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Abstract:

This paper specifies field procedures described by international norm ISO 17123-6, to be adopted
when determining and evaluating the quality of rotating lasers and their ancillary equipment when
used in building and surveying measurements for levelling tasks. It will be shown analysis and
statistical tests in order to check the conformity of the equipment with the selected specifications.
Also, this paper will promote the leveling systems delivered for complete quality verification of
rotating lasers, as an automated reference laboratory system.
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BEPUDOUKAIINJA, ETAJIOHUPAIBE 1 OLIEHA YCATJIAHLIEHOCTH
POTAIHMOHUX JJACEPA KOPUIIIREHUX Y IOCJIOBUMA
N3I'PAJIIE U ITPEMEPA

Caxcemax:

OBgaj pax onmcyje TepeHCKe MocTynke onrcane Mehyrapoganm HopmoMm MCO 17123-6, xoje Tpedba
YCBOJUTH IPWIIMKOM oJpehuBama M OLCHE KBaJIWTETa POTALMOHUX Jlacepa U HBHUXOBe IoMohHe
oIpeMe Kajia ce KOPUCTe y U3rpaiibi U Fe0JeTCKUM MepemhHMa 3a II0CIoBe HuBencama. [lokazahe
Ce aHajJM3a U CTAaTHCTUYKH TECTOBH Kako OM ce MPOBEpHiIa yCarjalleHOCT OlpeMe ca ofabpaHuM
cnennpukanujama. Takohe, oBaj pax he mpomMoBHCAaTH MEpPHH HHBEJAIMOHH CHCTEM KOjH Ce
ycrocTaBjba 3a IOTIYHY Bepu(UKalWjy KBaluTeTa poTUpajyhnx jacepa, y BHIY HpUMEHE
ayTOMaTHU30BaHOT J1a00PaTOPUjCKOT peepeHTHOT CHCTEMA.

Kmwyune pujeuu: xearumem, pomayuonu racep, kamuopayuja, eepudurayuja, Cmamucmuyku
Mecmosu, ycaznauenocm, meperse



1. INTRODUCTION

According to the International document ISO 10012:2003 Measurement management systems —
Requirements for measurement processes and measuring equipment, only effective and efficient
measuring management system is able to secure a quality of equipment, competent to reduce the
appearing risk of incorrect measuring results. There are specifies generic requirements and guidance
for the management of measurement and metrological processes, used to support and demonstrate
compliance of equipment with metrological requirements. It specifies quality management
requirements of a measurement management system that can be used by an organization performing
measurements as part of the overall management system, and to ensure metrological requirements
are met. Methods applied in measuring management process cover a wide range of activities, from
the verification to the statistical techniques. All that activities describe one measuring management
system as a set of interconnected or interacting elements required to achieve metrological validation
and continuous management of measurement processes. For quality assurance, not only quality
control is sufficient, but also a systematic approach that involves defining and providing other
important factors: metrology, standardization, reliability, quality control, i.e.: personnel, methods
and techniques, technical equipment, information, etc. In the system of integral quality management,
metrology plays a prominent role in providing measurements of the physical quantities that
characterize quality. From the metrological point of view, the focus is on providing measurement
methods, measuring instruments (standards), measuring conditions and data processing methods of
measuring.

Operators have obligations to use measuring equipment in way that secure accurate measurements,
as well as they are responsible for both technical conformity of equipment and assuring the quality
of delivered results. They ought to keep equipment in good technical shape, according to the
methods specified in the manufacturer's handbooks. Even though operators do all checks on the
field, equipment should be officially tested and calibrated in regarding to recognized procedures
described in national or international relevant documents, norms, by-laws. Further, reporting of
calibration and testing results could show statements of conformity, with respect to the specifications
required whether from investors, custodies, or any stakeholders.

This paper specifies field procedures described by international norm ISO 17123-6:2012 Optics and
optical instruments — Field procedures for testing geodetic and surveying instruments — Part 6:
Rotating lasers, to be adopted when determining and evaluating the quality of rotating lasers and
their ancillary equipment when used in building and surveying measurements for levelling tasks.
The first one procedure provides an estimate as to whether the precision of a given item of rotating-
laser equipment is within the specified permitted deviation, according to ISO 4463-1. The second
one procedure provides the best achievable measure of precision of a particular rotating laser, the
deflective deviation from the true horizontal, and both components of the deviation of the rotating
axis from the true vertical. In the end, it will be shown analysis and statistical test in order to check
the conformity of the equipment with the selected specifications. At the same time, paper will
promote extra the leveling systems delivered for complete quality verification of rotating lasers, as
an automated reference laboratory system.

