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Educational I nstitution:
Study Programme:

Kauno Kolegija/University of Applied Sciences
Real Estate Measurement Engineering

GEODESY
Study Subject Programme

The Annotation: introduction to the efficient application of geodetnethods in various fields of activity,
analysis fundamental geodetic provisions, requirégmand principles for selection of modern geodéévices
and software, for development of topographic plesjgets, for processing and evaluation of the datained in
a variety of ways and methods; analysis of statespecial geodetic networks and their applicatioa variety
of surveying work.

The Aim of the Programme includes thadevelopment of practical skills in ground spatiaasurements using
modern geodetic devices, elaboration of digitahpland schemes, checking of the general settipgiofs, lines
and objects of the locality; development of stugdegeodetic thinking, creativity, initiative andibly to make
decisions both individually and in team and asstheaesponsibility.

2. TheLength in Creditsand Hours

Structure . Practical . Individual
Study Length in Lectures, Consultations, In total,
) . works, work, hours Assessmen
subject ECTS credits| hours h hours hours
> ours
title
Geodesy 5 17 43 8 65 133 Cumulative

3. Prerequisites: engineering graphics, basics of geodesy, topogrgphctical training for geodetic survey,
mathematics 1, mathematics 2, physics, human safety

4. Links between Learning Outcomes and Intended Study Subject Outcomesand Student Achievement
Assessment M ethods

Learning outcomes

Intended study subject

Student achievemen

GIS technologies organizing and
performing special geographical
projects in the optimal way.

(precise levels, range finder,
GPS devices and electronic
tachometers) were
characterised.

(presentation in
(Power Point
application),
discussions, one-
minute reflection,
virtual learning
environment Moodle
(developed in the
course of the project
“Development of e-
learning in colleges o
Lithuania”
(BPD2004-ESF-
2.4.0-03.05/0179)
financed by the EU
Structural Fund).

outcomes Study methods assessment methodg
To adapt modern measurement 1. Technical specifications | Provision of Frontal oral
devices, their processing software antbr modern geodetic devices information questioning,

presentation of
individual task in oral
and written form,
mid-term test.




2. The possibilities of
processing and exchange of
geodetic data using geodetiq
data processing software
GeoMapwere defined.

Provision of
information,
demonstration,
discussions, one-
minute reflection,
virtual learning
environment Moodle
(developed in the
course of the project
“Development of e-
learning in colleges o
Lithuania”
(BPD2004-ESF-
2.4.0-03.05/0179)
financed by the EU
Structural Fund).

Frontal oral
questioning,
presentation of
individual task in oral
and written form,
mid-term test.

To create large scale data following
the methods approved by the
Government of Lithuania and
regulatory acts applying them for
public needs.

1. Geodetic surveying data g
the locality was collected.

fProvision of
information,
discussions,
individual problem
solving, case analysig
one-minute reflection
virtual learning
environment Moodle
(developed in the
course of the project
“Development of e-
learning in colleges o
Lithuania”
(BPD2004-ESF-
2.4.0-03.05/0179)
financed by the EU
Structural Fund).

Frontal oral
questioning,
presentation of
individual task in oral
,and written form,
exam.

To classify stable natural and
anthropogenic objects of the Earth’s
surface for formation of
georeferenced map and cartographi
case data sets and products accord
to specifications and methods
approved by the Government
authorized institution.

(g)

1. Geodetic surveying was
linked to the national
geodetic basis, and the
accuracy of measurements
was evaluated.

Provision of
information,
demonstration,
discussions,
individual and team
problem solving, case
analysis, one-minute
reflection, virtual
learning environment
Moodle (developed in
the course of the
project “Development
of e-learning in
colleges of Lithuania”
(BPD2004-ESF-
2.4.0-03.05/0179)
financed by the EU

Structural Fund).

Presentation of
individual and team
task in oral and
written form, written
assessment method:
written mid-term test,
exam.




2. Topographic plan of the
locality is developed using
innovative geodetic devices
meeting GKTR requirements.

Provision of
information,
discussions,
individual and team
problem solving, case
analysis, dealing with
problems, one-minute
reflection, project,
virtual learning
environment Moodle
(developed in the
course of the project
“Development of e-
learning in colleges o
Lithuania”
(BPD2004-ESF-
2.4.0-03.05/0179)
financed by the EU
Structural Fund).

Presentation of a
project, presentation
of individual and teani
task in oral and
written form, exam.

3. The indexes of equal and
unequal precision survey
results of one dimension are

Explanation, self-
study assignment,
case analysis, one-

Presentation of
individual task in oral
and written form,

computed, and the accuracy] minute reflection, exam.
of obtained results is virtual learning
evaluated. environment Moodle
(developed in the
course of the project
“Development of e-
learning in colleges o
Lithuania”
(BPD2004-ESF-
2.4.0-03.05/0179)
financed by the EU
Structural Fund).
5. Subject Study Plan:
Contact hour number Total number|
Seq. . . . Individual of hours for
No. Titles of key topics Lectures Practical Consultations| work hours study per
works :
topic
1 Structure and control of precise
- - ; 3 8 2 - 13
digital levels, precision leveling
2 Structure and control of electronic
range finders. Measurements using 2 2 - -
electronic range finders.
3 Structure and control of electronic
tachometers. Measurements using 2 8 - - 4
electronic tachometers.
4 Topographical planning iBeoMap
) 2 2 6 - - 10
software using digital data.
5 Global Positioning System (GPS). 1 i > ) 8
World Coordinate System WGS 84.
6 Control and structure of GPS
devices. GPS use for real estate 2 8 2 - 12
measurements.
7 Lithuanian state geodetic basis.
Lithuanian coordinate system LKS
: - 2 6 - - 8
94. Direct and inverse angular
intersections.




Basic concepts, objectives and tagks
of metrology. Problems of
measurement error theory.
Measurement error classification.
Mathematical processing of equal
precision survey results of one
dimension. Mathematical processing
of unequal precision survey resultg
of one dimension.
Theoretical preparation for mid-term
tests (according to the topics),
completion of practical works,
preparation for seminar
Individual works “Site topographic
planning”
(Coordinate systems: LKS 94 and
WGS 8%
Total number of hoursfor subject
studies:

10

27 27

11

38 38

17 43 65 133

6. Practical (and/ or laboratoryWork Topics:

Leveling using precision digital levels.

Measurements using electronic range finders.

Measurements using electronic tachometers.

Mapping usingcGeoMapcomputer software.

Measurements using GPS devices.

Solutions on direct and inverse angular intersactio

Mathematical processing of equal and unequal poecsurvey results of one dimension.

Nooh~wdbE

7. Subject Study Outcome Assessment System: Individual Cumulative Index (1ClI)

(Mid-term exams make up a part of exam/individaadgy (project) performed)

Study outcomes are determined by the total indexssEssment of student's knowledge and skills ivichaal
cumulative index (ICl).

ICI=0,5E+0,15K+0,15P +0,2 S,
here: E - examination, K — mid-term tests, Paepcal works, S — individual works.

8. Learning Outcome Assessment Criteria:

Gradeand brief
description of

knowledge and Detailed description of

Detailed description of knowledge and under standing

abilities abilities
10 (Excellent) Excellent, outstanding, comprehensive knowledgeitnd Excellent application of
Excellent application in solution of geodesy complex pradtica theoretical geodesy knowledge.
performance, problems. Excellent accomplishment of

complex nonstandard tasks.
Perfect, outstanding quality of
work. Excellent skills of
expression and presentation.
Good understanding of the
content and aim of the
undertaken work.

Individual study of supplemental material.

Excellent understanding and use of geodesy concamtiy
to analyze them in wider context of the subject.

Original and independent thinking.

Excellent analytical and assessment skills in gepdasight.
Excellent preparation for further studies.

outstanding
knowledge and skillg

All the objectives of studies are

achieved

9 (very good) Strong, good, comprehensive knowledge and its egidin | Very good application of
Good knowledge in solution of complex practical problems. geodesy knowledge.
and skills Individual study of supplemental geodesy material. Easy accomplishment of

Excellent understanding of the studied materiappr use of|
concepts.

Original and independent thinking.

complex standard tasks.
Very good quality of work.
Very good skills of expression




Very good analytical, evaluation and synthesidskil
Very good preparation for further studies.

and presentation.
Understanding of the content
and aim of the applied method
and techniques.

1z

Not less than 90 percent of study objectives aheeaed

8 (Good)

Above the average
performance,
knowledge and skills

Above the average knowledge and its applicaticsolation
of practical problems.

Acquaintance with the set geodetic material.

Ability to work individually with supplemental geedy
material.

Understanding and proper application of concepts an
principles.

Good argumentation and reasoning of the argumeitits w
facts.

Good preparation for further studies.

Correct accomplishment of
medium complexity and
difficult geodesy tasks.

Good quality of work.

Good skills of expression and
presentation.

Knowing of the methods and
techniques to be applied.

Not less than 80 percent of study objectives argeaed

7 (Highly
satisfactory)
Average
performance,
knowledge and skills
with unessential
shortcomings

Average knowledge with unessential mistakes.
Application of knowledge in solution of practicaigblems.
Acquaintance with the main geodetic material.
Understanding and application of concepts and jplies.
Integration of several key elements.

Sufficiently good argument.

Sufficient preparation for further studies.

Application of knowledge is
based on given examples.
Good quality of work.
Correct accomplishment of
medium complexity tasks.
Sufficient skills of expression
and presentation.

Not less than 70 percent of study objectives ahéeaed

6 (Satisfactory)
Below average
performance,
knowledge and skills
with substantial
shortcomings

Below average knowledge, mistakes.

Application of knowledge in solution of simple ptaal
problems.

Acquaintance with the main material.

Sufficient understanding of concepts, ability tsdébe the
received information in own words.

Analysis focuses on several aspects but failsteyrielate
them.

Satisfactory preparation for further studies.

