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INTERNATIONAL STANDARD ISO 8322-1 : 1989 (E) 

Building construction - Measuring instruments - 
Procedures for determining accuracy in use - 

Part 1: 
Theory 

0 Introduction 

This International Standard consists of a series of Parts specify- 
ing test procedures to be adopted when determining and 
assessing the accuracy in use of measuring instruments in 
building construction. The first part gives the theory; subse- 
quent Parts give the procedures for determining the accuracy in 
use of measuring instruments for measurements. The complete 
series will consist of the following Parts: 

- Part 1: Theory. 

- Part 2: Measuring tapes. 

- Part 3: Optical levelling instruments. 

- Part 4: Theodolites. 

- Part 5: Optical plumbing instruments. 

- Part 6: Laser instruments. 

- Part 7: Instruments when used for setting out. 

- Part 8: Electronie distance-measuring instruments. 

Other International Standards for testing measuring in- 
struments for land surveying purposes, and for measuring pro- 
cedures in ordnance Survey, are in preparation. 

1 Scope 

This part of ISO 8322 gives the formulae used in the specifica- 
tion of test procedures to be adopted for the determination and 
assessment of the accuracy in use of measuring instruments. 

2 Field of application 

The theory given in this part of ISO 8322 applies to the pro- 
cedures used in building construction when determining and 
assessing the accuracy of surveying, check and compliance 
measurements, setting out, checking processes or when ob- 
taining accuracy data. These procedures assume the use of 
measuring methods in which the systematic errors tan be 
largely compensated for or disregarded. 

3 References 

ISO 3534, Statistics - Vocabulary and Symbols. 

ISO 4463-1, Measurement methods for building - Setting-out 
and measuremen t - Part 7: Planning and organization, 
measuring procedures, accep tance criteria. 

I SO 7077, Measuring methods for building - General principles 
and procedures for the verification of dimensional compliance. 

ISO 7078, Building construction - Procedures for setting out, 
measurement and surveying - Vocabulary and guidance 
no tes. 

4 General 

4.1 Before commencing surveying, check and compliance 
measurements, when obtaining accuracy data or setting out, it 
is important that the Operator investigates that the accuracy in 
use of the measuring equipment is appropriate to the intended 
measuring task. This International Standard recommends that 
the Operator carries out test measurements under field condi- 
tions to establish the accuracy achieved when he uses a par- 
ticular instrument and its ancillary equipment. 

To ensure that the assessment takes account of various en- 
vironmental influences, two series of measurements need to be 
carried out under different conditions. The particular conditions 
to be taken into account may vary depending on where the 
tasks are to be undertaken. These conditions will include varia- 
tions in air temperature, wind Speed, cloud cover and visibility. 
Note should also be made of the actual weather conditions at 
the time of measurement and the type of surface over which 
the measurements are made. The sets of conditions Chosen for 
the tests should match those expected when the intended 
measuring task is actually carried out. See ISO 7077 and 
ISO 7078. 

Successive Parts of this International Standard give detailed 
procedures for determining the accuracy in use for specific 
types of instruments. For those instruments not covered in a 
separate Part, the theory given in this part tan be used as a 
basis for devising suitable test procedures. In such cases the 
minimum values taken for m and n should be 4 and 30 respec- 
tively (see 5.1 and 5.2). Such test procedures should be carried 
out over the range of measurements for which the instrument is 
to be used. 
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For each of the tests to be adopted for different tasks and 
described in detail in Parts 2 to 8 of this International Standard, 
the preferred minimum Sample size is indicated in the relevant 
clauses. However, if particular circumstances dictate the ac- 
ceptance of smaller Sample sizes, this must be in the 
knowledge that the assessment will be less reliable. 

All procedures are designed so that the systematic errors are 
largely eliminated and assume that the particular instruments 
are in known and acceptable states of user adjustment ac- 
cording to methods detailed in the manufacturer’s handbooks. 

Accuracy in use procedures require repeat tests to be made 
with the same instrumentation and the same observer, within a 
short interval of time. These are “repeatability conditions” as 
defined in ISO 3534. 

The accura 
ation. 

cy in use is expressed in terms of the Standard devi- 

4.2 The figure indicates schematically the decisions to be 
made when establishing that the accuracy associated with a 
given surveying method and particular measuring equipment is 
appropriate to the intended measuring task. In particular, the 
decisions apply when adopted by a particular Operator under a 
range of environmental conditions which are likely to occur when 

the task is actually carried out. Where the contract documenta- 
tion specifies the required tolerante for the intended measuring 
task, it is recommended that this tolerante, which is normally 
given in terms of the permitted deviation + PP = 2,5 CT) of the 
measuring task, is compared with the accuracy in use data ob- 
tained either from previous accuracy in use tests or from general 
data A which indicate the expected accuracy in use of given 
measuring equipment. On those occasions that the previously 
obtained data indicates that the accuracy in use associated with 
the given measuring equipment exceeds the specified permitted 
deviation of the measuring task, consideration should be given to 
either selecting a different method and/or a more precise instru- 
ment, or discussing with the designer the need for such a small 
permitted deviation. See ISO 4463-1. 