2. QUALITY ASSURANCE OF MEASURING EQUIPMENT

There are three general principles that apply in considering the quality assurance aspects of
instruments and equipment. The first is that the equipment should be capable of doing the job
required of it. The second principle is that all equipment should be kept in optimal condition for use
as needed. This implies both preventive maintenance and control over the use of the equipment by
personnel. The third principle is that equipment should be frequently monitored and evaluated, what
implies calibration [1]. Calibration means operation that, under specified conditions, in a first step,
establishes a relation between the quantity values with measurement uncertainties provided by
measurement standards and corresponding indications with associated measurement uncertainties
and, in a second step, uses this information to establish a relation for obtaining a measurement result
from an indication [2]. Understanding and quantifying the uncertainty of measurements as well as
measurement errors, are critical to maintaining quality of equipment.

2.1. Uncertainty of measurements and measurement errors

The most important concept to understand is that all measurements have uncertainty. In fact, it can
be never known the exact true value of anything, all measurements are actually estimated, and have
some uncertainty. The difference between a measurement result and the true value is the



measurement error. Since the true value is unknown, also can’t know the error: these are unknowable
quantities. All what can be quantified are the results of measurements and these always have some
uncertainty, even if this uncertainty is very small. On the Figure 1 is shown interpretation of
uncertainty and measurement error [3].
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Figure 1. Interrelations between the concepts true value, measured value, error and
uncertainty. (Figure source given in Literature [3])

There are two widely used methods to quantify the uncertainty of a measurement. Calibration
laboratories and scientific institutions normally carry out Uncertainty Evaluation according to the
Guide to the Expression of Uncertainty in Measurement (GUM). The GUM method involves first
considering all of the influences which might affect the measurement result. A mathematical model
must then be determined giving the measurement result as a function of these influence quantities.
By considering the uncertainty in each input quantity and applying the ‘Law of Propagation of
Uncertainty’ an estimate for the combined uncertainty of the measurement can be calculated. The
GUM approach is sometimes described as bottom-up, since it starts with a consideration of each
individual influence. Each influence is normally listed in a table called an uncertainty budget which
is used to calculate the combined uncertainty. Industrial measurement processes are typically
evaluated using a Measurement Systems Analysis (MSA) approach, as recommended within the
Six-Sigma methodology, and usually following the guidelines of the Automotive Industry Action
Group (AIAG) MSA Reference Manual. MSA involves performing Gage Studies in which repeated
measurements are compared with a reference under different conditions to determine the bias,
repeatability and sometimes reproducibility. In the Chapter 4 of this paper will be presented Type A
GUM method of uncertainty measurement estimation during the procedure of rotating laser
calibration.

Calibration and the associated concept of traceability are the fundamental aspects of uncertainty,
where calibration is a comparison with a reference, and the uncertainty of this comparison must
always be included. A traceable measurement is one which has an unbroken chain of calibrations
going all the way back to the primary standard. A measurement is traceable if there is an unbroken
chain of calibrations back to the primary standard (In the Figure 2 is illustrated one traceability chain
in general).
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Figure 2. Traceability chain (Figure source given in Literature [4])



All measurements must be traceable back to the same standard to ensure that parts manufactured in
different countries will fit together. In this process, national and international metrology institutions
as well as competent calibration laboratories play the main roll.

The uncertainty of measurements arises from different sources. Some of these will lead to a
consistent error, or bias, in the result. For example, the unknown error present when an instrument
was calibrated will lead to a consistent error whenever it is used. This type of effect is known as a
systematic uncertainty leading to a systematic error. Other sources will lead to errors which change
randomly each time a measurement is made. It is conventional to divide random uncertainty into
repeatability, the random uncertainty of results under the same conditions, and reproducibility, the
random uncertainty under changed conditions. The conditions can never be exactly the same or
completely different so the distinction is somewhat vague. The types of conditions which might be
changed are making the measurement at a different time, with a different operator, a different
instrument, using a different calibration and in a different environment. Once determined the
uncertainty (or ‘accuracy’) of a measurement can apply this to decide whether a part conforms to a
specified tolerance.

