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Accuracy Specification for 
Large-Scale Line Maps 
A map spatial-accuracy draft standard for maps at scales of 1 :20,000 
or larger has been prepared (September, 1984) by a committee of the 

1 ASP and is published for comments. 

1. INTRODUCTION with good professbnal practice." Statements of ac- 

L ITIGATION in the courts of California has pro- curacy should be in terms familiar to the map user 
moted new interest in the establishment of and in terms of quantities obtained from the map 

spatial accuracy standards for 1:20,000 scale or by the user. The standard should also be stated in 
larger line maps. During the court proceedings it terms familiar to the map producer. Finally, there 
became clear that suitable standards for accuracy, remains the requirement that a procedure for 
based on a broad consensus, using generally under- testing be defined. The testing must be of the final 
stood quantifiable error concepts, and providing a map product as understood by the map user, 
clear procedure for verification, did not exist. The namely, of ground coordinates, and be accom- 
American Society of Photogrammetry (ASP) has or- plished in a clearly understood and theoretically 
ganized a technical committee ta prepare appro- correct manner. 
priate specifications with the intention of eventually Estimates of errors in other quantities often ex- 

ABSTRACT: New interest in spatial accuracy standards for large-scale (1:20,000 or 
larger) line maps has been prompted by recent court decisions in Calgornia. The 
lack of a generally understood and accepted standard of map accuracy in terms of 
quantgiable and uerifiable error definitions rJPls a primary factor in this litigation. 
A committee of the American Society of Photogrammetry has prepared a draft 
standard (specification) for 1:20,000 scale or larger line maps. Comments are re- 
quested from all factions interested in maps and their spatial accuracies. 

proposing them as consensus standards for map ac- 
curacy. 

National Map Accuracy Standards have served for 
many years as standards for small-scale maps. These 
maps are usually prepared for universal applications 
and form part of a national map atlas. Accordingly, 
an arbitrary standard of accuracy and standardized 
scales are essential. Large-scale maps, on the other 
hand, tend to be prepared for specific purposes. In 
these instances, a clear understanding of the user's 
requirements is essential for efficient preparation of 
an acceptable map. The standard should be free of 
such quantifiably vague terms as "in accordance 
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tracted from maps, such as distances, areas, and vol- 
umes, can be computed from reliable information 
concerning ground coordinate accuracies. Accord- 
ingly, in the interest of satisfying user's require- 
ments, accuracies are expressed in terms of coor- 
dinate values. 

The proposed specification for spatial accuracy for 
large-scale line maps follows. It has been prepared 
over a period of approximately four years by the ASP 
Specifications and Standards Committee. The Com- 
mittee was composed of interested persons selected 
from both users and producers of large-scale maps. 
Each member had extensive experience in his re- 
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spective field. During the preparation of the draft 
specification, the specification was presented for 
discussion and comments in public sessions at both 
the Denver (March, 1982) and Niagara Falls (Oc- 
tober, 1980) meetings of the ASPIACSM. Results of 
these sessions have been considered by the Com- 
mittee and, when appropriate in the judgement of 
the Committee, integrated into the current draft of 
the specification. To produce a voluntary consensus 
standard, it is essential that comments from a broad 
interest base be considered. Accordingly, it is re- 
quested that your comments be sent to 

Chairman, Specifications & Standards 
Committee 

American Society of Photogrammetry 
210 Little Falls Street 
Falls Church, VA 22046 

The following characteristics are intended to im- 
prove the usefulness of maps by facilitating the com- 
munications between the map user and producer: 

The specification pertains to topographic and plan- 
imetric line (monochrome) maps at scales of 
1:20,000 and larger. 
Statements of accuracy are in terms of error types 
most generally understood by the map user. 
The testing of maps for accuracy is optional. Maps 
may be tested to assure compliance with the re- 
quired accuracy by using accepted field survey pro- 
cedures and statistical methods as defined in this 
specification. 

2.1 HORIZONTAL ACCURACY SPECIFEATION 

2.1.1. Class 1- this speci- 
fication, horizontal d the mea- 
sures of allowable h rrors spec- 
ified in Table 1 (E. rdinates of 
test points are derived from measurements on the 

delivered map. This table approximately corre- 
sponds to an accuracy statement that 90 percent of 
well-defined points be within 0.43 mm (or 1/47 inch) 
of their correct planimetric position as measured on 
the map at delivery scale. 

