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Abstract

The Michigan Coordinate System Law was enacted by the Michigan
Legislature in 1964. Implementation of the system has
progressed quite slowly in the past ten years as the state
legislature has yet to appropriate funds for additional monu-
mentation of the system. However, some surveyors have profit-
ably used the system as a tool for large-scale mapping projects
and others have used it for control of small and local surveys.
The system provides a unified data base standard to all users
and is permanent monumentation to any point defined by it. Use
of the system is facilitated by modern equipment which is
readily available and easy to use. As more people become con-
vinced of the merits of the system, the "powers that be" will
be able to see that investments in the system can yield hand-

some returns.

The Michigan State Plane Coordinate System (M.S.P.C.S.) is a
combination of three Lambert Conformal Projections, a North
zZone, Central Zone and South Zone. The system was designed by
Professor Ralph M. Berry (formerly Professor of Geodetic Engi-
neering at the University of Michigan, now Assistant to the
Chief of the Leveling Division of National Geodetic Survey,
N.0.S., N.O.A.A.) and enacted into law by the Michigan Legis-
1 The M.s.P.Cc.5. is
unique in that it is designed to a reference elevation of 800

feet above the Clarke spheroid of 1866, the mathematical model

lature in the regular session of 1964.

of other state plane coordinate systems.2 As the elevation of
most of Michigan is within several hundred feet of the 800-foot

elevation, the need to reduce horizontal distances to "

sea
level" is eliminated for all but the most precise work and in
areas where the elevation is significantly higher than 800 feet.
The mathematical basis of the system and the detailed computa-
tional considerations required to use the system were both

treated by Professor Berry in his paper, "Use of the Michigan



Coordinate System", delivered to the 24th Annual Conference of
M.S.R.L.S. at Grand Rapids in 1965.

With the M.S.P.C.S. thus defined and adopted by the State of
Michigan, the National Geodetic Survey (formerly the Coast and
Geodetic Survey) has computed and published the Michigan State
Plane Coordinate values for the geographic positions (latitude
and longitude) of the triangulation stations of that part of
the national network located in Michigan. Thus the system is
monumented and available for use in those areas covered by the
national network. Admittedly, the triangulation arcs are spaced
at intervals of 30 to 50 miles, in some cases even farther.

The stations in the arcs are often spaced up to 10 to 15 miles
apart and some of these have been destroyed since they were
established. However, the basis of the system is there and we
can use it. It is encouraging to note that in some of the more
populated areas the national network has been extended by the
National Geodetic Survey to cover the spaces between the trian-
gulation arcs with second order stations to be used for local
control. At this point, a lot could be said about implementa-
tion on the national level, but I refer you to Appendix A which
is a list of papers published in the A.C.S.M. Proceedings;
particularly the one given by Mr. Joseph F. Dracup in the fall
of 1974, "A Small Beginning Directed at a Big Need: Multipurpose
Integrated Survey Systems". Don't let the title scare you, it

is very readable and contains a lot of information.

Through little or no effort on the part of the practicing
surveyor a universal data base has been defined, adopted, and
monumented. The next step is to acquaint potential users
(surveyors, attorneys, engineers, planners, abstractors,
realtors, assessors, etc.) with the features of this tool and
to show how it can be practical and economical. The paper
Professor Berry gave to M.S.R.L.S. in 1965 (ten years ago) con-
tains information on how to use the M.S.P.C.S. Additional
information published since then further facilitates use of the

system. In December, 1971, Professor Berry and his
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assistant, Herbert W. Stoughton, gave a computational seminar
for the M.S.R.L.S. on using the system. They covered the same
material of the 1965 paper and presented some additional infor-
mation. With Professor Berry's permission, the M.S.R.L.S. has
agreed to make a reprint of his paper available for the cost of
printing it. If you still have the 1965 paper or the material
from the 1971 seminar, you should not need the reprint; but if
you want the reprint, you can use the form in Appendix C and
send it to the State Office with payment by March 15, 1975.

Also in Appendix C is given ordering information for two pam-
phlets, "State Plane Coordinates by Automatic Data Processing"
and "Plane Coordinate Projection Tables, Michigan (Lambert)".
These were part of the 1971 seminar material and are very help-
ful when working with the M.S.P.C.S. In addition to these
sources of information, the N.G.S. and A.C.S.M. in cooperation
with local sections and affiliates gives a "Surveying Instrumen-
tation and Coordinate Computation Workshop" at various locations
throughout the country. The Education Committee of the M.S.R.L.S.
is currently investigating the possibility of having them conduct
a workshop here in Michigan this fall. I urge you to attend if
at all possible. I have not attended one of the workshops, but
I have studied the workshop notes and I look forward to attend-

ing when it does come to Michigan.

