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ABSTRACT

This dissertation studied the alignment of the calibration baseline of electronic
distance measuring instruments, at Recife campus of the Federal University of
Pernambuco. The seven pillars of the calibration baseline, which have a forced
centering device, were labeled P1 through P7. Data collection was carried out in two
stages. In the first of them, pillars P1 and P7 were used as ends of a presumed
alignment, with the other pillars positioned between them, so that if they were all
aligned, they would belong to this alignment. Thus, measurements were made using
a Topcon GT-605 robotic total station, with P1 and P7 as stations, and through the
radiation method, the other pillars were targeted. The field data was transferred to a
computer and processed using an original program made in Python. Precision
estimates were made for the results, revealing small alignment discrepancies
between the pillars. However, pillars P2, P4, P5, and P6 presented values beyond
the linear precision of the equipment, which is +/-(2mm +2ppm x D). Due to the
geometry found, a closed traverse was perceived between the pillars, with the
sequence P1, P3, P4, P7, P6, P5, P2, P1. For this reason, in the second stage, with
the same equipment, measurements were taken of three different traverses, using
three types of reflective surfaces (360° prism, circular prism, and reflective sheet).
The field data were analyzed and subjected to two preliminary statistical tests
(Shapiro-Wilk and t-test), followed by adjustment computations for the traverses
using the Method of Least Squares, carried out with the AstGeoTop software. After
adjustment, distances, angles and coordinates were compared using the 360° prism
as reference, and no significant discrepancies were found. Finally, the reference
adjusted coordinates of the pillars were used to calculate the distances between
them, so they could be compared with previous work. The largest difference found
was -2.2 mm, however, it is within the expected linear precision for the distances
involved. For future work, it is recommended to carry out high-precision geometric

leveling of the baseline to study the vertical component.

Keywords: Geodetic Engineering. Metrology. Precise Instrumentation. Alignment of

Structures.



RESUMO

Esta dissertacdo estudou o alinhamento da base de calibracdo de
instrumentos de medigdo eletrbnica de distadncias, do campus Recife da
Universidade Federal de Pernambuco. Os sete pilares da base de calibragao, que
possuem dispositivo de centragem forgcada, foram nomeados de P1 a P7. A coleta
de dados foi realizada em duas etapas. Na primeira delas, os pilares P1 e P7 foram
utilizados como extremidades de um pressuposto alinhamento, com os demais
pilares posicionados entre eles, de forma que se todos estivessem alinhados,
pertenceriam a este alinhamento. Assim, as medigdes foram feitas usando uma
estacao total robdtica Topcon GT-605, com P1 e P7 como estacdes e, através do
método da irradiagdo, os outros pilares foram visados. Os dados de campo foram
transferidos para um computador e processados usando um programa original feito
em Python. Estimativas de precisao foram feitas para os resultados, revelando
pequenas discrepancias do alinhamento entre os pilares. Porém, os pilares P2, P4,
P5 e P6 apresentaram valores além da preciséo linear do equipamento, que é de
+/-(2mm +2ppm). Em razdo da geometria encontrada, foi percebida uma poligonal
fechada entre os pilares, com a sequéncia P1, P3, P4, P7, P6, P5, P2, P1. Por esse
motivo, na segunda etapa, com o mesmo equipamento, essa poligonal foi aferida
trés vezes, utilizando trés tipos de superficies refletivas como alvo (prisma 360°,
prisma circular e folha refletiva). Os dados de campo foram analisados e submetidos
a dois testes estatisticos preliminares (Shapiro-Wilk e teste-t), seguidos de um
ajustamento utilizando o Método dos Minimos Quadrados, feitos com o programa
AstGeoTop. Depois do ajustamento, as distancias, os angulos e as coordenadas
foram comparadas usando o prisma 360° como referéncia, e ndo foram encontradas
discrepancias significativas. Por fim, as coordenadas de referéncia ajustadas dos
pilares foram utilizadas para calcular as distancias entre eles, para que fossem
comparadas com trabalho anterior. A maior diferenca encontrada foi de -2,2 mm,
porém esta dentro da precisdo linear esperada para as distancias envolvidas. Para
trabalhos futuros, recomenda-se realizar um nivelamento geométrico de alta

precisdo da base de calibragdo, para estudar a componente vertical.

Palavras-chave: Engenharia Geodésica. Metrologia. Instrumentagdo de Preciséo.

Alinhamento de Estruturas.



ARTICLE 1 - ALIGNMENT STUDY OF AN ELECTRONIC DISTANCE MEASURING

LIST OF FIGURES

INSTRUMENTS CALIBRATION BASELINE USING TOTAL STATION

Figure 1 —

Figure 2 —
Figure 3 —

Figure 4 —

Each individual pillar of the EDMI calibration

DASEIING. e, 21
The robotic total station used in the measurements......... 22
The 360° prism used in the measurements..................... 22

Misalignment of the pillars in relation to the alignment P1

ARTICLE 2 - CLOSE TRAVERSE WITH TOTAL STATION IN A CALIBRATION

Figure 1 —

Figure 2 —

Figure 3 —

BASELINE USING DIFFERENT REFLECTIVE SURFACES

The calibration baseline is composed of seven pillars with

forced centering........coooiiiiiiii . 31

The Topcon GT-605 RTS used in the

(LT T =) 0 1<) 01 €T 31

Three different reflective surfaces used as target: a) 360°

prism; b) circular prism; and c) reflective sheet................ 32



LIST OF TABLES

ARTICLE 1 - ALIGNMENT STUDY OF AN ELECTRONIC DISTANCE MEASURING
INSTRUMENTS CALIBRATION BASELINE USING TOTAL STATION

Table 1 - Raw data collected for P1 and P7 stations....................... 24
Table 2 — Horizontal Angles and Horizontal distances for P1 station... 25
Table 3 — Horizontal Angles and Horizontal distances for P7 station... 25
Table 4 — Result of misalignment............cooooii s 25

ARTICLE 2 - CLOSE TRAVERSE WITH TOTAL STATION IN A CALIBRATION
BASELINE USING DIFFERENT REFLECTIVE SURFACES

Table 1 — T-test results for Pillar 1.........oooe 34
Table 2 — T-test results for Pillar 2. 34
Table 3 — T-test results for Pillar 3..........cooviii 34
Table 4 — T-test results for Pillar 4. 35
Table 5 — T-test results for Pillar 5. 35
Table 6 — T-test results for Pillar 6. 35
Table 7 — T-test results for Pillar 7. 35
Table 8 — Results for the adjusted horizontal angles............................ 36
Table 9 — Results for the adjusted horizontal distances....................... 36
Table 10 — Results for the adjusted coordinates for 360° prism, that

was used as reference...........ccccovviiiiiiie i 37
Table 11 — Results for the adjusted coordinates for circular prism and

reflective sheet.............ooo 37

Table 12 — Results for comparing adjusted horizontal angles................ 38



Table 13 —

Table 14 —

Table 15 —

Table 16 —

Table 17 —

Results for comparing adjusted horizontal

AISTANCES. ..o
Results for comparing adjusted coordinates.........................

Results for baseline horizontal distances from the adjusted

(ol o] o1 =1 (= J P PPRPRRR
Results for comparing baseline horizontal distances............

Comparison of horizontal distances to the 360° prism in

relation to Garnés, Seixas e Silva (2014)........cccccccvvvveeeeenn.

38

38

39

40

40



CTG

DECART

EDMI

GNSS

GPS

ISO

LAMEPE

LASER

MLS

NGS

RTS

UFPR

UFPE

USP

LIST OF ABBREVIATIONS AND ACRONYMS

CENTER OF TECHNOLOGY AND GEOSCIENCES

DEPARTMENT OF CARTOGRAPHIC ENGINEERING

ELECTRONIC DISTANCE MEASURING INSTRUMENT

GLOBAL NAVIGATION SATELLITE SYSTEM

GLOBAL POSITIONING SYSTEM

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION

SPATIAL POSITIONING AND METROLOGY LABORATORY

LIGHT AMPLIFICATION BY THE STIMULATED EMISSION

OF RADIATION

METHOD OF LEAST SQUARES

NATIONAL GEODETIC SURVEY

ROBOTIC TOTAL STATION

FEDERAL UNIVERSITY OF PARANA

FEDERAL UNIVERSITY OF PERNAMBUCO

UNIVERSITY OF SAO PAULO



1.1

1.2

1.3

1.4

1.5

2.1

2.2

SUMMARY

INTRODUCTION ... ssssssssssnss e
HYPOTHESIS ...
GENERAL AND SPECIFIC OBJECTIVES ..........cccceeeneee.
JUSTIFICATIONS ...
CONTRIBUTIONS ...
DISSERTATION FORMAT ..ot
RESULTS ...

ARTICLE 1 - ALIGNMENT STuDY OF AN
ELECTRONIC DISTANCE MEASURING INSTRUMENTS
CALIBRATION BASELINE USING TOTAL STATION

ARTICLE 2 - CLOSE TRAVERSE WITH TOTAL
STATION IN A CALIBRATION BASELINE USING
DIFFERENT REFLECTIVE SURFACES............cccoeiinne

CONCLUSIONS....... ...
REFERENCES ...
APPENDIX A — FIELD NOTES.........ccoocminnirninrenane

APPENDIX B - RESULTS FOR ANGULAR
COMPUTATIONS........ccctrirerrrisre s

APPENDIX C - AstGeoTop STATISTICAL TESTS
REPORTS ...t

APPENDIX D - AstGeoTop TRAVERSES
COMPUTATIONS REPORTS.......ccciiiiiiiiirircnnneeee

APPENDIX E — PYTHON SCRIPTS........cocociiiiiiiinae

14

16

16

17

18

18

19

19

29

44

47

52

63

69

98

111



14

INTRODUCTION

Engineering geodesy is a science centered on measurement, crucial for its
relevance to society and science. Its core expertise includes modeling measurement
processes, understanding sensor models, and assessing environmental factors. The
field work employs various instruments such as total stations, GNSS (Global
Navigation Satellite System) receivers, levels, and terrestrial laser scanners
(KUHLMANN et al., 2014, p. 331).

Space techniques as GNSS have truly revolutionized many technical and
scientific areas (KAPLAN, HEGARTY, 2017, p. 924). However, this does not mean
that terrestrial geodetic techniques have been completely discarded. Terrestrial
geodetic measurements determine the relative positions of points on the Earth's
surface, typically using electromagnetic waves to derive geometric quantities
between them. Most observations are related to the local vertical, resulting in
outcomes oriented within local gravity-related astronomic systems. By measuring
horizontal and zenith angles and distances, relative three-dimensional positioning
can be achieved. Nowadays, combined instruments known as total stations are
commonly used, often integrated with absolute GNSS positioning. Additionally, laser
tracking instruments are extensively employed in engineering geodesy (TORGE,
MULLER, and PAIL, 2023, p. 269)

In an even more specific way, distance measurements are still relevant to
engineering geodesy, since, according to Torge, Muller and Pail (2023, p. 272)
“Terrestrial distance measurements have played and still play an important role for
positioning. They provide geometric relations between neighboring control points,
and they have also established the scale of classical geodetic networks”.

In this context, as seen above, the total station is an important instrument.
According to Nadolinetz, Levin, Akhmedov (2017, p. 115) “A total station is a
measuring instrument applied to measure distance, and vertical and horizontal
angles. This is a tool that combines the functions of a theodolite and an electronic
distance measurer, and has a microprocessor with software”.

Distances measured with a total station have the peculiarity of being collected
with an electronic distance measurer, belonging to the instrument. According to Uren
and Price (2010, p. 127) “When a distance is measured with a total station, an

electromagnetic wave or pulse is used for the measurement, and this is propagated
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through the atmosphere from instrument to reflector or target and back during a
measurement”.

From this point of view, consequently, engineering geodesists design
measurement concepts, plan and execute data acquisition, and analyze data with
quality control. They integrate multiple sensors into multi-sensor configurations,
develop these systems, and ensure precise measurements, with calibration being a
key task (KUHLMANN et al., 2014, p. 331).

Concerning calibration, component aging, temperature changes, and
mechanical stress can gradually deteriorate equipment functions, making tests and
measurements less reliable, which affects product design and quality. Calibration can
avoid these problems by checking whether an instrument complies with applicable
specifications or standards and establishing a relationship between the indicated
value and the true value of the measured quantity (SOUZA, 2010, p. 73).

The calibration of an Electronic Distance Measuring Instrument (EDMI"), in
which a total station can be considered as an example, in addition to being carried
out in the laboratory, has been widely explored using field calibration baselines.
These structures are used in determining of the zero error (or additive constant),
which is the non-coincidence of the electronic center of the instrument with its
mechanical center, materialized by its main axis; in determining of the scale factor,
which is the variation of the frequency of the carrier wave, caused mainly by the
aging of the crystal; and in determining of the cyclic error components, which
consists of calculating its amplitude and phase angle (FAGGION, 2001, p. 01).

As an illustrative example of field calibration in practice, the United States of
America can be cited, which has more than 400 calibration baselines in its territory,
together with an online service to perform calculations related to EDMI calibration
(NGS, 2024, p. 01).

In Brazil, there are also calibration baselines. Among them, one belongs to the
Federal University of Parana - UFPR (FAGGION and FREITAS, 2000, p. 21), another
to the University of Sdo Paulo - USP (NETTO and ERWES, 1998, p. 331), and
another to the Federal University of Pernambuco - UFPE (BRANDAO, 1996, p. 71).

' According to the National Geodetic Survey (NGS, 2017, p. 03), EDMI means Electronic Distance
Measuring Instrumentation. However, in NGS (2024, p. 01) EDMI means Electronic Distance
Measuring Instruments. In this dissertation we choose Electronic Distance Measuring Instrument,
without changing the meaning given by the NGS.
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The UFPE calibration baseline was implemented on the Recife Campus, in
1990, by the Spatial Positioning And Metrology Laboratory (LAMEPE), of the
Department of Cartographic Engineering (DECART), however, it has a supposed
slight misalignment between its pillars (GARNES, SEIXAS, and SILVA, 2014, p. 406).

Furthermore, the acquisition of new equipment by DECART, specifically a
Topcon robotic total station (RTS), model GT-605, with a linear precision of £(2mm +
2ppm x D), factory-calibrated, enabled new baseline measurements, facilitating
further studies on its misalignment. It is worth noting that, currently, the UFPE
calibration baseline has eight pillars, but originally had seven (BARBOSA, 2009, p.
74). In this work, the original configuration of the baseline was used, because the full
test procedure for EDMI described by the international standard ISO 17123-4 has
seven pillars (ISO, 2012, p. 04).

1.1 HYPOTHESIS

Based on what was discussed above, the following hypothesis can be made:
The UFPE calibration baseline has a misalignment that can be treated as a traverse,
that can be used to study the performance of different types of targets, thus enabling

structural alignment analysis works.
1.2 GENERAL AND SPECIFIC OBJECTIVES

The general objective of this dissertation can be presented as follows:
e To use a robotic total station and geodetic techniques to study whether
the UFPE -calibration baseline has any misalignment and, if so,

measure it as a traverse.

Regarding the specific objectives, the following were considered:

e To use the radiation method with a robotic total station to study the
supposed misalignment in the UFPE calibration baseline;

e To perform new measurements, with the same equipment, but using the
traverse method, so that three different traverses can be measured with
three different types of targets (360° prism, circular prism, and reflective
sheet), if the misalignment is confirmed;

e To use an original program in Python language to perform the

computations of the radiation method;
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e To use another original program in Python language to compute the
horizontal angular measurements, made by traversing, by the Prussian
(or directions) method;

e To use an scientific software, called AstGeoTop, to perform statistical
analyses and to compute the traverses by the Method of Least Squares;

e To perform comparisons between the horizontal angles, horizontal
distances and coordinates for the three traverses, and between the
horizontal scale of the calibration baseline computed in this work in

relation to a previous work.
1.3 JUSTIFICATIONS

As general justifications for this dissertation, two points can be highlighted:

e The first of these has to do with the evolution of equipment and
measurement techniques, since recent years have brought dynamic
developments in equipment and surveying techniques (GMITROWICZ
et al., 2021, p. 01). This is why in this dissertation a new robotic total
station was used. It is also worth noting that the use of a robotic total
station with a 360° prism, which had not been used in the UFPE
calibration baseline, especially using two different geodetic techniques,
will benefit studies on automated data collection.

e The second point concerns the professional performance itself, since
nowadays, engineers are entrusted to constantly deliver a higher level
of increasingly sophisticated results in terms of mapping, positioning,
control, monitoring, etc. (ROE, 2022, p. 03). This is why in this
dissertation the same total station was used, but with three different
types of targets (360° prism, circular prism, and reflective sheet), so that
the respective measurements could be made and the respective errors

could be studied and compared.

As justification for choosing the AstGeoTop software, it can be said that such a
choice was made because it is a scientific software, developed in the academic
environment, under rigorous perspectives, by the professor of the Department of

Cartographic Engineering of the Federal University of Pernambuco, the Commander
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Dr. Silvio Jacks dos Anjos Garnés. Such a choice brought consistency and security in

relation to the proposal of this work.
1.4 CONTRIBUTIONS

This dissertation aims to contribute to the updating of studies on calibration
baselines in Brazil, since, unlike countries such as the United States of America, in
Brazilian territory, in addition to not having many calibration baselines, there is also
few research on the subject; and opens up future perspectives for studies on
structural alignment. Besides this, the use of a robotic total station with a 360° prism
at the UFPE base was unprecedented, also opening up perspectives for future

research.
1.5 DISSERTATION FORMAT

Regarding formatting, this dissertation followed the article format previously
approved by the Postgraduate Program in Geodetic Sciences and Geoinformation
Technologies (PPGCGTG, 2022, p. 41), whose template was made available by the
library of the UFPE. Thus, after the Chapter 1 (Introduction), Chapter 2 (Results)
contains the two already published articles, which make up the core of this
dissertation; then, in Chapter 3 (Conclusions) there is a general conclusion; and,
after the References, there are five Appendices, which provide a little more details on

the development of the work.
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2 RESULTS

21 ARTICLE 1 - ALIGNMENT STUDY OF AN ELECTRONIC DISTANCE
MEASURING INSTRUMENTS CALIBRATION BASELINE USING TOTAL STATION

This article was published in the International Journal of Advances in
Engineering and Technology, 2024, April. Brazilian Quallis (Geosciences): A3 rating
in the 2017-2020 four-year period. Authors: Isaac Ramos Junior, Andrea de Seixas,

and Silvio Jacks dos Anjos Garnés.

Abstract

This article examines the alignment of an electronic distance measuring instrument
calibration baseline at the Recife campus of the Federal University of Pernambuco,
Brazil. The baseline consists of seven pillars equipped with a forced centering device
labeled P1 to P7. Pillars P1 and P7 serve as the endpoints for the alignment, with the
remaining pillars positioned in between. Data collection was performed using a
Topcon GT-605 robotic total station, by the radiation method. Subsequently, the
collected data was transferred to a computer and processed with a Python-based
program. To delve into the results further, precision estimates were computed. The
analysis revealed minor differences in alignment among the pillars, but P2, P4, PS5,
and P6 exhibited values exceeding the nominal precision of the equipment, that is +/-
2 mm +2ppm. Furthermore, the study indicated that the slight misalignment opens up
the possibility of treating the base as a closed traverse in future surveys, such as that
formed by pillars P1, P3, P4, P7, P6, P5, P2, P1, opening the way to numerous
opportunities of future research.

Keywords: Geodetic Engineering, Metrology, Precise Instrumentation.

l. Introduction

The contemporary total station serves as a comprehensive surveying tool,
integrating an electronic theodolite, an electronic distance measuring instrument
(EDMI), and capabilities for data recording and computation. By combining these
features into a singular device, the instrument facilitates the swift and precise 3D
positioning of points. These advanced total stations, particularly those at the higher
end, may include robotic capabilities [1,2], which incorporate several extra
functionalities (such as motion control actuators, cameras, tracking software, etc.),
allowing them to function autonomously by executing pre-loaded measurement
programs or responding to remote commands [3].

Regarding application, robotic total stations are considered to be in the

category of the single point measurement instruments, that is, that collect a single
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point at a time. However, even though it takes longer, data collection has a value of
just a few millimeters of precision, making it among the most accurate in engineering
applications [4].

Alignment surveys are widely applicable in engineering, spanning various
sectors such as tooling and deformation measurements of extensive engineering
structures. Nevertheless, specific applications may demand distinct specialized tools.
Practical methods can be categorized based on the approach to establishing the
reference line. In this context, conventional surveying techniques, that include
triangulation, trilateration, combined triangulation and trilateration, traversing,
intersection, and resection where a reference line is defined by two coordinate points,
are commonly employed [5].

One kind of structure that needs to be aligned is the EDMI calibration
baselines. Comprising two or more stable geodetic monuments, a calibration
baseline involves conducting measurements with precise instruments to determine
the absolute value of the resultant measurement. The precise calibration of this
baseline allows for the comparison of the precision performance of various types of
geodetic instruments [6].

Works relating to the use of total stations precision surveying have been
published in the most varied forms. Thus, [7] investigated the effect of battery
capacity on the accuracy of Total Stations, as well as the effect of the angle of
incidence on the reflecting surface for different colors and types, while [8] added the
study of the influence of LASER beam size divergence. Furthermore, [9] studied the
determination of a correction equation for the error in prismless distance
measurements at a distance of 100 meters, due to the change in the angle of
incidence; [10] investigated the accuracy of observations with a prismless Total
Station during the process of monitoring and implementing engineering structures,
while [11] studied the degree of reliability of prismless measurements applied to the
construction of buildings; [12] and [13] incorporated into their studies the investigation
of the divergence of LASER beam size from reflectorless Total Stations; [14] studied
the monitoring of structures without using a prism, and [15] studied a method for
measuring without a prism in tunnels.

Thus, for the current investigation, a EDMI calibration baseline was chosen. It
consists of seven pillars (P1, P2, P3, P4, P5, P6 e P7) with a forced centering device,

located on the campus of the Federal University of Pernambuco in Recife, Brazil. The
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measurements were carried out with a Topcon GT-605 robotic total station, utilizing a
360° prism, and employing the radiation method from P1 and P7 pillars with the aim

of studying the interpillar alignment.

II. Materials and Methods

The EDMI calibration baseline chosen to conduct this research was
established by the Spatial Metrology Laboratory of the Department of Cartographic
Engineering, of the Technology and Geosciences Center (CTG), of the Federal
University of Pernambuco (UFPE), Brazil [16]. To enhance clarity, the seven pillars of
the base were designated with the names P1, P2, P3, P4, P5, PG, and P7. Figure 1
depicts each pillar appropriately labeled for easy identification.