Each measurement is associated with the determination of numerous values of physical quantities
by which the regularities of the phenomena under study are realized. Measuring a quantity means to
determine its numerical relationship with another of the same size, with the adoption of a unit of
measure. When measuring, data on different physical quantities must be provided: discrete and
continuous, constant and variable, dependent and independent. Therefore, measurement is
considered to be a process of physically equating a given value with its physical value taken for a
unit of measure. The result of the measurement is presents as quantitative information about the
basic properties of a measuring object, obtained as a result of a physical process with a certain degree
of accuracy. Each measurement process is accompanied by inevitable measurement errors.
Depending on the degree of perfection of knowledge, the means of measurement and the conditions
under which the measurement is conducted, the size of these errors is also different. The result of
each measurement occurs as a function of two independent quantities, one reflecting the true value
of the measured size, and the other, representing the error of its measurement. Therefore, the
measurement error of some size should be considered as the difference between the measurement
results and the true value of the measured size. The true value of the measured size is unknown to
the technique of measurement. The reason for this is the imperfection of the criterion. With the
reduction of the measurement error, we are increasingly approaching the true value of the measured
size.

The measurement error of some quantity is directly related to the accuracy and precision of the
measurement. Measurement accuracy means, in the general case, the quality or validity of the
measurement, ie. the degree of closeness between the measurement results and the true value of the
measured size. The accuracy of a measurement of some quantity is all the greater the smaller the
error of its measurement. Therefore, the measurement error of the given size is quantitatively
expressed. Measurement accuracy is defined by the repeatability of measurement results, ie the
degree of scattering or mutual matching of individual measurement results. These results are
obtained by successive, multiple repetitions of a measurement operation over a measuring size,
whose value is time independent (constant). This means that the precision of a measurement is
greater if there is less dispersion of the individual values of the measurement results in the set of
results of repeated measurements, or if the mutual agreement of these values is greater, what is
presented on the Figure 3.
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Figure 3. Accuracy and Precision (Figure source given in Literature [10]



3. QUALITY ASSURANCE OF MEASURING RESULTS OBTANED
USING AN ROTATING LASER

Construction lasers are used as an accurate level reference during any layout process. In surveying
and construction, the laser level is a control tool that includes a laser beam projector which is affixed
to a tripod, leveled, and rapidly spun to indicate a horizontal plane. The laser beam projector has a
rotating head with a mirror that sweeps the laser beam around a vertical axis. Some mirrors are self-
leveling, while others can be manually adjusted.

Figure 4. Rotating and linear lasers levels(Figure source given in Literature [5]

Rotating laser levels are used for construction projects indoors to shoot a 360-degree horizontal or
vertical beam around a room, or outdoors to be used with a laser detector and grade rod for
excavation for both digging down or building up. There are a variety of rotating laser levels to choose
from, (Figure 4). It can be manually-leveling using a mounted bubble level, electronically self-
leveling which uses a pendulum leveling system, or automatically self-leveling which uses
electronics and gears to find level. Rotating laser levels project a beam of light 360-degrees, allowing
the user to establish a horizontal or vertical plane. In fact, this beam of light is really a single dot of
light that can rotate between 100 and 1,100 rmp, giving the appearance of a 360-degree chalk line.
The beam of light is created by a diode, which in this case is simply a semiconductor which produces
light when current passes through it. Color is technically determined by the wavelength of the laser,
the laser diode actually, which is measured in nanometers (nm), one billionth of a meter, because of
its very small length. The spectrum of color visible to the human eye is between 380 nm (purple)
and 750 nm (red). Typically, the color of the laser is red (635 nm) or green (532 nm) which is near
the center of the visible spectrum, making it the most visible to the human eye. The intensity of the
laser is determined by the level of laser light power which is measured in milliwatts (mw), 0.001 or
one-thousandth of a watt [5].

Before commencing surveying, it is important that the operator investigates that the precision in use
of the measuring equipment is appropriate to the intended measuring task. The rotating laser and its
ancillary equipment shall be in known and acceptable states of permanent adjustment according to
the methods specified in the manufacturer’s handbook, and used with tripods and levelling staffs as
recommended by the manufacturer. The results of measuring are influenced by meteorological
conditions, especially by the temperature gradient. An overcast sky and low wind speed guarantee
the most favourable weather conditions. The particular conditions to be taken into account may vary
depending on the location where the tasks are to be undertaken [7]. Rotating lasers have to be
verified and calibrated before application.

