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ABSTRACT

Digital maps of Geo-Spatial Information System are very important as they are the foundation of the system and the necessity to

implement and develop digital map database is increasing . But because of various different needs and requirement of different

users, each has different needs of accuracy.

A standard for statistical test for accuracy evaluation such as the hypothesis test 1s

very essential under such changing environment. In this study a statistical method for evaluating accuracy of digitized maps is

introduced . Using hypergeometric distribution and considering consumer risk and producer risk, a statistical method was used to

decide the optimal sample size.

1. INTRODUCTION

In Korea, with the development and growing interest of Geo-
Spatial Information System, the need for standards in digital
maps are being discussed and frameworks are being
established by government bodies such as the National
Geographic Institute. Meanwhile maps are being digitized,
trving to satisfy the standard as much as possible. It is well
known that the database implementation cost comprises most
of any GSIS projects and reports have been made that some
amounts up to 80% of the whole project implementation
cost.( K.Thaph, J.Bossler, 1992). Big cost for initial
production also implies big cost for editing and correction of
erroneous data and sometimes irreparable damages. All these
means that everything has to start with the correct data from

the initial stage. Despite this emphasis on the importance of

411

accurate data, the importance of the quality of data from the
producer and the congumer point of view is not getting enough
attention.

Topographic base maps are directly produced in digital format
nowadays by using analytical stereo plotters and test points are
selected from the produced maps and compared to ground
surveying results and residuals are computed and used as an
evaluation factor for the map. Although etfective, due to extra
costs involved in the testing procedure producers tend to look
for other methods of evaluation. Also researches are done
recently to evaluate the classification accuracy of thematic
maps by statistical evalnation and sampling method using the
binomial distribution, considering the risk of both the
consumers and producers (Michael E. G., 1979) (G.H.
Rosenfield et. al., 1982) (S.Aronoff, 1982). Despite these

efforts more researches should be done on the evaluation of
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accuracy of digitized maps and statistical testing of these
results. This study aims to introduce a method of determining
the number of sample map sheets required to evaluate the
accuracy of digital maps considering consumer and producer

constraints.

2. STATISTICAL EVALUATION OF DIGITIZED
MAPS

2.1 Producer risk and consumer risk

The accuracy of all the maps can be assumed as one hypothesis.
The testing of the hypothesis involves detennining whether the
digital map is accurate or not but because the position of the
producer and consumer is different, different results are
obtained depending on whose position is considered when
establishing the hypothesis.

The hypothesis from the position of the producer

H, : The accuracy of the digitized maps are as accurate or more
accurate than the requirement.
H; : The accuracy of the digitized maps are less accurate than

the requirement

I Qo is the required accuracy, the following equations can be

made.

Ho: Q2Qp
H}Z Q<Q0

If the test is made with 5% test level , i.e. 95% confidence
level, this means that if the result is not included in the left
0.05 part of the of Fig. 2.1, the test is accepted. But from the

position of the consumer the following equations can be made.

Ho: Q< Qo
Hi: QSQO
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And the test is accepted if the result is not included in the right

0.05 part of the Iig. 2.1.

Fig 2.1 Test of the left end and right end

Even though the required accuracy is the same the result can be
different depending on the position when the hypothesis is
established. If the minimum required accuracy is Qp, the
hypothesis is established from the position of the consumer and
this hypothesis is of error type 1, i.e. the probability that the Hy
is not rejected despite the map is less accurate is 0.05 and this
is the risk of the consumer. From the producer position, it is
advantageous that the probability of Qu which is higher than
Qu being rejected be minimized. This is error of type 2, this
means minimizing the probability of rejecting H; despite being
accurate (producer risk) and this can be achieved by increasing
the consumer risk or by increasing the number of samples.
Nustrating this with figures, Q. is fixed to the minimum
required map accuracy and the hypothesis Ho is accepted as
long as the probability that accuracy is lower than Qp is not
less than 5%. The critical level Qr is computed with the
assumption that map accuracy has the accuracy of Q. and as
the probability that Qr has more that 5% of the samples. If the
ratio of accurate samples is larger than or is equal to Qr, Hp
is rejected and the map accuracy is accepted as being more
accurate or i1s equal to  than Q..

The producer risk is the probability that the maps are not
selected, i.e the probability of not being selected despite Qu
> Qu and this 1s shown as the region smaller than Qr. This
can be seen from the first graph of Fig. 2.2, when the number
of samples is small, the risk of the producer is more than 50%,
and this means that it is difficult for the map to be evaluated as

being accurate. This risk can be reduced by increasing the
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number of samples as in the second graph of Fig. 2.2.
Increasing the number of samples also means increasing the

cost of production, so an optimum level should be selected.

Fig 2.2 Producer risk and consumer risk

2.2 Determining number of samples using hypergeometric

distribution

Hypergeometric distribution is widely used for quality control
purposes and is the probability model for a fixed amount of
observations with two values. If number of maps satisfying the
required accuracy is M and inaccurate maps are defined as D,
the probability f(x) that x amount of accurate maps are selected

from a sample of n is as follows.

f(x) =NCr. pChx /N¥Dcn
where x=0,1.2,..nandx<nand n<M
Applying this to the consumer and producer risk, the number of
maps satisfying the minimum required accuracy Q. when n

samples are selected from N number of maps is as follows.

M=N.Q.

And the number of maps satisfying the required accuracy is as

follows.

D=N-M

Consumer risk, i.e. the probability from a 95% confidence test

that the number of inaccurate maps (ny) from sample maps (n),

can be defined as follows.
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CR= [Z (mCuy.pCy)/ (8C)] = 0,05 (fory =010 ny)
It the consumer risk is 5%, the producer risk will depend on
the whole number of maps N and the size of sample n and is
defined as tollows.

PR= [X (MCuy.0Cy)/(NCh)] (for y=ny + | to D)
From this equation the optimum size of samples considering

producer risk can be known when the consumer risk is fixed.

3. EXPERIMENTS

In some recent data conversion projects, standard sampling
methods were suggested with superimposition tests for 10 -
20 % of the whole number of maps. The following is an
application of the aforementioned method of considering both
the consumer risk and producer risk using the hypergcometric
distribution.

If the consumer risk is tixed at 5%, the minimum required
accuracy can be known invariable to the size of the sample and
from the producer position, an appropriate size of sample can
be determined at an appropriate producer risk.

From Fig. 3.1, it can be seen that generally, if 90% for
minimum required accuracy, 95% for digitizing level and 30 %
for the producer risk are selected, the appropriate size of
samples are 83 for 100, 104 for 200 and 121 for 500. As can
be seen the  size of sample decreases relatively as the number
of whole maps increase. For a size of 100 sheets, the sample
size is about 80% but for 500 sheets the sample size is only
25% to make the same test.

From the consumer position, 90% is selected for minimum
required accuracy and 97% or 99% is selected for digitizing
level, and 1 map sheet is the criteria for not passing the test
from a sample size of 47 trom the total 100 sheets, as can be
seen from Fig. 3.1, the producer risk is 21.8% which makes it

difficult to pass the test is the overall quality is not high. It can

be assumed that the both the consumer and the producer can
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come to a agreement on the size of the sample referring to this

graph.
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Fig. 3.1 Sample size considering consumer risk and producer risk

4. CONCLUSION

The following conclusion can be made through this study on
the evaluation of digitized maps of Geo-Spatial Information

System.

1) An appropriate level of accuracy can be evaluated through a

statistical test considering both the consumer and producer risk.

2) The hypergeometric distribution is suitable for the
determination of the sample size and the ratio of sample size

decreases with the increase of the total number of sheets.
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