affect on computations. The imaginary average elevation for this project was
not stated above, but is:
Average Network Elev: 6200
10) The last thing you have to define for this project is what type of Azimuths (Solars and

Polaris observation bearings) you want to input. For most of Cadastral the answer
will be Geodetic or True. The option would be that you have pre corrected your
observations to grid, or perhaps your only azimuth was from a grid azimuth mark.
Once you make this choice ALL azimuths must be the same type, they cannot be
mixed.

Input Azimuths Are Geodetic: YES
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11)

12)

Now successive entries will take you around in a circle thru the prompts. When you
have them all correct follow the information at the bottom of the screen and hit the
<F10> key to accept the entries and continue.

As soon as you hit the <F70> key, the program GENER is started with the default
project you have just defined (set-up). GENER has 2 jobs, its ultimate goal is to
generate by any means possible coordinate estirnates for all of your traverse stations.
This is necessary to help out the least squares process coming up. GENER does not
always do the logical thing, or the best thing, it just gets a coordinate that should be
close. Remember it’s an estimate!!

GENER’s other big capability is that it is the primary means of manual data entry.
That is entry of your traverse measurement information. The following pages contain
a complete dialogue of the entry of the data from the example. Comments and
explanations are shown in italics on the right side of the page. This job was entered
in such a way as to illustrate several of the options that are available.

We strongly suggest you take a zerox copy of the example diagram and/or data and
follow along closely with this dialogue.
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COMPUTER PROGRAM GENER VERSION 9-5-90

PROJECT NAME IS SEC26A

DO YOU WANT TO INPUT NEW DATA OR EDIT EXISTING DATA? (Y/N):
Yy

*%* DLEASE PRESS THE CAPS LOCK ON YOUR KEYBOARD ***
ALL STATION NAMES SHOULD USE CAPITAL LETTERS AND/OR NUMBERS
DO NOT PUT SPACES IN STATION NAMES - THANK YOU

DO YOU WANT TO INPUT NEW DATA OR EDIT EXISTING DATA? (Y/N):
Y

1-INPUT OR DELETE CONTROL POINTS

2-INPUT OR DELETE DISTANCES

3-INPUT OR DELETE ANGLES/ DISTANCES

4-INPUT OR DELETE AZIMUTHS OR BEARINGS

5-LIST CONTROL STATIONS AND COORDINATES

6-LIST DISTANCES

7-LIST ANGLES AND DISTANCES

8-LIST AZIMUTHS

9-VIEW/CHANGE CURRENT DISTANCE ENTRY/EDIT UNITS
10-CHANGE (EDIT) EXISTING DATA

11-QUIT DATA ENTRY AND GENERATE APPROXIMATE COORDINATES
CHOOSE A #

9

DISTANCE ENTRY/DISPLAY UNIT IS FEET

CHANGE UNITS (Y/N) ?

Y

DO YOU WANT DISTANCE ENTRY/DISPLAY UNIT TO BE
(1) FEET

(2) CHAINS

(3) METERS

PICK A #

2

DISTANCE ENTRY/DISPLAY UNIT IS CHAINS

1-INPUT OR DELETE CONTROL POINTS
2-INPUT OR DELETE DISTANCES
3-INPUT OR DELETE ANGLES/ DISTANCES
4-INPUT OR DELETE AZIMUTHS OR BEARINGS
5-LIST CONTROL STATIONS AND COORDINATES
6-L1ST DISTANCES
7-L1ST ANGLES AND DISTANCES
8-LIST AZIMUTHS
9-VIEW/CHANGE CURRENT DISTANCE ENTRY/EDIT UNITS
10-CHANGE (EDIT) EXISTING DATA
11-QUIT DATA ENTRY AND GENERATE APPROXIMATE COORDINATES
CHOOSE A #
7
DO YOU WANT TO?
1-ADD DATA
2-DELETE DATA
3-QuiTt
INPUT THE # OF YOUR CHOICE:
7
ENTERING A "U"™ FOR UNDO ALLOWS ONE TO ELIMINATE PREVIOUS ENTRIES

ARE INPUT COORDINATES

(1) LATITUDE , LONGITUDE

(2) NORTHING (Y), EASTING (X)

PICK A #

1

INPUT CONTROL STATION NAME (ZERO IF FINISHED):
7

===

This is the screen I/0 with GENER
Most programs will show a header,
with Version Date & Job Name.

You will almost always answer Yes 10
enter or change data

Note: We gor the message because we
were using lower case.

We changed 1o CAPS.

This is GENER's main menu

1 Use 1o enter control starions

2 Use to enter distances ONLY

3 Use to enter ANGLES & DISTS

4 Use for SOLARS or other Azimuth

9 Set Default Units *IMPORTANT*
10 Used 1o change ANYTHING
11 End entry and GENERate approx coords

Selected 9: Suggest you always choose
default UNITS if they are NOT feer.