The 6" part of the ISO 17123 norm describes two different field procedures for calibration of rotating
leveling lasers. The first one, called the simplified test procedure provides an estimate as to whether
the precision of a given item of rotating-laser equipment is within the specified permitted deviation,
according to ISO 4463-1. This test procedure is normally intended for checking the precision of a
rotating laser to be used for area levelling applications, for tasks where measurements with unequal
site lengths are common practice, e.g. building construction sites. Since, the simplified test
procedure is based on a limited number of measurements, therefore, a significant standard deviation
and the standard uncertainty (Type A), respectively, cannot be obtained, this method won’t be
analyzed here.

The second one, called the full test procedure shall be adopted to determine the best achievable
measure of precision of a particular rotating laser and its ancillary equipment under field conditions,
by a single survey team. Further, this test procedure serves to determine the deflective deviation, a,
and both components of the deviation of the rotating axis from the true vertical of the rotating laser



(see Figure 5 and Figure 6, source of Figures given in Literature [7]). The possible deviations of a
rotating laser may be modelled as shown in Figure 7. Full test procedure is intended for determining
the measure of precision in use of a particular rotating laser. This measure of precision in use is
expressed in terms of the experimental standard deviation, s, of a height difference between the
instrument level and a levelling staff (reading at the staff). This experimental standard deviation
corresponds to the standard uncertainty of Type A:

S1S0_ROLASTUISO ROLAS (1)
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Figure 5. (Left)Vertical plane through x'

Figure 6. (Right)Horizontal view-top view

Figure 7. Model of instrument deviations

(Figures 5., Figure 6., and Figure 7. source given in Literature [7])
Further, this procedure may be used to determine:

o the standard uncertainty as a measure of precision in use of rotating lasers by a single survey
team with a single instrument and its ancillary equipment at a given time;

e the standard uncertainty as a measure of precision in use of a single instrument over time and
differing environmental conditions;

o the standard uncertainties as a measure of precision in use of several rotating lasers in order
to enable a comparison of their respective achievable precisions to be obtained under similar
field conditions.

Statistical tests should be applied to determine whether the experimental standard deviation, s,
obtained belongs to the population of the instrumentation’s theoretical standard deviation, o,
whether two tested samples belong to the same population, whether the deflective deviation, a, is
equal to zero, and whether the deviation, b, of the rotating axis from the true vertical of the rotating
laser is equal to zero.

3.2. Calibration procedure

The procedure described in the ISO norm taking in account the next: To keep the influence of
refraction as small as possible, a reasonably horizontal test area shall be chosen. The ground shall
be compact and the surface shall be uniform; roads covered with asphalt or concrete shall be avoided.
If there is direct sunlight, the instrument and the levelling staffs shall be shaded, for example by an
umbrella. Two levelling points, A and B, shall be set up approximately 40 m apart. To ensure reliable
results, the levelling staffs shall be set up in stable positions, reliably fixed during the test
measurements, including any repeat measurements. The instrument shall be placed at the positions
S1, S2 and S3. The distances from the instrument’s positions to the levelling points shall be in
accordance with Figure 8, source of Figure given in Literature [7]. The position S1 shall be chosen



equidistant between the levelling points, A and B (40/2 = 20 m). For the full test procedure, i = 4
series of measurements should be performed. In each series, three instrument setups S1, S2 and S3
are chosen, according to the configuration given in Figure 8. At any setup n = 4 sets of readings are
taken. Each set consists of two readings x,;, and xp;j, namely to rod A and to rod B. After each set,
the orientation of the instrument has to be changed clockwise about 90°. Hence one series consists
of j =3 x 4 = 12 readings for each rod. In order to ensure that the instrument deviation b is aligned
properly during the measurements, the instrument has to be oriented at the three positions S1, S2
and S3 in the same direction and the sense of rotation has to be maintained.

With each new setup of the chosen reference direction (reference marks on the tripod head), the
instrument shall be relevelled carefully. If the instrument is provided with a compensator, care shall
be taken that it functions properly. It is recommended to assign the four orientations of the instrument
on the ground plate, according to measurement organization shown in Table 2. The numbering of
the 12 measurements can be represented for each measuring set. All readings shall be taken in a
precise mode according to the recommendations of the manufacturer.
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Figure 8. Configuration of the test line for the full test procedure
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Apart of technical description of ISO 17123-6 document, there is one laboratory reference system
for interpretation of this calibration procedures, so called Leica CalMaster systems. According to
Leica Geosystems manufacturer of geodetical equipment, as well as rotating laser levels.

In order to create a horizontal sighting in the described measuring configuration, the readings at the
levelling staffs for selected sighting distances can be corrected in respect of the deviations a and b
(see Table 1).