Turning now to the questionnaires which were sent out to all
M.S.R.L.S. members with the minutes of the January 4th Board of
Directors meeting. I'm sorry that the return date of January
20th turned out to be unrealistic for those of you who received
your questionnaire after that date. I did, however, tabulate
the results of those questionnaires received up through the

28th of January, see Appendix B.

I recognize that my questionnaire method violates proper random
sampling techniques and that any inferences drawn from the

tabulated percentages are biased at best, but I was truly



heartened by the comments and questions on the replys that I
received. Some surveyors have used the Michigan State Plane
Coordinate System and many more are interested in seeing the
system implemented. However, the most prevalent question was,
"Who is going to pay for monumenting the system to the extent
it becomes practical for the practicing surveyor?" and, "Who

or what State agency is going to be responsible for adminis-
trating the effort?" A good many others said that they would
rather see any state monies spent on surveying used to remonu-
ment and to perpetuate the U.S. Public Land System while others
questioned any application of M.S.P.C.S. to boundary surveying
as practically all Michigan land title is referenced to the U.S.
Public Land System. I will hasten to confess that I don't have
the answers to these questions--only some ideas. Surveyors in
other states have wrestled with the same problems and many have
discussed them at the A.C.S.M. Conventions and have published
papers in the A.C.S.M. Proceedings. I have searched through
the Proceedings of 1971 through 1974 and have listed in Appendix
A some of the articles that I thought might be of interest for

further reading.

Several states, North Carolina,3Alabama,4and Missouri,5 have
adopted legislation creating a Division of Geodetic Survey
within their state. Typically, the Division is charged with
responsibility for surveying data within the state, for remonu-
menting and perpetuating the U.S. Public Land System, and for
extending control for the state plane coordinate system. Coun-

6Minnesota;7Florida48and Wisconsinﬂ

ties in other states, Oregon,
to name a few, have gone about remonumentation on a county basis
and some cities and metropolitan areas have embarked on a con-
trol program of their own or in cooperation with the N.G.s.10

The important thing is that people are attacking the monumenta-
tion problem and are making progress. Not surprisingly, Michigan
as contributed with its Corner Recordation Act, Act 132 for

recording surveys, its Plat Act, and in 1964 the City of Detroitll



was one of the first cities to take advantage of N.G.S. coopera-
tive venture for metropolitan surveys. More recently there

has been some interest in the creation of a "State Land Survey
Authority" in Michigan. I urge each of you to make a contribu-
tion as to the activities you feel such an Authority should
engage in as it would be through you, the Michigan Surveyor,
that such an Authority could best serve the interests of the

people of Michigan.

To those of you who asked why the M.S.P.C.S. is necessary, let
me relate to you some of the reasons why we at Commonwealth
have used it. Maybe then you could come up with your own rea-
sons for taking advantage of the system. One of the most obvi-
ous advantages of using a state plane coordinate system is that
it provides a unified data base that is standard to all users.
After appropriate corrections are made for scale, all computa-
tions are performed according to the principles of Euclidian
Plane Geometry. Hence, problems of rotating and translating
local coordinate systems are eliminated as all work can be per-
formed on one coordinate system without undue warping, discrep-
ancies, or station equations. In the surveying that Common-
wealth did for The Detroit Edison Company (see Figure Number 1,
Page 7) we have the same bearing and coordinate system from
Port Huron to Greenwood Township to Capac, across Lapeer County
to Genesee County and all the way up to Millington in Tuscola

County.

Another advantage is that of the one way traverse. We were
able to start at a triangulation station, traverse along the
general route of the transmission line corridor and close in

to another triangulation with azimuth and position. This gave
us a check on our work and eliminated the need for double runs
or loops to insure against blunders. We could then go off this
control traverse, tie in the section corners that we needed and
close back to any other point on the control traverse. We con-

fidently developed the entire network from the segments of
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control traverse between triangulation stations. From this
network we were able to provide the photogrammetrist who was
compiling the planimetric map of the corridor accurate horizontal
ground control. He had contracted to provide the ground control,
but we were able to provide it for 20 percent of his contract
price, saving the client 80 percent. He selected the photo
identifiable points for which he wanted coordinates, and it was

a simple task for our crew to occupy one of the corners nearby,
backsight another point, turn an angle and measure the distance
to the object. Duplicate effort was eliminated resulting in

cost savings to the client.