Prompt tells us the default now is Feet
Yes, because this data is in chains
Note: You can override the defauli
individual distance entries when
entering later by adding C M or F.
Select Chains for new default

Tells us we are now in Chains

Main Menu again

I choose to enter an estimated value

Jor my starting station. This can be
changed later. But you can use a scaled
position until you tie in (if ever) and your
relative comps will still be fine.

Note: the Undo option is available at
many of GENER’s data entry prompts.

We have a scaled lat/long

It is best to use simple station names
when you are just learning CMM.
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INPUT LATITUDE IN DDD.MMSSSSS FORMAT

38.3 Note the HP41 DD.MMSS type formar.
INPUT LONGITUDE IN DDD.MMSSSSS FORMAT
108.22
STATE PLANE COORDINATES GENER computes the State Plane's
NORTHING (Y) = 255737.008 EASTING (X) = 1179694.126 and stores them for your starion.
INPUT CONTROL STATION NAME (2ERO IF FINISHED): Entering O (zero) is the way CMM
0 programs commonly stop input.
7-INPUT OR DELETE CONTROL POINTS Back 10 Main Menu
2-INPUT OR DELETE DISTANCES
3-INPUT OR DELETE ANGLES/ DISTANCES Now this example starts out at a found
4-INPUT OR DELETE AZIMUTHS OR BEARINGS corner and a Solar was taken. We
5-LIST CONTROL STATIONS AND COORDINATES wani 1o enter it now. An azimuth does
6-LIST DISTANCES not have to be on the first point,
7-L1ST ANGLES AND DISTANCES but GENER must have at least one azimuth
8-LIST AZIMUTHS OR more than one control point in order
9-VIEW/CHANGE CURRENT DISTANCE ENTRY/EDIT UNITS to orient your job to the coordinate system.
10-CHANGE (EDIT) EXISTING DATA
11-QUIT DATA ENTRY AND GENERATE APPROXIMATE COORDINATES Normally azimuths are forward true,
CHOOSE A # If you have already corrected solars
4 to Grid you had to have specified GRID
DO YOU WANT TO? Azimuths in the initial setup menu.
1-ADD DATA
2-DELETE DATA
3-QuIT
INPUT THE # OF YOUR CHOICE:
7

ENTERING A "U"™ FOR UNDO ALLOWS ONE TO ELIMINATE PREVIOUS ENTRIES

WILL INPUT BE (1) AZIMUTHS OR (2) BEARINGS - SELECT A # I have a bearing

2

INPUT THE OCCUPIED STATION NAME (ZERO IF FINISHED): I took Solar ar Station ‘1’

17

STATION NAME EXISTS This little warning is a way 10 warn
you about using an already used a name

INPUT THE SIGHTED STATION NAME: In this case it’s okay as I wanr the

1000 same point. You should come up with

NEW STATION NAME a station naming scheme for Solars.

INPUT QUADRANT # OR N,S,E,W FOR CARDINAL DIRECTION A weird thing is that you have to

7 have some kind of distance to your

INPUT BEARING IN DD.MMSSSS FORMAT astro object Zero won't do. We suggest

71.18 you use something obviously made up.

INPUT DISTANCE 1 -1000 ZERO IF NONE OR

PREVIOUSLY INPUT

99.999

OCCUPIED STATION ASSUMED TO BE 1000 The system tries 10 move me up.

INPUT SIGHTED STATION NAME (ZERO IF INCORRECT): 0 10 quit I am only entering 1 solar

0 at this time. You can come back later

INPUT THE OCCUPIED STATION NAME (ZERO IF FINISHED): to change, delete or edit any of these

0 in the future.

1-INPUT OR DELETE CONTROL POINTS Back to main menu

2-INPUT OR DELETE DISTANCES

3-INPUT OR DELETE ANGLES/ DISTANCES Most traverse data entry will

4-INPUT OR DELETE AZIMUTHS OR BEARINGS be with #3.

5-LIST CONTROL STATIONS AND COORDINATES

6-LIST DISTANCES

7-LIST ANGLES AND DISTANCES

8-LIST AZIMUTHS

9-VIEW/CHANGE CURRENT DISTANCE ENTRY/EDIT UNITS
10-CHANGE (EDIT) EXISTING DATA

11-QUIT DATA ENTRY AND GENERATE APPROXIMATE COORDINATES
CHOOSE A #

3
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DO YOU WANT T0?

1-ADD DATA

2-DELETE DATA

3-QUIT
INPUT THE # OF YOUR CHOICE:
7

SPECIAL INPUT CHARACTERS ARE

U - UNDO LAST OPERATION

S - SIDESHOT FROM PREVIOUS BACKSIGHT AND OCCUPIED

B - CHANGE BACKSIGHT OF PREVIOUS OCCUPIED AND FORESIGHT

ALWAYS ENTER SIDESHOTS BEFORE THE ANGLE TO NEXT TRAVERSE STATION.
IT ENHANCES THE DATA ENTRY ROUTINE.