Application of knowledge is
based on given examples.

Satisfactory quality of work.
Ability to work by analogy.

Correct accomplishment of
simple tasks, failure to perceivg
more complex ones.
Satisfactory skills of expressior
and presentation.

Not less than 60 percent of study objectives areeaed

5 (Sufficient)
Knowledge and
skills meet minimum
criteria

Geodesy knowledge meets minimum requirements.
Application of knowledge in solution of simple ptaal
problems.

Simple citation of assimilated concepts, retellirigext. The
answer is focused on one aspect.

Minimum preparation for further studies.

Minimum satisfactory abilities
to solve problems in accordang
with examples.

Ability to work by analogy.

and presentation.

Not less than half of study objectives

are achieved

I nsufficient
Knowledge and
skills do not
meet minimum
criteria/below
minimum
criteria

NNE

Geodesy knowledge does not meet minimum requiresnent Abilities do not meet minimum

requirements.

Less than half of study objectives are achieved

Good application of knowledge.

Satisfactory skills of expression

N

9. Attendance.

Attendance of practical work sessions is compulsory

10. Facilitiesand L ear ning Resour ces Required and Their Brief Description:

Lecture halls are equipped for geodesy teachinghflieal means: training polygon. Presentation egeif,
Internet, electronic range findersSpectra Precizion HD- 50%, ,Disto A3" and ,Disto A5“. Electronic



tachometers: GPT 3005 N, ,Nikon NPL - 632% ,Trimble S 6 DR300+* and }Jeica TCR 1205 R
100“.Electronic digital levels:Leica DNA03", ,Leica Sprinter200 M“, and ,Jopcon DL- 102 C*. Leveling
metering-rods, leveling bases. Personal computr spiecial training softwarelppcon link, Leica Geo Ofise

Trimble Geomatics Offic&seoMap.

References and other sources of information:

(a tick-mark shall mean availability of the
ie Publishing Information source (publication) grobcI:tri]cl)r:] Kaunas source)

No. year author, title and identification numbey and house| College Study Rooms I_Oth(.er
; ibraries
library

Key Information Sources

- . Vilnius.
ZIVATKAUSKAS, Aurelijus, et al. UAB
1 2008 | Geodesy: training aid. Vaist \ \
ISBN 978-9955-511-87-8. 329 p. nrest
Zinios
Alexander, Ross, CLARKE. HardPress
2 2012 | Geodesy. Publishing \ V
ISBN 978-1290098762. 378 p.*
2012 HARRY, L.Landscape Surveying. |Department
ISBN 9781111310608. 256 p.* of
Agricultural
Engineering
3 Oklahoma v v
State
University,
USA
Charles, D., GHILANI et al. Westford
4 2012 | Elementary Surveying. United State \ \
ISBN 978-0-13-255434-3. 984 p.* of America
E., V., ZOLOTOVA. Fund “Mir”
R., N., SKOGOREVA. (Russian:
5 2012 Geodesy with cadastre basics. ®onpn v v
ISBN 978-5-919840-07-7. 413 p.* ,,Mup*)
Additional reading
SKEIVALAS, JonasElectronic
1 1998 | geodetic tools Technics \ \
ISBN 9986-05-713-2. 193 p.
SKEIVALAS JonasMathematical
5 1995 procesging of the results cbrrelated Technics N N
geodetic measurements.
ISBN 9986-05-151-7 : 10.0@R72 p.
TAMUTIS, Zigmas. et al. srf(':erc‘lc: 223
3 1996 | Geodesy-2 B bl v v
ISBN 5-420-01331-2. 384 p. c
entre
TAMUTIS, Zigmas, et al. Science and
Geodesyl Encyclopaed
4 1992 ISBN 5-420-01331-2. 292 p. ia Publishin v v
Centre
M. I. KISILIOV, D. S. MIHELIOV. "Akademija’
Geodesy. (Russian:
5 2011 ISBN: 978-5-7695-8390-2 ,,Akagemus"
(9785769583902). 384 p.* )
I. F.,KUSHTIN, V. I. KUSHTIN “Fenix”
6 2009 Geodesy . (Russian:
ISBN: 978-5-222-15779-4. 912 p.* |, ®ennkc”)
7 2012 TORGE, WOLFGANG; MULLER, |University o \ N




JURGEN.Geodesy. Hannover,
ISBN 978-3-11-020718-7. 539 p.* Germany.
ERIK W. GRAFAREND, Springer —
FRIEDRICH W. KRUMM, VOLKER Verla
8 2003 | S. SCHWARZE Geodesy — The 29 N N
. . Berlin
Challenge of the 3rd Millennium. Heidelberg
ISBN-10: 3642077331. 487 p.*
Edited by G. G. POKLADGeodesy
9 2012 pra_lc_:ticum textbook for HEIs. %' :Gaudeamu
edition.
ISBN 978-5-98426-115-9. 470 p.*
Technical regulations of geodesy and National
10 2000 cartograp_hyGKTR 2.0_8.01:2_000:_ Service of N N
constructional geodetic engineering |Geodesy ar
investigations Cartography
Technical regulations of geodesy and .
cartographyGKTR 2.11.02:2000: | Jeuond
) . : ervice of
11 2000 conventional signs for topographic codesy arl
maps of scale M 1:500, 1:1000, 1:20 @artograph/
and 1:5000
AutoCad (Autodesk Product Design
12 2013 Suite for Education 2013)*
Periodicals
Geodesy and cartography. .
! SSN 13920541 Technics v v
Geodesy and cartography. Vilni us N N
ISSN 2029 - 6991* Gedimiras
> Technical
University,
Institute of
Geodes
3 Measurement engineering and GIS. | College of N N
ISSN 2029-5790 Kaunas
Online Information Sources
1 http://www.nzt
2 http://www.topcon.lt
3 http://www.gpspartneris.|t
4 http://www.infoera.lt
5 http://www.geoportalas.lt
6 http://www.gps.lt
7 http://www.glonas-center.ru
8 http://www.unavco.org
9 http://www.navstar.com
10 http://www.esa.int/esaNA/galileo.htm|
1} http://www.gsb.It

references for international students

Subject Programme has been prepared by:

Teacher, coordinating the Subject:

assistant Vincas Zakarauskas

lecturer Auje$ Zivatkauskas




ik » FRONOINMIK A+ SANGLALD, L SAIUN

Kuriame Lietuvos ateit]

§
KAUNO @

KOLEGIJA ®

UNIVERSITY OF APPLIED SCIENCES
FACULTY OF LANDSCAPING

FACULTY OF LANDSCAPING
DEPARTMENT OF GEODESY
STUDY PROGRAMME: REAL ESTATE MEASUREMENT ENGINEERIS
(code)653H14004

VINCAS ZAKARAUSKAS

PROJECT WORK PROCEDURE
FOR THE SUBJECT
GEODESY

Mastaiciai
2012



The Aim and Objectives of the Work: to create site topographic plan, to perform geacdeti
surveying using GPS device.

The Main Objectives of the Project Work:

To define boundaries of the site.

To collect initial geodetic data.

To define geodetic network and site plan base point
To select GPS device.

To provide detailed technical data for GPS device.
To carry out GPS surveying.

To process GPS surveying data.

To assess surveying precision.

© ©® N o s~ 0N PE

To create a site plan.
10.To create afile.

11.To present a report.

The Length of the Project Work in Hours: 38

Expected Outcomes:To collect the data on site geodetic surveyinglirtk geodetic surveying to the
national geodetic base and evaluate surveying gioegicreate a site topographic plan using innoeageodetic

instruments that meet GKTR requirements.

RECOMMENDED TOPICS (TASKS)
Preparatory works.

Site examination.

Geodetic surveying.

Data processing.

Site topographic plan.

File creation.

S A A

Report presentation.



STRUCTURE OF THE WORK
| INTRODUCTION

Introduction must include description of work olije@levance of the analysed topic, the object,
aim and objectives of the work. The style must learcand explicit. Each statement must be justified
using simple sentences. Use the following formenitences: “Object of the work—...”, “Aim of the e
. “..is analysed in the paper” etc.. Papeudure is briefly described, and relevance is ualty
discussed.

It is recommended to writithe aim of the work separately in bold italic.

The objectives must be numbered and arranged araepparagraphs.

The following questions must be answered in thediction:

What is the object of the work?

What goals must be achieved in the work?

Why to achieve them?

How will be the goals sought?

The list of basic terms and abbreviationgh explanations is provided next to the introtue
on a separate pagexpressions (key concepts), applied terms (cosgeptimmaries are clearly and
briefly described).

I WORK PROCEDURE

Student must analyse study and technical liteeaind other information sources (textbooks,
monographs, scientific publications, standardsrasrthative documents, information from web sites)etc
in detail during the preparation of the projectgrap

In the work preparation procedure the studensiclans work specificity and envisaged outcomes.

It is required to follow the requirements of gesg and cartography regulations of the Republic of
Lithuanian during implementation of processeshefgite topographic map .

Geodetic surveying is carried out using GPS device.

Site topographic map M 1 : 500 is createddBsoMapsoftware.

[l MATERIAL ANALYSIS

The analysis chapter must include students’ exfilama on the procedure of data collection,

analysis and obtained outcomes. Each visual forist explained.



More attention is paid to the description of datdlection procedure and justification of the

precision of obtained data.

IV CONCLUSION

The most important conclusions are formed in thiapter. The material is provided in laconic
manner in the form of theses with minimum figurds (ot use tables or diagrams - they must be peadvid
in description or appendices). Conclusions needetmumbered and arranged in paragraphs. The authc

must sign under the conclusions.

V SOURCES OF INFORMATION

Description of used sources and literature bibapbies is provided herein. This chapter
comprises description of used sources and litegattempiled in accordance with the standards for
document bibliographyOnly directly quoted data sources or conceptiomarase (quoting) as well as
the sources containing information (numbers, mqodigsres etc.) must be mentioned.