Table 1. Corrections of the readings

Direction Distance

14,6 20 54,6
1 0,365(a + bl) 0,500(a + bl) 1,365(a+ bl)
2 0,365(a + b2) 0,500(a + b2) 1,365(a + b2)
3 0,365(a - bl) 0,500(a - bl) 1,365(a - bl)
4 0,365(a —b2) 0,500(a — b2) 1,365(a —b2)

From the observation formulae for the i series, the residuals, 11 to 112, are obtained (see Table 2).

Table 2. The residuals vl to r12

p=2

P=0,5

P=0,5

ri=h-bi-(xB1-Xa1)

rs= h +a- by - (XB5- Xa5)

Ig = h-a - b] - (XB,g - XA,9)

rn=h+by-(XB2-Xa2)

re=h +a+ bs - (X6~ Xas6)

rio =h-a + b - (XB.10- XA.10)

r;=h+b;-(Xp3-Xa3)

r;=h+at+b; - (XB,7 - XA,7)

rip=h-a+by - (Xg,11- Xa,11)

r4=h-by- (Xp4-Xa4)

rg=hta- by - (Xpg- Xaz8)

riz=h-a-b2 - (Xp12- Xa.12)

where




p is the weighting factor for one reading at the levelling staff (p = 1 for a sighting distance of 40 m);
h is the height difference between the levelling staffs B and A.

Table 3. Organization of measurement

Instrument setups for each | A S1 B A S2 B A S3 B

series, i=1, .., 4

Set n orientation, n=1, ..., 4 | Readings xa;, xgj, | Readings xaj, Xg;j, j=5, | Readings xaj, Xsj,
=1, ...,4 8 =9, ..., 12

Set1 — XAl XBI XA5 XB5 XA9 XB9

Set2 | XA2 XB2 XA6 XB6 XA10 XB10

Set 3 «— XA3 XB3 XA7 XB7 XAll XBIl

Set4 1 XA4 XB4 XA8 XBS XA12 XBI2

For the interpretation of above, producer of geodetic instruments, Leica Geosystems has developed
laboratory reference systems for rotating laser levels calibration, Leica CalMaster. CalMaster is an
intuitive and compact system to check and adjust rotating lasers and issue calibration reports,
checking and calibration system in the industry to issue the ISO 17123-6 certification for repeated
accuracy and reliability of rotating lasers. The system consists of a specially modified and
programmed Leica Sprinter level, CalMaster software, interface to communicate with rotating lasers
and accessories. Figure 9.

.

Figure 9. Leica CalMaster laboratory calibration system

System allows check accuracy of red and infrared rotating lasers and their stationary beams, in real
time, live and precise digital accuracy indication on the screen making manual adjustment of the
laser beam. Procedure could be fully automated using the CalMaster software, which contributes to
the minimalization of operator influence to the measuring results. One more advance is automatic
generation of calibration reports according to ISO 17123-6 standard for evaluating the repeated
accuracy of rotating lasers. The Leica CalMaster offers a modern and portable calibration set-up that
is unique in the industry, complying with the highest accuracy and repeatability standard ISO 17123-
6 for rotating lasers, taking into account the highest productivity, calibration and certification
through a fully automatic process. The main component is very accurate level, Leica Sprinter, where
the height of the level defines the height of the whole system.

It is important to know, when determining the height of the CalMaster, the height of the different
rotation lasers must be taken into consideration. Once the CalMaster is setup at a height, it shouldn't
be adjusted. The only time it is allowed to move the CalMaster is when setting or checking the focus.
The height of the laser can be adjusted as needed. The minimum distance between CalMaster and
the currently used rotation laser must be at least min 0.8m - max 1m. The laser emitted from the
rotation laser has to be aligned with the CalMaster horizontally. This horizontal alignment insures
that the laser beam goes through the middle of the CalMaster. The Figurel0 shows the mentioned
alignment. The rotating laser beam has to be centered on the front of the CalMaster. The upper
housing of the CalMaster can be used as a reference to find the middle of the instrument. In addition
a Laser Receiver can be aligned with the CalMaster this then can be used to align rotation lasers
with the CalMaster. The gun sights of the CalMaster and the rotation laser also have to be aligned.
This also is a rough aligment, the fine adjustment will be done inside the CalMaster software.
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Figure 10. Horizontal alignment between rotating laser and CalMaster