There are a lot of options and short
cuts in this portion. Besides the
(U)ndo option, you can say that the
entry you just finished entering was
a sideshot and back up 1o last
occupied. You can change backsights
Jor check shots. Also - for angle

left (or reverse BS-FS) enter B after.
Options not shown here are that you
can append C F or M 1o distance
entries to define non default units
of Chains Feet or Meters

A NEGATIVE ANGLE IMPLIES ANGLE LEFT (BS AND FS STATIONS WILL BE SWAPPED)

INPUT THE BACKSIGHT STATION NAME (ZERO
1000
STATION NAME EXISTS

IF FINISHED):

INPUT THE OCCUPIED STATION NAME:
7
STATION NAME EXISTS

INPUT DISTANCE 1 -1000
PREVIOUSLY INPUT

0

ZERO IF NONE OR

TRAVERSE MODE

BACKSIGHT STATION : 1000

OCCUPIED STATION : 1

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):

2
NEW STATION NAME

INPUT DISTANCE 1 -2 ZERO IF NONE OR
PREVIOQUSLY INPUT

16.957

INPUT ANGLE IN DD.MMSSSS FORMAT

-16.27

TRAVERSE MODE

BACKSIGHT STATION : 1

OCCUPIED STATION : 2

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):
3

NEW STATION NAME
INPUT DISTANCE 2 -3
PREVIOUSLY INPUT

23.21

INPUT ANGLE IN DD.MMSSSS FORMAT
186.0212

ZERO IF NONE OR

TRAVERSE MODE

BACKSIGHT STATION : 2

OCCUPIED STATION : 3

INPUT FORESIGHT STATION NAME (ZERO IFf INCORRECT):
4

NEW STATION NAME
INPUT DISTANCE 3 -4
PREVIOUSLY INPUT

16.986

INPUT ANGLE IN DD.MMSSSS FORMAT
185.45

Z2ERO IF NONE OR

Entering - angle is interior left.

I decide 1o BS my Solar Point for data entry

Prompis the distance to BS on first
This comes in handy some times.
Enter 0 because we already have it.

Note: the Traverse Prompt show the BS
and the occupied station names.
Prompt for first FS: distance first
Prompt for angle, use - since this

angle left with this BS-FS
Move up & ready for next leg.
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TRAVERSE MODE

BACKSIGHT STATION : 3

OCCUPIED STATION : 4

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):
5

NEW STATION NAME

INPUT DISTANCE 4 -5 ZERO 1F NONE OR
PREVIOUSLY INPUT

23.844

INPUT ANGLE IN DD.MMSSSS FORMAT

170.1036

TRAVERSE MODE

BACKSIGHT STATION : 4

OCCUPIED STATION : 5

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):
6

NEW STATION NAME

INPUT DISTANCE 5 -6 ZERO IF NONE OR
PREVIOUSLY INPUT

39.521

INPUT ANGLE IN DD.MMSSSS FORMAT

85.4112

TRAVERSE MODE

BACKSIGHT STATION : 5

OCCUPIED STATION : 6

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):
7

NEW STATION NAME

INPUT DISTANCE 6 -7 ZERO IF NONE OR

PREVIOUSLY INPUT

3.883

INPUT ANGLE IN DD.MMSSSS FORMAT Another angle left because I have odd example
-99,2403

TRAVERSE MODE

BACKSIGHT STATION : 6

OCCUPIED STATION : 7

INPUT FORESIGHY STATION NAME (ZERO IF INCORRECT):
8

NEW STATION NAME

INPUT DISTANCE 7 -8 ZERO IF NONE OR

PREVIOUSLY INPUT

16.276

INPUT ANGLE IN DD.MMSSSS FORMAT I am now going to make a deliberate mistake
172.2924 Wrong angle

TRAVERSE MODE Continue for a while 1ill I discover mistake

BACKSIGHT STATION : 7

OCCUPIED STATION : 8

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):
9

NEW STATION NAME

INPUT DISTANCE 8 -9 ZERO IF NONE OR

PREVIOUSLY INPUT

23.435

INPUT ANGLE IN DD.MMSSSS FORMAT Realize mistake and use U (undo) to back up
u Back up 10 distance prompt

INPUT DISTANCE 8 -9 ZERO IF NONE OR

PREVIOUSLY INPUT

v Back up to previous station prompt
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AR

TRAVERSE MODE

BACKSIGHT STATION : 7

OCCUPIED STATION : 8

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):

7 Back up to previous Angle prompt (mistake)
INPUT ANGLE IN DD.MMSSSS FORMAT
170.4054 Enter correct angle

TRAVERSE MODE

BACKSIGHT STATION : 7

OCCUPIED STATION : 8

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT): Re-enter data forward again
9