Preparation work, bibliographic refereneasl their list is drawn up according to the Lithiza
standards LST ISO 690 and LST ISO 690-2. Some rewdations are provided in the methodological
guidelines. References are given after conclusiamsseparate chapter titted SOURCES OF
INFORMATION (not numbered).

Each source of information referenced ia téxt must be listed in the source list. You cah n
specify any references not mentioned in the text.

List the information sources in alphabetical ordsing the author's last name. Composite works
without indicated authors on the title-page/covwesu@lly published by organisations or group of atgh
are listed according to the initial letter of theading. Several works of the same author are listed
according to the publication year in chronologiceder starting with the earliest publication (e1P95,
1999, 2001 etc.)

Information sources in Lithuanian and other Laiphabet based languages (English, German
etc.) are listed in common alphabetic order. Slayphabet sources are listed separately followiatnlL
Foreign language sources must be written in orighdhinformation sources must be numbered.

Description of used information sources includesnames and initials of author or authors, title

of publication, place of publication, publishinguse, publishing year. General number of pages meay b



indicated as an option. Note that the internatistendard book number (ISBN, ISSN) must be indidat
at the end. This number allows to easily find peadibns over the Internet.
Cited book page is not indicated in the list obimhation source. However the cited page of article

thesis work must be indicated.

Example of the list of sources is provided herdaraf

Books: (Publication title is written in italics)

* book with one author:
ALEKNAVI CIUS, PranasZenes teig: vadolis. Kaunas: UAB ,Judex”, 2007. 296 p. ISBN978-9955-
448-92-1.

* book with two authors:

JANKAUSKIENE, Erika; ir NENORTAITE, Birute Emilija. InZinerire grafika: inZinerirés
grafikos mokymo priemenKaunas: Kauno kolegijos leidybos centras, 20@8.4. ISBN 978-
9955-27-155-0.

* book with three authors:
REKUS, Donatas; URBANAWIUS, Valdas ir PAKROSNIERN, Irina. Georeferencigs duomen bazs:
mokymo(si) prieman Vilnius: UAB ,Vaisty Zinios* 2008. 72 p.

* book with four and more authors:
ZIVATKAUSKAS, Aurelijus, et al. Geodezija: mokymo(si) prieménVilnius: UAB ,Vaisty Zinios®
2008. 329 p.

* book with one editor:
Lietuviy kalbos zinynasSudaé Petras KnikSta. Kaunas, 2002.

* book with no author:
Respublikik mokslire — praktire konferencija,Matavimy inzinerija ir GIS* Straipsng rinkinys 2010/1.
Kaunas: Kauno vieSoji biblioteka, 2010.

* magazines, newspapers and other continuouscgtiblns
Tarp knygy: Vilniaus Gedimino technikos universitetd3eodezijos instituto bibliotekos zurnal@§04.
Nr.1 (101). Vilnius. 2000, p. 94-106.

Articles:

« article with one author from a book or multi-uoie publications:
SIKORSKYTE, Ausra.Triukdmo Zewapio sudarymo ypatumai MapNoise programijrenga.
In Respublikia mokslire — praktire konferencija ,Mataving inzinerija ir GIS* Straipsni
rinkinys2010/1 Mastatiai: Kauno kolegijos leidybos centras, 2010, p.B4418SN 2029-5790

« article with two authors from a book or multitume publications:



MOZGERIS, Gintautas; ir MASAITIS Gediminadietuvos misSk aerofotografavimas: ig&iai bei
perspektyvos. In Respublikimokslire — praktire konferencija ,Mataviny inzinerija ir GIS* Straipsni
rinkinys 2010/1Mastatiai: Kauno kolegijos leidybos centras, 2010, p.B4418SN 2029-5790

« article from magazines, newspapers and othermeayus pablications:
BAGDONAS, Algis; ir SURVILA, RomualdasKuriama darni Zertvarkos sistemaZenetvarka ir
hidrotechnikgmagazine]. Vilnius: AB ,Spauda“ 2010, p.13-19. 1$3648-3014.
WRIGLEY, E.A. Parish registers and the historiam.STEEL, D.J.National index of parish registers
London, 1968, vol. 1, p. 155-167.

* article from a book:
SKEIVALAS, Jonas. Elektromagnetinvirpesiy sklidimo greitis. InElektroniniai geodeziniai prietaisai.
Vilnius, 2004, p. 19-20.
WRIGLEY, E.A. Parish registers and the historiam.STEEL, D.J.National index of parish registers
London, 1968, vol. 1, p. 155-167.

Electronic documents:
« electronic books, data bases, computer software

URBANAVICIUS, Valdas; GIRKUS, Romualdas; SKKAUSKAS, Milanas.Kaunas topografiniuose
zenglapiuose XIXa-XXa. | CD-ROM]. Mastag€iai: Kauno kolegijos leidybos centras, 2010. ISBR89
9955-27-189-5.
Lietuvos Respublikos Civilinio kodekso patvirtinjgsigaliojimo ir jgyvendinimgstatymas
[interactive]. 2000 m. liepos 18 d. Nr. VIII-1864ilnius [visited on 16 March, 2010].
Internet access:
http://www3.Irs.It/pls/inter3/dokpaieska.showdo@ [®t1=390714&p_query=statybos&p_tr2=2
CARROL, Lewis.Alice’s Advantures in Wonderlarjohteractive]. Texinfo ed. 2.1. [Dortmund, Germany
]: WindSpiel, November 1994 2001 |[visited on 10 iy, 1995]. Internet access:

<http://www.germany.eu.net/books/carrrol/alice.l#ml

« articles from electronic books, databases, coermgftware:
Bibliografine Europos gjungos oficialijy dokument baz [interactive]. Vilnius: Lietuvos nacionalié
Martyno Mazvydo biblioteka. Informacijos centrassjted on 16 March, 2010].
Internet access: ,<http: //www.Irs.It: 10000/eskaylfesaa web.login>.
MCCONNELL, W.H.Constitutional History)Jn The Canadian Encyclopedia [CD-ROM)].
Mcintosh’o versija 1.1. Toronto: McClelland&Stewast 1993. ISBN 0-7710-1932-7



« electronic serial publications (newspapers, meges and other continuous publications):
Informacijos mokslajinteractive]. Vilnius: Vilniaus universiteto lei#tla, 1994- [visited on 9 November,

2001]. Internet access: http://www.leidykla.vud&tleid/inf-mok/infmok.html>

« articles from electronic publications (newspap@nagazines and other continuous publications):
GUDONIENE, Vilija. Politiné visuomea ir informacija. In Informacijos mokslai
[interactive]. 1998, [nr.] 9 [visited on 9 Novemb&001], ekr.3. Internet access:

<http://www.leidykla.vu.lt/inetleid/inf-m-9/indextmlI>.

STONE, NanThe Globalization of Europén Harward Business Rewiew [interactive]. May-
June 1989 |visited on 3 September, 1990], ekr. Ae2ess through: BRS Information Technologies,
McLean (Va.).

WORK PROCEDURE:

1. Groups of 3-4 students are made.

2. Geodesy teacher specifies site borders on taditp
Students of the group:

. Collect initial geodetic data.

. Examine the site.

. Determine topographic map base points and nhak t
. Select and check the GPS device.

. Prepare GPS device for surveying.

. Create locality sketch.

© 00 N O O b W

. Determine site location using GPS device.

10. Transfer numerical data of measurement to céenpu

11. Print GPS surveying report.

12. Evaluate surveyed data precision.

13. Process surveying data ustBgoMapsoftware.

14. Following Geodesy and cartography technicalleggpns create digital and analogical map M
1:500.

15. Create file.

16. Present report.
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line spacing.

Each chapter should be started on new page. 8scatiay be written on the same page dividing

them from the text by double line spacing accordinfig. 1.

1. GEODETIC DEVICES (Level A)

1.1. Electronic deviced evel B)
1.1.1. Calibration of electronic devices (Level C)

Fig. 1. Style of headings of chapters

Center the text on full width of page. Space thegaph from the left edge of the paper to 12-15
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from the text). In addition, they must be writtenliO pt font size or otherwise highlightedHéadersand
Footersare used, their content must be meaningful.

Limit the number of various highlighted places @&miphasis not to tire reader’s eyes.

It is recommended to use 12lf#lics for main characters of mathematical expressiodsSaot — for
indexes. Matrices should be written in square ketsgkvectors - 12 @old. Formulas should numbered
by Arabic numbers in circular brackets. They mustclentred, and their numbers indicated on the right
side of the page.

Every new symbol of the formula has to be explai@dmma should be added after the formula,
and explanation starts from the word “here” writtersmall letters on a new line, without indentati®o

not place a colon after the word. Each meanindghefsymbol should be explained from new line (adter



hyphen) in the order the formulas are provided he text. Place a semicolon after each symbol
explanation and a dot — after the last explanafi@n.example, average deviation is calculated ategr

to the formula:
S: max min , (41)

here:  Xmax—MmMaximum value;
Kimin —Minimum value;

K — factor corresponding to amplitude value.

It is required to place reference to tiedcliterature source in the text prior to thenfiorta.

Figures and tables should be placed next to tlesicription in the text.

Write captions in small letters, 10 Pold font (e.g.:fig. 2.1. Population changg. Centre the figures
and their captions. Perform numbering of all figui@ccording to chapter numbering (numbering of
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fig. 2.1. , fig. 2.2etc.
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figures and formulas should be divided from theuwhoent body by single line spacing. Headings of
chapters and sections should be centred.

Figures, tables, formulas etc. must not be plaatethe end of chapter or section. Chapter or
section must end with summarizing sentence abeuwtssence and main results of the chapter.

Internal appendices even though they represenpmguat handouts or their copies must have a
number and title. If the appendix consists of saMgages, indicate its continuation or end.

