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TABLE 1 E. - PLANIMETRIC COORDINATE ACCURACY REQUIREMENT

(GROUND X OR Y IN FEET) FOR WELL-DEFINED POINTS - CLASS 1 MAPS

PLANIMETRIC (X or Y) ACCURACY'

(limiting rms error, feet)

This standard concerns the definitions of spatial accuracy as
they pertain to large-scale topographic maps prepared for spe
cial purposes including engineering applications. Emphasis is
on the final spatial accuracies that can be derived from the map
in terms most generally understood by the users.

1. Horizontal Accuracy:
Horizontal map accuracy is defined as the rms error' in terms

of the project's planimetric survey coordinates (X, Y) for checked
points as determined at full (ground) scale of the map. The rms
error is the cumulative result of all errors including those intro
duced by the processes of ground control surveys, map com
pilation and final extraction of ground dimensions from the
map. The limiting rms errors are the maximum permissible rms
errors established by this standard. These limiting rms errors
are tabulated in Table 1E (feet) and Table 1M (meters) along
with typical map scales associated with the limiting errors. These
limits of accuracy apply to tests made on well-defined points
only2

ABSTRACT

spatial accuracies are stated at full (ground) scale
statements of precision are in terms of "root mean square"
errors
procedures for testing spatial accuracy of the map are
specified

A revised draft of a proposed standard of spatial accuracy for large
scale topographic maps has been prepared by the Standards and Spec
ifications Committee of the ASPRS. It is intended as an altenzative to
the U. S. Map Accuracy Standard for large scale topographic maps.
After general acceptance by the photogrammetric community and after
due process within the ASPRS, the final draft will be proposed as an
ASPRS standard and will be maintained accordingly. The draft is
presented to facilitate and encourage comments.

The problem of uniquely defining a "well-defined point" re
mains.

The status of the current draft standard is that consensus
exists among the SSC members with the exception of the Sec
tion 4, titled "Map Accuracy Tests". As printed here, an attempt
has been made to satisfy some of the objections in Section 4.
However, time did not permit a formal acceptance on this sec
tion by the SSe. The draft standard is printed here to facilitate
discussions during the open session on the subject planned for
the 1987 meeting of the ASPRS/ACSM.

INTRODUCTION

The Standards and Specifications Committee (SSC) of the
American Society of Photogrammetry and Remote Sensing has
been working for a number of years on the preparation of a
standard of spatial accuracy for topographic maps. It was in
tended that the new standard correct what was perceived by
many as deficiencies in the National Map Accuracy Standards
as they pertained to large scale maps. The work of the SSC led
to the publication of a draft standard (PERS,1985]. Comments
were solicited and a forum and open session were conducted
at the 1986 ACSM - ASPRS Annual Convention. In summary,
the comments regarding the draft of 1985 were to keep the
standard brief and simple and to avoid methods that presume
a statistical distribution. Explanations were to be reserved for
the appendices.

As a result of comments received on the draft standard of
1985, a substantially revised draft has been prepared and is
included here for comments. Characteristics which distinguish
the current draft specification from the U. S. Standard Map
Accuracy statement are:
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·see Appendix A., Section A4.

*indicates the practical limit for aerial methods - for scales above
this line ground methods are normally used

TABLE 1M. - PLANIMETRIC COORDINATE ACCURACY REQUIREMENT

(GROUND X AND Y IN METERS) OF WELL-DEFINED POINTS - CLASS 1.
MAPS

The term "well-defined points" pertains to features that can
be sharply identified as discrete points. Points which are not
well-defined (that is poorly-defined) are excluded from the map
accuracy test. In the case of poorly-defined image points, these
may be of features that do not have a well-defined center such
as roads that intersect at shallow angles [U.s. National Map
Accuracy Standards, 1941J. In the case of poorly-defined ground
points, these may be such features as soil boundaries or timber
boundaries. The selection of well-defined points is made through
agreement by the contracting parties.

Ssee Appendix A., Section AS.