Figure 1. Each individual pillar of the EDMI calibration baseline, in February 2024.

A total station is utilized for measuring distances, as well as vertical angles
and horizontal directions. An evolution of this instrument is the robotic total station, in
which a single operator can conduct all necessary measurements through automatic
aiming at a reflector and wireless communication between the device and its
controller, that is stationed at a designated landmark with a reflector, grants complete

control over the device when the operator is at a measured point [17].
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To conduct the measurements of this paper, a Topcon robotic total station,
model GT-605, and a 360° prism, both owned by UFPE, were utilized (refer to Figure
2 and Figure 3, respectively). The equipment has a linear accuracy of £2mm + 2ppm
(parts per million) and an angular accuracy of 5" [18].

The initial step involved selecting the coordinate system. In pursuit of this,
the alignment between the first and last pillars (P1 and P7) was designated as the
reference alignment. This alignment served as the basis for determining the positions
of the remaining pillars if they were to be aligned. Consequently, the y-axis of the
local coordinate system was established to coincide with the alignment between
pillars P1 and P7.

Figure 3. The 360° prism used in the measurements, in February 2024.

The next step involved data collection using the radiation method [19],
following this sequence: The equipment was set up at P1 with a backsight at P7, that
was the last pillar of the sequence, and data were collected from the additional points
(P2, P3, P4, P5, and P6). Then, the equipment was repositioned at P7 with a
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backsight at P1, the first pillar of the sequence, and data were once again collected
from the same set of points (P2, P3, P4, P5, and P6). This resulted in two sets of
data that could be compared.

Subsequently, utilizing all the collected data, the radiation method was
computed through a program developed in the Python language, because in its
current state, this is an excellent language for developing engineering applications

[20]. This program employed the equations (1) and (2) above [21]:

Trp; = TP1 + Dplpisin(ozplpi) = Tp7 + Dp?piSin(O‘pﬁ?i) (1)

Ypi; = Yp1 -+ DplpiCOS(Oéplpi) = Ypr + Dp7pi003(05p7pi) (2)

In which:
xp; is the unknown x coordinate of pillar J;
YPi is the unknown y coordinate of pillar J;
zp1 is the know x coordinate of pillar P1;
Y1 is the know y coordinate of pillar P1;
xp7 is the know coordinate of pillar P7

YP7 is the know coordinate of pillar P7;
Dpipi is the horizontal distance between P1 and Pi;

Dyyi is the horizontal distance between P7 and Pi;
Qp1pi is the angle centered at P1, backsight at P7 and foresight at Pi;

Qp7pi is the angle centered at P7, backsight at P1 and foresight at Pi.

The final step involved estimating uncertainties, utilizing the special law of
propagation of variances [22,23]. The general expressions for this law for the

equations (1) and (2) are equations (3) and (4):

oxp; oxp; 0xp;
Ozp; = \/(axplo-ﬂﬂpl)2 + ( O-Dpﬁlpi)z + ( O-aplpi)2

8Dplpi 8041,1]%-

_ [, Oypi ) Oyp;  \, , , Ouypi )
Oyp; = \/( aypl Jypl) + (3D;1pz JDplpi) + (805p1pi Uaplpi) (4)

In addition to all the calculations, all the tables that present the results were

also generated by the same program mentioned above, in the Python language.


https://www.codecogs.com/eqnedit.php?latex=xp_%7Bi%7D%3Dxp_%7B1%7D%2BD_%7Bp1pi%7Dsin(%5Calpha_%7Bp1pi%7D)%3Dxp_7%2BD_%7Bp7pi%7Dsin(%5Calpha_%7Bp7pi%7D)#0
https://www.codecogs.com/eqnedit.php?latex=yp_%7Bi%7D%3Dyp_%7B1%7D%2BD_%7Bp1pi%7Dcos(%5Calpha_%7Bp1pi%7D)%3Dyp_7%2BD_%7Bp7pi%7Dcos(%5Calpha_%7Bp7pi%7D)#0
https://www.codecogs.com/eqnedit.php?latex=xp_i#0
https://www.codecogs.com/eqnedit.php?latex=yp_i#0
https://www.codecogs.com/eqnedit.php?latex=xp_1#0
https://www.codecogs.com/eqnedit.php?latex=yp_1#0
https://www.codecogs.com/eqnedit.php?latex=xp_7#0
https://www.codecogs.com/eqnedit.php?latex=yp_7#0
https://www.codecogs.com/eqnedit.php?latex=D_%7Bp1pi%7D#0
https://www.codecogs.com/eqnedit.php?latex=D_%7Bp7pi%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Calpha_%7Bp1pi%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Calpha_%7Bp7pi%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Csigma_%7Bxp_i%7D%3D%5Csqrt%7B(%5Cfrac%7B%5Cpartial%7Bxp_i%7D%7D%7B%5Cpartial%7Bxp1%7D%7D%5Csigma_%7Bxp1%7D)%5E2%2B(%5Cfrac%7B%5Cpartial%7Bxp_i%7D%7D%7B%5Cpartial%7B%7B%5Cbar%7BD_%7Bp1pi%7D%7D%7D%7D%7D%5Csigma_%7B%5Cbar%7BD_%7Bp1pi%7D%7D%7D)%5E2%2B(%5Cfrac%7B%5Cpartial%7Bxp_i%7D%7D%7B%5Cpartial%7B%5Calpha_%7Bp1pi%7D%7D%7D%5Csigma_%7B%5Calpha_%7Bp1pi%7D%7D)%5E2#0
https://www.codecogs.com/eqnedit.php?latex=%5Csigma_%7Byp_i%7D%3D%5Csqrt%7B(%5Cfrac%7B%5Cpartial%7Byp_i%7D%7D%7B%5Cpartial%7Byp1%7D%7D%5Csigma_%7Byp1%7D)%5E2%2B(%5Cfrac%7B%5Cpartial%7Byp_i%7D%7D%7B%5Cpartial%7B%7B%5Cbar%7BD_%7Bp1pi%7D%7D%7D%7D%7D%5Csigma_%7B%5Cbar%7BD_%7Bp1pi%7D%7D%7D)%5E2%2B(%5Cfrac%7B%5Cpartial%7Byp_i%7D%7D%7B%5Cpartial%7B%5Calpha_%7Bp1pi%7D%7D%7D%5Csigma_%7B%5Calpha_%7Bp1pi%7D%7D)%5E2#0
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lll. Results and Discussions

When retrieving data from the equipment, the program specifically chose
pertinent information for this study, focusing exclusively on horizontal directions and
overall horizontal distances. The relevant data can be found in table 1, where (D)
means reading in the direct position of the telescope, and (I) means reading in the

reverse position of the telescope.

Table 1. Raw data collected for P1 and P7 stations.

Station Point Horizontal Direction Horizontal Distance (m)
P1 P2 00°00°'03” (D) 8.3009
P1 P2 179°59°56” (1) 8.3009
P1 P3 359°58’53” (D) 12.7380
P1 P3 179°58'54” (1) 12.7380
P1 P4 359°58’38” (D) 45.8650
P1 P4 179°58°36” (1) 45.8650
P1 P5 00°00°23” (D) 95.7540
P1 P5 180°00°20” (1) 95.7540
P1 P6 359°59'41” (D) 135.2359
P1 P6 179°59'40” (1) 135.2359
P1 P7 359°569'27” (D) 167.4939
P1 P7 179°59'26” (1) 167.4939
P7 P1 00°00°02” (D) 167.4940
P7 P1 179°59’57” (1) 167.4940
P7 P2 359°59'56” (D) 159.1939
P7 P2 179°59’57” (1) 159.1939
P7 P3 00°00°04” (D) 154.7549
P7 P3 180°00°00” (1) 154.7549
P7 P4 00°00°18” (D) 121.6288
P7 P4 180°00°13” (1) 121.6286
P7 P5 359°58'47” (D) 71.7380
P7 P5 179°58’45” (1) 71.7380
P7 P6 359°58°50” (D) 32.2569
P7 P6 179°58°47” (1) 32.2569
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Subsequently, the program conducted the initial processing of the raw data

independently for stations P1 and P7. This process involved the calculation and

reduction of angles, yielding the outcomes showcased in tables 2 and 3.

Table 2. Horizontal Angles and Horizontal distances for P1 station.

Backsight | Station | Foresight Angle Horizontal Distance (m)
P7 P1 P7 00°00’00.0” 167.4939
P7 P1 P2 00°00’34.0” 8.3009
P7 P1 P3 359°59'27.0” 12.7380
P7 P1 P4 359°59°'10.5” 45.8650
P7 P1 P5 00°00’55.0” 95.7540
P7 P1 P6 00°00’14.0” 135.2358

Table 3. Horizontal Angles and Horizontal distances for P7 station.

Backsight | Station | Foresight Angle Horizontal Distance (m)
P1 P7 P1 00°00°00.0” 167.4940
P1 P7 P2 359°59'56.0” 159.1939
P1 P7 P3 00°00°01.5” 154.7549
P1 P7 P4 00°00’15.0” 121.6287
P1 P7 P5 359°58'45.5” 71.7380
P1 P7 P6 359°58'48.0” 32.2569

Subsequently, using equation (1), the distances of pillars P2, P3, P4, P5, and

P6 from the alignment formed by points P1 and P7 were calculated for each station.

This process yielded two outcomes representing the misalignment of the pillars,

facilitating a comparative analysis. The comparison

involved subtracting the

respective values, calculating their average, and estimating the standard deviation.

All these details are presented in table 4.

Table 4. Result of misalignment.

Point [ AxP1 (m) | AXP7 (m) dif (m) media (m) sd (m)
P2 0.00137 | 0.00309 -0.00172 0.00223 +0.0002
P3 -0.00204 | -0.00113 -0.00091 -0.00159 +0.0007
P4 -0.01101 | -0.00885 -0.00216 -0.00993 +0.0017
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P5 0.02553 | 0.02591 -0.00037 0.02572 +0.0027
P6 0.00918 | 0.01126 -0.00207 0.01022 +0.0036

Derived from the disparities in alignment among the pillars, as indicated in
table 4, figure 4 was generated. This illustration geometrically represents the values
obtained for the pillar positions, with an exaggerated scale on the y-axis compared to
the x-axis. Take note of the formation of a closed clockwise traverse, following the
sequence: P1, P3, P4, P7, P6, P5, P2, P1.

The scale of the X axis is in tenths of a millimeter, so that the traverse could
appear. If scales were used only in meters, the misalignments of the points in relation
to the ordinate axis would not be visible, due to their smallness in relation to the
distances between the pillars. This change in scale was made only so that the
formation of the traverse could be clearly seen, and does not represent its real

geometry, given that there is this difference in scale.

Y (m)

X (me-4) Y (m)
P1 0.0 0.0000 P74

P2 223 8.3009 S
P3| 159 12.7380 p -
P4 | 993 45.8650 e P8
P5 257.2 95.7540
P6 102.2 135,2358
P7 0.0 167.4939

X(me4)

Figure 4. Misalignment of the pillars in relation to the alignment P1 P7.

IV. Conclusions

A study on the alignment of the EDMI calibration baseline at The Federal
University of Pernambuco was carried out. The results showed that, in relation to the
alignment formed by pillars P1 and P7, all other pillars have some misalignment,
however, four of them were found values greater than that relative to the nominal
precision of the robotic total station used, which is £2mm + 2ppm. Although the

measurements reflected small misalignments between the pillars, due to its
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geometric configuration, the calibration base was presented in a way that can be
treated as a traverse one, formed by the pillars P1, P3, P4, P7, P6, P5, P2, P1. This
means that this traverse can be used as a reference for future monitoring of the
pillars, because, if it is measured from time to time, and if new discrepancies are
found, it means that there is a settlement that can be monitored through a time
series, for example. Therefore, as future work, in addition to measuring the traverse,
it is suggested that measurements be made using other equipment, such as
precision GNSS receiver, and also the precision leveling of the pillars can be
proposed, with a high precision level, so that the vertical misalignment can also be
studied.
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2.2 ARTICLE 2 - CLOSE TRAVERSE WITH TOTAL STATION IN A CALIBRATION
BASELINE USING DIFFERENT REFLECTIVE SURFACES
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Engineering and Technology, in 2024, August. Brazilian Quallis (Geosciences): A3
rating in the 2017-2020 four-year period. Authors: Isaac Ramos Junior, Andrea de

Seixas, and Silvio Jacks dos Anjos Garnés.

Abstract

This article examines three different traverses, measured with three different types of
reflective surfaces, of an calibration baseline at the Recife campus of the Federal
University of Pernambuco, Brazil. The baseline, which has seven pillars, labeled with
P1 to P7, with forced centering devices, has a slight misalignment that made the
traverse analysis possible. Due to this, it was used a close traverse formed by the
pillar sequence P1, P3, P4, P7, P6, P5, P2, P1, opening up the possibility for various
types of comparisons. Field data were first subjected to preliminary statistical
analysis, and after that, the traverses calculations were made using the least square
method. After that, three comparisons were made using one of the targets as
reference, referring to angles, distances and coordinates. No cases were found in
which differences between quantities exceeded significantly those predicted by least
squares estimates. The next step was to use the adjusted coordinates of the
reference target to calculate the distances between the pillars, in pairs, so that they
could be compared with previous work. This comparison was made, and the largest
difference between the distances was -2.2 mm, which is not beyond the estimated
linear precision for any of the distances involved. Furthermore, among future works, it
is recommended that high-precision geometric leveling of the base be carried out, so
that the vertical component can be studied.

Keywords: Geodetic Engineering, Metrology, Precise Instrumentation.
. Introduction

The total station integrates an electronic theodolite, an electronic distance
measuring device, and a microprocessor with a memory unit. This instrument is
designed for measuring horizontal and slope distances, horizontal and vertical
angles, and elevations in topographic surveys, in geodetic works, as well as for other
survey applications [1,2]. Total stations advanced into robotic total stations (RTS),
incorporating various extra features such as motion-controlling actuators, cameras,
and tracking software. These enhancements allow them to operate independently,
either by adhering to a preloaded measurement program or by being directed via

remote control [3].
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A common approach for integrating RTS measurements is by using a traverse.
A traverse is a method for establishing horizontal control by determining the
rectangular coordinates of a series of control points situated around a site, using a
combination of angle and distance measurements [4].

Before taking further measurements at the instrument point, it is essential to
complete traverse observations. This allows future measurements to be linked to the
traverse, even if the instrument is moved. Traverses can be closed to detect any
errors, enabling the calculation of the vector sum. Discrepancies can be checked for
errors, and adjustments can be made if needed [5].

A baseline is a spatial line defined by a set of permanent aligned points with a
precise distance. These points, known as baseline points, typically consist of
elevated pillars above ground. Often, the term "length baseline" refers to multiple
outdoor baseline points and is primarily used to calibrate the additive and other
constants of distance-measuring instruments like total stations [6], but other
synonymous can be found for length baseline, such as geodetic calibration baseline
[7], baseline [8], electronic distance measuring instrument (EDMI) calibration
baseline [9] or calibration baseline [10].

However, from the point of view of technical and scientific research, calibration
baselines, even after they are deployed to perform calibrations, have been used to
investigate different variables, beyond investigations into the instrumental constants
of EDMI's. Thus, for example, [11] studied variations in the length of a calibration
baseline in relation to changes in air temperature over time; in [12] there is a
research that used a calibration baseline to compare observations made with a total
station and a Global Positioning System (GPS) receiver; and in [13] there is a study
on the stability of the pillars of a calibration baseline, carried out for different periods.

Besides these, in [14], a slight misalignment of a calibration baseline in
Federal University of Pernambuco - Brazil was identified, which can be treated as a
closed traverse, composed of pillars P1, P3, P4, P7, P6, P5, P2 and P1. From this
specific result, several research hypotheses can be raised. In this context, the
hypothesis tested in this work was that, based on three closed traverses,
measurements made with a RTS, with three different types of targets (a 360° prism, a
circular prism, and a reflective sheet) there are no significant differences between the
angles, distances and coordinates of the pillars, when using as a reference the 360°

prism, because it is the original target that accompanies the equipment.
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II. Materials and Methods

The calibration baseline at the Federal University of Pernambuco was
implemented in 1990 by the Spatial Metrology Laboratory of the Department of
Cartographic Engineering. The pillars were built to allow intervisibility between them,
and all of them have a forced centering device [15]. In this study, seven pillars of
these calibration baseline were designated with the names P1, P2, P3, P4, P5, P6,
and P7, however, because the misalignment, the close traverse sequence used were
P1, P3, P4, P7, P6, P5, P2 and P1, as mentioned in item |. Figure 1 depicts the

baseline from P7 to P1.

Figure 1. The calibration baseline is composed of seven pillars with forced centering,
in June 2024.

The fieldwork was carried out using a Topcon RTS, model GT-605, in fine
measurement mode, factory calibrated, configured to collect only horizontal
directions and horizontal distances. The equipment has a linear accuracy of £2mm +
2ppm (parts per million) and an angular accuracy of 5” [16]. Figure 2 shows the

equipment installed on one of the baseline pillars.

Figure 2. The Topcon GT-605 RTS used in the measurements, in June 2024.
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Three accessories were used as targets: a Topcon 360° prism ATP1, a
Geodetic 04S Circular Prism, and a Xpex reflective sheet. As they have different
reflective surfaces, each of them was used independently in the baseline, enabling
the measurement of three closed traverses that can be compared. Figure 3 shows

the three targets used.

S

Figure 3. Three different reflective surfaces used as target, in June 2024: a) 360°

prism; b) circular prism; and c) reflective sheet.

The first phase of the work consisted of measuring the angles and horizontal
distances of the traverse, for each of the targets, accounting for three traverses. For
each pillar, the angular measurements and computations were made using the
Direction Measurement in Sets [17], as follows: Initially with the telescope in direct
position and the circle close to 0°, the targets (backsight and foresight) were
observed clockwise in sequence. Next, the telescope was flipped, and all targets
were observed in the reverse telescope position and order. This series of
measurements is called a set. Then, the circle was shifted by close to 60° and the
process was repeated. And then, the circle was shifted again by close to 120° and
the process was repeated.

The measurements were carried out starting and ending at pillar 1, traveling
along the traverse in a clockwise direction, reading external angles. For each angular
reading, a horizontal distance was also collected.

After collecting data in the field, the observations were transferred from the
equipment to a computer using a Python program made specifically for this purpose.
At this time, from the raw data, the mean angular directions are then adjusted to the
starting direction (that is, the zero direction) by subtracting the initial value from all

others, and the final directions are obtained by averaging the reduced means of the
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individual sets. The calculations of means and reduced means were verified with sum
checks. These calculations were made using another original Python program, made
specifically for this work.

As the angular observations were made for three different types of targets, in
different days, after the calculations described above, the results were subjected to
the two statistical tests. The first test was the Shapiro-Wilk normality test [18], to
check whether observations of each point of the traverse, for each target, belong to a
normal distribution; and the statistical t-test to determine if there is a significant
difference between the means of the observations sets [18], in pairs, for each pillar.

To carry out these statistical tests, the statistical module of a scientific
program called AstGeoTop [19] was used. In relation to horizontal distances,
arithmetic averages were calculated for each target, for each pillar.

Once the average of horizontal angles and distances were calculated, and
statistical tests were carried out for angles, the data was submitted again to the
scientific program AstGeoTop, however, this time to the module planimetric surveying
[20], so that the three traverses could be calculated using the least squares method,
using the specific program module. The least squares method was chosen because
this is the most rigorous adjustment procedure available [21].

After adjustment using the least squares method, the results could be
compared. Thus, for each traverse, the horizontal angles, horizontal distances, and
the coordinates (X, Y), with their respective precision estimates, were selected and
compared, using the traverse with the 360° prism as a reference, as this is the

accessory that originally accompanies the equipment.

lll. Results and Discussions

The first results were those referring to the Shapiro-Wilk normality test for
horizontal angles. All sets of observations, selected for each target and for each pillar
were tested, and, after the test, all of them were statistically considered to come from
a normal distribution at the 1% significance level, which means that the set of
observations for each target and for each pillar were found to be normally distributed
with a confidence of 99%. According to [18] results significant at the 1% level are
more persuasive and offer stronger evidence against the null hypothesis than those

significant at the, for example, 5% level.
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The second results referred to the t-test, which analyzed the samples in pairs,
for the three types of targets, for each pillar. The results of the t-test are found in
tables 1 to 7, below. To carry it out in all cases, a significance level of 1% was used,
and a degree of freedom equal to 5, since, for each sample of observations, six
angular readings were taken, three in the direct position of the telescope, and three
in the inverted position. From the results of the t-test, it can be concluded with a 99%
confidence level that in none of the cases do the means have statistically relevant

differences, as all t-statistics values are below the t-critical values.