When several authors, composite authors or puldita must be indicated in the text, authors’
surnames and titles of publications may be indttatad source sequence number in brackets, e.g.
Expansion of agriculture reorganization is envisagethe documents [20, 21] of the Government.
Realization opportunities and methods of the reuizgdion are analysed byChplikas [3], A.Sinénas [4]
and other authors [10,11,12].

The references provided in the text should be rawet in Arabic numbers in square brackets
(source number only is specified, chapters andgagenot specified). The list of references wihding
“References” (font of the chapter heading) is pded next to the conclusion (before internal appseg)i
The reference sources should be in original langsi@g accordance with the Lithuanian standardseRef
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the text.

Topographic map is provided on A3 format pages witigins 25x5x5x5 mm.

Drawings are made using computer software. A talile main information must be placed in the
right bottom corner of the drawing. Map scalingiddoe M 1:500.

Standard conventional symbols should be used ®miap. Other symbols are allowed in case
there are no appropriate symbols in the standaddasion to use them is not taken. Standard syanteol
described in the geodesy and cartography techmiegllation applicable in Lithuania: GKTR
2.02.02.:1999; GKTR 2.11.02.:2000. In case of namgard symbols, provide their descriptions.

Structure of the project work:

- Title page
- Table of contents
- Introduction
- List of main terms and abbreviations with explaoradgi
- List of tables, figures and appendices
1. Work procedure

2. Material analysis



3. Graphical part

Conclusion
Sources of information
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WORK ASSESSMENT:

Project Work Assessment Criteria

Grade

Detailed description of criteria

10

All the initial geodetic data required for the grdj is collected, topographic map base points| are
envisaged and set out at the site, GPS devicdestsd and checked, GPS device is prepared for
surveying, site location sketches are made, sitatian is defined using GPS device, numerical

data of the measurement are transferred to the wempGPS surveying report is printed,
precision of surveying data is assessed, survedétg is processed liyeoMapsoftware, digital
and analogical topographic map at a scale M 1 :is@eated according to the requirements of
Geodesy and cartography technical regulationsleaidicreated in accordance with established
procedure, the text in the file is readable, extelpresentation of a report.

All the initial geodetic data required for the prdj are collected, topographic map base points are
envisaged and set out at the site, GPS devicdestsd and checked, GPS device is prepared for
surveying, site location sketches are made, sitation is defined using GPS device, numerical

data of the measurement are transferred to the wempGPS surveying report is printed,
precision of surveying data is assessed, survedéng is processed liyeoMapsoftware, digital
and analogical topographic map at a scale M 1 :is@eated according to the requirements of
Geodesy and cartography technical regulationsleaidicreated in accordance with established
procedure, the text in the file is readable, vesgdypresentation of a report.

All the initial geodetic data required for the prdj are collected, topographic map base points are
envisaged and set out at the site, GPS devicdestsd and checked, GPS device is prepared for
surveying, site location sketches are made, sitatian is defined using GPS device, numerical

data of the measurement are transferred to the wempGPS surveying report is printgd,
precision of surveying data is assessed, survedétg is processed yeoMapsoftware, digital
and analogical topographic map at a scale M 1 : BOartially created according to the
requirements of Geodesy and cartography technegallations, a file is created in accordarr{vce

with established procedure, the text in the filanseadable in some places, good presentation of a
report.

All the initial geodetic data required for the prdj are collected, topographic map base points are
envisaged and only part of them is adequately getab the site, GPS device is selected and
checked, GPS device is prepared for surveying,ladation sketches are made, site locatiop is
defined using GPS device, numerical data of thesomement are transferred to the computer,
GPS surveying report is printed, precision of syivg data is assessed, surveying data is
processed byseoMapsoftware, digital and analogical topographic mag acale M 1 : 500 i

partially created according to the requirement&ebdesy and cartography technical regulations,
a file is created in accordance with establishedgulure, the text in the file is unreadable in some
places, highly satisfactory presentation of a repor

All the initial geodetic data required for the prdj are collected, topographic map base points are
envisaged and only part of them is adequately setabthe site, GPS device is selected and
checked, GPS device is not completely preparedtoveying, site location sketches are made,
site location is defined using GPS device, numédesa of the measurement are transferred to
the computer, GPS surveying report is not printeecision of surveying data is assessged,
surveying data is processed BgoMapsoftware, digital and analogical topographic maga at
scale M 1 : 500 is partially created accordinghe tequirements of Geodesy and cartography
technical regulations, a file is created in accoogawith established procedure, the text in thee|fil
is unreadable in some places, satisfactory presemtaf a report.




All the initial geodetic data required for the prdj are collected, topographic map base points
envisaged and only part of them is adequately setabthe site, GPS device is selected

checked, GPS device is not completely preparedtioveying, site location sketches are m
inaccurately, site location is defined using GP8ia® numerical data of the measurement
transferred to the computer, GPS surveying reportot printed, precision of surveying data
assessed, surveying data is processedyMapsoftware, digital and analogical topograp
map at a scale M 1 : 500 is partially created aliogrto the requirements of Geodesy &
cartography technical regulations, a file is crdatet following the established procedure,

text in the file is unreadable in some places,icigffit presentation of a report.
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All the initial geodetic data required for the prdj are collected, topographic map base points
envisaged and only part of them is adequately setabthe site, GPS device is selected

checked, GPS device is not completely preparedtioveying, site location sketches are m
inaccurately, site location is defined using GP8ia® numerical data of the measurement
transferred to the computer, GPS surveying reportot printed, precision of surveying data
assessed, surveying data is processedyMapsoftware, digital and analogical topograp
map at a scale M 1 : 500 does not meet the reqaitesrof Geodesy and cartography techn
regulations, a file is created not following thetabtished procedure, the text in the file
unreadable in some places, insufficient presemtatfoa report, the most relevant processes
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Educational Institution: Kauno Kolegija/University of Applied Sciess
Study Programme: Real Estate Measurement Engineering
Subject: Geodesy

TOPIC: GLOBAL POSITIONING SYSTEM (GPS),
WORLD GEODETIC SYSTEMNGS 84.

1. The Structure of the Topic: the analysis of topic8Global positioning system (GPS)and
“World Geodetic System WGS 84bvers analysis of GPS systems, GPS satellitesyoamvental
effects on GPS surveying, GPS point positioninghoes and World Geodetic Systa&iGS 84.

2. TheLength in Hours. 1 academic hour is envisaged for topic explanation.

3. The Innovative M ethods Applied During Lectures for Topic Explanation: Presentation of
information, discussions, case analysis, one-rainefiection, use of literature and material irtwet
media Moodle.

6. GLOBAL POSITIONING SYSTEM (GPS)

Global Positioning System (GPS) is a complex ofcgdeman-made Earth satellites and
instruments for determination of spatial geodetiordinates applying radio navigation method. There
are navigational GPS instruments used for vehielagcrafts, space vehicles, ships, cars, and gieode
GPS instruments - used for specific constructionslanematic measurements [1, 3].

There are two operational GPS systems in the warttericalNAVSTARand russialtGLONASS
navigation systemsNAVSTARsystem was launched in 1983LONASS- in 1996.In 2011 two
satellites of european navigation syster@aljlec‘were launched and placed into circular orbit at 23
000 km. Galileo” will be installed within the decade, and the ffinavigation signal will be transmitted
to users in 2015, when sufficient number of sde&dliwill be reached. By the year 2020 the
constellation would consist of 27 active satelliésl 3 spare satellites in orbit. Compared to GBS
system satellites, Galileo" is equipped with more precise atomic clocks — thest important
component of the system [1]. The m&IAVSTARand GLONASSstation parameters are provided in
table 1.1..

Table 1.1.
The main components of NAVSTAR and GLONASS GPS systems



Indicators GLONASS NAVSTAR
Orbital altitude 19 100 km 20 200 km
Orbit inclination to equatorial plane 64,8° 55°
Orbital period 11h15min44s 11 h57 min 58,3 s
Number of Earth satellites 24 24
Time scale UTC (Moscow) GPS time
Coordinate system PZ 90 WGS 84

Both GPS systems were invented for navigation. §ystems are used to determine the location
of objects on the earths surface and in the spacsd as well as motion vectors of the objects.s€he
systems are also adapted for geodetic tasks: desgion of point geocentric coordinates, Earth’s
gravity field parameters, geodetic constants andNAVSTARaNdGLONASSsystems also deal with
tasks related to geoid determination, Earth’s polevement, Earth’s tides, geodynamics. High-
precision geodetic networks are created with the biethese systems [1, 3].

GPS consists of segments: space, control andsaggnents. The space segment consists of ¢
orbiting satellites placed so that not less tham &atellites would elevate 10° higher above thézba
from any Earth’s surface point and at any timehefday.

The precision of the point coordinates determiaygplying GPS method depends on the precision
of clocks, satellite orbital parameters, signalapagter measurement accuracy, and satellite - use
interlocation. Point geocentric coordina¥sY, Zare determined according to absolute method with a
error of several meters. Point coordinate changelation to another point location according to

differential method are determined with an errdrseveral centimeters [1, 3].

6.1. GPS Satellites

Electronic technologies have opened the poss@slito create innovative Earth surveying
methods: fast and accurate measurements. Howénese methods are still limited by the density of
control points, terrain ireguliarities and featurésese restrictions are to be voided using manemad
Earth satellites.

Nowadays the most advanced radio navigation sysgeitihhe system operated by the U.S.
Department of DefenceDQD). It is called the Global Positioning System - GRAVSTAR Global
Positioning SystemGPS has been used since 1994 [1, 3].