2.2 VERTICAL ACCURACY SPECIFICATION 

2.2.1. Class I-Vertical. To meet this specifica- 
tion, vertical errors must not exceed the measures 
of allowable vertical errors specified in Table 2. Ele- 
vations of test points are derived from interpolation 
between contours on the map. For purposes of 
testing elevations, the ground point may be shifted 
by an amount equal to the allowable horizontal 
ground coordinate error for the corresponding ac- 
curacy class, map scale, and error definition (see 
Table 1). 

For maps of lower accuracy, the error values 
stated in Table 1 and Table 2 are increased by a 
factor corresponding to the accuracy class. Only two 
additional classes are specified, i.e., Class 2 and 
Class 3. The allowable error values for a Class 2 and 
a Class 3 map equal those for a Class 1 map multi- 
plied by two and three, respectively. 

The accuracy of the map is tested for purposes of 
accepting or rejecting the map by comparing ground 
coordinates (X and Y) or elevations (2) of at least 20 
well-defined mapped features, as determined from 
measurements on the map at publication scale, to 
those for the same points, as provided by a check 
survey of higher accuracy. The check survey is one 
which can be expected to produce errors no greater 
than one-third those allowable by the pertinent map 
accuracy requirements stated as Standard Errors in 
Tables 1 and 2. The current standard of survey ac- 

TABLE 1E. CLASS 1. ACCURACY STANDARD IIY TERMS OF X TABLE 1M. CUSS 1. AC:C:URACY STANDARD IN TERMS OF X 
OR Y SURVEY COORDINATES AND IN ENGLISH UNITS OR Y SURVEY COORDINATES AND IN SI (METRIC) UNITS 

Typical Map Sheet Allowable Errors (feet) Allowable Errors (metres) 
Delivery Scale* Standard Maximum Typical Map Sheet Standard Maximum 
(inches to feet) Error (1 u) CMAS** Error (3 a) Delivery Scale* Error (1 a) CMAS** Error (3 a) 

1" to 10' (1:120) 0.10 0.21 0.30 1:lOO 0.025 0.054 0.075 
1" to 20' (1:240) 0.20 0.43 0.60 1:200 0.050 0.107 0.15 
1" to 50' (1:600) 0.50 1.1 1.50 1:500 0.125 0.268 0.375 
1" to 100' (1:1200) 1.0 2.1 3.0 1:lOOO 0.25 0.54 0.75 
1" to 200' (1:2400) 2.0 4.3 6.0 1:2OOO 0.50 1.07 1.5 
1" to 250' (1:3000) 2.5 5.4 7.5 1:2500 0.63 1.35 1.9 
1" to 500' (1:6000) 5.0 10.7 15.0 1:4000 1.0 2.1 3.0 
1" to 1000' (1:12000) 10.0 21.5 30. 1:8000 2.0 4.3 6.0 
1" to 2000' (1:24000) 20. 43. 60. 1 : 16000 4.0 8.6 12.0 

* These map scales are typlcal for the corresponding accuracy definitions. The final cholce of scale depends on the level of detail to he shown both 
topographically and culturally as well as on spatial accuracy Approprkate scales for other cholces of allowable errors may be obtalned by linear mterpolation. 

** The Circular Map Accuracy Standard (cuss) requires that 90 percent of well-defined polnts will I= In error by less than the ind~cated full scale 
(ground) value (see ACIC (1962), pp. 31-32) For the indicated map scales, the error corresponds to about 1147th luch (0.54 mm) on the map. However, 
this standard is defined at full scale (ground) values in terms of elther standard error (lo), C\IAS, or maxlmum (30) errors. The relationship between standard 
error ( lo)  and CMAS is taken as c u ~ s  = 2.1460 o for either ox or og. assuming om,, lo,, r 0 2 (see ACIC (1962), p. 59). 
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TABLE 2. CLASS 1. ACCURACY STANDARD IK TERMS OF ELEVATION 

I 
(metres) 

Standard Maximum 
Contour Error Error 
Interval (1 0) VMAS* ( 3 4  

(feet) 
Standard Maximum 

Contour Error Error 
Interval (1 c) VMAS* (3 0) 

* VMAS refers to "Vertical Map Accuracy Standard corresponding to the definition that 90 percent of well-defined points are not in error by more than 
one-half the contour interval. 

curacy and specifications prepared by the Federal 
Geodetic Control Committee (FGCC) and adopted 
by the United States National Ocean Survey (NOS) 
are the basis for design of the check survey. 