Table 1. T-test results for Pillar 1.

t t
Backsight | Station | Foresight | set sample mean variance conclusion
statistics | critical

360° prism 359°58°57,7"| 0°00°00,06441"
1st 0,4342 4,032 | do not differ
circular prism |359°59°01,3"| 0°00°00,01007"

360° prism 359°58°57,7"| 0°00°00,06441"
P2 P1 P3 2nd 0,6525 4,032 | do not differ
reflective sheet |359°58'59,8"| 0°00°00,06027"

circular prism |359°59°01,3"| 0°00°00,01007"
3rd 0,1984 4,032 | do not differ
reflective sheet |359°58°59,8"| 0°00°00,06027"

Table 2. T-test results for Pillar 2.

t t
Backsight | Station | Foresight | set sample mean variance conclusion
statistics | critical

360° prism 179°59'26,3" | 0°00°00,01741"
1st 2,2203 4,032 | do not differ
circular prism | 179°59°35,2" | 0°00°00,00305"

360° prism 179°59'26,3" | 0°00°00,01741"
P5 P2 P1 2nd 1,3587 4,032 | do not differ
reflective sheet | 179°59°33,2" | 0°00°00,02638"

circular prism | 179°59°35,2" | 0°00°00,00305"
3rd 0,5806 4,032 | do not differ
reflective sheet | 179°59°33,2" | 0°00°00,02638"

Table 3. T-test results for Pillar 3.

t t
Backsight | Station | Foresight | set sample mean variance conclusion
statistics | critical

360° prism 179°59°36,5" | 0°00°00,07997"
1st 0,024 4,032 | do not differ
circular prism | 179°59°36,7" | 0°00°00,00019"

360° prism | 179°59°36,5" | 0°00°00,07997"
P1 P3 P4 2nd 1,0077 | 4,032 | do not differ
reflective sheet | 179°59'31,8" | 0°00°00,01082"

circular prism | 179°59°36,7" | 0°00°00,00019"
3rd 1.8681 4,032 | do not differ
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reflective sheet

179°59°31,8"

0°00°00,01082"

Table 4. T-test results for Pillar 4.

t t
Backsight | Station | Foresight | set sample mean variance conclusion
statistics | critical
360° prism 180°01°11,3" | 0°00°00,00874"
1st 0,3555 4,032 | do not differ
circular prism | 180°01°12,2"| 0°00°00,00071"
360° prism 180°01°11,3" | 0°00°00,00874"
P3 P4 P7 2nd 1,5492 4,032 | do not differ
reflective sheet | 180°01°09,3" | 0°00°00,01207"
circular prism | 180°01°12,2"| 0°00°00,00071"
3rd 1,1415 4,032 | do not differ
reflective sheet | 180°01°09,3" | 0°00°00,01207"
Table 5. T-test results for Pillar 5.
t t
Backsight | Station | Foresight | set sample mean variance conclusion
statistics | critical
360° prism 180°02°13,0" | 0°00°00,01711"
1st 2,2328 4,032 | do not differ
circular prism | 180°02°19,2" | 0°00°00,00427"
360° prism 180°02°13,0" | 0°00°00,01711"
P6 P5 P2 2nd 0,9682 4,032 | do not differ
reflective sheet | 180°02°12,0" | 0°00°00,01822"
circular prism | 180°02°19,2" | 0°00°00,00427"
3rd 2,5507 4,032 | do not differ
reflective sheet | 180°02°12,0" | 0°00°00,01822"
Table 6. T-test results for Pillar 6.
t t
Backsight | Station | Foresight | set sample mean variance conclusion
statistics | critical
360° prism 179°59'46,2" | 0°00°00,00260"
1st 3,4616 4,032 | do not differ
circular prism | 179°59°56,5" | 0°00°00,00775"
360° prism 179°59°46,2" | 0°00°00,00260"
P7 P6 P5 2nd 1,0518 4,032 | do not differ
reflective sheet | 179°59°47,8" | 0°00°00,00494"
circular prism | 179°59°56,5" | 0°00°00,00775"
3rd 2,9942 4,032 | do not differ
reflective sheet | 179°59°47,8" | 0°00°00,00494"
Table 7. T-test results for Pillar 7.
t t
Backsight | Station | Foresight | set sample mean variance conclusion
statistics | critical
360° prism 359°58°36,0" | 0°00°00,00433"
1st 1,6308 4,032 | do not differ
P4 P7 P6 circular prism | 359°58°32,7"| 0°00°00,00152"
2nd 360° prism 359°58°36,0" | 0°00°00,00433" 1,5524 4,032 | do not differ
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reflective sheet

359°58°32,8"

0°00°00,00582"

3rd

circular prism

359°58°32,7"

0°00°00,00152"

reflective sheet

359°568'32,8" | 0°00°00,00582"

0,0617 4,032 | do not differ

After being accepted in initial statistical tests, the data were subjected to

traverse calculations using the least squares method, for each type of target,

generating three traverses. In this way, results were obtained for the adjusted

observations (angles and horizontal distances), and for the adjusted parameters

(plane coordinates), as well as the precision estimate (standard deviation, or s.d) for
each of them. For all traverses, coordinates X=1000,000 meters and Y=1000,000

meters for pillar 1, and the azimuth from pillar 1 to pillar 3 was arbitrated in 0°0°00,0”

for all traverses, because in this way the coordinates could be compared. The results

of the observations adjustment computations are in tables 8 and 9.

Table 8. Results for the adjusted horizontal angles.

360° Prism Circular Prism Reflective Sheet
Backsight | Station | Foresight
Angle s.d angle (") Angle s.d angle (") Angle s.d angle (")
P2 P1 P3 359°59'02,8" 3,0219 359°58°57,9" 3,6870 359°59'02,9" 3,6797
P1 P3 P4 179°59°40,7" 3,2431 179°59°33,8" 3,9570 179°59°34,5" 3,9492
P3 P4 P7 180°01°11,0" 0,5588 180°01°12,1" 0,6819 180°01°09,5" 0,6806
P4 P7 P6 359°58'36,3" 1,1249 359°58°31,8" 1,3725 359°58'33,9" 1,3697
P7 P6 P5 179°59°48,6" 1,7525 179°59°51,0" 2,1382 179°59°52,6" 2,134
P6 P5 P2 180°02°13,9" 1,7926 180°02°18,0" 2,1872 180°02°13,6" 2,1828
P5 P2 P1 179°59°26,6" 2,3448 179°59°35,3" 2,8610 179°59°33,2" 2,8553
Table 9. Results for the adjusted horizontal distances.
360° Prism Circular Prism Reflective Sheet
Station | Foresight
H. dist (m) |s.d H. dist (m)| H.dist(m) | s.d H.dist(m) | H. dist(m) |s.dH.dist(m)

P1 P3 12,739 0,0025 12,739 0,0029 12,740 0,0030

P3 P4 33,125 0,0025 33,126 0,0029 33,127 0,0030

P4 P7 121,629 0,0026 121,630 0,0029 121,630 0,0030

P7 P6 32,258 0,0025 32,259 0,0029 32,261 0,0030

P6 P5 39,480 0,0025 39,480 0,0029 39,478 0,0030

P5 P2 87,453 0,0026 87,454 0,0029 87,455 0,0030

P2 P1 8,301 0,0025 8,301 0,0029 8,303 0,0030

The results for the parameters adjustment (i.e, for the pillars coordinates) were

separated in table 10 for the 360° prism and in table 11 for the other two targets,

because the 360° prism was the reference target, as already mentioned. After
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adjustment, the three polygonals were subjected to a quality control analysis, in
which the chi-square test was used to test whether the adjusted observations belong

to a normal distribution, at a significance level of 5%. All three were approved.

Table 10. Results for the adjusted coordinates for 360° prism, that was used as

reference.
Station 360° Prism
X (m) s.d X (m) Y (m) s.dY (m)
P1 1000,0000 0,0000 1000,0000 | 0,0000
P3 1000,0000 0,0000 1012,7388 | 0,0025
P4 999,9969 0,0005 1045,8636 | 0,0033
P7 1000,0274 0,0024 1167,4924 | 0,0036
P6 1000,0324 0,0019 1135,2342 | 0,0036
P5 1000,0407 0,0014 1095,7540 | 0,0033
P2 1000,0023 0,0001 1008,3008 | 0,0025

Table 11. Results for the adjusted coordinates for circular prism and reflective sheet.

. Circular Prism Reflective Sheet
Station X (m) s.d X (m) Y (m) s.dY (m) X (m) s.d X (m) Y (m) s.dY (m)
P1 1000,0000 0,0000 1000,0000 0,0000 1000,0000 0,0000 | 1000,0000 0,0000
P3 1000,0000 0,0000 1012,7389 0,0029 1000,0000 0,0000 | 1012,7395 0,0030
P4 999,9958 0,0006 1045,8648 0,0038 999,9959 0,0006 | 1045,8660 0,0039
P7 1000,0229 0,0030 1167,4947 0,0041 1000,0218 0,0030 | 1167,4955 0,0043
P6 1000,0295 0,0024 1135,2356 0,0041 1000,0284 0,0024 | 1135,2350 0,0043
P5 1000,0393 0,0017 1095,7555 0,0038 1000,0379 0,0017 | 1095,7575 0,0039
P2 1000,0025 0,0001 1008,3014 0,0029 1000,0023 0,0001 | 1008,3030 0,0030

The results above allow for several comparisons. For this work, comparisons
were made between horizontal angles, horizontal distances and coordinates, always
using the 360° prism as a reference. In this way, tables 12 to 14 were created, which

show the results for the differences obtained for angles, distances and coordinates,

respectively.

Table 12. Results for comparing adjusted horizontal angles.

Backsight | Station | Foresight | 360° Prism -Circular Prism | 360° Prism - Reflective Sheet
P2 P1 P3 4,9" -0,1"
P1 P3 P4 6,9" 6,2"
P3 P4 P7 -1,1" 1,5"
P4 P7 P6 4,5" 24"
P7 P6 P5 -2,4" -4,0"
P6 P5 P2 -4,1" 0,3"
P5 P2 P1 -8,7" -6,6"
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Table 13. Results for comparing adjusted horizontal distances.

Station Foresight 360° Prism - Circular Prism (mm) 360° Prism - Reflective Sheet (mm)
P1 P3 0 -1
P3 P4 -1 2
P4 P7 -1 1
P7 P6 -1 3
P6 P5 0 2
P5 P2 -1 2
P2 P1 0 2

Table 14. Results for comparing adjusted coordinates.

. 360° Prism and Circular Prism 360° Prism and Reflective Sheet
Station delta X (m) delta Y (m) delta X (m) delta Y (m)
P1 0,0000 0,0000 0,0000 0,0000
P3 0,0000 -0,0001 0,0000 -0,0007
P4 0,0011 -0,0012 0,001 -0,0024
P7 0,0045 -0,0023 0,0056 -0,0031
P6 0,0029 -0,0014 0,0040 -0,0008
P5 0,0014 -0,0015 0,0028 -0,0035
P2 -0,0002 -0,0006 0,0000 -0,0022

In relation to the information provided by the RTS manufacturer, with regard to
angles, no estimative of precision was found greater than the value of 5" reported by
the manufacturer, as can be seen in table 8.

Regarding the distances, for the 360° prism, no significant differences were
found in relation to those specified by the RTS manufacturer, as the highest precision
estimates were +2,6mm for the P4-P7 and P5-P2 alignments, which are those with
the longest traverse lengths, with 121,629m and 87,453m respectively. For the
circular prism, the precision estimates for all distances after adjustment were
+2,9mm, which does not mean a discrepant value, however, as this prism is not an
original accessory from the same RTS manufacturer, the difference between the
estimates of precision, even if very small, may originate from this fact. The same
reasoning applies to the reflective sheet, however, we add the fact that, in this case,
the RTS was used manually, as the reflective sheet was not automatically detected
by the equipment in the same way that the two prisms were. It is probably for these
reasons that the precision estimates for the reflective sheet for all distances were
+3mm.

Another result that can be obtained is in relation to the scale of the base, that

is, in relation to the measurements of the horizontal distances between the pillars, in
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pairs, according to the order in which they are found in the field. Namely, the
distances are as follows: P1-P2, P2-P3, P3-P4, P4-P5, P5-P6, and P6-P7. Therefore,
based on the adjusted coordinates, these distances were calculated and are found in
Table 15, for the three targets, and the comparisons between the distances for the

360° prism and the other two targets are in table 16.

Table 15. Results for baseline horizontal distances from the adjusted coordinates.

Distances (m)
Alignment
360° Prism | Circular Prism | Reflective Sheet
P1 | P2 8,3008 8,3014 8,3030
P2 | P3 4,4380 4,4375 4,4365
P3 | P4 33,1248 33,1259 33,1265
P4 | P5 49,8904 49,8907 49,8915
P5 | P6 39,4802 39,4801 39,4775
P6 | P7 32,2582 32,2591 32,2605

Table 16. Results for comparing baseline horizontal distances.

Distances differences
Alignment
360° Prism - Circular Prism (mm) 360° Prism - Reflective Sheet (mm)

P1 P2 -0,6 -2,2
P2 | P3 0,5 1,5
P3 | P4 -1,1 1.7
P4 | P5 -0,3 -1,1
P5 | P6 0,1 27
P6 | P7 -0,9 -2,3

The biggest difference found for the comparison between the distances for the
360° prism and the circular prism was -1.1 mm for the alignment between pillars P3
and P4. This difference does not exceed the precision estimates for the distances
involved, as shown in table 9. The same applies to the comparison between the 360°
prism and the reflective sheet, as the largest difference found was 2.7 mm, which
also does not exceed the precision estimates of the distances involved, provided in
table 9.

A suitable analysis, based on the calculated distances between the pillars, can
be made through a comparison with the same measurements that were presented in
[22], that is, in Garnés, Seixas e Silva (2014). In this way, table 17 was created,
which shows the distances found in this work and in [22], with the respective

differences.
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Table 17. Comparison of horizontal distances to the 360° prism in relation to Garnés,
Seixas e Silva (2014).

Distances (m)
Alignment . Garnés. Seixas | Difference (mm)
360° Prism |~ Sjiva (2014)
P1 P2 8,3008 8,3000 0,8
P2 | P3 4,4380 4,4390 -1
P3 | P4 33,1248 33,1270 -2,2
P4 | P5 49,8904 49,8900 0,4
P5 | P6 39,4802 39,4810 -0,8
P6 | P7 32,2582 32,2580 0,2

According to table 17, the biggest difference found was -2.2mm, for the
alignment between pillars P3 and P4. Considering that the work carried out
previously used a Topcon total station, model GPT3200, which has a linear precision
of 5 mm +5 ppm (parts per million) [22], the results of the comparisons are

compatible.

IV. Conclusions

A study on closed traverses, measured with a Topcon GT-605 RTS, for three
different types of reflective surfaces (360° prism, circular prism, and reflective sheet),
at the calibration baseline of the Federal University of Pernambuco was carried out.
After the positive results of the statistical analyzes for horizontal angles, referring to
the Shapiro-Wilk normality test and the t-test, the field data were subjected to
traverse calculations using the least squares method. Once, for each of three
traverses, with the results for the adjusted observations and parameters, with
respective precision estimates, it was possible to carry out some analyzes and
comparisons.

In this way, the adjusted horizontal angles, the adjusted horizontal distances
and the adjusted coordinates were compared, always using the 360° prism as a
reference, as this accessory originally accompanies the RTS used. For horizontal
angles, in comparisons, the most significant differences were observed at pillars P2
and P3, that was -8,7” and 6,9” respectively, for the 360° prism and circular prism;
this could be due mainly to the relatively short distances measured from these
stations to both the backsight and foresight, as can be seen in table 9.

In terms of distances, in comparisons, only one measurement exceeded the

equipment's linear precision. This was at station P7 for the reflective sheet, in
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comparison with the 360° prism, with a value of 3 mm. Nonetheless, this difference
did not surpass the precision estimation for the reflective sheet, which was also 3
mm, as can be seen in table 9.

With the adjusted coordinates in table 11, it was possible to estimate the
distances between the pillars, in pairs. Such calculations were made, and the results
were compared with the results of a previous study, revealing that the differences
found are within the precisions of the equipment used in the two studies, as can be
seen in table 17.

As future work on the same baseline, a precision geometric leveling can be
carried out so that the heights of the pillars can be analyzed and/or compared with
those arising from a trigonometric leveling with a total station, for example.

Furthermore, another application in which the methodology proposed in this
work can be used refers to the study of alignments of engineering structures. This
statement is justified because these surveys are essential across a wide range of
engineering applications, from the tooling industry to measuring deformations in long
engineering structures, and the conventional surveying techniques that use total
stations in an adequate coordinate system, among the other methods, can be

employed [23].
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3 CONCLUSIONS

A study was conducted on the alignment of the Electronic Distance Measuring
Instruments calibration baseline at Federal University of Pernambuco (UFPE), in
Recife, Brazil. The results indicated that, in relation to the alignment between pillars
P1 and P7, all other pillars showed a slight misalignment. However, four pillars (P2,
P4, P5 and P6 as shown in table 4 of article 1) exhibited values exceeding the
nominal precision of the Topcon GT-605 robotic total station (RTS) used, which is
+(2mm + 2ppm x D). Despite these misalignment, the geometric configuration of the
calibration baseline allowed it to be considered as a traverse, formed by pillars P1,
P3, P4, P7, P6, P5, P2, and P1.

The identification of a traverse enabled a new geodetic surveying, namely a
traversing, which was conducted for three different types of targets: a 360° prism, a
circular prism, and a reflective sheet.

The field data of the three traverses were downloaded to a computer and the
horizontal angles were calculated using the direction method (or Prussian method)
using an original program written in Python, which can be found in Appendix E. Next,
a preliminary statistical analysis for horizontal angles was performed by the statistical
module of the AstGeoTop software (GARNES, 2024a), using the Shapiro-Wilk
normality test and the t-test, and, after that, the data underwent traverse
computations using the Method of Least Squares, with another module of the same
software (GARNES, 2024b). This process was repeated for the three traverses, and
with the results for the adjusted observations and parameters, along with their
respective precision estimates, various analyses and comparisons were made.

The adjusted horizontal angles, distances, and coordinates were compared,
with the 360° prism as the reference as it originally accompanies the robotic total
station used. The most significant differences in horizontal angles were observed at
pillars P2 and P3, with -8.7” and 6.9” respectively, when comparing the 360° prism
and circular prism (table 12 of article 2). This was likely due to the relatively short
distances measured from these stations to both the backsight and foresight, as
shown in table 9 of article 2.

In terms of horizontal distances, only one difference slightly exceeded the
equipment's linear precision. This happened at station P7 for the reflective sheet,

compared to the 360° prism, with a value of -3 mm (table 13 of article 2). However,
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this difference did not surpass the precision estimation for the reflective sheet, also 3
mm, as seen in table 9 of article 2.

Using the adjusted coordinates for 360° prism, in table 10 of article 2,
distances between pillar pairs were estimated and compared with results from a
previous study (table 17 of article 2). The differences found were within the linear
precision of the equipment used.

As described above, it can be seen that the hypothesis formulated in item 1.1
of this dissertation was accepted, and both the general objective and the specific
objectives presented in item 1.2 of this dissertation were achieved.

Future work on the same baseline could involve precision geometric leveling
to analyze and/or compare the heights of the pillars with those obtained from
trigonometric leveling using a total station. Additionally, the methodology proposed in
this study could be applied to the alignment studies of engineering structures, that
are crucial in various applications, from the tooling industry to measuring
deformations in long structures, utilizing conventional surveying techniques with total
stations in an appropriate coordinate system.

If new discrepancies are detected over time, it would indicate settlement that
can be monitored through a time series analysis. Future work also should include
measuring the traverse with other equipment, such as a precision GNSS receiver,
and can consider a RTS surveying in conjunction with other variables such as
temperature, atmospheric pressure and air humidity, for example.

As a complement, after References, there are five Appendices, which contain:
all horizontal angles and horizontal distances collected in the field for the three
traverses (Appendix A); all results of the original program developed in Python for the
angular computations, made by the method of directions (or Prussian method) for the
three traverses (Appendix B); all reports of the AstGeoTop software (GARNES,
2024a) for the preliminary statistical analyses, made for horizontal angles of the three
traverses (Appendix C); all reports of the AstGeoTop software (GARNES, 2024b) for
the computations made by the Least Squares Method for the three traverses
(Appendix D); and the scripts of the original programs written in Python for the two
articles (Appendix E).

Regarding Appendix D, as a final consideration, it is worth noting that it
contains a table for each traverse, which compares the coordinates of the vertices

calculated by the traditional method (with linear adjustment proportional to the sides,
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and with angular adjustment by the adjacent sides) in relation to those calculated by

the Least Squares Method. The differences found were of a sub millimetric order.
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Field notes for 360° prism (Article 2)

Station Target H Dist (m) H Direction DMS
P1 P2 8,3007 0,0002
P1 P2 8,3007 179,5959
P1 P3 12,7389 359,5859
P1 P3 12,7389 179,5901
P1 P2 8,3007 60,0000
P1 P2 8,3007 239,5952
P1 P3 12,7389 59,5911
P1 P3 12,7389 239,5908
P1 P2 8,3007 120,0002
P1 P2 8,3007 300,0001
P1 P3 12,7389 119,5841
P1 P3 12,7389 299,5842
P3 P1 12,7381 0,0001
P3 P1 12,7381 179,5958
P3 P4 33,1249 179,5955
P3 P4 33,1254 0,0000
P3 P1 12,7381 59,5957
P3 P1 12,7381 239,5959
P3 P4 33,1249 239,5925
P3 P4 33,1259 59,5926
P3 P1 12,7381 119,5959
P3 P1 12,7381 300,0000
P3 P4 33,1249 299,5925
P3 P4 33,1259 119,5922
P4 P3 33,125 0,0001
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P4 P3 33,125 179,5956
P4 P7 121,6289 180,0112
P4 P7 121,6289 0,0111
P4 P3 33,125 60,0004
P4 P3 33,125 240,0001
P4 P7 121,6289 240,0106
P4 P7 121,6289 60,0109
P4 P3 33,126 119,5959
P4 P3 33,126 299,5957
P4 P7 121,6279 300,0114
P4 P7 121,6289 120,014
P7 P4 121,629 359,5959
P7 P4 121,63 179,5956
P7 P6 32,259 359,5837
P7 P6 32,2585 179,5835
P7 P4 121,629 60,0002
P7 P4 121,629 240,0000
P7 P6 32,2589 59,5841
P7 P6 32,2589 239,5838
P7 P4 121,63 120,0003
P7 P4 121,63 300,0000
P7 P6 32,258 119,5833
P7 P6 32,258 299,5832
P6 P7 32,259 359,5959
P6 P7 32,258 179,5958
P6 P5 39,48 179,5943
P6 P5 39,48 359,5942
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P6 P7 32,258 60,0005
P6 P7 32,258 239,5958
P6 P5 39,48 239,5952
P6 P5 39,48 59,5949
P6 P7 32,258 119,5959
P6 P7 32,258 300,0000
P6 P5 39,479 299,5947
P6 P5 39,48 119,5943
P5 P6 39,4787 0,0000
P5 P6 39,4787 180,0001
P5 P2 87,453 180,0216
P5 P2 87,453 0,0217
P5 P6 39,4797 60,0001
P5 P6 39,4797 239,5956
P5 P2 87,453 240,0201
P5 P2 87,453 60,0203
P5 P6 39,4792 120,0001
P5 P6 39,4797 299,5958
P5 P2 87,453 300,0220
P5 P2 87,453 120,0218
P2 P5 87,4519 359,5958
P2 P5 87,4529 179,5957
P2 P1 8,3006 179,5916
P2 P1 8,3006 359,5918
P2 P5 87,4519 59,5959
P2 P5 87,4524 239,5957
P2 P1 8,3001 239,5931
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P2 P1 8,2996 59,5935
P2 P5 87,4519 120,0001
P2 P5 87,4519 299,5956
P2 P1 8,3006 299,5921
P2 P1 8,3006 119,5925

Field notes for reflective sheet (Article 2)