However, my personal belief is that the biggest advantage of the
Michigan State Plane Coordinate System is the monumentation it
provides to any point previously defined by the system. I'm
sure that there is not a surveyor here who does not appreciate
the efforts of his predecessors who properly monumented the
surveys that they made. According to the records in many court-
houses, many County Surveyors in the second half of the nine-
teenth century who had a better chance of finding the original
wood stake would, with no small effort, bury an angular stone
or one with a hole or an "X" chiseled in it to monument the
section corners. Better yet, to make sure that no one would
mistake the evidence, he often buried some charcoal, broken
glass, or pottery around the base of his monument. Now, I have
nothing against stones for monuments except that they require
an inordinate amount of time and money to recover when the
witnesses are not readily available. In fact, many surveyors
have been guilty of placing a monument according to highly
visible evidence when a subsurface search would have revealed

a stone, previously honored as the corner, in a different loca-
tion. Using various locators, we have somewhat better success
today in recovering more recent monuments, "T" irons and other
metallic objects. Now the problem also is choosing which of

several objects to honor as monument to the corner. On the



other hand, road graders on gravel roads are sure death to many
monuments placed with all good intentions to mark a corner. So,
it still is difficult to properly monument a corner such that
it is readily recoverable. However, the problem of the roving
section corner can be solved and the location of the corner

permanently monumented when it is defined by the Michigan State

Plane Coordinates. Recovering the evidence is a matter of
traversing between known points rather than digging with a pick
and shovel or a backhoe for a stone or other evidence which
might be there. I recognize that, using the traverse method,
no two surveyors would replace a corner in exactly the same
location, but coming off of a control point up to three miles
away and closing on another control point with a traverse
closing 1/25,000 or better and with proper adjustment, the points
should be within a half a foot of each other. 1In densely popu-
lated areas where land values are high, the control stations
should be closer than that and the circle of probability would
be smaller. I'm sure that by now many of you have formulated
reasons of your own for using or not using the system. What I
want to do is point out how it can be of benefit in many cases,
to stimulate discussion on it, and to provide channels for

acquiring information on how to use it properly.

I'd like to go on now to our actual experience with using the
M.S.P.C.S. At the beginning of the project, the first thing

we did was to obtain the Geodetic Control Data from the National
Geodetic Survey in Rockville, Maryland. Geodetic Control Dia-
grams showing the extent of N.G.S. horizontal and vertical
control are available for 50 cents per sheet. Each sheet covers
a 1° x 2° area at a scale of 1/250,000 and gives explanatory
notes on ordering information from the sheet. The data is
distributed in 30 minute blocks and, as of February 1, 1975,
costs $2.00 per block each for the horizontal and the vertical data.
A sample horizontal data sheet (see Figure 2, Page 10) shows

the published data for the triangulation station, a description
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of how to find the station, and a recovery note updating the
former description. Several comments about the data itself:
Note that coordinates are given for two separate projections,

a Lambert system and a Transverse Mercator system. As I pointed
out earlier, the M.S.P.C.S. is a Lambert system, and a handy
way to distinguish the difference is that the "x" wvalue for the
Lambert system is always over 2 million while it never exceeds
one million in the Transverse Mercator system. Also note that
the geodetic azimuths are referenced from south and that the
geodetic azimuth differs from the plane azimuth by the conver-
gence or the delta alpha angle. When you recover a triangula-
tion station, be sure to send N.G.S. a recovery note indicating
the conditions as you found them. It provides them with user
information and alerts them of the marks which have been

destroyed.

After we obtained the requisite data, we made reconnaisance
trips to recover the stations and to plan the control traverse
route. We tried to maximize corridor coverage while minimizing
the traverse distance between triangulation stations. In many
cases we were able to use section corners for traverse points
and we were careful to witness all of our traverse points to
facilitate future use. This extra effort paid off handsomely
as we had to return to the traverse repeatedly, often months

apart. The best control is useless if you can't find it.

For measuring the angles we used T-2 theodolites, measuring
each angle three times direct and reverse on the control
traverse and two times direct and reverse on section loops.
Care in turning the angles paid off as the angles from "Avoca"
to "Capac" closed 22 seconds in 43 stations and the segment
from "Capac" to "Law" closed in one second. Hardly typical,

but one of our better efforts.

We measured the distances with a Wild DI-10 Distomat. It

mounts directly on the theodolite and we have been pleased

~11-



with the results and dependability of our units. Like one who
surveys using a short chain, we can get fantastic loop closures,
but we were really gratified when we were able to get such
decent closures between triangulation stations. We are confi-
dent that by monitoring our equipment and procedures more
closely, we could consistently run traverses with closures
better than 1/50,000.