3.3. Post processing

With 12 observations and four unknown parameters, 4, a, b;, b,, there is an over-determined system,
which leads to a parametric adjustment. As the observation formulae are already linear, Table 2 can

easily be transferred in matrix notation:

=Ay X, 2)
were:
r is residual vector (12x1),
X = xp-Xa i the (12 x 1) quasi-observation vector of the height differences, with
xa (12x1) reading vector xAj, j=1, ..., 12 of the levelling staff A and
xg (12x1) reading vector xBj, j =1, ..., 12 of the levelling staff B;

¥ (4x1) is the vector of the unknown parameters

With the design matrix A:
1111 1111 11 11
r_[0000 1111 -1-1-1-1
A =11010-1010-10 1 0 ®)
010-10 10-10 1 0 -1
the solution vector of the unknown parameters is:
h
y = ;‘ = (ATPA)"Px = N~'ATPx, (4)
1
b,
The weight matrix p:
pl - 0
0 - pl2
is given by diag (p;) =(1.7, 1.7, 1.7, 1.7, 0.6, 0.6, 0.6, 0.6, 0.6, 0.6, 0.6, 0.6,)
the experimental standard deviation for a sighting distance of 40 m is given by:
_ rTpr
S = v 2 (6)
withv, v =12 -4 =8,
From all series i =1, ..., 4 of observations we can derive the mean values of the parameters
h
1 L1 a
y= ZZ?:1 Yi = 7Lki=1 b, (7

b,



Finally we get the total deviation of the rotating axis from the true vertical of the rotating laser,

referenced to a sighting distance of 40 m:
b= b7+ b2, )

the overall experimental standard deviation of all seriesi=1, ..., 4 yields:

” 2 4 r’iTPri
s = i=15i _ Ziy v (9)
4 4

Herewith we can state the standard uncertainty (Type A) of a height difference, h, between the
instrument level and a levelling staff (reading at the levelling staff) referenced to a sighting distance
of 40 m:

SISO_ROLAS=S (10)

The experimental standard deviation for the parameters of all series can be calculated by
1000

121 0 0
. 1. -
s(¥)=s ’—dl]ag(Q),whereQ =|04 1 (11)
* 00561
0005
Thus the standard deviations and the standard uncertainties (Type A), respectively, of the parameters

are given by:

sh=u(h)=0.14s (12)
sa=u(a)=0.25s (13)
sb1=sb2=sb12=0.20s (14)

Applying the law of variance covariance propagation, the experimental standard deviation of the
parameter b can be written as:

1 1
sb=\/bisp; + b3spy =\ (b] + b3)sF1,=5y,,, (15)
sb=u(b)=0,20s. (16)

4. MEASURING RESULTS

In aim to perform all steps, verification, calibration and conformity assessment of the rotating laser
level, it was performed one test procedure using laboratory reference system CalMaster, as well as
two field test procedures by two different operators, described as full test method in ISO 17123-6.
The results are presented in tables (Table 4, Table 5, Table 6, Table 7, Table 8, Table 9 and Table
10):

Table 4. Verification and calibration rotating laser level using the CalMaster system

Sample specification | Self-leveling accuracy, maximum deviation from horizon: -/+ 107, 1,6
mm per 30 m.

Test results for grade | Maximum deviation from horizon -/+ 6”, 1 mm per 30 m
from horizon:

Standard deviation: -/+37,0,5 mm per 30 m

Test procedure The measurement are determined with a test tool specifically to develop
and designed for testing rotation lasers under laboratory conditions. Test
Equipment: Leica CalMaster for rotation lasers, Cal Master Focus

Check,
Temperature 20 degrees C
Pressure 1018 hPa

Humidity 35%




Measured values X1 arcsec X2 arsec Y1 arcsec Y2 arcsec

Set 1 -4,3 -5,8 -6,7 -5,3

171

Set 2 -5,4 -6,7 -6,1 -6,3

171

Set 3 -6,0 -5,9 -5,8 -5,7

171

Result plane X; Calibration value 0,5 standard deviation +/- 0.7

Result plane X» Calibration value - 0,2” standard deviation +/- 0.5

Cone: -5,8”

Traceability The test equipment used is traceable to national standards or recognized
procedure.