Station Target H Dist (m) H Direction DMS
P1 P2 8,3032 0,0000
P1 P2 8,3042 180,0004
P1 P3 12,7435 359,5854
P1 P3 12,7355 179,5856
P1 P2 8,3032 60,0005
P1 P2 8,3042 239,5954
P1 P3 12,7435 59,5919
P1 P3 12,7355 239,5916
P1 P2 8,3032 120,0000
P1 P2 8,3042 300,0005
P1 P3 12,7435 119,5853
P1 P3 12,7355 299,5849
P3 P1 12,7371 359,5959
P3 P1 12,7376 179,5956
P3 P4 33,125 179,5940
P3 P4 33,1255 359,5934
P3 P1 12,7371 59,5956
P3 P1 12,7376 239,5958
P3 P4 33,125 239,5924
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P3 P4 33,1255 59,5927
P3 P1 12,7371 119,5957
P3 P1 12,7376 300,0000
P3 P4 33,125 299,5927
P3 P4 33,1255 119,5925
P4 P3 33,1294 0,0002

P4 P3 33,1259 180,0004
P4 P7 121,6279 180,0109
P4 P7 121,6284 0,012

P4 P3 33,1294 60,0005
P4 P3 33,1259 240,0002
P4 P7 121,6279 240,0105
P4 P7 121,6284 60,0109
P4 P3 33,1294 119,5959
P4 P3 33,1259 299,5956
P4 P7 121,6279 300,0116
P4 P7 121,6284 120,0113
P7 P4 121,6289 359,5958
P7 P4 121,6299 180,0000
P7 P6 32,2625 359,5828
P7 P6 32,263 179,5828
P7 P4 121,6289 60,0002
P7 P4 121,6299 240,0000
P7 P6 32,2625 59,5841

P7 P6 32,263 239,5838
P7 P4 121,6289 120,0003
P7 P4 121,6299 300,0000
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P7 P6 32,2625 119,5833
P7 P6 32,263 299,5832
P6 P7 32,259 359,5959
P6 P7 32,259 179,5957
P6 P5 39,4789 179,5952
P6 P5 39,4789 359,5942
P6 P7 32,259 60,0000
P6 P7 32,259 239,5955
P6 P5 39,4789 239,5949
P6 P5 39,4789 59,5945
P6 P7 32,259 119,5959
P6 P7 32,259 300,0000
P6 P5 39,4789 299,5948
P6 P5 39,4789 119,5941
P5 P5 39,4769 0,0000
P5 P5 39,4769 179,5956
P5 P2 87,455 180,021
P5 P2 87,455 0,0213
P5 P5 39,4769 60,0001
P5 P5 39,4769 239,5958
P5 P2 87,455 240,0202
P5 P2 87,455 60,0202
P5 P5 39,4769 120,0001
P5 P5 39,4769 299,5956
P5 P2 87,455 300,0219
P5 P2 87,455 120,0217
P2 P5 87,4549 0,0001
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P2 P5 87,4549 180,0000
P2 P1 8,3058 179,5943
P2 P1 8,3003 359,5942
P2 P5 87,4549 59,5959

P2 P5 87,4549 239,5955
P2 P1 8,3058 239,5930
P2 P1 8,3003 59,5935

P2 P5 87,4549 120,0001
P2 P5 87,4549 299,5956
P2 P1 8,3058 299,5920
P2 P1 8,3003 119,5921

Field notes for circular prism (Article 2)

Station Target H Dist (m) H Direction DMS
P1 P2 8,3012 0,0000
P1 P2 8,3012 180,0000
P1 P3 12,7386 359,5858
P1 P3 12,7386 179,5856
P1 P2 8,3012 60,0001
P1 P2 8,3012 240,0001
P1 P3 12,7386 59,5859
P1 P3 12,7386 239,5859
P1 P2 8,3012 120,0000
P1 P2 8,3012 300,0001
P1 P3 12,7386 119,5910
P1 P3 12,7386 299,5909
P3 P1 12,7386 0,0002
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P3 P1 12,7386 180,0002
P3 P4 33,126 179,5938
P3 P4 33,126 359,5939
P3 P1 12,7386 59,5959
P3 P1 12,7386 239,5958
P3 P4 33,126 239,5936
P3 P4 33,126 59,5934
P3 P1 12,7381 119,56959
P3 P1 12,7386 299,5959
P3 P4 33,126 299,5937
P3 P4 33,126 119,5935
P4 P3 33,1259 0,0001
P4 P3 33,126 180,0002
P4 P7 121,6299 180,0113
P4 P7 121,6299 0,0112
P4 P3 33,1259 60,0000
P4 P3 33,126 240,0000
P4 P7 121,6299 240,011
P4 P7 121,6299 60,0114
P4 P3 33,1259 119,56959
P4 P3 33,126 300,0000
P4 P7 121,6299 300,0113
P4 P7 121,6299 120,0112
P7 P4 121,6299 0,0001
P7 P4 121,6299 180,0002
P7 P6 32,259 359,5836
P7 P6 32,259 179,5836
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P7 P4 121,6299 60,0000
pP7 P4 121,6299 240,0001
P7 P6 32,259 59,5830
P7 P6 32,259 239,5831
P7 P4 121,6299 120,0001
pP7 P4 121,6299 300,0000
P7 P6 32,259 119,5833
P7 P6 32,259 299,5835
P6 P7 32,2585 0,0001
P6 P7 32,2585 180,0000
P6 P5 39,4799 180,0002
P6 P5 39,4799 0,0003
P6 P7 32,258 60,0002
P6 P7 32,258 240,0000
P6 P5 39,4799 239,5954
P6 P5 39,4799 59,5957
P6 P7 32,2585 120,0002
P6 P7 32,2585 299,5958
P6 P5 39,4799 299,5951
P6 P5 39,4799 119,6955
P5 P6 39,4799 0,0002
P5 P6 39,4799 180,0002
P5 P2 87,4529 180,0219
P5 P2 87,4539 0,0217
P5 P6 39,4799 60,0000
P5 P6 39,4799 240,0000
P5 P2 87,4529 240,0217
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P5 P2 87,4534 60,0218

P5 P6 39,4799 119,56958
P5 P6 39,4799 300,0000
P5 P2 87,4529 300,0223
P5 P2 87,4539 120,0223
P2 P5 87,4539 359,5956
P2 P5 87,4539 179,5956
P2 P1 8,3008 179,5932
P2 P1 8,3013 359,5937
P2 P5 87,4539 59,5959

P2 P5 87,4544 240,0002
P2 P1 8,3003 239,5932
P2 P1 8,3003 59,5935

P2 P5 87,4539 120,0001
P2 P5 87,4539 300,0000
P2 P1 8,3003 299,5933
P2 P1 8,3003 119,5936
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ANGULAR COMPUTATIONS
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Results for Angular Computations (Directions or Prussian Method — 360° prism), Article 2

64

Station | Target Direct_(dec) Reverse_(dec) Mean_(dec) Reduced_Mean Final_Directions
_(dec) _(DMS)
P1 P2 0,00055556 179,99972222 0,00013889 0,00000000 359,585767
P1 P3 359,98305556 | 179,98361111 | 359,98333333 359,98319444 0,000000
P1 P2 60,00000000 239,99777778 59,99888889 0,00000000 0,000000
P1 P3 59,98638889 239,98555556 59,98597222 359,98708333 0,000000
P1 P2 120,00055556 | 300,00027778 | 120,00041667 0,00000000 0,000000
P1 P3 119,97805556 | 299,97833333 | 119,97819444 359,97777778 0,000000
P3 P1 0,00027778 179,99944444 -0,00013889 0,00000000 179,593650
P3 P4 179,99861111 0,00000000 179,99930556 179,99944444 0,000000
P3 P1 59,99916667 239,99972222 59,99944444 0,00000000 0,000000
P3 P4 239,99027778 59,99055556 | 239,99041667 179,99097222 0,000000
P3 P1 119,99972222 | 300,00000000 | 119,99986111 0,00000000 0,000000
P3 P4 299,99027778 | 119,98944444 | 299,98986111 179,99000000 0,000000
P4 P3 0,00027778 179,99888889 -0,00041667 0,00000000 180,011133
P4 P7 180,02000000 0,01972222 180,01986111 180,02027778 0,000000
P4 P3 60,00111111 240,00027778 60,00069444 0,00000000 0,000000
P4 P7 240,01833333 60,01916667 | 240,01875000 180,01805556 0,000000
P4 P3 119,99972222 | 299,99916667 | 119,99944444 0,00000000 0,000000
P4 P7 300,02055556 | 120,02055556 | 300,02055556 180,02111111 0,000000
P7 P4 359,99972222 | 179,99888889 | 359,99930556 0,00000000 359,583600
P7 P6 359,97694444 | 179,97638889 | 359,97666667 359,97736111 0,000000
P7 P4 60,00055556 240,00000000 60,00027778 0,00000000 0,000000
P7 P6 59,97805556 239,97722222 59,97763889 359,97736111 0,000000
P7 P4 120,00083333 | 300,00000000 | 120,00041667 0,00000000 0,000000
P7 P6 119,97583333 | 299,97555556 | 119,97569444 359,97527778 0,000000
P6 P7 359,99972222 | 179,99944444 | 359,99958333 0,00000000 179,594617
P6 P5 179,99527778 | 359995,00000 | 179,99513889 179,99555556 0,000000
P6 P7 60,00138889 239,99944444 60,00041667 0,00000000 0,000000
P6 P5 239,99777778 59,99694444 239,99736111 179,99694444 0,000000
P6 P7 119,99972222 | 300,00000000 | 119,99986111 0,00000000 0,000000
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P6 P5 299,99638889 | 119,99527778 | 299,99583333 179,99597222 0,000000
P5 P6 0,00000000 180,00027778 0,00013889 0,00000000 180,021300
P5 P2 180,03777778 0,03805556 180,03791667 180,03777778 0,000000
P5 P6 60,00027778 239,99888889 59,99958333 0,00000000 0,000000
P5 P2 240,03361111 60,03416667 240,03388889 180,03430556 0,000000
P5 P6 120,00027778 | 299,99944444 | 119,99986111 0,00000000 0,000000
P5 P2 300,03888889 | 120,03833333 | 300,03861111 180,03875000 0,000000
P2 P5 359,99944444 | 179,99916667 | 359,99930556 0,00000000 179,592633
P2 P1 179,98777778 | 359,98833333 | 179,98805556 179,98875000 0,000000
P2 P5 59,99972222 239,99916667 59,99944444 0,00000000 0,000000
P2 P1 239,99194444 59,99305556 239,99250000 179,99305556 0,000000
P2 P5 120,00027778 | 299,99888889 | 119,99958333 0,00000000 0,000000
P2 P1 299,98916667 | 119,99027778 | 299,98972222 179,99013889 0,000000

Results for Angular Computations (Directions or Prussian Method — Circular prism), Article 2

Station | Target Direct_(dec) Reverse_(dec) Mean_(dec) Reduced_Mean Final_Directions
_(dec) _(DMS)
P1 P2 0,000000000 180,000000000 0,000000000 0,000000000 359,590133
P1 P3 359,982777778 | 179,982222222 | 359,982500000 359,982500000 0,000000
P1 P2 60,000277778 | 240,000277778 | 60,000277778 0,000000000 0,000000
P1 P3 59,983055556 | 239,983055556 | 59,983055556 359,982777778 0,000000
P1 P2 120,000000000 | 300,000277778 | 120,000138889 0,000000000 0,000000
P1 P3 119,986111111 | 299,985833333 | 119,985972222 359,985833333 0,000000
P3 P1 0,000555556 180,000555556 0,000555556 0,000000000 179,593667
P3 P4 179,993888889 | 359,994166667 | 179,994027778 179,993472222 0,000000
P3 P1 59,999722222 | 239,999444444 | 59,999583333 0,000000000 0,000000
P3 P4 239,993333333 | 59,992777778 | 239,993055556 179,993472222 0,000000
P3 P1 119,999722222 | 299,999722222 | 119,999722222 0,000000000 0,000000
P3 P4 299,993611111 | 119,993055556 | 299,993333333 179,993611111 0,000000
P4 P3 0,000277778 180,000555556 0,000416667 0,000000000 180,011217
P4 P7 180,020277778 0,020000000 180,020138889 180,019722222 0,000000
P4 P3 60,000000000 | 240,000000000 | 60,000000000 0,000000000 0,000000
P4 P7 240,019722222 | 60,020555556 | 240,020138889 180,020138889 0,000000
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P4 P3 119,999722222 | 300,000000000 | 119,999861111 0,000000000 0,000000
P4 P7 300,020277778 | 120,020000000 | 300,020138889 180,020277778 0,000000
P7 P4 0,000277778 180,000555556 0,000416667 0,000000000 359,583267
P7 P6 359,976666667 | 179,976666667 | 359,976666667 359,976250000 0,000000
P7 P4 60,000000000 | 240,000277778 | 60,000138889 0,000000000 0,000000
P7 P6 59,975000000 | 239,975277778 | 59,975138889 359975,000000000 0,000000
P7 P4 120,000277778 | 300,000000000 | 120,000138889 0,000000000 0,000000
P7 P6 119,975833333 | 299,976388889 | 119,976111111 359,975972222 0,000000
P6 P7 0,000277778 180,000000000 0,000138889 0,000000000 179,595650
P6 P5 180,000555556 0,000833333 180,000694444 180,000555556 0,000000
P6 P7 60,000555556 | 240,000000000 | 60,000277778 0,000000000 0,000000
P6 P5 239,998333333 | 59,999166667 | 239,998750000 179,998472222 0,000000
P6 P7 120,000555556 | 299,999444444 | 120,000000000 0,000000000 0,000000
P6 P5 299,997500000 | 119,998611111 | 299,998055556 179,998055556 0,000000
P5 P6 0,000555556 180,000555556 0,000555556 0,000000000 180,021917
P5 P2 180,038611111 0,038055556 180,038333333 180,037777778 0,000000
P5 P6 60,000000000 | 240,000000000 | 60,000000000 0,000000000 0,000000
P5 P2 240,038055556 | 60,038333333 | 240,038194444 180,038194444 0,000000
P5 P6 119,999444444 | 300,000000000 | 119,999722222 0,000000000 0,000000
P5 P2 300,039722222 | 120,039722222 | 300,039722222 180,040000000 0,000000
P2 P5 359,998888889 | 179,098888889 | 359,998888889 0,000000000 179,593583
P2 P1 179,992222222 | 359,993611111 | 179,992916667 179,994027778 0,000000
P2 P5 59,999722222 | 240,000555556 | 59,999583333 0,000000000 0,000000
P2 P1 239,992222222 | 59,993055556 | 239,992638889 179,993055556 0,000000
P2 P5 120,000277778 | 300,000000000 | 120,000138889 0,000000000 0,000000
P2 P1 299,992500000 | 119,993333333 | 299,992916667 179,992777778 0,000000
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Results for Angular Computations (Directions or Prussian Method - reflective sheet), Article 2

Station | Target Direct_(dec) Reverse_(dec) Mean_(dec) Reduced_Mean Final_Directions
_(dec) _(DMS)
P1 P2 0,000000000 180,001111111 0,000555556 0,000000000 359,585983
P1 P3 359,981666667 | 179,982222222 | 359,981944444 359,981388889 0,000000
P1 P2 60,001388889 | 239,998333333 | 59,999861111 0,000000000 0,000000
P1 P3 59,988611111 239,987777778 | 59,988194444 359,988333333 0,000000
P1 P2 120,000000000 | 300,001388889 | 120,000694444 0,000000000 0,000000
P1 P3 119,981388889 | 299,980277778 | 119,980833333 359,980138889 0,000000
P3 P1 359,999722222 | 179,998888889 | 359,999305556 0,000000000 179,593183
P3 P4 179,994444444 | 359,992777778 | 179,993611111 179,994305556 0,000000
P3 P1 59,998888889 | 239,999444444 | 59,999166667 0,000000000 0,000000
P3 P4 239,990000000 | 59,990833333 | 239,990416667 179,991250000 0,000000
P3 P1 119,999166667 | 300,000000000 | 119,999583333 0,000000000 0,000000
P3 P4 299,990833333 | 119,990277778 | 299,990555556 179,990972222 0,000000
P4 P3 0,000555556 180,001111111 0,000833333 0,000000000 180,010933
P4 P7 180,019166667 0,020000000 180,019583333 180,018750000 0,000000
P4 P3 60,001388889 | 240,000555556 | 60,000972222 0,000000000 0,000000
P4 P7 240,018055556 | 60,019166667 | 240,018611111 180,017638889 0,000000
P4 P3 119,999722222 | 299,998888889 | 119,999305556 0,000000000 0,000000
P4 P7 300,021111111 120,020277778 | 300,020694444 180,021388889 0,000000
P7 P4 359,999444444 | 180,000000000 | 359,999722222 0,000000000 359,583283
P7 P6 359,974444444 | 179,974444444 | 359,974444444 359,974722222 0,000000
P7 P4 60,000555556 | 240,000000000 | 60,000277778 0,000000000 0,000000
P7 P6 59,978055556 | 239,977222222 | 59,977638889 359,977361111 0,000000
P7 P4 120,000833333 | 300,000000000 | 120,000416667 0,000000000 0,000000
P7 P6 119,975833333 | 299,975555556 | 119,975694444 359,975277778 0,000000
P6 P7 359,999722222 | 179,999166667 | 359,999444444 0,000000000 179,594783
P6 P5 179,997777778 | 359,995000000 | 179,996388889 179,996944444 0,000000
P6 P7 60,000000000 239,998611111 59,999305556 0,000000000 0,000000
P6 P5 239,996944444 | 59,995833333 | 239,996388889 179,997083333 0,000000
P6 P7 119,999722222 | 300,000000000 | 119,999861111 0,000000000 0,000000
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P6 P5 299,996666667 | 119,994722222 | 299,995694444 179,995833333 0,000000
P5 P5 0,000000000 179,998888889 0,000555556 0,000000000 180,021200
P5 P2 180,036388889 0,036944444 180,036666667 180,037222222 0,000000
P5 P5 60,000277778 | 239,999444444 | 59,999861111 0,000000000 0,000000
P5 P2 240,033888889 | 60,033888889 | 240,033888889 180,034027778 0,000000
P5 P5 120,000277778 | 299,998888889 | 119,999583333 0,000000000 0,000000
P5 P2 300,038611111 120,038055556 | 300,038333333 180,038750000 0,000000
P2 P5 0,000277778 180,000000000 0,000138889 0,000000000 179,593317
P2 P1 179,995277778 | 359,995000000 | 179,995138889 179,9950000000 0,000000
P2 P5 59,999722222 239,998611111 59,999166667 0,000000000 0,000000
P2 P1 239,991666667 | 59,993055556 | 239,992361111 179,993194444 0,000000
P2 P5 120,000277778 | 299,998888889 | 119,999583333 0,000000000 0,000000
P2 P1 299,088888889 | 119,989166667 | 299,989027778 179,989444444 0,000000




APPENDIX C - AstGeoTop
STATISTICAL TESTS REPORTS
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PILAR 1 (Article 2)

Amostra1 = prisma 360°
Amostra2 = prisma circular
Amostra3 = folha refletiva

ESTATISTICA DESCRITIVA

Amostra1

Numero de elementos =6

Média aritmética = 359°58'57,7"

Variancia amostral = 0°00°00,06441" unid.*2
Desvio padrdo amostral = 0°00°15,22717"

Coef. de variagao =1,17499236986383E-5
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Momento de assimetria = -0,118978475750321 (distribuicdo negativamente assimétrica - alongada a

esquerda)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior = 359°58°39,00000"

Valor superior = 359°59°16,00000"
Amplitude total = 0°00°37,00000"
Amplitude de classe = 0°00°09,25000"

Amostra2

Numero de elementos =6

Média aritmética = 359°59°01,3"

Variancia amostral = 0°00°00,01007" unid.*2
Desvio padrao amostral = 0°00°06,02218"

Coef. de variacao = 4,64695512589133E-6

Momento de assimetria = 0,522306572906874 (distribui¢gdo positivamente assimétrica - alongada a

direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior = 359°58°56,00000"

Valor superior = 359°59°10,00000"
Amplitude total = 0°00°14,00000"
Amplitude de classe = 0°00°03,50000"

Amostra3

Numero de elementos =6

Média aritmética = 359°58'59,8"

Variancia amostral = 0°00°00,06027" unid.*2
Desvio padrdo amostral = 0°00°14,72979"

Coef. de variagao =1,13661051481461E-5

Momento de assimetria = 0,457227398714617 (distribuigdo positivamente assimétrica - alongada a

direita)

Estatistica com distribuigdo de Frequéncias
Numero de classe = 4

Valor inferior = 359°58°44,00000"

Valor superior = 359°59'22,00000"
Amplitude total = 0°00°38,00000"
Amplitude de classe = 0°00°09,50000"

Amostra 1 ordenada

Observagodes Residuos
359,9775 -0,0052
359,978055555556 -0,0046

359,9825 -0,0002



359,983888888889
359,986388888889
359,987777777778

0,0012
0,0037
0,0051

Sequéncia do calculo Shapiro-Wilk

X(n-i+1) x(i)
359,987777777778
359,986388888889
359,983888888889

Média = 359,9827
Variancia =0,0000

359,9775
359,978055555556
359,9825

a(n-i+1)*[x(n-i+1)-x()]
0,00660963888903179
0,0023383333332398
0,000121527777787499

D.Padrao =0,0042

b =0,0091

SQE =0,0001

W_calc =0,9195

W =0,7130
Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: nao é rejeitada.

As observagdes séo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

Amostra 2 ordenada

Observagoes Residuos
359,982222222222 -0,0015
359,982777777778 -0,0009
359,982777777778 -0,0009
359,982777777778 -0,0009
359,985555555556 0,0019
359,986111111111 0,0024
Sequéncia do célculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
359,986111111111 359,982222222222 0,00250094444451589
359,985555555556 359,982777777778 0,000779444444506802
359,982777777778 359,982777777778 0
Média = 359,9837
Variancia =0,0000
D.Padrao =0,0017
b =0,0033
SQE =0,0000
W _calc =0,7691
W =0,7130

Conclusdo do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: néo é rejeitada.

As observagdes sao provenientes de uma distribuicdo normal ao nivel de significancia de 1%.