GPS system consists of satellites orbiting abdvedarth’s surface and ground-based station:s
(control segment). The satellites are placed im @bital planes consisting of six satellites ed€ach
satellite transmits the exact time and locationrdmates. A minimum of four satellites is required
determine the location of a point, however, mor¢elbes ensure higher accuracy and faster
detetermination of the coordinates. Satellite tnasitted signals must be received simultaneousiyat t
point the coordinates of which are being determii2éd

GPS satellites are placed at an altitute of apprately 20 200 km above the surface of the
Earth. The precise orbital periods of the satalld@ee close to 11 hours 58 minutes. The satellitiees
somewhat more than two orbits per day, therefagesttime satellite may be seen from the same groun
surface point twice a day. The satellite appearshi® next time 4 minutes earlier than the day tgefo
Each satellite has one transmitter and receives, atenna, five oscillators and one microcomputer.
The oscillator uses rubidium and cesium frequeraloes. There may be less than 24 active satellites

because of repair of single satellites. New sasllare launched if required.

Fig. 6.1. GPS stadllites orbiting above the Earth

Ground-based GPS stations observe GPS satelfitesjtor their position in space and the
reliability. Satellite ephemeris data and time eotions are broadcasted from these stations tc
satellites. Satellites can use these correctionssigignals transmitted to GPS tools. There are fi

ground-based GPS satellite observation stations.



GPS has its own timing systenGPS weekandseconds of weeR he time is measured in GPS
weeks, and the time of GPS week - in seconds okwaed this time varies from 1 to 604800. The
GPS weeks begin at the Saturday/Sunday transttion [

The aim of GPS method consists in measuremefiieodistance from the satellite to the receiver
(trilateration). This distance is calculated acaogdo the formula - the travel path of signal ¢aal to
the multiplication of propagation speed and timeinP coordinates are calculated using special
algorithms.

Time is an essential factor of the GPS systermdadsgtravel at the speed of light, so there is a
high significance of any delay millisecond if conteel into distance.

GPS operates wittWWGS S4coordinate system. User coordinates are convadrted other
coordinates providing corresponding specificatibnd].

6.2. Environmental Effectson Surveying

The quality of GPS surveying is determined by teeain environmental factors:

- lonospheric activity depends on the time of dag solar activity;

- Tropospheric propagation delay (depends on ttedlisa elevation angle);

- Signal obstacles (buildings, hills, trees, metan);

- Signal reflections (the signal is reflected frarhouse or other object and then reaches the
receiver - consequently the propagation distant@niger leading to the falsification of results);

- Radio wave interference (similar frequency radave sources). lonosphere - the component of
the Earth’s atmosphere from about 50 to 1 000 kitudé above the Earth’s surface. It consists eé fr
electrons. lonosphere has the greatest influenc&Rf signals in northern and southern latitudss. It
activity is highly dependent on the 11-year sungyote and the time of day (the greatest impaonis
sunny day). 2000 - 2001 were the years of maximalar sctivity. High solar activity can affect the
initial determination of conditions for favorablerseying - drag out the measurement reducing the
accuracy[1].

Tropospheric effect is simulated and eliminatedthy GPS device. Determination of favorable
conditions for surveying and the accuracy of meamants are influenced by tropospheric propagatior
delay. Where possible, the same height of basedagdeortable device is set.

Obstacles around the receiver (houses, trees tandlimit the possibilities for the station to
observe all satellites. They also increase thenpialeof signal reflection. Flat metal objects imet
vicinity of the satellite antenna (roofs of carghacause signal reflection before the signal reathe

device. This may result in 1 to 5 centimeters messent error [1, 3].



6.3. Number of Visible Satellites

GPS system is designed so that at leat four gagellvere visible at every point of the Earth
above any location on the horizon. But often mateltes are visible. Satellite inclination angpethe
equatorial plane makes up 55°. The visibility ofeiéies depends on the point geographical latitude
the further north, the less satellites are obsesweuliitaneously and the lower their elevation angle
The maximum number of visible satellites is 12. Wheore satellites are seen, the surveyimng isfaste
and the results are more accurate.

Satellite geometry directly affects the capal@tiof GPS device. The best measurement
conditions are when the angles of satellites gf&er in respect to the device [1, 3].

6.4. Satellite Elevation Angle

GPS satellite orbit angle of inclination towardguator is approximatelly 55°, therefore the
satillites will be never visible in the zenith foer north than 55° of northern latitude and furtbeuth
than 55° of southern latitude. Vilnius is approxielly 54°38' of northen latitude therefore the
satellites can be still observed in the zenithhfrapove the observer).

Why is the satellite elevation angle important® Tiuality of satellite transmitted signal depends
on the elevation angle. Tiedevation masks a very important and often used term in GP8rga. It is
the minimum satellite elevation angle that is Misiabove the user azimuth. It must be determined
before measuring. If any of the satellites is lowérthe set angle the signals from it will not be
automatically received. Most often used minimunekiéé elevation angle is 15°. It is the most Sbiiga
for a variaty of observations. When variable numitfesatellites is observed, e.g. five simultanepusl
eight after a few seconds and again five or simaans that some of the satellites are going dawap o
and are on the line of the set minimum elevatioglenin such case it is recommended to wait for
some minutes till the fixed number of satellitedamchange the minimum elevation angle and perform
remeasuring [1, 3].

How does the elevation angle influence the acgumit measurement? When the satellite
elevation angle is small, the signal must travelgkr path through the Earth’s atmosphere from the
satellite to the receiver. The Earth’'s atmosphenpedes signal propagation (because the light

propagation is speeding down).

6.5. Point Positioning GPS M ethods



Point positioning GPS method is chosen accordmghie requirements for accuracy and
reliability of the set point location. GPS survegtimods are the followingstatic ReoccupationRapid
Statig Kinemati¢ Stop&Go KinematicReal Time Kinematic -RTifferencial GPJ1, 3].

Static method is the most precise and reliablis. ossible to coordinate with several devices at
the same time during the measurement. Measuremanidepends on the length of measured vectors
satellite observation possibilities, atmospheredd@ns and other requirements. Such measuremen
may take from 30 minutes to several days. This otkik often applied in measuring longer than 15
km vectors.

Reoccupation method is similar to the static,thetmeasurement at points takes less time i.e. 1(
min., then continuing with the next point and goorgto all set points before returning to the fose.
Remeasurement with short time interval is performéde advantage of this method is shorter
measurement time.

Kinematic method is the most rapid. The measurénseperformed in two established points
applying Rapid Static method (approximately 5 miihe advantage of the kinematic method is fast
determination of point locations on the ground amthe space.

Stop&Go Kinematic method is a combination of Ragdgatic and Kinematic methods.
Measurements are performed without switching offdlevice, several minute stops are made at point:
for the reason of renewal of detection of the nundbstrong waves [1, 3].

The aim of Real Time Kinematic method is the samef the simple Kinematic method. The
main advantage of the Real Time Kinematic methaasists in fast determination of poit locations
because the measurement takes 5 - 10 seconds. dilgsvhis method is the most applicable for point
positioning. Corrections sent from the basic statexrated at the point with established coordinates
used in the cource ®TK measurement. The accuracyRFK method makes up approximately 1 - 3
cm.

Differential methiod is a type of Real Time Kinamamethod when the corrections from the
established point are transmitted by radio wavas fradio stations or broadcasted on the Internet.

The Real Time Point Positioning method is the ppspular for real estate cadastral

measurements.

6.6. World Geodetic System WGS 84



The locations of points have been determined thi¢hhelp of GPS devices since 1984 according

to the World Geodetic SysteM/GS84. It is a geocentric coordination system. Itedgtic datum

coincide with the mass center of the Eartlaxis is directed towards the conventional Eanplotes.

X axis is set according teVGS 84 prime meridian and conventional Earth’s polgsiator

longitude.WGS84 prime meridian is parallel to the zero merididaxis is on the conventional Earth’s

pole equator longitude towards the east fd¢axis through 90°.
WGS 84 ellipsoid semi-major axis — 6 378137 m, londgu 1 : 298,257 223 563. Ellipsoid

geometry center coincide withGS84 coordinate system origin, and ellipsoid semigniaxis - with

axisZ axis of the coordinate system [2].

One-minute reflection questions

~N O 0o~ WN

. What are the world operational GPS systems?

. What causes the most influence on the accwb@®PS surveying?
. When is the greatest impact of lonosphere 08 &Rveying?

. Do the buildings influence the accuracy of GR&eying ?

. How long can th& TK method measurement take?

. Could the Static method take 5 hours?

. What is the axial meridian of the LKS -94 cdoade system?

8.

What is the name of coordinate system wheretigén of coordinates coincide with the mass

center of the Earth?

General questions
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. Where are the GPS tools used?

. What is the approximate height of satellites?

. What coordinate system is used\AVSTARsatellites?

. Why does the surveying accuracy depend onabrddiitude?

. What is the most often used minimum satelliggaion angle?

. What is the most precise GPS surveying method?

. What is the most common GPS method used fords¢ate cadastral measurements?
. What is the name of the world coordinate sy8tem

. What is the ellipsoid of the world coordinaystem?

10. Is the WGS 84 coordinate system topocentrgeocentric?
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TOPIC: LITHUANIAN NATIONAL GEODETIC BASIS,
1994 LITHUANIAN COORDINATE SYSTEM - LKS 94,
DIRECT AND INVERSE ANGULAR INTERSECTION

1. The Structure of the Topic: the analysis of topickithuanian National Geodetic Basis, 1994
Lithuanian Coordinate System - LKS 94, point camatlon methodsovers the presentation and
analysis of information regarding the structurettté Lithuanian National Geodetic Basis and its
networks, LKS 94 coordinate system main data, doatd reference point, essence of direct and

inverse angular intersections, data processingegiae and permissible errors.
2. TheLength in Hours: 2 academic hours are envisaged for topic explamatio

3. The Innovative Methods Applied During Lectures for Topic Explanation: Presentation of
information, demonstration, discussions, one-mimatkection, individual tasks, case analysis, use

of literature and material in virtual medisi¢odle.