STATION NAME EXISTS

INPUT DISTANCE 8 -9 ZERO IF NONE OR
PREVIOUSLY INPUT

23.435

INPUT ANGLE IN DD.MMSSSS FORMAT

172.2924

TRAVERSE MODE

BACKSIGHT STATION : 8

OCCUPIED STATION : 9

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):
70

NEW STATION NAME

INPUT DISTANCE 9 -10 ZERO IF NONE OR
PREVIOUSLY INPUT

3.695

INPUT ANGLE IN DD.MMSSSS FORMAT

7160.0054

TRAVERSE MODE
BACKSIGHT STATION : 9

OCCUPIED STATION : 10 Decide 1o stop, say at the end of a day’s work
INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):

0 "Zero Out” 1o menu

INPUT THE BACKSIGHT STATION NAME (ZERO IF FINISHED):

0

1-INPUT OR DELETE CONTROL POINTS Main Menu again

2-INPUT OR DELETE DISTANCES
. There is only ONE way out of this program
. (shortened menu in docs only) that is: item 11

iO-CHANGE (EDIT) EXISTING DATA

11-QUIT DATA ENTRY AND GENERATE APPROXIMATE COORDINATES
CHOOSE A #

17
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STATION 2

GENER will compute all coordinates ir can. If

it cannot, you can still quit and return later.

KAS COORDINATES GENERATED BY ANGLE AND DISTANCE

FROM KNOWN BACKSIGHT

NORTHING (Y) =
STATION 3

256809.651 EASTING (X) = 1179377.413
HAS COORDINATES GENERATED BY ANGLE AND DISTANCE

FROM KNOWN BACKSIGHT

NORTHING (Y) =
STATION &

258315.819 EASTING (X) = 1179100.617

HAS COORDINATES GENERATED BY ANGLE AND DISTANCE

FROM KNOWN BACKSIGHT

NORTHING (Y) =
STATION 5

259432.840 EASTING (X) = 1179009.501
HAS COORDINATES GENERATED BY ANGLE AND DISTANCE

FROM KNOWN BACKSIGHT

NORTHING (Y) =
STATION 6

260962.429 EASTING (X) = 1178614.302
HAS COORDINATES GENERATED BY ANGLE AND DISTANCE

FROM KNOWN BACKSIGHT

NORTHING (Y) =
STATION 7

260122.095 EASTING (X) = 1176145.837

HAS COORDINATES GENERATED BY ANGLE AND DISTANCE

FROM KNOWN BACKSIGHT

NORTHING (Y) =
STATION 8

260347.883 EASTING (X) =  1176024.767

HAS COORDINATES GENERATED BY ANGLE AND DISTANCE

FROM KNOWN BACKSIGHT

NORTHING (Y) =
STATION 9

260207.356 EASTING (X) =  1174960.116

HAS COORDINATES GENERATED BY ANGLE AND DISTANCE

FROM KNOWN BACKSIGHT

NORTHING (Y) =
STATION 10

259806.401 EASTING (X) = 1173466.773

HAS COORDINATES GENERATED BY ANGLE AND DISTANCE

FROM KNOWN BACKSIGHT
259666.517 EASTING (X) = 1173267.102 GENER computes coordinates first then

NORTHING (Y) =

DIRECTION ASSUMPTION HAS BEEN CORRECTED

Stop - Program terminated.

GENER has also just created a file SEC26A.GEN that contains some of the above data.
Note that it indicates what points were computed, how they were computed and the values.
If bad things happen, and coordinates cannot be computed that information will also be
shown on the screen and in the report. Next time we run GENER this report will be
overwritten with the current one for that run.

rotates the work in to your azimuths
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At this point control returns to the CMM main menu. GENER has just created a file
called SEC26A.GEN that contains the above output. The data you have entered is in the
file SEC26A.LSA, and the data that defines the project parameters you have is contained
in the file SEC26A.DEF. We will take a look at some of these files when we finish a loop
and have a closure.
What we have j ne i m ill :

* How to define a project

* How to start data entry in GENER

* Enter Control

* Enter Azimuths

* Enter Angles and Distances

* Enter Angles Left with a -

* Correct mistakes with U (undo)

* End after a days work.

* Generate approximate coordinates for work to date.

If you have been diligently working through this example this is an ideal place to take a
break.

sk ok ok ok ok ok vk Kk ok %k k %k
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tin

hics:

Now let’s try to get a graphic of the work to this point. Graphics provides a way to see
what you’ve done which is a great aid in noticing larger errors. This is especially true if
you are looking at your own data.

There are several ways to get graphics.

First way:

Second way:

Use the utility VIEW. This program will give you a quick look at the
traverse. It has the capability to pan and zoom thus allowing a good graphic
look at your job. To do this select V from the Utilities Menu.

Create a DXF file with the <D > choice on the CMM main menu. DXF
stands for a file format that was developed by the makers of AutoCad, and
it has become a defacto standard for interchange of graphic data between PC
based CAD systems.

There a few ways to use DXF files either to view or obtain hard copy.