Amostra 3 ordenada

Observagodes Residuos

359,978888888889 -0,0044

359,981111111111 -0,0022

359,981388888889 -0,0019

359,981666666667 -0,0016

359,987222222222 0,0039

359,989444444444 0,0062

Sequéncia do calculo Shapiro-Wilk

x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
359,989444444444 359,978888888889 0,00678827777742051
359,987222222222 359,981111111111 0,0017147777777466
359,981666666667 359,981388888889 2,43055555750004E-5

Média = 359,9833
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Variancia =0,0000
D.Padrao =0,0041
b =0,0085
SQE =0,0001
W _calc =0,8687
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: nao é rejeitada.
As observagdes sédo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Ndmero de elementos 6

Média = 359°58°57,7"

Var =0°00"00,06441"

Amostra2

Numero de elementos 6
Média = 359°59°01,3"
Var =0°00°00,01007"

Discrepancias

d1 :-0,000277777777999977
d2 :0,00166666666699999
d3 :0,00361111111100001
d4 :0,005

d5 :-0,00861111111099999
d6 :-0,00750000000000001
Média = -0°00°03,7"

D.Pad =0°00"20,68494"

ANALISE AMOSTRA1 X AMOSTRA2

Teste de hipotese

Hipotese -> HO: médias populacionais iguais
Hipotese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 0,4342

Probabilidade resultante = 65,9%

t Critico bi-caudal = 4,032

CONCLUSAO:

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra2 sao iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Ndmero de elementos 6

Média = 359°58°57,7"

Var =0°00"00,06441"

Amostra3

Numero de elementos 6
Média = 359°58°59,8"
Var =0°00"00,06027"

Discrepancias

d1 :0,000833333333000008
d2 :0,00277777777800001
d3 :-0,000833333333000008
d4 :-0,00166666666600002
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d5 :-0,00388888888899999
d6 :-0,000833333333000008
Média = -0°00°02,2"

D.Pad =0°00"08,13429"

ANALISE AMOSTRA1 X AMOSTRA3

Teste de hipotese

Hipétese -> HO: médias populacionais iguais
Hipdtese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 0,6525

Probabilidade resultante = 72,9%

t_Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra3 s&o iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra2

Numero de elementos 6

Média = 359°59°01,3"

Var =0°00"00,01007"

Amostra3

Numero de elementos 6
Média = 359°58°59,8"
Var =0°00"00,06027"

Discrepancias

d1 :0,00111111111099998
d2 :0,00111111111100001
d3 :-0,00444444444400002
d4 :-0,00666666666600002
d5 :0,004722222222

d6 :0,006666666667
Média = 0°00°01,5"

D.Pad =0°00"18,52296"

ANALISE AMOSTRA2 X AMOSTRA3

Teste de hipotese

Hipdtese -> HO: médias populacionais iguais
Hipétese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 0,1984

Probabilidade resultante = 57,5%

t Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostra2 e Amostra3 s&o iguais ao nivel de significancia de 1%

RESUMO DA ANALISE PELO TESTE T

GRUPOS Estatistica t t-critico CONCLUSAO
AMOSTRA1 X AMOSTRAZ2 0,4342 4,032 Nao diferem
AMOSTRA1 X AMOSTRA3 0,6525 4,032 Nao diferem

AMOSTRA2 X AMOSTRA3 0,1984 4,032 Nao diferem




PILAR 2 (Article 2)

Amostra1 = prisma 360°
Amostra2 = prisma circular
Amostra3 = folha refletiva

ESTATISTICA DESCRITIVA

Amostra1

Ndmero de elementos =6

Média aritmética =179°59°26,3"

Variancia amostral = 0°00°00,01741" unid.*2
Desvio padrao amostral = 0°00°07,91623"

Coef. de variacao =1,22170360570419E-5
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Momento de assimetria = 0,270265066788952 (distribuicdo positivamente assimétrica - alongada a

direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =179°59°18,00000"

Valor superior = 179°59°38,00000"
Amplitude total = 0°00°20,00000"
Amplitude de classe = 0°00°05,00000"

Amostra2

Numero de elementos =6

Média aritmética =179°59'35,2"

Variancia amostral = 0°00°00,00305" unid.*2
Desvio padrdo amostral = 0°00°03,31160"

Coef. de variagao = 5,11068318454951E-6

Momento de assimetria = 0,677161643649897 (distribuigcdo positivamente assimétrica - alongada a

direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior = 179°59°32,00000"

Valor superior = 179°59'41,00000"
Amplitude total = 0°00°09,00000"
Amplitude de classe = 0°00°02,25000"

Amostra3

Numero de elementos =6

Média aritmética =179°59°33,2"

Variancia amostral = 0°00°00,02638" unid.*2
Desvio padrao amostral = 0°00°09,74508"

Coef. de variagao =1,50393330032874E-5

Momento de assimetria = -0,306234703881555 (distribuicao negativamente assimétrica - alongada a

esquerda)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =179°59°19,00000"

Valor superior = 179°59°42,00000"
Amplitude total = 0°00°23,00000"
Amplitude de classe = 0°00°05,75000"

Amostra 1 ordenada

Observagdes Residuos
179,988333333333 -0,0023
179,988888888889 -0,0018

179,989166666667 -0,0015



179,991388888889 0,0007
179,992222222222 0,0016
179,993888888889 0,0032
Sequéncia do calculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
179,993888888889 179,988333333333 0,0035727777780636
179,992222222222 179,988888888889 0,000935333333239799
179,991388888889 179,989166666667 0,000194444444425
Média = 179,9906
Variancia = 0,0000
D.Padrao = 0,0022

b =0,0047

SQE =0,0000

W_calc =0,9147

W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: nao é rejeitada.

As observagdes séo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

Amostra 2 ordenada

Observagoes Residuos
179,992222222222 -0,0009
179,9925 -0,0006
179,9925 -0,0006
179,993333333333 0,0002
179,993333333333 0,0002
179,994722222222 0,0016
Sequéncia do célculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
179,994722222222 179,992222222222 0,00160775
179,993333333333 179,9925 0,000233833333239802
179,993333333333 179,9925 7,29166666375007E-5
Média =179,9931
Variancia =0,0000
D.Padrao =0,0009
b =0,0019
SQE =0,0000
W _calc =0,8663
W =0,7130

Conclusdo do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: néo é rejeitada.

As observagdes sao provenientes de uma distribuicdo normal ao nivel de significancia de 1%.

Amostra 3 ordenada

Observagodes Residuos

179,988611111111 -0,0039

179,990277777778 -0,0023

179,991944444444 -0,0006

179,994444444444 0,0019

179,995 0,0025

179,995 0,0025

Sequéncia do calculo Shapiro-Wilk

x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
179,995 179,988611111111 0,0041086944445159
179,995 179,990277777778 0,0013250555554932
179,994444444444 179,991944444444 0,00021875

Média =179,9925
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Variancia =0,0000

D.Padrao =0,0027
b =0,0057
SQE =0,0000
W _calc =0,8721
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: nao é rejeitada.
As observagdes sédo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Ndmero de elementos 6

Média = 179°59°26,3"

Var =0°00"00,01741"

Amostra2

Numero de elementos 6
Média = 179°59°35,2"
Var =0°00°00,00305"

Discrepancias

d1 :-0,005

d2 :-0,00555555555500001
d3 :-0,000277777777999991
d4 :0,001388888889

d5 :-0,003333333333

d6 :-0,00194444444400001
Média = -0°00°08,8"

D.Pad =0°00"09,74508"

ANALISE AMOSTRA1 X AMOSTRA2

Teste de hipotese

Hipotese -> HO: médias populacionais iguais
Hipotese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 2,2203

Probabilidade resultante = 96,1%

t Critico bi-caudal = 4,032

CONCLUSAO:

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra2 sao iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Ndmero de elementos 6

Média = 179°59°26,3"

Var =0°00"00,01741"

Amostra3

Numero de elementos 6
Média = 179°59°33,2"
Var =0°00"00,02638"

Discrepancias

d1 :-0,006666666667

d2 :-0,005833333333

d3 :0,000277777778000005
d4 :-0,000555555555000004



d5 :0,000277777778000005
d6 :0,001111111111

Média = -0°00°06,8"

D.Pad =0°00"12,31936"

ANALISE AMOSTRA1 X AMOSTRA3

Teste de hipotese

Hipétese -> HO: médias populacionais iguais
Hipdtese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 1,3587

Probabilidade resultante = 88,4%

t_Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra3 s&o iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra2

Numero de elementos 6

Média = 179°59°35,2"

Var =0°00"00,00305"

Amostra3

Numero de elementos 6
Média = 179°59°33,2"
Var =0°00"00,02638"

Discrepancias

d1 :-0,00166666666699999
d2 :-0,000277777777999991
d3 :0,000555555555999995
d4 :-0,00194444444400001
d5 :0,003611111111

d6 :0,00305555555500001

Média = 0°00°02,0"

D.Pad =0°00"08,43801"

ANALISE AMOSTRA2 X AMOSTRA3

Teste de hipotese

Hipdtese -> HO: médias populacionais iguais
Hipétese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 0,5806

Probabilidade resultante = 70,7%

t Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostra2 e Amostra3 s&o iguais ao nivel de significancia de 1%

RESUMO DA ANALISE PELO TESTE T

GRUPOS Estatistica t t-critico CONCLUSAO
AMOSTRA1 X AMOSTRAZ2 2,2203 4,032 Nao diferem
AMOSTRA1 X AMOSTRA3 1,3587 4,032 Nao diferem

AMOSTRA2 X AMOSTRA3 0,5806 4,032 Nao diferem
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PILAR 3 (Article 2)

Amostra1 = prisma 360°
Amostra2 = prisma circular
Amostra3 = folha refletiva

ESTATISTICA DESCRITIVA

Amostra1

Ndmero de elementos =6

Média aritmética =179°59°36,5"

Variancia amostral = 0°00°00,07997" unid.*2
Desvio padréo amostral = 0°00°16,96762"

Coef. de variacao = 2,61855425542558E-5

Momento de assimetria = 0,55486446753185 (distribuigdo positivamente assimétrica - alongada a
direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =179°59°22,00000"

Valor superior = 180°00°02,00000"
Amplitude total = 0°00°40,00000"
Amplitude de classe = 0°00°10,00000"

Amostra2

Numero de elementos =6

Média aritmética =179°59°36,7"

Variancia amostral = 0°00°00,00019" unid.*2
Desvio padrdo amostral = 0°00°00,81650"

Coef. de variagao =1,26007096178503E-6

Momento de assimetria = 0,476289671946513 (distribuigcdo positivamente assimétrica - alongada a
direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =179°59°36,00000"

Valor superior = 179°59°38,00000"
Amplitude total = 0°00°02,00000"
Amplitude de classe = 0°00°00,50000"

Amostra3

Numero de elementos =6

Média aritmética =179°59°31,8"

Variancia amostral = 0°00°00,01082" unid.*2
Desvio padréo amostral = 0°00°06,24233"

Coef. de variagao =9,63364193291136E-6

Momento de assimetria = 0,411416491095784 (distribuigdo positivamente assimétrica - alongada a
direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =179°59°25,00000"

Valor superior = 179°59°41,00000"
Amplitude total = 0°00°16,00000"
Amplitude de classe = 0°00°04,00000"

Amostra 1 ordenada

Observagdes Residuos
179,989444444444 -0,0040
179,990555555556 -0,0029

179,990833333333 -0,0026



179,991111111111 -0,0024
179,998333333333 0,0049
180,000555555556 0,0071
Sequéncia do calculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
180,000555555556 179,989444444444 0,0071455555561272
179,998333333333 179,990555555556 0,0021824444442262
179,991111111111 179,990833333333 2,43055555750004E-5
Média =179,9935
Variancia =0,0000
D.Padrao =0,0047

b =0,0094

SQE =0,0001

W_calc =0,7875

W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipotese HO: n&o é rejeitada.

As observagdes séo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

Amostra 2 ordenada

Observagoes Residuos
179,993333333333 -0,0002
179,993333333333 -0,0002
179,993333333333 -0,0002
179,993611111111 0,0001
179,993611111111 0,0001
179,993888888889 0,0004
Sequéncia do célculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
179,993888888889 179,993333333333 0,000357277778063597
179,993611111111 179,993333333333 7,79444445068013E-5
179,993611111111 179,993333333333 2,43055555750004E-5
Média =179,9935
Variancia =0,0000
D.Padrao =0,0002
b =0,0005
SQE =0,0000
W_calc =0,8210
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: néo é rejeitada.

As observagdes sao provenientes de uma distribuicdo normal ao nivel de significancia de 1%.

Amostra 3 ordenada

Observagodes Residuos

179,990277777778 -0,0019

179,991111111111 -0,0011

179,991388888889 -0,0008

179,991666666667 -0,0005

179,993888888889 0,0017

179,994722222222 0,0025

Sequéncia do calculo Shapiro-Wilk

x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
179,994722222222 179,990277777778 0,00285822222193641
179,993888888889 179,991111111111 0,000779444444506798
179,991666666667 179,991388888889 2,43055555750004E-5

Média =179,9922
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Variancia =0,0000
D.Padrao =0,0017
b =0,0037
SQE =0,0000
W_calc =0,8920
W =0,7130
Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: nao é rejeitada.
As observagdes sédo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Numero de elementos 6

Média = 179°59°36,5"

Var =0°00"00,07997"

Amostra2

Ndmero de elementos 6
Média = 179°59°36,7"
Var =0°00"00,00019"

Discrepancias

d1 :0,005

d2 :0,00694444444499999
d3 :-0,0025

d4 :-0,0025

d5 :-0,003333333333

d6 :-0,00388888888900001
Média = -0°00°00,2"

D.Pad =0°00"17,03428"

ANALISE AMOSTRA1 X AMOSTRA2

Teste de hipotese

Hipotese -> HO: médias populacionais iguais
Hipotese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 0,0240

Probabilidade resultante = 50,9%

t Critico bi-caudal = 4,032

CONCLUSAO:

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra2 sao iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Numero de elementos 6

Média = 179°59°36,5"

Var =0°00"00,07997"

Amostra3

Numero de elementos 6
Média = 179°59°31,8"
Var =0°00"00,01082"

Discrepancias

d1 :0,003611111111

d2 :0,006666666667

d3 :0

d4 :-0,000555555555999995



d5 :-0,001111111111

d6 :-0,000833333334
Média = 0°00°04,7"
D.Pad =0°00"11,34313"

ANALISE AMOSTRA1 X AMOSTRA3

Teste de hipotese

Hipétese -> HO: médias populacionais iguais
Hipdtese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 1,0077

Probabilidade resultante = 82,0%

t_Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra3 s&o iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra2

Numero de elementos 6

Média = 179°59°36,7"

Var =0°00"00,00019"

Amostra3

Ndmero de elementos 6
Média = 179°59°31,8"
Var =0°0000,01082"

Discrepancias

d1 :-0,001388888889

d2 :-0,000277777777999991
d3 :0,0025

d4 :0,00194444444400001
d5 :0,002222222222

d6 :0,00305555555500001
Média = 0°00°04,8"

D.Pad =0°00"06,33772"

ANALISE AMOSTRA2 X AMOSTRA3

Teste de hipotese

Hipdtese -> HO: médias populacionais iguais
Hipétese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 1,8681

Probabilidade resultante = 94,0%

t Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostra2 e Amostra3 s&o iguais ao nivel de significancia de 1%

RESUMO DA ANALISE PELO TESTE T

GRUPOS Estatistica t t-critico CONCLUSAO
AMOSTRA1 X AMOSTRAZ2 0,0240 4,032 Nao diferem
AMOSTRA1 X AMOSTRA3 1,0077 4,032 Nao diferem

AMOSTRA2 X AMOSTRA3 1,8681 4,032 Nao diferem




PILAR 4 (Article 2)

Amostra1 = prisma 360°
Amostra2 = prisma circular
Amostra3 = folha refletiva

ESTATISTICA DESCRITIVA

Amostra1

Ndmero de elementos =6

Média aritmética =180°01"11,3"

Variancia amostral = 0°00°00,00874" unid.*2
Desvio padrao amostral = 0°00°05,60952"

Coef. de variacao = 8,65570722891402E-6
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Momento de assimetria = -0,537785059493621 (distribuicdo negativamente assimétrica - alongada a

esquerda)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =180°01"02,00000"

Valor superior =180°01"17,00000"
Amplitude total = 0°00°15,00000"
Amplitude de classe = 0°00°03,75000"

Amostra2

Numero de elementos =6

Média aritmética =180°01"12,2"

Variancia amostral = 0°00°00,00071" unid.*2
Desvio padrdo amostral = 0°00°01,60208"

Coef. de variagao = 2,47207342398553E-6

Momento de assimetria = 0,0225175968495795 (distribuicdo positivamente assimétrica - alongada a

direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =180°01°10,00000"

Valor superior = 180°01"14,00000"
Amplitude total = 0°00°04,00000"
Amplitude de classe = 0°00°01,00000"

Amostra3

Numero de elementos =6

Média aritmética =180°01°09,3"

Variancia amostral = 0°00°00,01207" unid.*2
Desvio padrdao amostral = 0°00°06,59293"

Coef. de variagao =1,01731792605431E-5

Momento de assimetria = 0,035153667177386 (distribuigdo positivamente assimétrica - alongada a

direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =180°01°00,00000"

Valor superior =180°01"17,00000"
Amplitude total = 0°00°17,00000"
Amplitude de classe = 0°00°04,25000"

Amostra 1 ordenada

Observagdes Residuos
180,017222222222 -0,0026
180,018888888889 -0,0009

180,019722222222 -0,0001



180,020833333333 0,0010
180,020833333333 0,0010
180,021388888889 0,0016
Sequéncia do calculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
180,021388888889 180,017222222222 0,0026795833335477
180,020833333333 180,018888888889 0,000545611110986398
180,020833333333 180,019722222222 9,72222222124999E-5
Média = 180,0198
Variancia = 0,0000
D.Padrao =0,0016

b =0,0033

SQE =0,0000

W_calc =0,9093

W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipotese HO: n&o é rejeitada.

As observagdes séo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

Amostra 2 ordenada

Observagoes Residuos
180,019444444444 -0,0006
180,019722222222 -0,0003
180,02 0,0000
180,02 0,0000
180,020555555556 0,0005
180,020555555556 0,0005
Sequéncia do célculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
180,020555555556 180,019444444444 0,000714555556127203
180,020555555556 180,019722222222 0,0002338333335204
180,02 180,02 0
Média = 180,0200
Variancia =0,0000
D.Padrao = 0,0004
b =0,0009
SQE =0,0000
W _calc =0,9083
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: néo é rejeitada.

As observagdes sao provenientes de uma distribuicdo normal ao nivel de significancia de 1%.

Amostra 3 ordenada

Observagodes Residuos

180,016666666667 -0,0026

180,018611111111 -0,0006

180,018611111111 -0,0006

180,018888888889 -0,0004

180,021388888889 0,0021

180,021388888889 0,0021

Sequéncia do calculo Shapiro-Wilk

x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
180,021388888889 180,016666666667 0,0030368611109682
180,021388888889 180,018611111111 0,000779444444506798
180,018888888889 180,018611111111 2,43055555750004E-5

Média =180,0193
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Variancia =0,0000

D.Padrao =0,0018
b =0,0038
SQE =0,0000
W_calc =0,8796
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: nao é rejeitada.
As observagdes sédo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Ndmero de elementos 6

Média = 180°01°11,3"

Var =0°00"00,00874"

Amostra2

Ndmero de elementos 6
Média = 180°01°12,2"
Var =0°00"00,00071"

Discrepancias

d1 :-0,000277777778000005
d2 :0,001388888889

d3 :-0,0025

d4 :-0,00166666666699999
d5 :0,000277777776999999
d6 :0,00138888888899999

Média = -0°00°00,8"

D.Pad =0°00°05,74166"

ANALISE AMOSTRA1 X AMOSTRA2

Teste de hipotese

Hipotese -> HO: médias populacionais iguais
Hipotese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 0,3555

Probabilidade resultante = 63,2%

t Critico bi-caudal = 4,032

CONCLUSAO:

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra2 sao iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Ndmero de elementos 6

Média = 180°01°11,3"

Var =0°0000,00874"

Amostra3

Numero de elementos 6
Média = 180°01°09,3"
Var =0°0000,01207"

Discrepancias

d1 :0,001111111111

d2 :0,00194444444399999
d3 :0,000555555555000004
d4 :0,000277777778000005



d5 :-0,000555555555999995
dé :0

Média = 0°00°02,0"

D.Pad =0°00"03,16228"

ANALISE AMOSTRA1 X AMOSTRA3

Teste de hipotese

Hipétese -> HO: médias populacionais iguais
Hipdtese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 1,5492

Probabilidade resultante = 90,9%

t_Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra3 s&o iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra2

Numero de elementos 6

Média = 180°01°12,2"

Var =0°00"00,00071"

Amostra3

Numero de elementos 6
Média = 180°01°09,3"
Var =0°00"00,01207"

Discrepancias

d1 :0,001388888889

d2 :0,00055555555499999
d3 :0,00305555555500001
d4 :0,001944444445

d5 :-0,000833333332999994
d6 :-0,00138888888899999
Média = 0°00°02,8"

D.Pad =0°00"06,08002"

ANALISE AMOSTRA2 X AMOSTRA3

Teste de hipotese

Hipdtese -> HO: médias populacionais iguais
Hipétese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 1,1415

Probabilidade resultante = 84,7%

t Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostra2 e Amostra3 s&o iguais ao nivel de significancia de 1%

RESUMO DA ANALISE PELO TESTE T

GRUPOS Estatistica t t-critico CONCLUSAO
AMOSTRA1 X AMOSTRAZ2 0,3555 4,032 Nao diferem
AMOSTRA1 X AMOSTRA3 1,5492 4,032 Nao diferem

AMOSTRA2 X AMOSTRA3 1,1415 4,032 Nao diferem




PILAR 5 (Article 2)

Amostra1 = prisma 360°
Amostra2 = prisma circular
Amostra3 = folha refletiva

ESTATISTICA DESCRITIVA

Amostra1

Ndmero de elementos =6

Média aritmética =180°02°13,0"

Variancia amostral = 0°00°00,01711" unid.A2
Desvio padréo amostral = 0°00°07,84857"

Coef. de variacao =1,2109500285508E-5
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Momento de assimetria = -0,620512002640811 (distribuicdo negativamente assimétrica - alongada a

esquerda)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =180°02"00,00000"

Valor superior = 180°02°20,00000"
Amplitude total = 0°00°20,00000"
Amplitude de classe = 0°00°05,00000"

Amostra2

Numero de elementos =6

Média aritmética =180°02°19,2"

Variancia amostral = 0°00°00,00427" unid.*2
Desvio padrdo amostral = 0°00°03,92003"

Coef. de variagao = 6,04813628748536E-6

Momento de assimetria = 0,44422662158108 (distribuicdo positivamente assimétrica - alongada a

direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior = 180°02°15,00000"

Valor superior = 180°02°25,00000"
Amplitude total = 0°00°10,00000"
Amplitude de classe = 0°00°02,50000"

Amostra3

Numero de elementos =6

Média aritmética =180°02°12,0"

Variancia amostral = 0°00°00,01822" unid.*2
Desvio padrao amostral = 0°00°08,09938"

Coef. de variagao =1,24965017823961E-5

Momento de assimetria = -0,242791764404881 (distribuicdo negativamente assimétrica - alongada a

esquerda)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =180°02°01,00000"

Valor superior = 180°02°21,00000"
Amplitude total = 0°00°20,00000"
Amplitude de classe = 0°00°05,00000"

Amostra 1 ordenada

Observagdes Residuos
180,033333333333 -0,0036
180,035277777778 -0,0017

180,037777777778 0,0008



180,037777777778 0,0008
180,038611111111 0,0017
180,038888888889 0,0019
Sequéncia do calculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
180,038888888889 180,033333333333 0,0035727777780636
180,038611111111 180,035277777778 0,000935333333239803
180,037777777778 180,037777777778 0
Média = 180,0369
Variancia = 0,0000
D.Padrao = 0,0022
b =0,0045
SQE =0,0000
W_calc =0,8552
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipotese HO: n&o é rejeitada.