8. LITHUANIAN NATIONAL GEODETIC BASIS

The geodetic basis is required for real estatastaal measurements, control, creation of
topographic maps in the field of land cartograptynstruction, geodynamic investigations, state
border marking and other activities requiring deti@ation of point locations [1].

The Lithuanian Geodetic Basis consists of Lithaangeodetic networks, their coordinates
and heights. The totality of geodetic marks on Heeth’'s surface interconnected by geodetic
surveying constitutes the geodetic network. Thedg&o network is divided into national global
positioning system (GPS), planimetric, verticag\gmetric, magnetometer, permanent GPS station
networks according to determinable parameters. Aiieg to the territory the geodetic networks
and divided into world, continental, national, neipal, local and special networks [1].

The global positioning system of the Republic ahuania is the network of permanent
reference GNSS stations called LitPOS. It is amrmftion system of the Lithuanian National
Geodetic Basis, which provides the users with geodentrol data in real time. LitPOS consists of
25 permanent reference GNSS stations located inteatréory of the Republic of Lithuania.

Regional GNSS station control room is equipped imiv's Gediminas Technical University. The



purpose of LitPOS is to calculate and eliminatomrrof GPS satellite signals received by GPS
measurement tools and to determine the spatiatitocaf objects on the Earth’s surface in the

territory of the Republic of Lithuania using GPSaserement equipment. The geodetic basis data
corrected according to these errors is transmitted.itPOS users through telecommunication

facilities. LitPOS data source is GPS satellitenalg received by permanent reference GNSS
stations and transmitted through state safe datesirission network to LitPOS data processing
centre. Other LitPOS data sources are the infoomdtiom permanent reference GNSS stations,
meteorological information, parameters of ionospheodel, parameter of the Lithuanian geodetic
basis and Lithuanian geodetic coordinate systemedisas parameters of related systems according
to which the corrections for real time eliminatiohGPS satellite signal errors are calculated.

LitPOS activity functions: to receive GPS satellgignals throughout the Republic of
Lithuania at uniformly located permanent refere@MSS stations and transmit the data through
the state safe data transmission networks to LitEB&8 processing centre; to process the LitPOS
data and calculate corrections for real time elation of GPS satellite signal errors; provide
LitPOS users with corrected geodetic basis datagutelecommunication tools. Organizational
structure of LitPOS includes LitPOS administratoNational Land Service under the Ministry of
Agriculture and LitPOS manager — state enterprisgiddal Centre of Remote Sensing and
Geoinformatics ,,GIS-Centras”; LitPOS users — phgkand legal entities who uses GPS equipment
for determination of object spatial location.

Physical and legal entities wishing to use thé?O8 data must fill in the registration on
LitPOS web page www.nzt.lt, i. e. to fill in andnskean electronic form of registration to LitPOS
manager. After filling in and sending of the elecic form of registration the LitPOS manager
provides physical and legal entities with LitPOSmame, password and parameters of service
station of the LitPOS data processing centre, pliogigeodetic basis data.

The requirements imposed on the LitPOS user foasmement by GPS equipment:
capability to use Internet GPRS (erigeneral Packet Radio Servjosonnection and capability to
use Internet GPRS connection and receive RTK sgnal

Planimetric network consists of: GPS, triangulatipolygonometry and local networks.
GPS networks are divided into zero, first, secomd third order networks. GPS network integrates
4 zero order, 52 first order, 1026 second orderl&h@00 (1 station - 5 sg. km) third order stations

Baltic height system is applied in Lithuania. Nairheight is computed from Kronstadt zero
(The Gulf of Finland) equipotential surface (geoialtic system heights differ from Amsterdam
system heights common for Europe by 15 cm.

The Lithuanian National Geodetic First Order Natwoonsists of five closed polygons.
Perimeter of the network is approximately 1900 Kwerage perimeter of the polygon — 500 km,



average distance between benchmarks and wall nsaggproximately 1.5 km. Mean square error
of one kilometre makes up 0.42 mm. Second ordevarés are placed inside and outside the first
order polygons. The outside of the polygon is badhby the border of the Republic of Lithuania.
Vertical network stations in the territory of theuntry are located so as not to leave local points
more than 15 km distant form first or second ostations. Average perimeter of the second order
polygon is 120 km. Lengths of lines uniting netwaradal points or reference points must not

exceed 50 km.

Fig. 8.1. Lithuanian National Geodetic Vertical First Order Network

The state geodetic network is also united by tlesolute measurement stations and first
order gravimetric network uniting 48 stations. A®ed order gravimetric network of 635 stations
is created to carry out detailed geopotential fieldestigation in the territory of Lithuania. The
gravimetric network is required to perform detaifgdvity field investigations.

Lithuanian magnetometric network consists of 6 netgmetric stations equipped in the

territory of Lithuania for determination of magretield ramp.

8.1. 1994 Lithuanian Coordinate System - LKS 94

1994 Lithuanian Coordinate System (LKS-94) intégplainto the general European system
only must be used since February 1, 1996. Coombnatt all the GPSGlobal Positioning System
geodetic basis stations in the territory of Lithiaatletermined applying satellite method are located
towards the global and geocentric mass centreeoEtrth. Global geocentric coordinate system is
WGS 84 World Geodetic System 1984ith its realization in Europe EUREF 8&uUropean
Coordinate Referencing Systd®89) using GRS-805eodetic Reference Syst&é880) ellipsoid.



LKS — 94 coordinate system includes:
— spatial coordinate system;

— normal gravity field and ellipsoid;

— planar coordinates system.

The spatial coordinate system aligns WEARS 89 coordinates system of the united
European geodetic netwoBUREF 89. It is a geocentric system. Location of a pardefined by
rectangular coordinates, Y, Z

Normal gravity field andsRS80 (Geodetic Reference Sysiestlipsoid.

Semi-major axis of the ellipseas= 6378137 m, inverse flattening of the ellipse is
1/=298.257222101....

The centre of ellipsoid coincides WIEITRS89 system geodetic datum, or its semi-minor
axis withZ axis.

Location of point is defined by geodetic latituBlegeodetic length and geodetic (ellipsoid) height
He.

Planar coordinate system is based on transvelselegal Mercator projection with axial
meridianL, = 24°C and projection scale at axial meridiag = 0,99980. Geodetic datum coincides
with the intersection of axial meridian and equabor the plane of projection. Axial meridian
projection is an abscissg) @xis. Positive direction of this axis is directesvard the north. Positive
direction of ordinatesyj axis is directed toward the east. The ordinatebsicissa axis is 500 000 m
(Technical Regulation of Geodesy and CartogragbfTR 2.08.01:2000: engineering geodetic

investigations for constructions

8.2. Point Coordination Methods

Coordinates of the locality point may be deterrdimecording to the geodetic intersection
by measuring angles or lines. The intersectioninbthas a result of measurement of angles is
called angular intersection, and the result of mesment of a line is linear intersection. Angular
intersections are divided into direct and invergersections and single or multiple depending on
the number of measurements performed. The muliilersection is more precise because of

additional measurements and better controllablepcations [1].

8.2.1. Direct Angular I ntersection



In direct angular intersection the planimetricdtian of pointsA, BandC is known and
angles3; B2, B3 andpsare measured. Coordinates of 7 picket point autzkd [1, 2].

The scheme of the direct angular intersectiomasided in Fig. 8.1.

8.1. Scheme of direct angular intersection

Abscissa of 7 picket point is calculated accordmthe formula 8.1.:

_ % CtgBz+ X% CtgBi— Ya+ Ve

Xpk7 8.1.
ctgP- + ctgp: ®.1)
Ordinate of 7 picket point is calculated:
ctgB:+ Cto3:+ Xa— Xs
Xekz = ¥ g3 ¥ Qﬁ (8.2)
Ctg32+ Ctg31
Check calculation - abscissa:
Y% CtOB2+ X CtOB1— Va+ Vs
ow = B OPBr— Yat Y (8.3.)
ctgB: + ctgps
Ordinate:
ctoB: + CtOBi+ Xa— Xs
Xek7 = Y.Ctgp-+ ¥ Ctp (8.4

ctgB: + ctgp:

Difference of calculated coordinates not excee&@gm is assumed.

8.2.2. Inverse Angular I ntersection
The inverse angular intersection is calculated wb@ordinates of three points are known
and the coordinates of the fourth point shouldfband. Two additional points must be selected,
two datums must be created and lengths of datuss Imust be measured in order to findthe

coordinates of required point. Angles are measbetdieen coordinated direction and datum lines.



The scheme of inverse geodetic intersection isigeavin Fig. 8.2. [1, 2].

8.2. Coordinate displacement scheme

Coordinate displacement scheme is adapted tof&pegition according to the provided
local directionsDB andBE datum lines must be drawn to ease the measureshéheir lengths

and angles.
The distance from poiMd to pointB is calculated according @MB andEMB triangles:

SJBXSiﬂBl
Sm=—r 8.5.
sin(p: - B2) 8:5)

_ SBEXSinB4

M= 8.6.
sin(Bs - Ps) (8.6,
The result is positive if the difference betweéstahces does not exceed 20 cm.

According to inverse geodetic task, direction aragid length oMN line are calculated:

arc tgouwn = A
AXwn

Sin = —.AyMN ;
SINOwn



S =+/AX? . AY?,

Difference of distances not exceeding 20 cm israssl.

p and c values of angles are calculated:
S x SiﬂBs .

N

sinu =

y=180° Bs—p .

The value of direction angle dN line is calculated:

oavB = N T Y.

According to direct geodetic task, coordinate8 @bint are calculated:

Xg = XM + S5m X COSamB;

Ve =Ym + Sem X Sin aus;

Direction angle oBN line is calculated:

AyBN

arc thLBN =
AXon

Check calculation of direction angle BN line:

asN = oy + 180° +B5 .

(8.7.)

(8.8.)

(8.9.)

(8.10.)

(8.11.)

(8.12.)

The difference betweeralues of direction angle &N line must not exceefl seconds.