1) Load the file into AutoCad with the DXFIN command, then you can
view, edit, plot or printer plot the drawing. Of course not everyone has
access to AutoCad and plotters and such.

2) Load the file into AutoSketch or other basic CAD package. There are a
number of such inexpensive packages that can read DXF files. This can be
in effective way to accomplish what we want.

3) Convert the DXF to a WPG WordPerfect 5.0 or 5.1 graphic file, then
create a WP document graphic which can then be viewed and printed.

In this example we will just create the DXF, and bring the DXF file into this
WordPerfect Document by using the GRAPHCNYV program with WP.

GRAPHCNV SEC26A.DXF SEC26A. WPG

Now:

1)
2)

Go back into CMM as earlier, then select: D

Follow the dialogue shown on the next page. Note most of the responses are
(enter) which selects the default shown.
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COMPUTER PROGRAM DRAW (PART OF DXFLSA) VER. 8-3-90 DXFLSA runs the DRAW program
Note: this program accepts defaults
THIS PROGRAM ALLOWS HITTING ENTER TO ACCEPT WHAT IS IN < > OR

YOU CAN INPUT AS NORMAL. A chain file is a list of points to draw lines
1T ALSO ALLOWS ENTRY OF CHAINS FROM THE KEYBOARD WHICH WILL ALSO BE STORED IN A FILE
PROJECT IS SEC26A between. Can be used to create true lines.

DO YOU WANT ALL STATIONS MOVED TO GRAPHICS (Y/N)?
A NO ANSWER IMPLIES ONLY CHAINS WILL MOVE TO GRAPHICS <Y> (Enter 1o accept default)

DO YOU WANT COORDINATES READ FROM We do not have a .COR file yet so we must
(1) ADJUSTED COORDINATE .COR FILE Select 2

(2) INPUT MEASUREMENT .LSA FILE

PICK A # <1>

2

DO YOU WANT LINES DRAWN REPRESENTING MEASURED
DISTANCES? <Y>

DO YOU WANT TO DRAW LINES FROM CHAIN FILES? <N> (Enter to accepr default)
INPUT TEXT HEIGHT IN GROUND UNITS (100 IS TYPICAL)

ZERO IF NO TEXT DESIRED <100> (Enter to accept default)
INPUT UNK. STATION SYMBOL RADIUS (25 IS TYPICAL)

ZERO IF NONE DESIRED <25> (Enter 1o accept default)
INPUT CONTROL SYMBOL SIZE (100 IS TYPICAL)

ZERO IF NONE DESIRED <100> (Enter to accept default)
DO YOU WANT TO PLOT ERROR ELLIPSES? <N> (Enter to accept default)

Here is th 1t:

CMM Chapter 5 - Example Getting Started page 60

—



CMM Version 1.0 Documentation . page 61

Finish Section erior en

We would now like to resume data entry as if we were putting in the next days work. In
this case:

Restart CMM as before, then
Select the G choice from the menu

The parameters you defined before for the project should be okay, therefore hit
<F10> to go ahead and invoke GENER.

COMPUTER PROGRAM GENER VERSION 9-5-90
PROJECT NAME IS SEC26A

DO YOU WANT TO INPUT NEW DATA OR EDIT EXISTING DATA? (Y/N):
Y Yes again, we are going 10 add new dara

1-INPUT OR DELETE CONTROL POINTS

2-INPUT OR DELETE DISTANCES

3-INPUT OR DELETE ANGLES/ DISTANCES

4-INPUT OR DELETE AZIMUTHS OR BEARINGS

5-LIST CONTROL STATIONS AND COORDINATES

6-LIST DISTANCES

7-LIST ANGLES AND DISTANCES

8-LIST AZIMUTHS

9-VIEW/CHANGE CURRENT DISTANCE ENTRY/EDIT UNITS
10-CHANGE (EDIT) EXISTING DATA

11-QUIT DATA ENTRY AND GENERATE APPROXIMATE COORDINATES

CHOOSE A # I decide 1o see what I have entered before
7
TOTAL NUMBER OF THIS MEASUREMENT TYPE IS 9 Tells you how big the list is
INPUT MINIMUM LIST #
17 I choose the whole list 1 10 9
INPUT MAXIMUM LIST #
9
NUMBER OF ANGLES IS 9 Notice the distances are now in feet
LIST# BACKSIGHTED  OCCUPIED FORESIGHTED ANGLE
BS DISTANCE FS DISTANCE
12 1 1000 16-27- .0
1118.766 6599.934
21 2 3 186- 2- 12.0
1118.766 1531.860
32 3 4 185-45- .0
1531.860 1121.076
43 4 5 170-10- 36.0
1121.076 1580.304
54 5 6 85-41- 12.0
1580.304 2608.386
67 6 5 99-24- 3.0
256.278 2608.386
76 7 8 110-40- 54.0
256.278 1074.216
87 8 9 172-29- 24.0
1074.216 1546.710
98 9 10 160- 0- 54.0