As observagdes séo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

Amostra 2 ordenada

Observagoes Residuos
180,0375 -0,0012
180,038055555556 -0,0006
180,038055555556 -0,0006
180,038333333333 -0,0003
180,039722222222 0,0011
180,040277777778 0,0016

Sequéncia do célculo Shapiro-Wilk

x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
180,040277777778 180,0375 0,0017863888890318
180,039722222222 180,038055555556 0,000467666666479601
180,038333333333 180,038055555556 2,43055554874999E-5

Média = 180,0387
Variancia =0,0000
D.Padrao =0,0011
b =0,0023
SQE =0,0000
W_calc =0,8756
W =0,7130
Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: néo é rejeitada.

As observagdes sao provenientes de uma distribuicdo normal ao nivel de significancia de 1%.

Amostra 3 ordenada

Observagodes Residuos

180,033611111111 -0,0031

180,034444444444 -0,0022

180,036388888889 -0,0003

180,038055555556 0,0014

180,038333333333 0,0017

180,039166666667 0,0025

Sequéncia do calculo Shapiro-Wilk

x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
180,039166666667 180,033611111111 0,0035727777780636
180,038333333333 180,034444444444 0,0010912222222534
180,038055555556 180,036388888889 0,000145833333362499

Média = 180,0367
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Variancia =0,0000
D.Padrao =0,0022
b =0,0048
SQE =0,0000
W _calc =0,9141
W =0,7130
Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: nao é rejeitada.
As observagdes sédo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Ndmero de elementos 6

Média = 180°02°13,0"

Var =0°00"00,01711"

Amostra2

Ndmero de elementos 6
Média = 180°02°19,2"
Var =0°00"00,00427"

Discrepancias

d1 :-0,000277777778000005
d2 :0,000277777777999991
d3 :-0,00472222222300001

d4 :-0,00305555555500001

d5 :-0,00166666666699999

d6 :-0,000833333333000008
Média = -0°00°06,2"

D.Pad =0°00°06,76511"

ANALISE AMOSTRA1 X AMOSTRA2

Teste de hipotese

Hipotese -> HO: médias populacionais iguais
Hipotese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 2,2328

Probabilidade resultante = 96,2%

t Critico bi-caudal = 4,032

CONCLUSAO:

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra2 sao iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Ndmero de elementos 6

Média = 180°02°13,0"

Var =0°00"00,01711"

Amostra3

Numero de elementos 6
Média = 180°02°12,0"
Var =0°0000,01822"

Discrepancias

d1 :0,00138888888899999
d2 :-0,000277777778000005
d3 :-0,000277777778000005
d4 :0,000833333334



d5 :0,000277777778000005
d6 :-0,000277777778000005
Média = 0°00°01,0"

D.Pad =0°00"02,52982"

ANALISE AMOSTRA1 X AMOSTRA3

Teste de hipotese

Hipétese -> HO: médias populacionais iguais
Hipdtese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 0,9682

Probabilidade resultante = 81,1%

t_Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra3 s&o iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra2

Numero de elementos 6

Média = 180°02°19,2"

Var =0°00"00,00427"

Amostra3

Ndmero de elementos 6
Média = 180°02°12,0"
Var =0°00"00,01822"

Discrepancias

d1 :0,00166666666699999
d2 :-0,000555555555999995
d3 :0,004444444445

d4 :0,00388888888900001
d5 :0,001944444445

d6 :0,000555555555000004
Média = 0°00°07,2"

D.Pad =0°00"06,88234"

ANALISE AMOSTRA2 X AMOSTRA3

Teste de hipotese

Hipdtese -> HO: médias populacionais iguais
Hipétese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 2,5507

Probabilidade resultante = 97,4%

t Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostra2 e Amostra3 s&o iguais ao nivel de significancia de 1%

RESUMO DA ANALISE PELO TESTE T

GRUPOS Estatistica t t-critico CONCLUSAO
AMOSTRA1 X AMOSTRAZ2 2,2328 4,032 Nao diferem
AMOSTRA1 X AMOSTRA3 0,9682 4,032 Nao diferem

AMOSTRA2 X AMOSTRA3 2,5507 4,032 Nao diferem




PILAR 6 (Article 2)

Amostra1 = prisma 360°
Amostra2 = prisma circular
Amostra3 = folha refletiva

ESTATISTICA DESCRITIVA

Amostra1

Ndmero de elementos =6

Média aritmética =179°59°46,2"

Variancia amostral = 0°00°00,00260" unid.*2
Desvio padrao amostral = 0°00°03,06050"

Coef. de variacao =4,72309627162881E-6
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Momento de assimetria = 0,392764494932728 (distribui¢gdo positivamente assimétrica - alongada a

direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =179°59°43,00000"

Valor superior = 179°59°51,00000"
Amplitude total = 0°00°08,00000"
Amplitude de classe = 0°00°02,00000"

Amostra2

Numero de elementos =6

Média aritmética =179°59'56,5"

Variancia amostral = 0°00°00,00775" unid.A2
Desvio padrdo amostral = 0°00°05,28205"

Coef. de variagao = 8,15134813027873E-6

Momento de assimetria = -0,166249282902712 (distribuicdo negativamente assimétrica - alongada a

esquerda)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =179°59°49,00000"

Valor superior = 180°00°03,00000"
Amplitude total = 0°00°14,00000"
Amplitude de classe = 0°00°03,50000"

Amostra3

Numero de elementos =6

Média aritmética =179°59°47,8"

Variancia amostral = 0°00°00,00494" unid.A2
Desvio padrao amostral = 0°00°04,21505"

Coef. de variagao = 6,5048326151358E-6

Momento de assimetria = -0,42409332068345 (distribuicdo negativamente assimétrica - alongada a

esquerda)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior =179°59°41,00000"

Valor superior = 179°59°53,00000"
Amplitude total = 0°00°12,00000"
Amplitude de classe = 0°00°03,00000"

Amostra 1 ordenada

Observagdes Residuos
179,995277777778 -0,0009
179,995555555556 -0,0006

179,995555555556 -0,0006



179,996388888889 0,0002
179,996666666667 0,0005
179,9975 0,0013
Sequéncia do calculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
179,9975 179,995277777778 0,0014291111109682
179,996666666667 179,995555555556 0,0003117777777466
179,996388888889 179,995555555556 7,29166666374995E-5
Média =179,9962
Variancia = 0,0000
D.Padrao = 0,0009
b =0,0018
SQE =0,0000
W_calc =0,9104
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipotese HO: n&o é rejeitada.

As observagdes séo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

Amostra 2 ordenada

Observagoes Residuos
179,996944444444 -0,0021
179,997777777778 -0,0012
179,999166666667 0,0001
179,999166666667 0,0001
180,000277777778 0,0013
180,000833333333 0,0018
Sequéncia do célculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
180,000833333333 179,996944444444 0,00250094444451589
180,000277777778 179,997777777778 0,000701500000000001
179,999166666667 179,999166666667 0
Média =179,9990
Variancia =0,0000
D.Padrao =0,0015
b =0,0032
SQE =0,0000
W_calc =0,9528
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: néo é rejeitada.

As observagdes sao provenientes de uma distribuicdo normal ao nivel de significancia de 1%.

Amostra 3 ordenada

Observagodes Residuos

179,994722222222 -0,0019

179,995833333333 -0,0008

179,996944444444 0,0003

179,996944444444 0,0003

179,997222222222 0,0006

179,998055555556 0,0014

Sequéncia do calculo Shapiro-Wilk

x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
179,998055555556 179,994722222222 0,00214366666709539
179,997222222222 179,995833333333 0,000389722222253397
179,996944444444 179,996944444444 0

Média =179,9966
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Variancia =0,0000

D.Padrao =0,0012
b =0,0025
SQE =0,0000
W _calc =0,9363
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: nao é rejeitada.
As observagdes sédo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Numero de elementos 6

Média = 179°59°46,2"

Var =0°00"00,00260"

Amostra2

Ndmero de elementos 6
Média = 179°59°56,5"
Var =0°0000,00775"

Discrepancias

d1 :-0,004722222222

d2 :-0,00527777777699999

d3 :-0,001388888889

d4 :-0,00166666666700001

d5 :-0,000277777776999999
d6 :-0,00388888888900001

Média = -0°00"10,3"

D.Pad =0°00°07,31209"

ANALISE AMOSTRA1 X AMOSTRA2

Teste de hipotese

Hipotese -> HO: médias populacionais iguais
Hipotese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 3,4616

Probabilidade resultante = 99,1%

t Critico bi-caudal = 4,032

CONCLUSAO:

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra2 sao iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Numero de elementos 6

Média = 179°59°46,2"

Var =0°00"00,00260"

Amostra3

Numero de elementos 6
Média = 179°59°47,8"
Var =0°00"00,00494"

Discrepancias

d1 :-0,00249999999999999
d2 :-0,000277777776999999
d3 :-0,000555555555000004
d4 :0,000277777778000005
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d5 :-0,000277777776999999
d6 :0,000555555555999995
Média = -0°00°01,7"

D.Pad =0°00"03,88158"

ANALISE AMOSTRA1 X AMOSTRA3

Teste de hipotese

Hipétese -> HO: médias populacionais iguais
Hipdtese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 1,0518

Probabilidade resultante = 82,9%

t_Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra3 s&o iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra2

Numero de elementos 6

Média = 179°59°56,5"

Var =0°00"00,00775"

Amostra3

Numero de elementos 6
Média = 179°59°47,8"
Var =0°00"00,00494"

Discrepancias

d1 :0,00222222222200001
d2 :0,00499999999999999
d3 :0,000833333334

d4 :0,00194444444500001
d5 :0

d6 :0,004444444445
Média = 0°00°08,7"

D.Pad =0°00"07,08990"

ANALISE AMOSTRA2 X AMOSTRA3

Teste de hipotese

Hipdtese -> HO: médias populacionais iguais
Hipétese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 2,9942

Probabilidade resultante = 98,5%

t Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostra2 e Amostra3 s&o iguais ao nivel de significancia de 1%

RESUMO DA ANALISE PELO TESTE T

GRUPOS Estatistica t t-critico CONCLUSAO
AMOSTRA1 X AMOSTRAZ2 3,4616 4,032 Nao diferem
AMOSTRA1 X AMOSTRA3 1,0518 4,032 Nao diferem

AMOSTRA2 X AMOSTRA3 2,9942 4,032 Nao diferem




PILAR 7 (Article 2)

Amostra1 = prisma 360°
Amostra2 = prisma circular
Amostra3 = folha refletiva

ESTATISTICA DESCRITIVA

Amostra1

Ndmero de elementos =6

Média aritmética = 359°58°36,0"

Variancia amostral = 0°00°00,00433" unid.*2
Desvio padrao amostral = 0°00°03,94968"

Coef. de variacao = 3,04779285936758E-6
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Momento de assimetria = -0,5680429143319 (distribuicdo negativamente assimétrica - alongada a

esquerda)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior = 359°58°30,00000"

Valor superior = 359°58°39,00000"
Amplitude total = 0°00°09,00000"
Amplitude de classe = 0°00°02,25000"

Amostra2

Numero de elementos =6

Média aritmética = 359°58'32,7"

Variancia amostral = 0°00°00,00152" unid.*2
Desvio padrdo amostral = 0°00°02,33809"

Coef. de variagao =1,80420366978651E-6

Momento de assimetria = -0,136191562866063 (distribuicdo negativamente assimétrica - alongada a

esquerda)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior = 359°58°30,00000"

Valor superior = 359°58'35,00000"
Amplitude total = 0°00°05,00000"
Amplitude de classe = 0°00°01,25000"

Amostra3

Numero de elementos =6

Média aritmética = 359°58'32,8"

Variancia amostral = 0°00°00,00582" unid.*2
Desvio padrdao amostral = 0°00°04,57894"

Coef. de variagao = 3,53336826988055E-6

Momento de assimetria = 0,370543772462618 (distribuigdo positivamente assimétrica - alongada a

direita)

Estatistica com distribuicdo de Frequéncias
Numero de classe = 4

Valor inferior = 359°58°28,00000"

Valor superior = 359°58°39,00000"
Amplitude total = 0°00°11,00000"
Amplitude de classe = 0°00°02,75000"

Amostra 1 ordenada

Observagdes Residuos
359,975 -0,0017
359,975555555556 -0,0011

359,977222222222 0,0006



359,977222222222 0,0006
359,9775 0,0008
359,9775 0,0008
Sequéncia do calculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
359,9775 359,975 0,00160775
359,9775 359,975555555556 0,000545611110986406
359,977222222222 359,977222222222 0
Média = 359,9767
Variancia = 0,0000
D.Padrao =0,0011
b =0,0022
SQE =0,0000
W_calc =0,7704
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipotese HO: n&o é rejeitada.

As observagdes séo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

Amostra 2 ordenada

Observagoes Residuos
359,975 -0,0007
359,975 -0,0007
359,975555555556 -0,0002
359,976111111111 0,0004
359,976388888889 0,0006
359,976388888889 0,0006
Sequéncia do célculo Shapiro-Wilk
x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
359,976388888889 359,975 0,000893194444515893
359,976388888889 359,975 0,000389722222253397
359,976111111111 359,975555555556 4,86111110625003E-5
Média = 359,9757
Variancia =0,0000
D.Padrao = 0,0006
b =0,0013
SQE =0,0000
W _calc =0,8406
W =0,7130

Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: néo é rejeitada.

As observagdes sao provenientes de uma distribuicdo normal ao nivel de significancia de 1%.

Amostra 3 ordenada

Observagodes Residuos

359,974444444444 -0,0013

359,975 -0,0008

359,975 -0,0008

359,975555555556 -0,0002

359,977222222222 0,0014

359,9775 0,0017

Sequéncia do calculo Shapiro-Wilk

x(n-i+1) x(i) a(n-i+1)*[x(n-i+1)-x(i))]
359,9775 359,974444444444 0,00196502777806361
359,977222222222 0,000623555555493199
359,975555555556 4,86111111499984E-5

Média = 359,9758
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Variancia =0,0000
D.Padrao =0,0013
b =0,0026
SQE =0,0000
W _calc =0,8598
W =0,7130
Concluséao do teste de normalidade de Shapiro-Wilk.
Hipdtese HO: nao é rejeitada.
As observagdes sédo provenientes de uma distribuigdo normal ao nivel de significancia de 1%.

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Numero de elementos 6

Média = 359°58°36,0"

Var =0°00"00,00433"

Amostra2

Ndmero de elementos 6
Média = 359°58°32,7"
Var =0°0000,00152"

Discrepancias

d1 :0,000833333333000008
d2 :0,00138888888900002
d3 :0,0025

d4 :0,002222222222

d5 :-0,000555555555999981
d6 :-0,000833333333000008
Média = 0°00°03,3"

D.Pad =0°00°05,00666"

ANALISE AMOSTRA1 X AMOSTRA2

Teste de hipotese

Hipotese -> HO: médias populacionais iguais
Hipotese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 1,6308

Probabilidade resultante = 91,8%

t Critico bi-caudal = 4,032

CONCLUSAO:

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra2 sao iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra1

Numero de elementos 6

Média = 359°58°36,0"

Var =0°00"00,00433"

Amostra3

Numero de elementos 6
Média = 359°58°32,8"
Var =0°00"00,00582"

Discrepancias

d1 :0,002222222222

d2 :0,00305555555600001
d3 :0

d4 :0
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d5 :0

dé :0

Média = 0°00°03,2"
D.Pad =0°00"04,99667"

ANALISE AMOSTRA1 X AMOSTRA3

Teste de hipotese

Hipétese -> HO: médias populacionais iguais
Hipdtese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 1,5524

Probabilidade resultante = 90,9%

t_Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostral e Amostra3 s&o iguais ao nivel de significancia de 1%

TESTE T: ANALISE DE MéDIAS DE AMOSTRAS EM PAR
Amostra2

Numero de elementos 6

Média = 359°58°32,7"

Var =0°00"00,00152"

Amostra3

Numero de elementos 6
Média = 359°58°32,8"
Var =0°00"00,00582"

Discrepancias

d1 :0,00138888888899999
d2 :0,00166666666699999
d3 :-0,0025

d4 :-0,002222222222

d5 :0,000555555555999981
d6 :0,000833333333000008
Média = -0°00°00,2"

D.Pad =0°00"06,61564"

ANALISE AMOSTRA2 X AMOSTRA3

Teste de hipotese

Hipdtese -> HO: médias populacionais iguais
Hipétese -> H1: médias populacionais diferentes
Nivel de significancia do teste = 1%

Graus de Liberdade =5

Estatistica do teste t = 0,0617

Probabilidade resultante = 52,3%

t Critico bi-caudal = 4,032

CONCLUSAO :

Teste bi-caudal: t<=t_critico, entéo

as médias das amostras: Amostra2 e Amostra3 s&o iguais ao nivel de significancia de 1%

RESUMO DA ANALISE PELO TESTE T

GRUPOS Estatistica t t-critico CONCLUSAO
AMOSTRA1 X AMOSTRAZ2 1,6308 4,032 Nao diferem
AMOSTRA1 X AMOSTRA3 1,5524 4,032 Nao diferem

AMOSTRA2 X AMOSTRA3 0,0617 4,032 Nao diferem
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APPENDIX D - AstGeoTop TRAVERSES
COMPUTATIONS REPORTS



REPORTS FOR TRAVERSE COMPUTATIONS - 360° PRISM (Article 2)

AstGeoTop - Lev.Planimétrico©Versao 2012.11.11
AJUSTAMENTO PELO METODO TRADICIONAL

DADOS CLASSIFICATORIOS DA POLIGONAL NBR 13.133(94)
Classe de Poligonal :Poligonal definida pelo usuario

Gonidmetro - Classe 3: preciséo alta

Precisdo Angular : 05 "

MED - Classe 3: precisao alta

Precisao Linear : (2mm + 2ppm x D)

PLANILHA  TOPOGRAFICA DE CALCULO ANALITICO

99

Est. |P.vis. | Angulo | Disténcia |Ang.Compens. | Azimute |coordenadas Parciais  |Coord. Parciais Comp. Coord. Totais

| | | | | [ | Y I x | Y X | Y
P1 |p3 | 359°58°57,7"| 12,739| 359°59°@0,7"| ©°00 00,08"| 09,0000 | 12,7390| 90,0000 | 12,7389| 1eee,0000 | 1000, 0000
P3 |pa | 179°59736,5"| 33,125| 179°59739,5"| 359°59739,5"| -0,0033| 33,1250| -0,0032| 33,1249| 1000,0000 | 1012,7389
P4 |p7 | 18e°e1711,3"| 121,629| 18e°e1°11,7"| @°@e 51,2"| 0,0302|  121,6290| 9,0305|  121,6285| 999,9968 | 1045,8638
P7 |P6 | 3599587 36,0"| 32,258| 359°58736,9"| 179°59728,1"| 0,0050|  -32,2580| 9,0051| -32,2581| 1000,0273 | 1167,4923
P6 |ps | 179°59746,2" | 39,480| 179°59748,7"| 179°59 16,7"| 0,0083| 39,4800 0,0084| -39,4802| 1000,0324 | 1135,2342
PS5 |p2 | 180°02713,0"| 87,453| 180°02 14,4"| 180°01 31,1"| -0,0386| -87,4530| -0,0384| -87,4534| 1000,0408 | 1095,7540
P2 |P1 | 179°59726,3"| 8,301| 179°59728,2"| 180°@0 59,3"| -0,0024| -8,3006| -0,0024| -8,3006| 1000,0024 | 1008, 3006

S.ang = 1620°00°00,0" Ex=-0,0009 Ey=0,0014 EX=0,0000 Ey=0,0000

Perimetro = 334,985 m
Area = 2,894 m2

Area = 0,0002894 ha
Area = 0,0001196 Alq.SP

VALORES MAXIMOS ACEITAVEIS APOS O AJUSTAMENTO

Tolerancia do fechamento angular = 0°00°39,7"
Erro médio maximo aceitavel em azimute = 0°00°15,0"

Tolerancia do erro de fechamento linear = 0,0579 m
Erro relativo linear maximo aceitavel = 1/5787,7854
Erro médio relativo maximo aceitavel entre duas estagdes poligonais = 1/2362,8535

Erro médio maximo aceitavel em coordenadas (posi¢do) = 0,0236 m

VALORES OBTIDOS APOS O AJUSTAMENTO

Erro de fechamento angular =-0°00"13,0"
Erro médio em azimute = 0°00°02,5"

Erro de fechamento linear = 0,0017 m

Erro relativo linear =1/202953,0757

Erro médio relativo entre duas estacdes poligonais
P1 P3 1/202952,2237

P3 P4 1/202952,2236

P4 P7 1/202952,2238

P7 P6 1/202953,9277

P6 P5 1/202953,9277

P5 P2 1/202953,9274

P2 P1 1/202953,9275

Erro médio em coordenadas (posigao) dos vértices = 0,0182 m

CONCLUSAO APOS O AJUSTAMENTO - POLIGONAL Poligonal definida pelo usuario
Fechamento angular : dentro da especificagédo

Erro médio em Azimute  : dentro da especificagao

Erro de fechamento linear : dentro da especificagao

Erro relativo linear : dentro da especificagédo

Erro relativo entre duas estagbes poligonais : dentro da especificagdo

Erro médio em posicao : dentro da especificagao



PLANILHA COM ELEMENTOS DA POLIGONAL AJUSTADOS
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Est. |P.vis. | Angulo | Distadncia | Azimute |

I I I I
P1 |P3 | 359°59701,8"| 12,739 | ©°00 00,0"|
P3 |Pa | 179°59739,5"| 33,125 | 359°59739,5"|
P4 |P7 | 18e°01711,7"| 121,628 | @°@@ 51,2"|
P7 |P6 | 359°58735,8"| 32,258 | 179°59°27,0"|
P6 |Ps | 179°59748,7"| 39,480 | 179°59715,7"|
P5 |P2 | 180°02714,4"| 87,453 | 180°01730,1"|
P2 |P1 | 179°59728,2"| 8,301 | 180°00753,2"|

Coord.