One-minute reflection questions

1. What networks do compose the Lithuanian GeodBzsis?



2. What is the short name of the network of perenaneference GNSS stations of the
Republic of Lithuania?
3. How many stations does the LitPOS network ctrogP?
. What is the LitPOS administrator?
. What is the LitPOS manager?
. Who may use the LitPOS network?
. What is the axial meridian of the LKS -94 caoade system?

. What is the projection scale at the axial mand
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. What is the name of the ellipsoid of LKS-94 ahoate system?

10. What are the check calculations performed for?

General questions

1. What is the web page where physical and legaties must register to use the LitPOS
data?

2. What does the planimetric network consist of?

3. What does the LKS — 94 coordinate system cbaofis

4. What is the case for computation of inverseutargntersection?

5. What is the purpose of coordination of geodetimts?

6. What is the purpose of inverse geodetic task?

7. Characterize the purpose of direct angularsetion.

e References and other sources of information:



(a tick-mark shall mean availability of the
Se Publishing Information source (publication) PUb“Shm source)
g. . . s g location Kaunas
year author, title and identification number Other
No. and house| College Study Rooms i ;
. ibraries
library
Key Information Sources
5 . Vilnius.
ZIVATKAUSKAS, Aurelijus, et al. UAB
1 2008 | Geodezija: mokymo(si) priemén Vaist \ \
ISBN 978-9955-511-87-8. 329 p. n v aist
Zinios
Charles, D., GHILANI et al. Westford
2 2012 | Elementary Surveying . United State \ \
ISBN 978-0-13-255434-3. 984 p.* of America
Additional readinc
TAMUTIS, Zigmas. ir kiti. Mokslo ir
1 1996 | Geodezija-2 enciklope- \ \
ISBN 5-420-01331-2. 384 p. dijy leidykla
Geodezijos ir kartografijos techninis | Valstybire
reglamentasGKTR 2.08.01:2000: geodezijos
2 2000 L " Y v
statybiniai inZineriniai geodeziniai  |[kartografijos
tyrinéjimai tarnyba
Periodicals
Geodezija ir kartografija. .
! SSN 13921541 Technika v v
Geodesy and cartography. Vilniaus N N
ISSN 2029 — 6991* Gedimino
technikos
2 . )
universitetas
geodezijos
nstitutas
3 Matavimy inZinerija ir GIS. Kauno N N
ISSN 2029-5790 kolegija
Online Information Sources
1 http://www.nzt
2 http://www.gpspartneris. |t
3 http://www.infoera.lt
4 http://www.geoportalas.lt
5 http://www.gps.It
6 http://www.glonas-center.ru
7 http://www.unavco.org
8 http://www.navstar.com
9 http://www.esa.int/esaNA/galileo.htm

* references for international students

The topic of the Subject Programme prepared by:

assistant Vincas Zakiakas




Educational InstitutionKauno Kolegija/ University of Applied Sciences
Study ProgrammeReal Estate M easurement Engineering
Subject:Geodesy

PRACTICAL WORK NO. 1
TOPIC: LEVELING USING PRECISE DIGITAL LEVELS

1. The Aim of the Practical Work: to performleveling and stakeout of points using a digitaklewo
analyse surveyed data.

2. The Objectives of the Practical Work: to describe digital levelssheck and adjust precise digital
level, to set registration of data in the memoryhe level, to enter necessary data and settingsein
memory of the device, to stakeout leveling linekpis, to perform standard precision leveling, to

perform longitudinal leveling applying three metBpdo level intermediate points, to process and

analyse the surveyed data.

3. The Innovative Methods Applied in the Practical Work: teamlearning, discussions.

4. The Assessment of the Practical Work:

The highest leve of the
achievement of objectives

The medium levd of the
achievement of objectives

The minimum level of the
achievement of objectives

Not achieved
objectives

10 | 9

8 | 7

6 | 5

4 1 3] 2]1

Key control and functions of
the digital level are
demonstrated, the tripod of
level is set, the level is set u
on the tripod, the device is s
over the point, the level is
levelled, eyepieces are
adjusted, switch on/off of dat
registration is demonstrated,
Alphareference is adapted fq
leveling data entry, setting
menu is described and
demonstrated, leveling line
pickets are set out, leveling
line scheme is drawn,
parameters required for
leveling are entered (numbe
of benchmarks, and
measurements, order and
sequence of numbering of

pickets, the maximum

Key control and functions of
the digital level are
demonstrated, the tripod of
level is set, the level is set uj
on the tripod, the device is s¢
over the point, the level is
levelled, eyepieces are
adjusted, switch on/off of dat
registration is demonstrated,
Alphareference is adapted fq
leveling data entry, setting
menu is described and
demonstrated, leveling line
pickets are set out, leveling
line scheme is drawn, not all
parameters required for
leveling are entered (numbe
of benchmarks, and
measurements, order and
sequence of numbering of

pickets, the maximum

Key control and functions o
the digital level are
demonstrated, the tripod of
level is set, the level is set
on the tripod, the device is
set over the point, the level
levelled, eyepieces are
adjusted, switch on/off of
date registration is
demonstrateddlpha
reference is adapted for
leveling data entry, setting
menu is described and
demonstrated, leveling line
pickets are set out, leveling
line scheme is drawn, not &
parameters required for
leveling are entered
(numbers of benchmarks,
and measurements, order g

sequence of numbering of

Key control and
functions of the digital
level are demonstrated,
the tripod of level is s€
the level is set up on t
tripod, the device is set
over the point, the levd
is levelled, eyepieces
are adjusted, switch
on/off of date
registration is
demonstrateddlpha
reference is adapted f
leveling data entry,
setting menu is
described and
demonstrated, leveling
line pickets are set ouf,
leveling line scheme is
drawn, parameters
required for levelingre]

pr




permissible height variation
measurement error on the
station etc.)Level 1 leveling
is performed, intermediate
points are measurebevel 2
leveling and_evel 3leveling
are performed, measuremen
data is transferred to compu
and revised, measurement d
is printed and analysed.

permissible height variation
measurement error on the
station etc.)Level llevelingis
performed, intermediate poin
are measured,evel 2leveling
andLevel 3leveling are
performed, measurement da|
is transferred to computer an
revised, measurement data i
printed and analysed.

pickets, the maximum
permissible height variation
measurement error on the
station etc.), leveling
applying twolLevel methods
only is performed,
intermediate points are
measured, measurement d
is not ransferred to comput
and not revised,
measurement data is not
printed and analysed.

not entered (numbers
benchmarks, and
measurements, order
and sequence of
numbering of pickets,
the maximum
permissible height
variation measuremen|
error on the station
etc.), leveling applying
onelLevel method only
is performed,

intermediate points are

not measured,
measurement data is 1
transferred to computg
and not revised,
measurement data is 1

t

D

-

printed and analysed.

The teachespecifies the surveying object of the locality.

The survey is performed by groups of three or &iudents.

Each group selects a digital level from geodetimlatory, prepares it for work using devise user

manual and performs envisaged tasks.

Sequence of the practical work:

. To level the digital
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. To set a tripod of the level.

. To set up the level on the tripod.

level.

. To adjust the eyepieces.

10. To set out leveling line pickets.

11. To draw leveling

line scheme.

. To demonstrate the key control and functionthefdigital level.

. To set the device in the middle between thetpoin

. To demonstrate the switch on/off of data regtgin.
. To adap®phareference for input of leveling benchmark data.

. To describe and demonstrate the settings menu.

12. To enter parameters required for leveling (nemslof benchmarks, number of measurements,
order and sequence of numbering of pickets, theimar permissible height variation error on the
station etc.).

13. To level the line applyinigevel 1pattern leveling.



14. To measure intermediate points.

15. To level the line applyinigevel 2pattern leveling.

16. To level the line applyinigevel 3pattern leveling.

17. To transfer measurement data to computer arfiorpereview.
18. To print obtained data and evaluate surveyltsesu

19. To prepare presentation of practical work.

Level 1 pattern leveling

TheBack Pnprompt is displayed on the scre€wollimate to the roBacksight Jand pres$MEAS
key to recollect the measurement. When the measmem completed the average value of the
measurement is displayed on the screen. Messagkydigme is set on the setting mode. When the
setting mode is continuous measurement, gESkey is pressed. Theore 1 Pnmessage is on the
screen. Point number is automatically increased.

Collimate to the rod~oresight 1and pressMEASto recollect the measurememlhen the
measurement is completed the average value of #asumement is displayed on the screen. Then
collimation to the rodoresightin performed andMEASKkey is pressedr-oresight 2measurement is
performed in the same way. Collimation to the Batksight 2s performed. After the measurement
has been completed the average value will be dieglaFurther measurements are performed similarly
to the process described for the first station.

Measurements on th&station are displayed, see fig. 1.1. — 1.5.

Back 1 Pn _. | RedB13 _. | Red Bl _. | ForelPn _. | RodF13 .
10 1.6983 m 1.69837 m 11 1,5235 m
. Rod F1 _, | Fore2 Pn _. | Back 2 Pn _. | Back1l Pn
1.52387m 11 10 11

Fig. 1.1. Leveling procedure on the station according to Level 1 pattern leveling

Collimation to theBacksightis performed. Leveling by the level is performdteasurement is

carried out. Aftebacksights bn the rod are taken the following screens ardalysgl, see fig. 1.2.



RodB1 Dist B1
1.69837 m — | 214353 m -

Point No
J2mm - 10

ae
[ )

Fig. 1.2. Backsight 1 reading data is on the screen

The following screens are displayed:

- average value dfacksightreadings- 1.69837 m;
- backsightdistance to the ree21.433 m;

- n — total measurements taken - 3;

- 6 — standard deviation — 0.2 mm;

- backsightpoint number 10.