1546.710 243.870
PRESS ENTER TO CONTINUE
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1-INPUT OR DELETE CONTROL POINTS

2-INPUT OR DELETE DISTANCES

3-INPUT OR DELETE ANGLES/ DISTANCES

4-1INPUT OR DELETE AZIMUTHS OR BEARINGS

5-LIST CONTROL STATIONS AND COORDINATES

6-LIST DISTANCES

7-LIST ANGLES AND DISTANCES

8-LIST AZIMUTHS

9-VIEW/CHANGE CURRENT DISTANCE ENTRY/EDIT UNITS

10-CHANGE (EDIT) EXISTING DATA

11-QUIT DATA ENTRY AND GENERATE APPROXIMATE COORDINATES

CHOOSE A # The list reminds me 10 select unils for

9 the data I have in chains. The selection we
made last time does not matter

DISTANCE ENTRY/DISPLAY UNIT IS FEET

CHANGE UNITS (Y/N) ?

Y

DO YOU WANT DISTANCE ENTRY/DISPLAY UNIT TO BE

(1) FEET

(2) CHAINS

(3) METERS

PICK A #

2

DISTANCE ENTRY/DISPLAY UNIT IS CHAINS Okay I am alright now!

1-INPUT OR DELETE CONTROL POINTS
2-INPUT OR DELETE DISTANCES

3-INPUT OR DELETE ANGLES/ DISTANCES
4-INPUT OR DELETE AZIMUTHS OR BEARINGS

11-QUIT DATA ENTRY AND GENERATE APPROXIMATE COORDINATES
CHOOSE A #
3 Restart traverse entry
DO YOU WANT TO?
1-ADD DATA
2-DELETE DATA
3-QuiT
INPUT THE # OF YOUR CHOICE:
7

SPECIAL INPUT CHARACTERS ARE Remember the options
U - UNDO LAST OPERATION

S - SIDESHOT FROM PREVIOUS BACKSIGHT AND OCCUPIED

B - CHANGE BACKSIGHT OF PREVIOUS OCCUPIED AND FORESIGHT

ALWAYS ENTER SIDESHOTS BEFORE THE ANGLE TO NEXT TRAVERSE STATION.
IT ENHANCES THE DATA ENTRY ROUTINE.
A NEGATIVE ANGLE IMPLIES ANGLE LEFT (BS AND FS STATIONS WILL BE SWAPPED)
Refer back to the example diagram & dara
INPUT THE BACKSIGHT STATION NAME (ZERO IF FINISHED):  Strariing at 10 backsight 9
9
STATION NAME EXISTS Good, it’s there from the day before

INPUT THE OCCUPIED STATION NAME:
170
STATION NAME EXISTS

INPUT DISTANCE 10 -9 ZERO IF NOKE OR

PREVIOUSLY INPUT Always asks for BS distance FIRST time

71 and I am ahead trying to enter the next
station by mistake

TRAVERSE MODE

BACKSIGHT STATION : 9

OCCUPIED STATION : 10

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):

7] Use Undo 1o re enter the thing I messed up
INPUT DISTANCE 10 -9 ZERO IF NONE OR

PREVIOUSLY INPUT

o
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TRAVERSE MODE
BACKSIGHT STATION : 9
OCCUPIED STATION : 10
INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT): Now I goof up and pur in my occupied station

170

TRAVERSE MODE

BACKSIGHT STATION : 9

OCCUPIED STATION : 10

INPUT FORESIGHT STATION NAME (2ERO
17

NEW STATION NAME

INPUT DISTANCE 10 -1
PREVIOUSLY INPUT

29.269

INPUT ANGLE IN DD.MMSSSS FORMAT
103.4306

TRAVERSE MODE

BACKSIGHT STATION : 10

OCCUPIED STATION : 11

INPUT FORESIGHT STATION NAME (ZERO
12

NEW STATION NAME

INPUT DISTANCE 11 -12
PREVIOUSLY INPUT

12.054

INPUT ANGLE IN DD.MMSSSS FORMAT
194.0512

TRAVERSE MODE

BACKSIGHT STATION : 11

OCCUPIED STATION : 12

INPUT FORESIGHT STATION NAME (ZERO
13

NEW STATION NAME

INPUT DISTANCE 12 -13
PREVIOUSLY INPUT

20.563

INPUT ANGLE IN DD.MMSSSS FORMAT
176.5318

TRAVERSE MODE

BACKSIGHT STATION : 12

OCCUPIED STATION : 13

INPUT FORESIGHT STATION NAME (ZERO
14

NEW STATION NAME

INPUT DISTANCE 13 -14
PREVIOUSLY INPUT

15.745

INPUT ANGLE IN DD.MMSSSS FORMAT
7183.5124

TRAVERSE MOOE

BACKSIGHT STATION : 13

OCCUPIED STATION : 14

INPUT FORESIGHT STATION NAME (ZERO
75

NEW STATION NAME

INPUT DISTANCE 14 -15
PREVIOUSLY INPUT

12.832

INPUT ANGLE IN DD.MMSSSS FORMAT
84.52

It is rejected and I ger a second chance

IF INCORRECT):