1000,0000
1000,0000

999,9967
1000,0269
1000,0321
1000,0405
1000,0023

Totais

lo00,0000
1012,7389
1045,8638
1167,4923
1135,2342
1095,7540
1008, 30006

Perimetro = 334,984 m
Area = 2,885 m2

Area = 0,0002885 ha
Area = 0,0001192 Alq.SP

AstGeoTop - Lev.Planimétrico©Versao 2012.11.11
AJUSTAMENTO PELO METODO DOS MINIMOS QUADRADOS
MODELO PARAMETRICO (Variagdo de Coordenadas)

DADOS CLASSIFICATORIOS DA POLIGONAL NBR 13.133(94)
Classe de Poligonal :Poligonal definida pelo usuario

Goniémetro - Classe 3: precisdo alta

Precisado Angular : 05 "

MED - Classe 3: precisao alta

Precisao Linear : (2mm + 2ppm x D)

VETOR DOS RESIDUOS DO AJUSTAMENTO (V=AX-L)

Est. |P.vis. | Angulo | Distancia |
P1 |P3 | 4,0285" | -0,0002 |
P3 |Pa | 3,9342" |  -e,0002 |
P4 |p7 | @,0711" | -0,0002 |
P7 |P6 | 0,2963" | 90,0002 |
P6 |P5 | 2,3547" | 90,0002 |
P5 |P2 | @,7853" | @,0002 |
P2 |P1 | 1,5299" | 90,0002 |

PARAMETROS AJUSTADOS Xa, Desvios-padrdo e Erro Posicional(1*sigma)

Est. | X(m) |sigmax(m) | Y(m) |sigmay(m)|P.Posicdo(m)
P1 | 1000,0000 | ©,0000 | 1000,0000 | @,0000 | 0,0000 |
P3 | 1000,0000 | ©,0000 | 1012,7388 | e,e025 | @,0025 |
P4 | 999,9969 | ©,0005 | 1045,8636 | ©0,0033 | ©0,0033 |
P7 | 1000,0274 | @,0024 | 1167,4924 | 0,0036 | 0,0044 |
P6 | 1000,0324 | @,0019 | 1135,2342 | 0,0036 | 0,0041 |
P5 | 1000,0407 | ©,0014 | 1€95,7540 | ©,0033 | ©0,0036 |
P2 | 1000,0023 | 0,0001 | 1008,3008 | 0,0025 | 0,0025 |
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OBSERVACOES AJUSTADAS La e Desvios-padrao (1*sigma)

Est. |P.vis. | Angulo |sigma Ang." |Distancia(m) |sig.Dist.(m)

Pl |P3 | 359°597@2,8"| 3,0232 | 12,739 | e,0025 |
P3 |P4 | 179°59746,7"| 3,2445 | 33,125 | ©,0025 |
pa |P7 | 180°01711,8"| @,5591 | 121,629 | e,0026 |
P7 |P6 | 359°58736,3"| 1,1253 | 32,258 | @,0025 |
P6 |Ps | 179°59748,6"| 1,7532 | 39,482 | ©,e025 |
P5 | P2 | 180°02713,9"| 1,7934 | 87,453 | o,0026 |
P2 |Pp1 | 179°59726,6™| 2,3458 | 8,301 | o,0025 |

CONTROLE DE QUALIDADE DO AJUSTAMENTO

Variancia da Unidade Peso Estimada a Posteriori = 1,884

et Teste de Hipotese Qui-quadrado  ***********

Estatistica do teste vTPV = 5,653

Percentil inferior da distribuicdo Qui-quadrado = 0,22

Percentil superior da distribuicdo Qui-quadrado = 9,35

Conclusao

Ao nivel de significancia de 5%:

NAO E REJEITADA a hipétese de que as observagdes ponderadas sejam provenientes
de uma distribuigdo normal

PLANILHA COM ELEMENTOS DA POLIGONAL AJUSTADOS POR MMQ

Est. |P.vis. | Angulo | Distancia | Azimute | Coord. Totais |

I I I I | X I Y I
P1 |P3 | 359°59702,8"| 12,739 | e©°ee ee,a"| 1000,0000 | 1000,0000 |
P3 |P4 | 179°59740,7" | 33,125 | 359°59°40,7"| 1000,0000 | 1012,7388 |
P4 |P7 | 180°@1711,0"| 121,629 | @%@ 51,7"| 999,9969 | 1045,8636 |
P7 |P6 | 359°58736,3"| 32,258 | 179°59728,0" | 1000,0274 | 1167,4924 |
P6 |P5 | 179°59°48,6" | 39,480 | 179°59°16,6" | 1000,0324 | 1135,2342 |
P5 | P2 | 180°02713,9"| 87,453 | 180°@1730,6" | 1000,0407 | 1095,7540 |
P2 |P1 | 179°59726,6" | 8,301 | 18e°0@ 57,2"| 1000,0023 | 1008,3008 |

Perimetro = 334,985 m
Area=2,871 m2

Area = 0,0002871 ha
Area = 0,0001186 Alg.SP

PLANILHA COM ELEMENTOS DA POLIGONAL AJUSTADOS PELO METODO TRADICIONAL

Est. |P.vis. | Angulo | Distancia | Azimute | Coord. Totais |

I I I I [ X I Y I
P1 |P3 | 359°59701,8"| 12,739 | @%@ ea,0"| 1000, 0000 | 1000, 0000 |
P3 |Pa | 179°59739,5"| 33,125 | 359959739,5"| 1000,0000 | 1012,7389 |
P4 |P7 | 180°01711,7"| 121,628 | @%@ 51,2"| 999,9967 | 1045,8638 |
P7 |P6 | 359°58735,8"| 32,258 | 179°59727,0"| 1000,0269 | 1167,4923 |
P6 |P5 | 179°59748,7"| 39,480 | 179°59715,7"| 1000,0321 | 1135,2342 |
P5 |P2 | 180°@02714,4" | 87,453 | 18e°e1 3@,1"| 1000, 0405 | 1095,7540 |
P2 |P1 | 179°59°28,2"| 8,301 | 180°00 58,2"| 1000,0023 | 1008,3006 |

E’erimetro =334,985 m
Area = 2,885 m2



PLANILHA DE DISCREPANCIAS DOS AJUSTAMENTOS (MMQ - METODO TRADICIONAL)
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Est. |P.vis. | Angulo | pistancia | Azimute | coord. Totais
I I I I | X I

P1 |P3 | ecee e1,1"| 0,000 | ©°00 00,0"| 06,0000 | 09,0000
P3 |Pa | e°ee e1,2"| 0,000 | ©°00 01,2"| 6,0000 | -9,0001
P4 |p7 | -e°@e’ee,7"| @,000 | ©°@0 00,5"| 0,0002 | -0,0002
P7 |P6 | e°%ee ee,5"| v,000 | @%@ e1,0"| 0,005 | 0,0001
P6 |P5 | -e°%e@ @0,1"| p,000 | @%°e e1,8"| 0,00a3 | 0,0000
P5 |P2 | -e°ee @0,5"| 0,000 | ©°00700,5"| 06,0002 | 09,0000
P2 |P1 | -e°ee 01,6"| 0,000 | -0°00701,1"| 06,0000 | 09,0002

E’erimetro =0,000 m
Area =-0,014 m2
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REPORTS FOR TRAVERSE COMPUTATIONS - CIRCULAR PRISM (Article 2)

AstGeoTop - Lev.Planimétrico©Versdo 2012.11.11
AJUSTAMENTO PELO METODO TRADICIONAL

DADOS CLASSIFICATORIOS DA POLIGONAL NBR 13.133(94)
Classe de Poligonal :Poligonal definida pelo usuario

Gonidémetro - Classe 3: preciséo alta

Precisdo Angular: 05 "

MED - Classe 3: precisao alta

Precis&o Linear : (2mm + 2ppm x D)

PLANILHA  TOPOGRAFICA DE CALCULO ANALITICO

Est. |P.vis. | Angulo | pistancia |Ang.Compens. | Azimute |coordenadas Parciais  |Coord. Parciais Comp. | Coord. Totais |

| | | | | | x | v I x | Y I x | Y |
P1 |p3 | 359°59701,3"| 12,739] 359°58758,1"| ©°08 00,0"| 8,0000| 12,7390 0,0001| 12,7398|  10@0,0000 | 1000,0000 |
P3 |pa | 179°59736,7"| 33,126 179°59733,5"| 359°59733,5"| -0,0043| 33,1260| -0,0041| 33,1259| 1000,0001 | 1012,7390 |
P4 |p7 | 180°@1712,2"| 121,630| 18e°e1711,8"| %00 45,3"| 0,0267| 121,6300| 0,0273]  121,6296]| 999,9960 | 1045,8649 |
P7 |P6 | 359°58732,7"| 32,259 359°58731,8"| 179°59717,1"| @,0067| -32,2590| 0,0069|  -32,2591| 1000,0232 | 1167,4945 |
P6 |ps | 179°59°56,5" | 39,480 179°59753,9"| 179°59710,9"| @,0094|  -39,4800| 0,0096| -39,4801| 1ee0,0301 | 1135,2354 |
Ps |p2 | 186°02719,2"| 87,454| 180°02°17,7"| 180°01°28,7"| -8,0376| 87,4540 -0,0372|  -87,4543|  1000,0396 | 1095,7553 |
P2 |P1 | 179°59735,2"| 8,301| 179°59733,2"| 180°01701,9"| -0,0025| -8,3010| -0,0025]| -8,3010| 1000,0025 | 1008,3010 |

S.ang = 1620°00°00,0" Ex=-0,0015 Ey=0,0010 EX=0,0000 Ey=0,0000

Perimetro = 334,989 m
Area = 2,983 m2

Area = 0,0002983 ha
Area = 0,0001233 Alq.SP

VALORES MAXIMOS ACEITAVEIS APOS O AJUSTAMENTO

Tolerancia do fechamento angular = 0°00°39,7"
Erro médio maximo aceitavel em azimute = 0°00°15,0"

Tolerancia do erro de fechamento linear = 0,0579 m
Erro relativo linear maximo aceitavel = 1/5787,8234
Erro médio relativo maximo aceitavel entre duas estagdes poligonais = 1/2362,8690

Erro médio maximo aceitavel em coordenadas (posigédo) = 0,0236 m

VALORES OBTIDOS APOS O AJUSTAMENTO

Erro de fechamento angular = 0°00"13,8"
Erro médio em azimute = 0°00°02,3"

Erro de fechamento linear = 0,0018 m

Erro relativo linear =1/184206,1027

Erro médio relativo entre duas estacdes poligonais
P1 P3 1/184205,5489

P3 P4 1/184205,5488

P4 P7 1/184205,5491

P7 P6 1/184206,6567

P6 P5 1/184206,6567

P5 P2 1/184206,6561

P2 P1 1/184206,6562

Erro médio em coordenadas (posigao) dos vértices = 0,0191 m

CONCLUSAO APOS O AJUSTAMENTO - POLIGONAL Poligonal definida pelo usuario
Fechamento angular : dentro da especificagédo
Erro médio em Azimute  : dentro da especificagao
Erro de fechamento linear : dentro da especificagao
Erro relativo linear : dentro da especificagéo
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Erro relativo entre duas estagdes poligonais : dentro da especificagao
Erro médio em posigao : dentro da especificagéo

PLANILHA COM ELEMENTOS DA POLIGONAL AJUSTADOS

Est. |P.vis. | Angulo | Distancia | Azimute | Coord. Totais |

I I I I I X I v I
P1 |P3 | 359°597@0,0" | 12,739 | e°ee ee,0"| 1000,0000 | 1000,0000 |
P3 |Pa | 179°59733,5"| 33,126 | 359°59733,5"| 1000,0000 | 1012,7390 |
P4 |P7 | 18@°01711,8"| 121,630 | ©°00 45,3"| 999,9957 | 1045,8649 |
p7 |Pe | 359°58729,9"| 32,259 | 179°59715,2"| 1000,0225 | 1167,4945 |
P6 |Ps | 179°59753,9"| 39,480 | 179°59709,1"| 1000,0295 | 1135,2354 |
P5 |P2 | 18@°02717,7"| 87,454 | 180°01 26,8"| 1000,0392 | 1095,7553 |
P2 |P1 | 179°59733,2"| 8,301 | 180°01  0@,0"| 1000,0024 | 1008,3010 |

Perimetro = 334,989 m
Area = 2,988 m2

Area = 0,0002988 ha
Area = 0,0001235 Alq.SP

AstGeoTop - Lev.Planimétrico©Versdo 2012.11.11
AJUSTAMENTO PELO METODO DOS MINIMOS QUADRADOS
MODELO PARAMETRICO (Variagdo de Coordenadas)

DADOS CLASSIFICATORIOS DA POLIGONAL NBR 13.133(94)
Classe de Poligonal :Poligonal definida pelo usuario

Gonidmetro - Classe 3: precisao alta

Precisdo Angular : 05 "

MED - Classe 3: precisao alta

Precisdo Linear : (2mm + 2ppm x D)

VETOR DOS RESIDUOS DO AJUSTAMENTO (V=AX-L)

Est. |P.vis. | Angulo | Distancia |
P1 |P3 | -2,3222" | -@,e001 |
P3 | P4 |  -2,8238" | -@,0001 |
P4 |P7 | -e,0784" | -0,0001 |
P7 | P& | -e,8201" | e,0001 |
P6 | PS5 | -5,3726" | e,ee01 |
P5 |P2 | -1,3608" | e,0001 |
P2 |P1 | -1,@221" | e,ee01 |

PARAMETROS AJUSTADOS Xa, Desvios-padrdo e Erro Posicional(1*sigma)

Est. | X(m) |sigmax(m) | Y (m) |sigmay(m) |P.Posi¢do(m)
P1 | 1eee,oe0e | @,0000 | 1eee,eeee | e,eeee | o,e0ee |
P3 | loe0,0000 | ©,0000 | 1012,7389 | @,0029 | o,0029 |
Pa | 999,9958 | ©,0006 | 1045,8647 | ©,0038 | 00,0038 |
P7 | 1600,0229 | @,0030 | 1167,4946 | e,ee41 | e,e851 |
P6 | 1000,0295 | @,0024 | 1135,2354 | e,ee41 | o,0043

P5 | 1000,0393 | 0,0017 | 1095,7553 | ©,0038 | o,e041 |
P2 | 1000,0025 | ©,0001 | 1008,3011 | ©,0029 | 0,0029 |
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OBSERVACOES AJUSTADAS La e Desvios-padrao (1%sigma)

Est. |P.vis. | Angulo |sigma Ang." |Distancia(m) |sig.Dist.(m)

P1 |P3 | 359°58757,9"| 3,6915 | 12,739 | 0,0029 |
P3 | P4 | 179°59733,8"| 3,9619 | 33,126 | o,0029 |
P4 |P7 | 18@°01712,1"| ©,6827 | 121,630 | e,ee29 |
P7 |P6 | 359°58731,8"| 1,3741 | 32,259 | 0,0029 |
P6 |P5 | 179°59°51,0"| 2,1408 | 30,480 | 0,0029 |
P5 |P2 | 188°@2718,0"| 2,1898 | 87,454 | @,ee29 |
P2 |P1 | 179°59735,3"| 2,8644 | 8,381 | e,ee29 |

CONTROLE DE QUALIDADE DO AJUSTAMENTO

Variancia da Unidade Peso Estimada a Posteriori = 2,495

e Teste de Hipotese Qui-quadrado  *******

Estatistica do teste vTPV = 7,486

Percentil inferior da distribuicdo Qui-quadrado = 0,22

Percentil superior da distribuigdo Qui-quadrado = 9,35

Concluséo

Ao nivel de significancia de 5%:

NAO E REJEITADA a hipétese de que as observagdes ponderadas sejam provenientes
de uma distribuigdo normal

PLANILHA COM ELEMENTOS DA POLIGONAL AJUSTADOS POR MMQ

Est. |P.vis. | Angulo | Distancia | Azimute | Coord. Totais |

I I I I | X I Y I
P1 |P3 | 359°58757,9"| 12,739 | @°@e ea,0"| 1000,0000 | 1000,0000 |
P3 |Pa | 179°59733,8"| 33,126 | 359°59733,8"| 1000,0000 | 1012,7389 |
P4 |P7 | 186°@1°12,1"| 121,630 | ©@%0 46,0"| 999,9958 | 1045,8647 |
P7 |P6 | 359°58731,8"| 32,259 | 179°59°17,8"| 1000,0229 | 1167,4946 |
P6 |Ps | 179°59751,0"| 39,480 | 179°59708,8"| 1000,0295 | 1135,2354 |
P5 |P2 | 186°02713,0"| 87,454 | 180°01 26,8"| 1000,0393 | 1095,7553 |
P2 |P1 | 179°59735,3"| 8,301 | 18e°@17@2,1"| 1000,0025 | 1008,3011 |

Perimetro = 334,989 m
Area = 2,974 m2

Area = 0,0002974 ha
Area = 0,0001229 Alq.SP

PLANILHA COM ELEMENTOS DA POLIGONAL AJUSTADOS PELO METODO TRADICIONAL

Est. |P.vis. | Angulo | Distancia | Azimute | Coord. Totais |
| | | | | X | Y |
P1 |P3 359°597@0,0" 12,739 2°00 00,0" 1le00,0000 1000,0000
P3 |P4 1799597 33,5" 33,126 3599597 33,5" 1e06,0000 1012,7390
P4 |P7 13@°01° 11,8" 121,638 9°p0 45,3" 999,9957 1845, 8649

| I I I I
| I I I I
| I I I I
P7 |P6 | 359°58729,9"| 32,259 | 179°59715,2"| 1000,0225 | 1167 ,4945
| I I I I
| I I I I
| I I I I

P& |Ps 179°59°53,9" 39,4860 179°59799,1" 1000,0295 1135,2354
P5 |P2 18@°@2 17,7" 87,454 18@°01°26,8" le0e,0392 1095,7553
P2 |P1 179°59" 33,2" 8,301 18@°01 e0,0" le0e,0024 1008, 3010

I?erl'metro =334,989 m
Area = 2,988 m2



PLANILHA DE DISCREPANCIAS DOS AJUSTAMENTOS (MMQ - METODO TRADICIONAL)
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Est. |P.vis. | Angulo | Distancia | Azimute | Coord.
I I I I X
P1 |P3 | -e°0 02,1"| 0,000 | ©°0 e0,0"| 0,0000
P3 |P4 | ©%e e0,3"| 0,000 | @%e0 ev,3"| 0,0000
P4 |P7 | @%@ ee,3"| e,e00 | @%@ ee0,7"| e,e001
P7 |P6 | @%@ e2,0"| e,000 | ©°0 02,6"]| 0,0004
P6 |P5 | -e°@@ 02,9"| 0,000 | -0°@0 00,3"| 06,0000
P5 |P2 | ©°ee ea,3"| 0,000 | -0°@00 00,0"| e,0001
P2 |P1 | @%@ e2,1"| @,000 | 0% 02,1"| 0,0001

Perimetro = 0,800 m
Area = -0,014 m2
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REPORTS FOR TRAVERSE COMPUTATIONS - REFLECTIVE SHEET (Article 2)

DADOS CLASSIFICATORIOS DA POLIGONAL NBR 13.133(94)
Classe de Poligonal :Poligonal definida pelo usuario
Goniémetro - Classe 3: precisio alta
Precisdo Angular : 05"

MED - Classe 3: precisao alta
Preciséo Linear : (2mm + 2ppm x D)

PLANILHA  TOPOGRAFICA DE CALCULO ANALITICO

Est. |p.vis. | Angulo | pistdncia |Ang.Compens. | Azimute |coordenadas Parciais  |coord. Parciais comp. | Coord. Totais |

| | | | | X Y | X Y | X | Y |
P1 |p3 | 259°58759,8"| 12,739] 359°59702,9"| 0°@0 08,0"| 02,0000 | 12,7390 -8,0001| 12,7391|  1000,0000 | 1000,0000 |
P3 |pa | 179°59731,8"| 33,126| 179°59734,9"| 359°59734,9"| -0,0040| 33,1260| -0,0042| 33,1263| 999,9999 | 1012,7391 |
P4 |p7 | 180°01@9,3"| 121,629| 186°01°09,7"| 0@°00 44,6"| 29,0263 121,6290| 0,0257| 121,6302| 999,9958 | 1045,8655 |
P7 3 | 359°58732,8"| 32,261| 359°58733,7"| 179°59718,3"| 9,8065| -32,2610| 0,0064| -32,2687| 1000,0215 | 1167,4956 |
P6 |ps | 179°59747,8"| 39,478| 179°59750,3"| 179°59708,6"| 9,0008| -39,4780| 0,0097|  -39,4776| 1000,0279 | 1135,2350 |
PS5 |p2 | 180°02°12,0"| 87,455| 180°02°13,4"| 180°01722,0"| -0,0348|  -87,4550| -0,0352|  -87,4541| 1000,0375 | 1095,7574 |
P2 |P1 | 179°59733,2"| 8,303| 179°59°35,1"| 180°00°57,1"| -0,0023| -8,3033| -0,0023| -8,3032| 1000,0023 | 1008,3032 |

S.ang = 1620°00°00,8" EX=0,0015 Ey=-©,0033 Ex=0,0000 Ey=0,0000

Perimetro = 334,991 m
Area = 2,857 m2

Area = 0,0002857 ha
Area = 0,0001181 Alq.SP

VALORES MAXIMOS ACEITAVEIS APOS O AJUSTAMENTO

Tolerancia do fechamento angular = 0°00°39,7"
Erro médio maximo aceitavel em azimute = 0°00°15,0"

Tolerancia do erro de fechamento linear = 0,0579 m

Erro relativo linear maximo aceitavel
Erro médio relativo maximo aceitavel entre duas estagdes poligonais = 1/2362,8771

= 1/5787,8433

Erro médio maximo aceitavel em coordenadas (posigao) = 0,0236 m

VALORES OBTIDOS APOS O AJUSTAMENTO

Erro de fechamento angular =-0°00"13,3"