Planimetric accuracy in terms of the "limiting rms error" can
be related to the United States National Map Accuracy Stan
dards (NMAS) provided the following assumptions are made:

- the discrepancies are normally distributed about a zero mean

A3. Relationship to U. S. National Map
Accuracy Standards

APPENDIX A. EXPLANATORY COMMENTS

A2. Well-defined Points

The "root mean square" (rms) error is defined to be the square
root of the average of the squared discrepancies. In this case,
the discrepancies are the differences in coordinate or elevation
values as derived from the map and as determined by an in
dependent survey of higher accuracy (check survey). For ex
ample, the rms error in the X coordinate direction can be
computed as:

rmsx = j(02/n)
where:

0 2 = d/ + d/ + - - - - - - - - + d,,z
d discrepancy in the X coordinate direction

Xmap - Xcheck
n = total number of points checked on the map in the X

coordinate direction

A1. Root Mean Square Error

FGCC standards for Third Order provide adequate accuracy for
conducting the vertical check survey.

Di5crepancies between the X, Y, or Z coordinates of the ground
point, as determined from the map and by the check survey,
that exceed three times the limiting rms error shall be interpreted
as blunders and will be corrected before the map is considered
to meet this standard.

A minimum of 20 check points shall be established through
out the area covered by the map and shall be distributed in a
manner agreed upon by the contracting partiess .

Maps produced according to this spatial accuracy standard
shall include the following statement in the title block:

THIS MAP WAS COMPILED TO MEET THE ASPRS
STANDARD FOR CLASS 1. MAP ACCURACY

If the map was checked and found to conform to this spatial
accuracy standard, the following statement shall also appear in
the title block:
THIS MAP WAS CHECKED AND FOUND TO CONFORM TO

THE ASPRS
STANDARD FOR CLASS 1. MAP ACCURACY
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PLANIMETRIC (X or Y) ACCURACY'
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2. Vertical Accuracy:
Vertical map accuracy is defined as the rms error in elevation

in terms of the project's elevation datum for well-defined points
only. For Class 1. maps the limiting rms error in elevation is
set by the standard at one-third the indicated contour interval
for well-defined points only. Spot heights shall be shown on
the map within a limiting rms error of one-sixth of the contour
interval.
3. Lower-Accuracy Maps:

Map accuracies can also be defined at lower spatial accuracy
standards. Maps compiled with limiting rms errors of twice or
three times those allowed for a Class 1. map shall be designated
Class 2. or Class 3. maps respectively. That is:

- Class 2. map is one with limiting rms errors twice those of
a Class 1. map

- Class 3. map is one with limiting rms errors three times
those of a Class 1. map

A map may be compiled that complies with one class of accu
racy in elevation and another in plan. Multiple accuracies on
the same map are allowed provided a diagram is included which
clearly relates segments of the map with the appropriate map
accuracy class.
4. Map Accuracy Tests4

:

Tests for compliance of a map sheet are optional. Testing for
horizontal accuracy compliance is done by comparing the plan
imetric (X and Y) coordinates of well-defined ground points to
the coordinates of the same points as determined by a horizon
tal check survey of higher accuracy. The check survey shall be
designed according to the Federal Geodetic Control Committee
(FGCC) [FGCC, 1984] standards and specifications to achieve
standard deviations equal to or less than one-third of the "lim
iting rms error" selected for the map. The distance between
control points (d) used in the FGCC standard for the design of
the survey shall be the horizontal ground distance across the
diagonal dimension of the map sheet.

Testing for vertical accuracy compliance shall be accom
plished by comparing the elevations of well-defined points as
determined from the map to corresponding elevations deter
mined by a survey of higher accuracy. For purposes of checking
elevations, the ground position of the point may be shifted in
any direction by an amount equal to twice the limiting rms
error. The vertical check survey should be designed to produce
rms errors in elevation differences at check point locations no
larger than 1I20th of the contour interval. The distance (d) between
bench marks used in the FGCC standard for the design of the
survey vertical check survey shall be the horizontal ground dis
tance across the diagonal of the map sheet. Generally, vertical
control networks based on surveys conducted as;cording to the
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TABLE 2.1 - DISTANCE ACCURACY STANDARDS

TABLE 2.2 - ELEVATION ACCURACY STANDARDS

A4. Check Survey

b=SVd

trol network. This relationship is expressed as a distance accuracy,
l:a. A distance accuracy is the ratio of relative positional error
of a pair of control points to the horizontal separation of those
points.