2.4.1 Check Survey. The check survey provides 
horizontal coordinates and elevations on at least 20 
well-defined and well-distributed features ap- 
pearing on the delivered map. These serve as check 
points for assessing compliance of the delivered map 
with the accuracy specifications. To provide reason- 
able assurance that the check survey produces nom- 
inal positional accuracy three times better than that 
required of the delivered map and that the test re- 
sult is representative of the entire map, the fol- 
lowing procedures are established: 

All surveys for Class 1 maps shall be conducted in 
accordance with the standards of accuracy and spec- 
ifications published by the NOS of the U.S. Dept. 
of Commerce. Horizontal surveys by tr~angulation, 
trilateration, and traverse shall be conducted by 
Second-Order Class I1 methods. or bv Second- 

horizontal and in elevation. The measure of accu- 
racy is taken here as composed of two components: 
bias (systematic) error and precision. The bias error 
expresses the tendency of map feature discrepancies 
to be of the same magnitude and direction. Preci- 
sion, on the other hand, expresses the tendency of 
discrepancies to follow the characteristics of a 
normal distribution. 

Testing of the map is accomplished by standad 
statistical procedures on both the sample mean (6) 
to assess the presence of a significant bias error and 
on the sample standard deviation (s) to assess com- 
pliance with precision requirements after the bias 
has been removed. Hypothesis testing is performed 
on sample means and sample standard deviations 
independently on each of the planimetric coordi- 
nates (X) and (Y) and on elevation (2). Both tests are 
based on a confidence level (1 - a) of 95 percent. 
Tests for significant bias error are based on the "stu- 
dent's t" distribution and tests of precision are based 
on the "chi-sauare" distribution in accordance 

Order Class I methods if analytical photogratn- with standard statistical procedures. Explanations 
metric methods are used. Vertical surveys shall be and examples of bias and precision testing of maps 
conducted by Third-Order methods. Surveys for are provided in ~ ~ ~ ~ ~ d i ~  A. 
checking Class 2 and 3 maps shall be conducted After correction for the average bias error, points 
field procedures of proportionally lower accuracy. 
A minimum of 20 check points shall be distributed which exhibit discrepancies which exceed three 

throughout the project area in a lnanner agreed times the standard error shall be interpreted as 
upon by the contracting parties. blunders and shall be subject to redetermination. 

The horizontal coordinate system and elevation 
datums used-for map check purposes shall be the 
same as those on which the map under test is based. 

The check survey shall be conducted by one of 
the following arrangements: 

conducted and adjusted as part of the survey used 
for providing the basic control for map compila- 
tion; or 
conducted independently from the survey used for 
providing the basic control for map compilation. 

2.4.2 Compliance Testing. Testing of the deliv- 
ered map may be accomplished to assure that it 
complies with the required accuracies both in the 

To assure an unambiguous interpretation of the 
spatial characteristics of the map, the following in- 
formation shall be included with other appropriate 
data in the margin or the data block appearing on 
each map sheet: 

definition of horizontal and vertical datums; 
contour interval including units; 
map scale by means of both a bar scale and repre- 
sentative fraction; 
grid or lines and their values; and 
statement of accuracy 

"Coordinate data extracted from this map can 
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reasonably be expected to have coordinate stan- 
dard errors (lu) on the ground not exceeding 
- (units) in X 
- (units) in Y 
- (units) in Z elevation 

For an explanation of accuracy measures and test 
procedures, see the ASP standards titled "Accu- 
racy Specifications for Large Scale Line Maps." 

A.C.I.C., 1962. Principles of Error Theory and Carto- 
graphic Applications, Aeronautical Chart and Infor- 
mation Center, Tech. Report No. 96, Feb. 

Pearson, E. S., and Hartley, 1966. Biometrika Tables for 
Statisticians, Vol. I and 11, 3rd Ed., Cambridge Uni- 
versity Press. 

TABLE Al. STATISTICS FOR COMPLIANCE TESTING 
(SIGNIFICANCE LEVEL (a) = 5%) 

Number of 
check points 

(n)* t n -  1.. x2n - 1.a 

EXPLANATIONS AND EXAMPLES OF ACCURACY * Test rtatlstlcr for the number of check polnts (n) > 32 can be drawn COMPLIANCE TESTS from exlstl~ig tables See for ~nstance, Pearson and Hdrtley (1966) 

For purposes of testing maps to assure their com- 
pliance with the accuracy requirements, a test of 
bias error is conducted followed by a test of preci- 
sion after the bias has been removed. The tests 
follow conventional hypothesis testing procedures. 
The tests are made using the discrepancies between 
the spatial coordinates determined from the map 
and the corresponding points determined from a 
check survey. The tests are conducted indepen- 
dently along each of the three coordinate directions. 
Both tests are one-tailed tests based on a 95 percent 
confidence level. 

The sample mean of te discrepancies ( 6 8  
in the X survey coordinat ion is computed as 

where 6Xi = Xci - Xmi; 
XCi, X1lLi = the X survey coordinates of point i 

from the check survey and as scaled 
from the map, respectively; and 

n = the number of check points. 