Compliance: The test results are within the specification of the product

Verification and calibration rotating laser level using ISO 17123-6 full method ISO 17123-6 is given

below.
Table 5. Measuring data from the first operator
SET 1 SET 2 SET 3 SET 4
Position j XAj XBj Xj XAj XBj Xj XAj XBj Xj XaAj XBj Xj
m m m m m m m m m m m m
1 1.241 1.516 0.275 1.766 2.043 0.277 1.915 2.193 0.278 2.279 2.555 0.276
2 1.241 1.518 0.277 1.766 2.043 0.277 1.915 2.192 0.277 2.278 2.555 0.277
1
3 1.239 1.517 0.278 1.765 2.043 0.278 1.915 2.192 0.277 2.280 2.556 0.276
4 1.239 1.512 0.273 1.765 2.043 0.278 1.915 2.192 0.277 2.280 2.556 0.276
5 1.886 2.161 0.275 2415 2.693 0.278 2.756 3.033 0.277 2.898 3.178 0.280
6 1.885 2.161 0.276 2415 2.693 0.278 2.756 3.033 0.277 2.899 3.178 0.279
2
7 1.885 2.160 0.275 2415 2.692 0.277 2.756 3.033 0.277 2.898 3.178 0.280
8 1.885 2.160 0.275 2414 2.691 0.277 2.756 3.034 0.278 2.899 3.177 0.278
9 2.194 2.468 0.274 2.455 2.733 0.278 2.886 3.163 0.277 3.228 3.505 0.277
10 2.194 2.467 0.273 2.455 2.733 0.278 2.886 3.162 0.276 3.229 3.505 0.276
3
11 2.194 2.469 0.275 2.455 2.733 0.278 2.886 3.163 0.277 3.230 3.505 0.275
12 2.194 2.467 0.273 2.456 2.733 0.277 2.886 3.163 0.277 3.229 3.505 0.276
> 21.277 24.576 3.299 26.542 29.873 3.331 30.228 33.553 3.325 33.627 36.953 3.326
Table 6. Measuring data from the second operator
SET | SET 2 SET 3 SET 4
Position ] XAj XBj Xj XAj XBj Xj XAj XBj Xj XAj XBj Xj
m m m m m m m m m m m m
1 | 1759 | 2035 | 0276 | 1.767 | 2.043 | 0276 | 1916 | 2.193 | 0277 | 2279 | 2.554 | 0276
. 2 | 1758 | 2.034 | 0276 | 1.767 | 2.043 | 0276 | 1916 | 2.192 | 0276 | 2278 | 2.554 | 0277
3 | 1758 | 2.034 | 0276 | 1.766 | 2.043 | 0277 | 1916 | 2.192 | 0276 | 2280 | 2.555 | 0276
4 | 1758 | 2.034 | 0276 | 1.766 | 2.043 | 0277 | 1916 | 2.192 | 0276 | 2.280 | 2.555 | 0.276
5 | 2599 [ 2875 | 0276 [ 2416 | 2693 [ 0277 | 2758 | 3.033 [ 0275 | 2897 | 3.177 | 0.280
) 6 | 2599 | 2875 | 0276 | 2416 | 2693 | 0277 | 2758 | 3.033 [ 0275 [ 2.898 | 3.177 [ 0279
7 | 2599 | 2875 | 0276 | 2416 | 2692 | 0276 | 2758 | 3.033 | 0275 | 2.897 | 3.177 | 0.280
8 | 2599 | 2.876 | 0277 | 2415 | 2691 | 0276 | 2758 | 3.034 | 0276 | 2.898 | 3.176 | 0.278
9 | 2728 | 3.005 | 0277 | 2456 | 2733 | 0277 | 2.888 | 3.163 | 0275 | 3227 | 3.504 | 0277
3 10 | 2728 | 3.004 | 0276 | 2456 | 2.733 | 0277 | 2.888 | 3.162 | 0274 | 3.228 | 3.504 | 0276
11 | 2729 | 3.005 | 0276 | 2.456 | 2.733 | 0277 | 2.888 | 3.163 | 0275 | 329 | 3.504 | 0.275
12 | 2729 | 3.005 | 0276 | 2457 | 2733 | 0276 | 2.888 | 3.163 | 0275 | 3.228 | 3.504 | 0276
> 28343 | 31.660 | 3317 | 26.553 | 29.873 | 3.320 | 30.246 | 33.553 | 3.307 | 33.620 | 36.946 | 3325