"A distance accuracy, l:a, is computed from a minimally con
strained, correctly weighted, least squares adjustment by: where
a = distance accuracy denominator
s = propagated standard deviation of distance between survey

points obtained from the least squares adjustment
d = distance between survey points"

When a vertical control point is classified with a particular
order and class, NGS certifies that the orthometric elevation at
that point bears a relation of specific accuracy to the elevations
of all other points in the vertical control network. That relation
is expressed as an elevation difference accuracy, b. An elevation
difference accuracy is the relative elevation error between a pair
of control points that is scaled by the square root of their hor
izontal separation traced along existing level routes.

An elevation difference accuracy, b, is computed from a min
imally constrained, correctly weighted, least squares adjust
ment by

"VERTICAL CONTROL NETWORK
STANDARDS

where
d = approximate horizontal distance in kilometers between con

trol point positions traced along existing level routes.
S = propagated standard deviation of elevation difference in

millimeters between survey control points obtained from a
least squares adjustment. Note that the units of bare (mm)/
V(km)."

For an example of designing a check survey (selecting an
order and class), assume that a survey is to be designed to check
a map which is intended to possess a planimetric (horizontal)
"limiting rms error" (see Table IE) of the map standard of one
foot and a contour interval of two feet. In contrast to survey
accuracies, which are stated in terms of relative horizontal dis
tances to adjacent points, map features are intended to possess
accuracies relative to all other points appearing on the map.
Therefore, for purposes of the check survey, the distance be
tween survey points (d) is taken as the diagonal distance on the
ground across the area covered by the map. According to the
FGCC survey standards this is the distance across which the
"minimum distance accuracy" and "maximum elevation differ
ence accuracy" is required (see Table 2.1 and 2.2 of the [FGCc,
1984] document).

For the planimetric check survey, assume that the diagonal
distance on the ground covered by the map is 6000 feet. The
propagated standard deviation (s) required for the check survey
is one-third of the limiting rms error of one foot or 0.33 foot in
this example. Returning to the equation from the FGCC [1984]
document relating distance between survey points (d), standard
deviation (s) and distance accuracy denominator (a);

a = dis = (6000 feet)/(0.33 feet) = 18,182

By referring to Table 2.1 of the FGCC document, it is clear that
a control survey designed according to the standards and spec
ifications for second-order, class 11 is required to produce the hor
izontal check survey for this example. If the project control survey
is conducted at a standard of accuracy equal to or better than
second-order, class II, the check survey can tie to the project
control network in accord with FGCC standards.

For the vertical check survey, the distance (d) is also taken
as a diagonal ground distance across the map to account for the
fact that elevation accuracy pertains to all mapped features. The
propogated standard deviation in elevation (S) is required by

0.5
0.7
1.0
1.3
2.0

1:100,000
1: 50,000
1: 20,000
1: 10,000
1: 5,000

Maximum elevation
difference accuracy

Minimum distance accuracy

- the standard deviations in the X and Y coordinate directions
are equal

- sufficient check points are used to accurately estimate the
variances

"2.1 HORIZONTAL CONTROL NETWORK
STANDARDS

Classification

Both the vertical and horizontal (planimetric) check surveys
are designed based on the National standards of accuracy and
field specifications for control surveys established by the Fed~

eral Geodetic Control Committee (FGCC). These standards and
specifications [FGCC,1984] are intended to establish procedures
which produce accuracies in terms of relative errors. For hori
zontal surveys, the proportional accuracies for the various or
ders and classes of survey are stated in Table 2.1 of the FGCC
document and for elevation accuracy in Table 2.2. These tables
along with their explanations are reproduced here. From FGCC
[1984]:

When a horizontal control point is classified with a particular
order and class, NGS certifies that the geodetic latitude and
longitude of that control point bear a relation of specific accu
racy to the coordinates of all other points in the horizontal con-

Classification

To compute the "circular map accuracy standard" (CMAS)
which corresponds to the 90% circular map error defined in the
NMAS [ACIC, 1962, p. 26, p. 41]:

CMAS = 2.146 ;Ux or; CMAS = 2.146 uw

Given these relationships and assumptions, the limiting rms
errors correspond approximately to the CMAS of 1I47th of an
inch for all errors and related scales indicated in Table IE. Ex
ceptions are for scales of 1:9,600 which corresponds to approx
imately 1/50th of an inch and for 1:20,000 which corresponds to
approximately 1/52nd of an inch. For the metric case indicated
in Table 1M, the CMAS is 0.54 mm for all rms errors and corre
sponding scales. It is emphasized that for the ASPRS Standard,
spatial accuracies are stated and evaluated at full or ground scale.
The measures in terms of equivalent CMAS are only approxi
mate and are offered only to provide a comparison to the Na
tional Map Accuracy Standard of CMAS of 1I30th inch for 90%
of the points checked.