Before obtaining an Overall estimate of the accuracy in use, it is 
recommended that each Standard deviation for a given series of 
measurements undertaken under particular environmental con- 
ditions is compared, as indicated in the figure, with the 
specified permitted deviation. Where the comparison Shows 
that the specified permitted deviation has not been achieved 
for one series of measurements, an additional series of 
measurements should be carried out under as near as possible 
similar environmental conditions to those which applied in that 
original series of measurements. 
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Assumptions: + P is the permitted deviation of the measuring task 

A is the accuracy in use, generally expressed as deviation + A ; (both + P and + A are considered to include the 
dimensional variability associated with + 2,5 times the Standard deviation a) 

s are the deviations obtained in the field tests 

I Choose instrument and method, 
check available information 

(or no relevant 
data available) 

Judgement on consequences, 
discuss with designer the need 
for P< A; tan P be revised to P > A? 

I No; P confirmed 

Select better suitable method, 
and/or more accurate instrument 

Yes Is the instrument’s 
user adjustment OK? 

Correct adjustment or send 
instrument for correction or 
choose another instrument 

b 

c 

Make field test: 
Day l-+ obtain s1 
Day 2+ obtain SZ 

4 

Compare sl, s2 with 
P P 

-• are sl, s2 < -? 
2,5’ 2,5 

Yes 

Is the analysis Recalculate 

correct? 
)“?- 

Sb s2 
. 

i c Yes 

I 

Proceed with field test 
Day 34 obtain s3 

Is only s1 or s2 > -? 

Can the most inaccurate result 

and be rejected as need for 
accuracy is recognized? 

Result worse than expected, 
check, revise equipment, 
method and Personne1 

. 

, 

Proceed with task, same equipment, method and Personne1 

Figure 1 - Flow diagram for accuracy in use tests 
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5 Formulae 5.2 Calculation of the Overall Standard deviation for 
several series of measurements using mean values 

The following formulae are required for use at the evaluation 
Stage of most of the procedures given in the subsequent Parts 
of this International Standard, They indicate how the achieved 
accuracy in use, expressed in terms of Standard deviation or 
mean Square error, is estimated by first calculating the indivi- 
dual Standard deviations or mean Square errors for each of the 
series of measurements and then by combining statistically 
each of these individual Standard deviations or mean Square 
errors. The formulae are given in general terms such that the 
number of series of measurements and the number of indivi- 
dual measurements within each series is not defined explicitly. 

The Standard deviation obtained for each of the jth series of 
measurements is considered to be a separate estimate of the over- 
all Standard deviation of the measurement. lt is assumed that each 
of these estimates is equally valid. The following formulae indicate 
how the individual Standard deviations are combined to give one 
Overall Standard deviation which takes equal account of the stan- 
dard deviations calculated for each series of measurements. 

52.1 Let m be the number of series of measurements. 

52.2 As the true value of each of the m measurements series 
cannot be determined, the arithmetic mean of each series is ac- 
cepted as the best estimate of the true value. 

5.1 Calculation of the Standard deviation for a 
Single series of measurements using mean values 

5.2.3 Let s be the Overall 
where s is calculated thus 

mate of the Standard deviation, 
5.1.1 Let ~2; be the number of measurements in thejth series. 

5.1.2 Let xU be the value of the ith measurement of the jth 
series. 

[ 

1 
s= -(sf + s$ + . . . + s$, 1'2 

m 1 

5.1 .3 The arithmetic mean, 
jth series of measurement is 

X, of the values measured in the 5.3 Calculation of the Standard deviation for a Single 
series of measurements using double observations 

5.3.1 Let nj be the number of a double Observation set in the 
jth series. 

1 J 
xj=- 

c 
nji = 1 

+j 

5.3.2 Let xijl and xU2 be the values of the ith set of the double 
observations in the jth series. 

5.1.4 Let vij be the deviation of the value of the ith measure- 
ment from the arithmetic mean within the jth series of 
measurements. Thus 

5.3.3 Let d, be the differente of the two values of the double 
measurements of the ith set of the jth series 

vij = %j -3 
dij = Xijl - Xij2 

To minimize the effect of rounding errors, the calculation of 
each division v should be carried out to the nearest 0,l value of 
the last observed digit. As an arithmetic check the sum of the 
deviations should be Zero. 

Ti 
5.3.4 Let di? be the sum of Square of all differentes dij 

1= I 

within the jth series of measurements. Thus n; 

5.1.5 Let C. Vi: be the sum of squares of all the deviations 9 
’ z d,2 = d,? + d2: + . . . + dn; i= 1 

(v,) within the jth series of measurements. Thus i= 1 

5.3.5 Let Sj be the Standard deviation for the jth series of 
measurements, where s; is calculated thus c 2 vij = v,: + 97 + . . . + vn; 

i= 1 

I 
9 
Y d2 . 0 5.1.6 Let fj be the number of degrees of freedom for the jth 

series of measurements, where 
i 

1 

i= 1 

‘j= p d 2nj 
f j = ?lj - 1 

5.1.7 Let Sj be the Standard deviation for 
measurements, where Sj is calculated thus 

the jth series of 
5.4 Calculation of the Overall Standard deviation 
for several series of measurements using double 
observations 5 

k 2 %j The following formulae indicate how the individual Standard 
deviations are combined to give one Overall Standard deviation 
which takes equal account of the Standard deviations calcu- 
lated for each series of measurements. 1’ i= 1 

‘7 p f j 
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