Table 7. First operator — results of measuring

seti set2 sets sets S1s0 ROLAS = 0,71 | mm
h= | 0,276362 | 0,276725 | 0,275728 | 0,276836 | Uiso roLAS = 1,43 | mm
a=| -6,5E-06 | -0,00012 | 0,000289 | 0,001625 h= 0,28 | m
b; | -0,00012 | 0,00015 | -0,00027 | -0,00023 a= | 0,000448 | m
b, | -0,00012 | -3,3E-05 | -0,00023 | 0,000383 b= -0,00012 | m
s 0,394 | 0,585875 | 0,650189 | 1,058286 b= -5,2E-08 | m
b= | 0,000117 | m
Table 8. Second operator — result of measuring
setl set2 set3 set4 | Siso rRoLAs = 0,67 | mm
h= | 0,276117 | 0,277558 | 0,277133 | 0,276892 | {Jio roras= 1,34 | m
a= | 2,36E-16 | -0,00013 | 0,00025 | 0,001625 h= 0,28 | 1
b1 | -0,00012 | 0,00015 | -0,00027 | -0,00023 a= | 0,000437 | .
b2 | -0,00012 | -3,3E-05 | -0,00023 | 0,000383 b1= | -0,00012 | .,
s | 0,366288 | 0,584166 | 0,458712 | 1,058497 bo=| S9E-17 |
b= | 0,000117 | .,
Table 9. Conformity assessment tests
No | Null Test statistic Question
hypothesis
1 s=o 2 The null hypothesis stating that the
s<o- M experimental standard deviation, s, is
v smaller than or equal to a theoretical
or a predetermined value, G ,
2 c=5 1 st In the case of two different samples, a
F = 2 = Fioajavw) test indicates whether the
1-a/2(wv) . ..
experimental standard deviations, s
and §, belong to the same population.

Table 10. Conformity assessment results

$1= 1,43

So= 1,34

" 8 Measurement
Vo= 8 uncertainty
Fratazvy= 4,43

s1%/sy?= 1,14

Test statistic 023 | < | 1,14‘5 |4,43
s1= 0,276

$= 0,277

vi= 8

Vo= 3 High difference
Fioatfa2,vyv= 4,43

s12/sa?= 0,996




Test statistic 0,23 | < | 0,996 \ < |4,43
o= 1,6
Siso LEV 1,42
v 3 Measurement
Y l-alfa, v 15,51 uncertainty
Test statistic 2,228

142 < | 223] TRUE
o= 1,6
Siso LEV 1,34
v 3 Measurement
Y l-alfa, v 15,51 uncertainty
Test statistic 2,23

134|< [ 223] TRUE

Traceability: The results of the calibration are traceable to the national standard of the Frequently
Stabilized Helium-Neon Laser (DMDM, Serbia).

5. CONCLUSION

Quality is an important factor when it comes to any product or service. With the high market
competition, quality has become the market differentiator for almost all products and services. There
are many methods followed by organizations to achieve and maintain required level of quality for
different types of products, equipment and services.

The most important characteristics of measuring instruments and measuring equipment are changing
over the time. These changes are caused by environmental effects, mishandling, wear of
measurement surface, etc. It is very important to check, review and follow the long term of
equipment quality check, in the aim to assure that the equipment intended to be used meets the
requirements of the project.

Building projects first have to give save products, as well as they are very expensive, so securing
quality in all phases of project is crucial. Since one phase consist from different process and
procedures, and further from recourses and methods, all single part of project management must be
quality assured. When it comes from building equipment, rotating lasers are very useful for securing
really horizontal and vertical levels during the building process. Very often, project by self insists
on special range of accuracy and precision, so criteria with respect to technical specifications is
given in advance.

There are different types of rotating lasers, with different technical specification. It is important to
secure that the rotating laser has ability to respond to project requirements, so there are officially
recognized norms recommended for verification, testing and calibrating it.

In this paper has shown interpretation of international norm ISO 17123-6 from two different
approaches. First one is laboratory reference systems as automatized systems for rotating lasers
verification, and second one is field method for uncertainty measurement assessment type A.

Laboratory reference system show that the rotating laser has standard deviation confirmed within
declared values by manufacturer. Field method is performed by two operators, with many repeated
measurements, giving the assessment of results for high difference, deviation of laser beam in
horizontal and vertical sense, as well as experimental standard deviation of high difference.

Using the recommended statistic test it is shown that results of measurement obtained by two
different operators belong to the same population, as well as results are confirmed within range
values given by manufacturer.

It is important to say, the ISO 17123-6 qualified calibration certificate is necessary to large
contractors bidding for governmental projects, as well as small to medium size contractors bidding
for projects from regional authorities, including rental companies upgrading their services and
expanding client basket and potentially any laser owner needing written confirmation for his quality
process.
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