First-order ..
Second-order, class I ...
Second-order, class II ..
Third-order, class I .
Third-order, class II .

First-order, I .
First-order, class II .
Second-order, class I .
Second-order, class 11 ..........•..
Third-order .
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The ASPRS Booth was a success.

AS. Check Point Location

Tests for compliance of a map sheet are optional. The check
survey should, to the extent practical, be independent of the
mapping control surveys and mapping being checked. It should
have as its origin the basic control specified to be used for the
mapping project. The order of accuracy and procedures speci
fied for establishing the mapping control should be used for
the check surveys.

Testing for horizontal accuracy compliance is done by com
paring the planimetric (X & Y) coordinates of well-defined ground
points to the coordinates of the same points as determined by
a horizontal check survey. Testing for vertical accuracy well
defined points as determined from the map to corresponding
elevations determined by the check survey. For the purposes
of checking elevations, the map position of the ground point
may be shifted in any direction by an amount equal to twice
the limiting rms error in position.

Discrepancies between the X, Y or Z coordinates of the ground
point, as determined from the map and by the check survey,
that exceed three times the limiting rms error shall be interpreted
as blunders and will be corrected before the map is considered
to meet this standard.

A minimum of 20 check points shall be established through
out the area covered by the map and shall be distributed in a
manner agreed upon by the contracting parties.

Maps produced according to this spatial accuracy standard
shall include the following statement in the title block:

THIS MAP WAS COMPILED TO MEET THE ASPRS
STANDARD FOR CLASS 1. MAP ACCURACY

If the map was checked and found to conform to this spatial
accuracy standard, the following statement shall also appear in
the title block:

THIS MAP WAS CHECKED AND FOUND TO
CONFORM TO THE ASPRS STANDARD FOR
CLASS 1. MAP ACCURACY

4. Map Accuracy Tests:

PROPOSED
REWRITE

Engineering and Remote Sensillg, Vol LI., pp. 197-199, Feb.,
1985

Federal Geodetic Control Committee (1984), "Standards and
Specifications for Geodetic Control Networks", Federal Geo
detic Control Committee, September 1984
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include statements that specify the spatial distribution of check
points designed to assess the spatial accuracy of the map. For
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densely in the vicinity of important structures or drainage fea
tures and more sparsely in areas that are less critical to the
application. Of course suitable notation, such as a change in
map class for the region of lesser interest, should be included
accordingly on the map sheet.

For a map sheet, however, of conventional rectangular di
mensions, intended to portray a uniform spatial accuracy over
the entire map sheet, it may be reasonable to specify the dis
tribution. For instance, given the minimum of twenty check
points, it could be specified that at least 20% of the points be
located in each quadrant of the map sheet and that these points
be spaced at intervals equal to at least 10% of the map sheet
diagonal.

Bureau of the Budget (1947), "United States National Map Ac
curacy Standards", U.s. Bureau of the Budget, June 17, 1947

Committee for Standards and Specifications (1985), "Accuracy
Specifications for Large-Scale Line Maps", Photogrammetric

b = Slv'd = 28.1 mm/Ykm

It is clear that a third-order survey for elevation differences
is more than adequate for purposes of conducting the check
survey for this map example. Other methods for conducting
the check survey for elevation are acceptable provided they have
demonstrated accuracy capability equal to that required by this
map standard. Such departures however must be agreed upon
by the contracting parties prior to conducting the survey.

this standard to be equal or less than 1/20th of the contour
interval of two feet;

S = (1120) CI = 0.10 feet

Returning to Table 2.2 of the FGCC document, relating distance
between bench marks (d in km), the standard deviation in el
evation (S in mm), and the elevation difference accuracy (b);

where;
S = 0.10 feet = 30.5 mm
d = 6000 feet = 1.181 km

then;