As it should be new
We go ahead and continue entry
ZERO IF NONE OR

IF INCORRECT):

ZERO IF NONE OR

IF INCORRECT):

ZERO IF NONE OR

IF INCORRECT):

ZERO IF NONE OR

IF INCORRECT):

ZERO IF NONE OR
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TRAVERSE MODE

BACKSIGHT STATION : 14

OCCUPIED STATION : 15

INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):
16

NEW STATION NAME

INPUT DISTANCE 15 -16 2ERO IF NONE OR

PREVIOUSLY INPUT

28.17

INPUT ANGLE IN DD.MMSSSS FORMAT

180.5354

TRAVERSE MODE A VERY important concept in CMM is that points
BACKSIGHT STATION : 15 can only have one id therefore when you go back
OCCUPIED STATION : 16 to station 1 you MUST say so. CMM does not
INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT): create a new coordinate, we are only storing

7 measuremenis between things.

STATION NAME EXISTS

INPUT DISTANCE 16 -1 ZERO IF NONE OR

PREVIOUSLY INPUT

39.68

INPUT ANGLE IN DD.MMSSSS FORMAT

181.3924

TRAVERSE MODE Now we have to enter the closing angle, again
BACKSIGHT STATION : 16 we just tell it what we are actually doing

OCCUPIED STATION : 1
INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):

2

STATION NAME EXISTS Yep, turning in to previous starion.

INPUT DISTANCE 1 -2 ZERO IF NONE OR

PREVIOQUSLY INPUT Okay, try not to forget we already have dist, so
o Zero 1o say so

INPUT ANGLE IN DD.MMSSSS FORMAT

83.3542

TRAVERSE MODE I am done with this traverse so I have to
BACKSIGHT STATION : 1 Zero out to GENER menu.

OCCUPIED STATION : 2
INPUT FORESIGHT STATION NAME (ZERO IF INCORRECT):

0
INPUT THE BACKSIGHT STATION NAME (ZERO IF FINISHED):
0

1-INPUT OR DELETE CONTROL POINTS

2-INPUT OR DELETE DISTANCES

3-INPUT OR DELETE ANGLES/ DISTANCES

4-INPUT OR DELETE AZIMUTHS OR BEARINGS

5-LIST CONTROL STATIONS AND COORDINATES

6-LIST DISTANCES

7-LIST ANGLES AND DISTANCES

8-LIST AZIMUTHS

9-VIEW/CHANGE CURRENT DISTANCE ENTRY/EDIT UNITS
10-CHANGE (EDIT) EXISTING DATA

11-QUIT DATA ENTRY AND GENERATE APPROXIMATE COORDINATES
CHOOSE A # Choose to get a list 10 see how it all looks
7

TOTAL NUMBER OF THIS MEASUREMENT TYPE IS 17

INPUT MINIMUM LIST #

7

INPUT MAXIMUM LIST #

17

NUMBER OF ANGLES IS 17

——
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LIST# BACKSIGHTED OCCUPIED FORESIGHTED ANGLE
BS DISTANCE FS DISTANCE
12 1 1000 16-27- .0
16.951 99.999
21 2 3 186- 2- 12.0
16.951 23.210
32 3 4 185-45- .0
23.210 16.986
43 4 5 170-10- 36.0
16.986 23.944
54 5 6 85-41- 12.0
23.944 39.521
67 6 5 99-24- 3.0
3.883 39.521
76 7 8 110-40- 54.0
3.883 16.276
87 8 9 172-29- 24.0
16.276 23.435
98 9 10 160- 0- 54.0
23.435 3.695
109 10 1 103-43- 6.0
3.695 29.269
11 10 1 12 194- 5- 12.0
29.269 12.054
12 11 12 13 175-53- 18.0
12.054 20.553
13 12 13 14 183-51- 24.0
20.553 15.745
14 13 14 15 84-52- .0
15.745 12.832
15 14 15 16 180-53- 54.0
12.832 28.170
16 15 16 1 181-39- 24.0
28.170 39.680
17 16 1 2 83-35- 42.0
39.680 16.951
PRESS ENTER TO CONTINUE Notice thar NOW all the distances show in
chains because we set that for default
1-INPUT OR DELETE CONTROL POINTS They are still feet in the .LSA File though.

2-INPUT OR DELETE DISTANCES

‘iO-CHANGE (EDIT) EXISTING DATA
11-QUIT DATA ENTRY AND GENERATE APPROXIMATE COORDINATES

CHOOSE A # Now, let’s see what we have for the loop

11

DO YOU WANT TO USE EXISTING COORDINATES (Y/N)? “No* means that GENER will not waste time

N computing points you already have, saving rime
Jor large projects. Yes recomputes all fresh.