The sample standard deviation of test point dis- 
crepancies (s,) in the X survey coordinate direction 
is computed as 

The test for significant map bias in the X survey 
coordinate direction is made by comparing the theo- 
retical statistic (t,-,,,) drawn from Table A1 to the 
sample statistic 

t, = lls, (Sx) n'". 

the map is accepted as free from bias in the X CO- 

ordinate direction. 

The test far precision in the X survey coordinate 
direction is made by comparing the theoretical sta- 
tistic (X2 , - , , a )  from Table A1 to the sample statistic 

where a, is drawn from Table 1. 

the map is accepted as meeting the accuracy stan- 
dard in the X survey coordinate direction. 

Compliance testing of the map in the Y survey 
coordinate direction and in elevation (2) is con- 
ducted by the same procedure. 

For a numerical example, assume the accuracy 
specification allows a standard error (la) in X or Y 
of 0.50 metres. This could be typically associated 
with a scale of 1:2000 for a Class 1 map, as indicated 
in Table 1M. Table A2 is constructed for the X-co- 
ordinate direction for 24 points to represent 

discrepancies (6XJ between the mapped X-coordi- 
nate and the corresponding coordinate determined 
by a check survey for any check point (i), 
discrepa~cies reduced by the mean or bias error 
(6X, - 6X) termed the bias-free discrepancy in the 
X-coordinate direction, and 
bias-free discrepancy squared (6X, - 6x)'. 

From these basic data, the test statistics for the X- 
coordinate direction can readily be computed as fol- 
lows: 

Compute first the sample mean (SX): 

1 24 SF = - @Xi) = 0.133 metres. 
24 i = 1  

Second, compute the sample standard devia- 
tion (s,): 
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Point (i) ax, SX, - Sx (SX, - SF)' 

1 -0.250 - 0.383 0.146 
2 - 0.150 - 0.283 0.080 
3 -0.210 -0.343 0.117 
4 -0.200 - 0.333 0.111 
5 -0.320 -0.453 0.205 
6 - 0.070 - 0.203 0.041 
7 0.210 0.077 0.006 
8 0.550 0.418 0.174 
9 -0.230 - 0.363 0.131 

10 - 0.160 - 0.293 0.086 
11 - 0.220 - 0.353 0.124 
12 0.210 0.077 0.006 
13 0.240 0.107 0.012 
14 - 0.230 - 0.363 0.13-1 

'h 

[ (6Xi - 6 ~ ) ~ ]  = 0.441 metres. sx = - 
24 - 1 i = l  

Next, compute the sample statistic (t,): 

Itx( = 1.48 

Since Jt,l < t ,-  ,,,, where t,- ,,, is taken from Table 
A1 for 24 check points, the map is accepted as free 
from significant bias in the X-coordinate direction. 

Now, to compute the sample statistic (x4: 

Since IX:I < X i - l , , ,  where xi -,,, is taken from 
Table A1 for 24 check points, the map is accepted 
as meeting the accuracy standard in the X-coordi- 
nate direction. 

For this example, the tests indicate that the map 
meets the accuracy specifications in the X-coordi- 
nate direction. In the same manner, checks are 
made for the Y-coordinate and Z-coordinate (ele- 
vation) directions using the specified values of stan- 
dard error ( la)  as stated in the accuracy specifica- 
tion. 

Auto Carto London 1986 

London, England 
14-1 9 September 1986 

This international conference-under the auspices of the Royal Society in association with the Inter- 
national Cartographic Association-will cover all fields of automated collection, processing, and presen- 
tation of spatially-related data, from field, photogrammetric, and hydrographic surveys and satellite remote 
sensing, through data processing, to thematic mapping and landlgeographical information systems. The 
conference will not be limited to cartographic aspects. 

The themes/objectives of the conference will be to take stock of present technological and systems 
development and to look ahead to AD 2000. Particular emphasis will be placed on user needs and man- 
agement issues, and the participation of decision-makers, both from developed and developing countries, 
will be encouraged. 

The conference is being supported substantially by HM Government and by the Royal Institution of 
Chartered Surveyors as well as by leading equipment and software suppliers. A major exhibition will take 
place alongside the conference. 

Mr. Walter Smith, Director General of the Ordnance Survey of Great Britain, will be Conference 
President and Prof. David Rhind, Professor of Geography, Birkbeck College, London, will be Vice-Pres- 
ident. 

For further information please contact 

Miss Caroline Bransby-Williams 
Conference Services Limited 
3-5 Bute Street 
London SW7 3EY 
United Kingdom 