The Michigan Coordinate System Law stipulates in Section 6

that "No coordinates based on the Michigan Coordinate system
purporting to define the position of a point or a land boundary,
shall be presented to be recorded in any public land records

or deed records unless such point is within one-half mile of a
triangulation or traverse station established in conformity with
the standards prescribed in Section 5 of this act." Section 5
specifies the standards as being those conforming to those
adopted by the U.S. Coast and Geodetic Survey for first and
second order geodetic surveys. In February, 1974, the Federal
Geodetic Control Committee published, "Classification, Stan-
dards of Accuracy and General Specifications of Geodetic Control
Surveys". Figure 3, Page 13, shows a copy of the specifications

pertaining to traverses.

In computing control traverses on a state plane system, one
must multiply the measured distances by an appropriate scale
factor to reduce the distance measured on the curved surface
to its equivalent length on the plane projection. We used the
scale factor on a section by section basis. This allowed us
to systemize its use and yet keep the correction several times
more accurate than our closures. We scaled the latitude of
the center of each section we crossed on the Geodetic Control
Diagram to the nearest one-half minute. We then got the cor-
responding scale factor from the "Plane Coordinate Projection
Tables". It worked very well for the computations and our

field personnel adapted very quickly to using it in the field.
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Classificarion Firse-Order

ommended spacing of
principal stations

than 3 km.
Horizontal directions or angles (2)
Instrument 0".2
Number of observations 16
Rejection limit from mean 4"
Length meusurements
Standard error (1) 1 part in
, 600,000
Reciprocal vertical angle
observations (4)
Number of and spread
between observitions 3 D/R—10"
Number of stations between
known elevations 4-6
Astro azimuths
Number of courses
between azimuth checks (7) 5-6
No. of obs night 16
No. of nights 2
Standard error ’ 0".45
Azimuth closure at azimuth
check point not to exceed (8) 1.0 per
station or
v

0.04m 'K or
1:100,000

Position closure (5)(8)
after azimuth adjustment

Network stations 10-15 km  Princip
Other surveys scldom

FIGURE 3

TRAVERSE
Second-Order

Third-Order

Class 11

Seldom less than 0.1 km in tertiary sur-
veys in metropolitan area surveys. As

57

1 part in

30.000

2 D/R—20"

15-20

30-40
4
1
87.0

Class [ Clasy 11 Class 1
stations scldom less  Principal stations sel-
less  than 4 km except in metro-  dom less than 2 km
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15" \'N~
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1:10.000
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30" \/N

0.8m /K or
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Conclusions

I have welcomed this opportunity to speak to the M.S.R.L.S.
about a tool which I feel has been underutilized by surveyors,
engineers, planners, assessors, etc. I hope this exposure

to the M.S.P.C.S. will foster continued discussions on its
merits and applications. In areas where it is monumented,

I would hope that more surveyors avail themselves of the

benefits of using the M.S.P.C.S.

Lastly, I feel that we should request the State Legislature
to appropriate funds for monumenting and maintaining the

M.S.P.C.S. statewide.
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APPENDIX B

Tabulation of Questionaire Replys

Are you a Registered Land Surveyor in Michigan? 100%
Other states? 20%

Are you employed in private practice? 84¢%
Government? 8% Other? 10%

Are you a member of MSRLS? 100% ACSM 39% Other 25%

How often do you use the Michigan Coordinate System?
Always 1% Generally 1% Sometimes 21% Never 77%

Would you use the Michigan Coordinate System if it were
readily accessible in your area of practice? Yes 74%

How far would you be willing to go to tie your surveys
to the Michigan State Plane Coordinate System?
2-4 miles 8% 1-2 miles 38% *%-1 miles 34% 0-% miles 13%

Do you have and/or know where to get information on using
the Michigan State Plane Coordinate System? Yes 45%

Total M.S.R.L.S. members responding by Jan. 28,1975 20%

APPENDIX C

Ordering Information

"State Plane Coordinates by Automatic Data Processing”
ESSA, Coast & Geodetic Survey, Publication 62-4 45¢ ea.

"Plane Coordinate Projection Tables, Michigan (Lambert)
Coast & Geodetic Survey, Publication 65-3 25¢ ea.

Order the above from: Superintendent of Documents
U.S. Government Printing Office
Washington, D.C. 20402

Michigan Society of Registered Land Surveyors
P.0. Box 344
Lansing, Michigan 48906

Please send me copies of Professor Berry's paper,
"Use of the Michigan Coordinate System", @ 1.50 /copy.

Name ;
Address
City & Statey """ """

Mail with payment before March 15, 1975. Amount enclosed
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