Erro médio em azimute

=0°00°02,3"

Erro de fechamento linear = 0,0036 m

Erro relativo linear

=1/92252,7313

Erro médio relativo entre duas estagdes poligonais

P1
P3
P4
P7
P6
P5
P2

P3
P4
P7
P6
P5
P2
P1

1/92253,6384
1/92253,6384
1/92253,6383
1/92251,8241
1/92251,8241
1/92251,8243
1/92251,8243

Erro médio em coordenadas (posi¢ao) dos vértices = 0,0269 m

CONCLUSAO APOS O AJUSTAMENTO - POLIGONAL Poligonal definida pelo usuario

Fechamento angular
Erro médio em Azimute

: dentro da especificagédo
: dentro da especificagédo

Erro de fechamento linear : dentro da especificacao



Erro relativo linear

Erro médio em posicao

: dentro da especificagédo
Erro relativo entre duas estagbes poligonais : dentro da especificacdo

: fora da especificagéo

PLANILHA COM ELEMENTOS DA POLIGONAL AJUSTADOS

Est. |P.vis. | Angulo

I I I
P1 |P3 | 359°59701,0"|
P3 |Pa | 179°59734,9"|
P4 |P7 | 180°01709,7"|
P7 |P6 | 359°58735,6"|
P6 |P5 | 179°59  5@,3" |
P5 |P2 | 18e°@2713,4" |
P2 |P1 | 179°59735,1" |

leee,0000
1e12,7391
1045,8655
1167,4956
1135,2350
1095,7574
1088,3032

| Distancia | Azimute | Coord. Totais

I | X I

12,739 | 0°007 00,0" | 1000,0000 |
33,126 | 359°59734,9"| 1000,0000 |
121,630 | 0°00 44,6" | 999,9960 |
32,261 | 179°59720,2"| 1000,0222 |
39,478 | 179°5971@,5"| 1000,0285 |
87,454 | 180°01723,9"| 1000,0380 |
8,303 | 180°0@ 59,0" | 1000,0024 |

Perimetro = 334,991 m

Area = 2,866 m2
Area = 0,0002866 ha
Area = 0,0001184 Alq.SP

AstGeoTop - Lev.Planimétrico©Versdo 2012.11.11
AJUSTAMENTO PELO METODO DOS MINIMOS QUADRADOS
MODELO PARAMETRICO (Variagdo de Coordenadas)

DADOS CLASSIFICATORIOS DA POLIGONAL NBR 13.133(94)
Classe de Poligonal :Poligonal definida pelo usuario

Gonidmetro - Classe 3: precisao alta

Precisdo Angular : 05 "

MED - Classe 3: precisao alta

Precisdo Linear : (2mm + 2ppm x D)

VETOR DOS RESIDUOS DO AJUSTAMENTO (V=AX-L)

Est. |P.vis. | Angulo | Distancia |
P1 |P3 | 2,1825" | @,0005 |
P3 |P4 | 2,6831" | 0,0005 |
P4 |p7 | 0,0757" | 0,0005 |
P7 |P6 | e,8047" |  -0,0005 |
P6 |Ps | 5,2594" |  -8,0005 |
P5 |p2 | 1,3265" | -@,0005 |
P2 |P1 | 0,9681" | -0,0005 |
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PARAMETROS AJUSTADOS Xa, Desvios-padrdo e Erro Posicional(1*sigma)

Est. | X(m)  |sigmax(m) | Y(m) | sigmay(m) |P.Posi¢do(m)
P1 | 1000,0000 | @,0000 | 1000,0000 | 0,0000 | 0,0000 |
P3 | 1000,0000 | ©,0000 | 1012,7395 | 0,e0030 | 0,030 |
P4 | 999,9959 | 0,0006 | 1045,8659 | ©,0039 | @,0039 |
P7 | 1000,0218 | ©0,0030 | 1167,4954 | @,e0e43 | @,0052 |
P6 | 1000,0284 | 0,0023 | 1135,2349 | 0,0043 | 0,0049 |
P5 | 1000,0379 | ©0,0017 | 1095,7574 | ©,0039 | @,0042 |
P2 | 1000,0023 | 0,00l | 1008,3028 | 0,0030 | 0,0030 |

OBSERVACOES AJUSTADAS La e Desvios-padrao (1*sigma)

Est. |P.vis. | Angulo |sigma Ang." |Distdncia(m) |sig.Dist.(m)
P1 |P3 359°59792,9"| 3,6686 12,740 0,0030
P3 |pa 179°59734,5"| 3,9373 33,126 08,0030
P4 |p7 180°01709,5"| @,6785 121,630 0,0030

I I I I
I I I I
I I I I
P7 |P6 | 359°58733,9"| 1,3656 | 32,261 | @,ee3e
I I I I
I I I I
I I I I

P6 |Ps 179°59°52,6"| 2,1276 39,478 0,0030
P5 |P2 180°02°13,6"| 2,1762 87,455 0,0030
P2 |P1 179°59°33,2"| 2,8467 8,303 90,0030

CONTROLE DE QUALIDADE DO AJUSTAMENTO

Variancia da Unidade Peso Estimada a Posteriori = 2,653

rrwweexx - Teste de Hipotese Qui-quadrado  ****** =

Estatistica do teste vTPV = 7,960

Percentil inferior da distribuigdo Qui-quadrado = 0,22

Percentil superior da distribuicdo Qui-quadrado = 9,35

Conclusao

Ao nivel de significancia de 5%:

NAO E REJEITADA a hipétese de que as observagdes ponderadas sejam provenientes
de uma distribuicdo normal

PLANILHA COM ELEMENTOS DA POLIGONAL AJUSTADOS POR MMQ

Est. |P.vis. | Angulo | Disténcia | Azimute | coord. Totais |
| | | | | X | Y |
P1 |P3 359°597@2,9" 12,740 0°e0 00,0" 1000,0000 l000,0000
P3 |P4 179°597 34,5" 33,126 359°59° 34,5" 1600 ,0000 1812,7395
P4 |P7 180°91°09,5" 121,630 2°pe 43,9" 999,9959 1045, 8659

| I I | I
| I I | I
| I I | I
P7 | P& | 359°58733,9"| 32,261 | 179°59717,8"| 1000,0218 | 1167,4954
| I I | I
| I I | I
| I I | I

P6 |P5 179°59°52,6" 39,478 179°59°18,4" 1008,0284 1135,2349
P5 |P2 186°@2°13,6" 87,455 18@°01" 24,0" 100a,a379 1095,7574
P2 |P1 179°59733,2" 8,303 18@°00 57,1" 1000,0023 1008,3028

Perimetro = 334,993 m
Area =2,877 m2

Area = 0,0002877 ha
Area = 0,0001189 Alq.SP
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PLANILHA COM ELEMENTOS DA POLIGONAL AJUSTADOS PELO METODO TRADICIOMAL

Est. |P.vis. | Angulo | bDistancia | Azimute | Coord. Totais
I I I I |l X I Y
P1 |P3 | 3599597 01,0" | 12,739 | ©°c0 00,0"| 1000,0000 | 1000, 0000
P3 |Pa | 179°59734,9"| 33,126 | 359°59734,9"| 1000,0000 | 1012,7391
P4 |p7 | 18e°@17e9,7"| 121,630 | @%@ 44,6"| 999,9960 | 1045,8655
P7 |P6 | 359°58735,6"| 32,261 | 179°59720,2"| 1000,0222 | 1167,4956
P& |Ps | 179°59750,3"| 39,478 | 179°5971@,5"| 1000,0285 | 1135,2350
P5 P2 | 188°02713,4"| 87,454 | 180°01 23,9"| 1000,0330 | 1095,7574
P2 |P1 | 179°59735,1"| 8,303 | 180°00 59,0"| 1000,0024 | 1008,3032
Perimetro = 334,991 m
Area = 2,866 m2
PLANILHA DE DISCREPANCIAS DOS AJUSTAMENTOS (MMQ - METODO TRADICIONAL)
Est. |P.vis. | Angulo | Distdncia | Azimute | Coord. Totais
I I I I X I
P1 |P3 | e°ee e1,9"| @,000 | ©°ee oo,0"| 0,000 | 0,0000
P3 |Pa | -e°ee”ee,4"| e,a00 | -e°0 00,4"| 0,0000 | 90,0004
P4 |P7 | -e°eeee,3"| -0,001 | -0%0 00,6"| -0,0001 | 90,0004
P7 |P6 | -e°@e e1,7"| @,a00 | -0%0 02,4"| -0,0004 | -0,0002
P6 |P5 | e°ee e2,2"| e,a00 | -0%0 00,1"| -0,60001 | -0,0001
P5 | P2 | ©°%@0 e0,2"| 0,000 | ©°0 00,1"| -0,0001 | 90,0000
P2 |P1 | -@°00 01,9"| 0,000 | -0°0 01,9"| -0,0001 | -9,0004

Perimetro = 8,002 m
Area = 0,011 m2
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APPENDIX E - PYTHON SCRIPTS



Article 1 Script

import pandas as pd
import math
df1 = pd.read_csv('FILE_NAME.ixt', sep=",", header = None)
df2 = df1[[6,0,2,4]]
df3 = df2.rename(columns={6: 'Station’, 0: 'Point',2: 'H Direction', 4: 'H Distance'})
raw_data = df3.loc[df3['Station].isin(['P1','P7"])]
all_raw_directions = raw_data['H Direction']
all_directions_PD = all_raw_directions[::2]
all_directions_PI = all_raw_directions[1::2]
media_PD_PI_directions =[]
def grau (B):
grau = int(B)
return grau
def minuto (B):
minuto = int((B - int(B))*100)
return minuto
def segundo (B):
segundo = (((((B - int(B))*100) - int((B - int(B))*100))))*100
return segundo
def ang_dec (B):
ang_dec = grau(p) + minuto()/60 + segundo()/3600
return ang_dec
def grau_ (B):
grau_ = int (B)
return grau_
def minuto_ (B):
minuto_ = (int((B - int(B))*60))/100
return minuto_
def segundo_ (B):
segundo_ = ((((((B - int(B))*60)) - (int((B - int(B))*60)))*60))/10000
return segundo_
def ang_GMS (B):
ang_GMS = (grau_(B) + minuto_(B) + segundo_(B))
return (ang_GMS)
def mediaPDPIsimples (apd,api):
mediaPDPIsimples = int(apd)+((apd-int(apd))+(api-int(api)))/2
return mediaPDPlsimples
def mediac (apd,api):
if api-int(api)==0:
mediac = abs(-(((1-(api-int(api)))+(apd-int(apd)))/2)+apd+1)
else:
mediac = abs(-(((1-(api-int(api)))+(apd-int(apd)))/2)+apd)
return mediac
fori,j in zip(all_directions_PD,all_directions_PlI):
if abs((i-int(i))-(j-int(j)))<0.1:
mediaspdpi_ = mediaPDPIsimples(i,j)
else:
mediaspdpi_ = mediac(i,j)
media_PD_PI_directions.append(mediaspdpi_)
all_raw_distances = raw_data['H Distance']
all_distances_PD = all_raw_distances|[::2] # all distances in PD
all_distances_PI = all_raw_distances[1::2] # all distances in PI
media_PD_PI_distances = [] # media for PD and PI distances
for i,j in zip(all_distances_PD,all_distances_PlI):
Media_PD_PI_distances = (i+j)/2
media_PD_PI_distances.append(Media_PD_PI_distances)
media_PD_PI_directions_P1 = media_PD_PI_directions[0:6]
media_PD_PI_directions_P7 = media_PD_PI_directions[6:12]
media_PD_PI _distances P1 = media_PD_PI_distances[0:6]
media_PD_PI _distances P7 = media_PD_PI_distances[6:12]
station_P1 =['P1",'P1','P1','P1",'P1",'P1']
point_P1 =['P2'",'P3','P4','P5','P6','P7"]
angular_reduction_P1 = 360-media_PD_PI_directions_P1[5]
angular_reduction_P7 = -media_PD_PI_directions_P7[0]
red_directions_P1 =]
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for i in media_PD_PI_directions_P1:

Red = i+angular_reduction_P1

if int(Red)==360:

Red_=Red-360

else:

Red_=Red

red_directions_P1.append(Red_)
red_directions_P7 =]
for i in media_PD_PI_directions_P7:

ReD = i+angular_reduction_P7

if int(ReD)==360:

ReD_=ReD-360

else:

ReD_=ReD

red_directions_P7.append(ReD_)
backsight_P1 =['P7','P7','P7','P7','P7",'PT']
raw_data_angles_ GMS =]
red_directions_P1_GMS =]
red_directions_ P7_GMS =]
foriin red_directions_P7:

red_directions_P7_GMS_ = ang_GMS(i)

red_directions_P7_GMS.append(red_directions_P7_GMS_)
for i in red_directions_P1:

red_directions_P1_GMS_ = ang_GMS(i)

red_directions_P1_GMS.append(red_directions_P1_GMS )
for i in raw_data ['H Direction']:

Raw_data_GMS = ang_GMS(i)

raw_data_angles_ GMS.append(Raw_data_GMS)
raw_data_GMS = list(zip(raw_data['Station'],raw_data['Point"],raw_data_angles_ GMS,raw_data['H Distance"))
df_raw_data_GMS = pd.DataFrame(raw_data_GMS, columns = ['Station’,'Point','H Direction','H Distance")
directions_and_distances_P1 =
list(zip(backsight_P1,station_P1,point_P1,red_directions_P1_GMS,media_PD_PI_distances_P1))
df_distances_and_directions_P1 = pd.DataFrame(directions_and_distances_P1, columns =
['Backsight','Station','Foresight','Angle’, 'Distances'])
station_P7 = ['P7','P7','P7','P7",'P7",'PT']
point_P7 =[P1','P2''P3','P4','P5','P6']
backsight_P7 =['P1','P1''P1','P1''P1','P1']
directions_and_distances_P7 =
list(zip(backsight_P7,station_P7,point_P7,red_directions_P7_GMS,media_PD_PI_distances_P7))
df_distances_and_directions_P7 = pd.DataFrame(directions_and_distances_P7, columns =
[Backsight','Station','Foresight','Angle’, 'Distances'])
delta_P1=1]
for i,j in zip(red_directions_P1,media_PD_PI_distances_P1):

Delta_P1 = j*math.sin((math.pi/180)*i)

delta_P1.append(Delta_P1)
delta_P7 =]
for i,j in zip(red_directions_P7,media_PD_PI_distances_P7):

Delta_P7 = -j*math.sin((math.pi/180)*i)

delta_P7.append(Delta_P7)
diferenca_deltas =
[delta_P7[1]-delta_P1[0],delta_P7[2]-delta_P1[1],delta_P7[3]-delta_P1[2],delta_P7[4]-delta_P1[3],delta_P7[5]-delt
a_P1[4]]
media_deltas =
[(delta_P7[1]+delta_P1[0])/2,(delta_P7[2]+delta_P1[1])/2,(delta_P7[3]+delta_P1[2])/2,(delta_P7[4]+delta_P1[3])/2,
(delta_P7[5]+delta_P1[4])/2]
delta_P7_final =
[round(delta_P7[1],5),round(delta_P7[2],5),round(delta_P7[3],5),round(delta_P7[4],5),round(delta_P7[5],5)]
delta_P1_final =
[round(delta_P1[0],5),round(delta_P1[1],5),round(delta_P1[2],5),round(delta_P1[3],5),round(delta_P1[4],5)]
dif_deltas_finais =[]
fori,j in zip(delta_P1_final,delta_P7_final):

Dif_deltas_finais = i-j

dif_deltas_finais.append(Dif_deltas_finais)
deltas_medios_finais =[]
for i,j in zip(delta_P7_final,delta_P1_final):

Deltas_medios_finais = round((i+j)/2,5)

deltas_medios_finais.append(Deltas_medios_finais)
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def sd (angulos, distanciamedia):
sd =
math.sqgrt((math.sin(math.pi/180*angulos)*0.002)**2+(distanciamedia*math.cos(math.pi/180*angulos)*0.0000242
406840587)**2)
return sd
angulos_para_sd_P1 =]
for i in red_directions_P1_GMS:
Angulos_para_sd_P1 = ang_dec(i)
angulos_para_sd_P1.append(Angulos_para_sd_P1)
angulos_para_sd_P7 =]
foriin red_directions_P7_GMS:
Angulos_para_sd_P7 = ang_dec(i)
angulos_para_sd_P7.append(Angulos_para_sd_P7)
sd_P1=]]
fori,j in zip(angulos_para_sd_P1,media_PD_PI_distances_P1):
SD_P1 = sd(i,j)
sd_P1.append(SD_P1)
sd_P7 =]
for i,j in zip(angulos_para_sd_P7,media_PD_PI_distances_P7):
SD_P7 = sd(i,j)
sd_P7.append(SD_P7)
sd_P1_final = [sd_P1[0],sd_P1[1],sd_P1[2],sd_P1[3],sd_P1[4]]
sd_P7_final = [sd_P1[1],sd_P1[2],sd_P1[3],sd_P1[4],sd_P1[5]]
media_sd =]
fori,j in zip(sd_P1_final,sd_P7_final):
Media_sd = (i+j)/2
media_sd.append(Media_sd)

Article 2 Script

import pandas as pd

import numpy as np

import math

df = pd.read_csv('FILE_NAME.txt', sep=",", header = None)
df2 = df[df[1].notna()]

df3 = df2.drop(0)

df4 = df3.drop(columns=[10])
df5 = df4.rename(columns={
: "Base Point",

: "Target Point",

: "Horizontal Distance(m)",
: "Slope Distance",

: "Horizontal Direction",

1 "Zenith Angle",

: "Hl/Base Ant. Ht",

: "HR/Ant Ht",

: "Code",

: "Vertical Distance"

OONOONPAWN -0

1
df6 = df5['Target Point'].str.startswith('P')

df7 = df5[df6]
df10 = df7.drop(columns=['Code','Vertical Distance','Slope Distance','Zenith Angle','HI/Base Ant. Ht','HR/Ant Ht'])
def grau (B):
grau = int(B)
return grau
def minuto (B):
minuto = int((B - int(3))*100)
return minuto
def segundo (B):
segundo = (((((B - int(B))*100) - int((B - int(B))*100))))*100
return segundo
def ang_dec (B):
ang_dec = grau(p) + minuto(B)/60 + segundo(3)/3600
return ang_dec
def grau_ (B):
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grau_ = int (B)
return grau_
def minuto_ (B):
minuto_ = (int((B - int(B))*60))/100
return minuto_
def segundo_ (B):
segundo_ = ((((((B - int(B))*60)) - (int((B - int(B))*60)))*60))/10000
return segundo__
def ang_GMS (B):
ang_GMS = (grau_(B) + minuto_(B) + segundo_(B))
return (ang_GMS)
def media_de_tres_em_tres(B):
medias__ =]
foriin range(0, len(B), 3):
subgrupo = B[i:i+3]
media__ = sum(subgrupo) / len(subgrupo)
medias__.append(media__)
return medias__
def alternar_com_zeros(B):
resultado__ =]
for elemento in 3:
resultado__.append(elemento)
resultado___.extend([0] * 5)
return resultado___
opH = pd.DataFrame(df10, columns=['Base Point','Target Point', 'Horizontal Direction'])
oph = opH.reset_index()
brutos = oph.dropna()
filtro = brutos['Horizontal Direction’] = 0
oph = brutosffiltro]
Estacao = oph['Base Point']
Ponto_Visado = oph['Target Point]
Direcoes_Horizontais_brutas = oph['Horizontal Direction']
test_list_ H_brutas = Direcoes_Horizontais_brutas.values.tolist()
test_list H_brutas_float =[]
foriin test_list H_brutas:
test_list H_brutas_ = float(i)
test_list H_brutas_float.append(test_list_H_brutas_)
decgmsh =]
foriin test_list_H_brutas_float:
virgulah = i-int(i)
decgmsh.append(virgulah)
maximo = max(decgmsh)
test list H =]
Direcoes_Horizontais = []
if maximo >= 0.6:
test_list H_=test list H_brutas_float
else:
foriin test_list H_brutas_float:
Dir_Horiz_ = ang_dec(i)
Direcoes_Horizontais.append(Dir_Horiz_)
test_list H_ = Direcoes_Horizontais
res = test_list H [::2] + test_list H [1::2]
direcoes H PD_=res[0:42]
direcoes_H Pl _=res[42:84]
test_list_E = Estacao.values.tolist()
res__ =test list_E[::2] + test_list_E[1::2]
test_list_ PV = Ponto_Visado.values.tolist()
res___ =test list PV[::2] + test_list PV[1::2]
estacoes_H_PD =res__[0:42]
estacoes H Pl=res_ [42:84]
angularmean =[]
fori,j in zip(direcoes_H_PD_,direcoes_H_PI_):
if abs((i-int(i))-(j-int(j)))<0.02:
pdpimedia = int(i)+((i-int(i))+(j-int(j)))/2
else:
if (i-int(i))-(j-int(j))>0:
pdpimedia = int(i)+((i-int(i))+(1-(-int(j))))/2



else:
pdpimedia = int(i)+((i-int(i))+(-1+(j-int(j))))/2
angularmean.append(pdpimedia)
medias_linhas_pares = angularmean[::2]
medias_linhas_impares = angularmean[1::2]
reduzidas =[]
for i,j in zip(medias_linhas_pares,medias_linhas_impares):
if (-i+j)>=0:
Reduzidas = -i+j
else:
Reduzidas = (-i+j)+360
reduzidas.append(Reduzidas)
reduzidas_zero =]
for i in medias_linhas_pares:
Reduzidas_zero = i-i
reduzidas_zero.append(Reduzidas_zero)
reduzidas_alternadas = [item for pair in zip(reduzidas_zero, reduzidas) for item in pair]
medias_finais = media_de_tres_em_tres(reduzidas)
medias_finais_alternadas = alternar_com_zeros(medias_finais)
reduzidas_alternadas_ GMS =[]
for i in medias_finais_alternadas:
reduzidas_alternadas_gms = ang_GMS(i)
reduzidas_alternadas_GMS.append(reduzidas_alternadas_gms)
targets = df5['Target Point']
targets_pares = targets[::2]
Table = list(zip(estacoes_H_PD,targets_pares,direcoes_H_PD_,direcoes_H_PI_,angularmean,
reduzidas_alternadas, reduzidas_alternadas_GMS))
dfTable = pd.DataFrame(Table, columns = ['Station','Target', 'Direct_(dec)', 'Reverse_(dec),
'Mean_(dec)','Reduced_Mean_(dec)', 'Final_Directions_(DMS)'])
dfTable # Table of Prussian Method
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