STATION 2 HAS COORDINATES GENERATED BY ANGLE AND DISTANCE

FROM KNOWN BACKSIGHT

NORTHING (Y) = 256809.652 EASTING (X) = 1179377.412

TRAVERSE CLOSURE REPORT Shows your loop closure and precision

ERROR IN NORTHING = -.495 ERROR IN EASTING = 146

LINEAR ERROR OF CLOSURE IS .516 FT.

PRECISION IS 1/ 39519. This is okay, I can proceed with confidence I

probably do not have any blunders
ANGULAR CLOSURE IS 9. SECONDS
CLOSURES REFLECT ANGULAR ADJUSTMENT
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STATION NORTHING (Y) EASTING (X)
1 255737.008 1179694.126
16 255277.924 1177116.620
15 254899.164 1175296.591
14 254713.655 1174470.338
13 255743.755 1174334.373
12 257073.431 1174066.845
1 257862.508 1173966.263
10 259661.445 1173263.036
9 259801.545 1173462.614
8 260203.983 1174955.885
7 260345.538 1176020.624
] 260119.815 1176141.938
5 260962.636 1178610.114
4 259433.080 1179006.879
3 258315.893 1179099.098
2 256809.652 1179377.412

DIRECTION ASSUMPTION HAS BEEN CORRECTED
Stop - Program terminated.

GENER has created a report SEC26A.GEN, which is shown below. This file can be
viewed with the E Edit option on your menu.

If you were following along and did not get the same closure, you have a problem with one
of the data entries. Later on we will put in an error and show how to change them. You
might try to find the bad entry from the list you made above, then correct with GENER’s
< 70> Change (EDIT) existing data entry.

<File SEC26A.GEN>

PROJECT NAME IS SEC26A

STATION 2 HAS COORDINATES GENERATED BY ANGLE
FROM KNOWN BACKSIGHT

NORTHING (Y) = 256809.652 EASTING (X) = 1179377.412
TRAVERSE CLOSURE REPORT

ERROR IN NORTHING = -.495 ERROR IN EASTING = .146
LINEAR ERROR OF CLOSURE IS .516 FT.

PRECISION IS 1/ 39519.

ANGULAR CLOSURE IS 9. SECONDS

CLOSURES REFLECT ANGULAR ADJUSTMENT

STATION NORTHING (Y) EASTING (X)
1 255737.008 1179694.126
16 255277.924 1177116.620
15 254899.164 1175296.591
14 254713.655 1174470.338
13 255743.755 1174334.373
12 257073.431 1174066.845
11 257862.508 1173966.263
10 259661.445 1173263.036
9 259801.545 1173462.614
8 260203.983 1174955.885
7 260345.538 1176020.624
6 260119.815 1176141.938
5 260962.636 1178610.114
4 259433.080 1179006.879
3 258315.893 1179099.098
2 256809.652 1179377.412

AND DISTANCE
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FINAL GENERATED COORDINATES

STATION NO!
1
1000
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
DISTANCE RESIDUALS

DISTANCE
1 - 1000
1 -2
2 -3
3 -4
4 -5
5 -6
6 -7
7 -8
8 -9
9 - 10
10 -1
11 - 12
12 - 13
13 - 14
14 - 15
15 - 16
16 -1
ANGLE RESIDUALS

ANGLE
2 -1
1 -2
2 -3
3 - 4
4 -5
7 -6
6 -7
7 -8
8 -9
9 - 10
10 - 11
11 - 12
12 - 13
13 - 14
14 - 15
15 - 16
16 -1
AZIMUTH RESIDUALS
AZIMUTH

1 - 1000

RTHING (Y)
255737.008
262163.010
256853.530
258383.643
259492.635
261072.319
260811.208
261058.562
261162.164
261108.866
261017.679
259106.131
258314.804
256959.101
255925.005
255918.298
255874.430

EASTING (X)
1179694.126
1181190.447
1179628.926
1179699.459
1179863.006
1179823.463
1177228.456
1177161.493
1176092.394
1174546.763
1174320.612
1174597.542
1174516.550
1174475.555
1174374.364
1175221.160
1177079.664

RESIDUAL
.000
.000

-.348
-.255
-.361
-.529
-.059
-.223
-.317
-.048
-.345
-.142
-.241
-.184
-.169
-.370
.007

1000

3

4

5

6

5

8

9

10

11

12

13

14

15

16

1

2

RESIDUAL

RESIDUAL (SEC)

.0
199.3
.5

-.9
-5.4
-4.1
-4.1

-.1

.3

5.4

-1.3
.4
-.3
6.0
.0
.0
-194.9

(SEC)
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Notice that the report shows the same things we had on screen output followed by what
GENER came up with for residuals, at this point these don’t mean much.

A residual is the difference between the measurement and the adjusted value.

The angle residuals 