Further foresight rod readings are taken, Levetinghe level is performed and measurement is

carried out. After the measurement to thiesight lis completedthe following screens are displayed,

see fig. 1.3.
Rod F1 Dist F1 n 3 H dif 1 GH1
1.49837 m — | 21.433m — | ¢ 0. 2mm — | 0,20000 m — | 35,8272 B

. Point No
11

Fig. 1.3. Foresight 1 reading data is on the screen

The following screens are displayed:

- average value dbresightreadings-1.49837 m;

- foresightdistance to the rod 21.433 m;

- n — total measurements taken - 3;

- 6 — standard deviation — 0.2 mm;

- discrepancy of elevatidmacksight Jandforesight + 0.20000 m;
- foresightpoint elevation — 35.8272 m;

- foresightpoint number - 11.



After the measurement to tf@resight 2is completed, the following screens are displagee,
fig. 1.4.

RodF2 st F2 n 3
1.49833 m — | 21.434 m — | ¢ 0.1lmm —

Point No
11

M e
[}

=L

[}

= -2

[=-]

E

Fig. 1.4. Foresight 2 reading data is on the screen
The following screens are displayed:
- average value dbresightreadings-1.49833 m;
- foresightdistance to the rod21.434 m;
- n — total measurements taken - 3;
- 6 — standard deviation — 0.1 mm;
- d - totalbacksightdistance — totdbresightdistance;
- X - totalbacksightdistance + totdoresightdistance;

- foresightpoint number - 11.

Backsighton the rod is taken, leveling by the level is parfed and measurement is carried out.
After the measurement to theacksight 2s completed, the following screens are displayss fig.
1.5.

Rod b2 EV Dist B2 n 3
1.69832m — 0,01 mm — | 21,430 m — g 01mm —

Hdif2 . GH?2 . Point No
0,19999 m 35,8272 10

Fig. 1.5. Backsight 2 reading dataison the screen
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The following screens are displayed:

- average value dfacksightreadings-1.69832 m;

- height difference error backsight 1 — foresight)+ (backsight 2 — foresighf)2- 0.01 mm;
- backsightdistance to the rod 21.430 m;



- n — total measurements taken - 3;

- 0 — standard deviation — 0.1 mm;

- d - totalbacksightdistance — totdbresightdistance;

- X - totalbacksightdistance + totdoresightdistance;

- discrepancy of elevatiotmcksight 2Zandforesight 2- 0.19999 m;
- backsightpoint elevation — 35.8272 m;

- backsightpoint number - 10.

Level 2 pattern leveling
The procedure of measurement is provided in fig. 1

Back 1 Pn Back 2 Pn For 1 Pn Fore 2 Pn Back 1 Pn
10 —2 10 —* 11 —F 11 - 11

Fig. 1.6. Leveling procedure on the station according to Level 2 pattern leveling

Measurement procedure:

1.Backsight lon the rod is taken

2. MEASKkey is pressed

3. Backsight 2n the rod is taken

4. MEASKey is pressed

5. Foresight 1on the rod is taken arMEASKey is pressed
6. Foresight2 on the rod is taken

The same method is applied to further measurements.

After the first measurement to thacksight lis completedthe following screens are displayed,

see fig. 1.7.

Rod Bl
1.69837T m

Imst B1
21.433m

Fig. 1.7.

Backsight 1 reading data ison the screen

n 3

g 0.2mm —3

Point No
10




The following screens are displayed:

- average value dfacksightreadings-1.69837 m;
- backsightdistance to the rod 21.433 m;

- n — total measurements taken - 3;

- 0 — standard deviation — 0.2 mm;

- backsightpoint number - 10.

After the second measurement to thecksight 2is completed the following screens are
displayed, see fig. 1.8.

Rod B2 Dist B2 n 3 d 25.2 Pomt No
1.49833 m — 21434 m == g 0.1mm —3 ¥ 1028 m —3 10

Fig. 1.8. Backsight 2 reading data is on the screen

The following screens are displayed:

- average value dfacksightreadings-1.49833 m;

- backsightdistance to the rod 21.434 m;

- n — total measurements taken - 3;

- 6 — standard deviation — 0.1 mm;

- d - totalbacksightdistance — totdbresightdistance;
- X - totalbacksightdistance + totdoresightdistance;

- backsightpoint number - 10.

Foresight rod readings are taken, Leveling bylével is performed, measurement is carried
out.

After the measurement to tharesight 1lis completed, the following screens are displagee,
fig. 1.9.



Rod F1 Dist F1 n 3 H dif 1 GH?
149837 m - 21,433 m - g 0.2mm - 0.20000 m - - -

35.8272
_ Point No
11

Fig. 1.9. Foresight 1 reading data ison the screen

The following screens are displayed:

- average value dbresightreadings-1.49837 m;

- foresightdistance to the rod 21.433 m;

- n — total measurements taken - 3;

- ¢ — standard deviation — 0.2 mm;

- discrepancy of elevations between pobdsksight landforesight 1 -0.20000 m;
- foresightpoint elevation — 35.8272 m;

- foresightpoint elevation - 11.

The secondoresight 2on the rod is taken. After the measurement to furesight 2is

completedthe following screens are displayed, see fig. 1.10.

Rod F2 EV Dist F2 n 3
1.52387m — 0.01 mm — | 21.430m — g 0.1mm —

. Hdif 2 . GH?2 . Point No
0,19999 m 35,8272 11

Fig. 1.10. Foresight 2 reading data is on the screen
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The following screens are displayed:

- average value dbresightreadings-1.52387 m;

- difference error -l{acksight 1 — foresight) + (backsight 2 — foresight)2- 0.01 mm;
- foresightdistance to the rod 21.430 m;

- n — total measurements taken - 3;

- 6 — standard deviation — 0.1 mm;

- d - totalbacksightdistance — totdbresightdistance;



- X - totalbacksightdistance + totdoresightdistance;
- discrepancy of elevatiotmcksight 2andforesight 2- 0.19999 m;
- foresightpoint elevation — 35.8272 m;

- foresightpoint number - 11.

Level 3 pattern leveling

TheBack Pnprompt is displayed on the screen. The proceditieeomeasurement is provided
in fig. 1.11.

Back 1 Pn Fore Pn Back 1 Pn
10 - 11 - 11

Fig. 1.11. Leveling procedure on the station according to Level 3 pattern leveling

Measurement procedure:

1. Backsighton the rod is taken
2. MEASkey is pressed

3. Foresighton the rod is taken
4. MEASKkey is pressed

The same method is applied to further measurements.

After the measurement to tlhacksightis completedthe following screens are displayed, see
fig. 1.12.

Rod Bk F1 Dist Bk n 3 d 252 Inst Ht
1.69837m | — | 2143 m | — | o 02mm | — | Z 1028m - 358272 — -

_. | Point No
10

Fig. 1.12. Backsight reading datais on the screen




The following screens are displayed:

- average value dfacksightreadings-1.69837 m;
- backsightdistance to the rod 21.433 m;

- n — total measurements taken - 3;

- 0 — standard deviation — 0.2 mm;

- horizon of instrument — 35.8272 m;

- backsightpoint number - 10.

Foresight rod reading are taken, leveling is penéal, measurement is carried out.
After the measurement to tifi@resightsis completedthe following screens are displayed, see
fig. 1.13.

Rod Fr DistFr n 3 d 252
1.52387m — 122123 m — | o 0,1mm — | £ 1028 m —*

Hdaf . GHFr . Point No
0.17432m 343074 11

Fig. 1.13. Foresight reading data is on the screen

The following screens are displayed:

- average value dbresightreadings-1.52387 m;

- foresightdistance to the rod 22.123 m;

- n — total measurements taken - 3;

- 0 — standard deviation — 0.1 mm;

- d - totalbacksightdistance — totdbresightdistance;

- X - totalbacksightdistance + totdoresightdistance;

- discrepancy of elevatidmacksightandforesight 0.17432 m;
- foresightpoint elevation — 34.3074 m;

- foresightpoint number - 11.

M easurement of inter mediate points
IN/SOkey is used to measure intermediate points.



Number of measurements is selected, three measuote@re selected for the given case.
The procedure of measurement of intermediate pasnprovided in fig. 1.14.

Fore Pn Inter- Int Pn Rod Int 3 Rod Int
40 medate _ 1] 1.6983m - 1.69837m -

. Int Pn . End =ENT | _ Fore Pn
2 Cont = ESC 40

Fig. 1.14. Measurement of intermediate points

1. After completing the measurement to thacksightand before measuring to the next
foresightpress théN/SOkey.

2. Press theENT key. The instrument is now ready to collect the measergnto the
intermediate point, theter — Mediategprompt is displayed on the screen.

3. Collimate to the instrument on the staff whatfould be set on the intermediate point and
press theVIEASkey.

4. Measured average height is displayed aftenmtbasurement. Other values are available by
pressing theA] and [V ] keys.

5. Press th&eSC key. The instrument is ready to collect the nexermediate point. The
intermediate point number is automatically increlsedecreased.

6. Repeat steps for each intermediate shot.

Review of intermediate points is possible. Measwat data of the intermediate point is
provide in fig. 1.15.

Rod BkF1 Dast Int n 3 GH Point No
1.69835 m — 21,430 m — g 0lmm | — 528765— — 10

Fig. 1.15. Inter mediate point measurement data

The following screens are displayed:

- average value of intermediate point readin@s69835 m;
- distance to the rod21.430 m;

- n — total measurements taken - 3;

- o — standard deviation — 0.1 mm;

- intermediate point elevation — 52.8765 m;



- number of intermediate point - 10.

Theend change point End Mode

It is possible to stop the Leveling at the intedm& point and later proceed with measurement.
The stop of measurement is provided in fig. 1.16.

Back Pn Cont Close End of CPNo?

— —_— —_— — —

20 Leveling Leveling

CP 1
. Infol? Inb 27 . AhCP Back Pn
0.584 m 20

Fig. 1.16. M easurement stop at the inter mediate point

Measurement procedure:

1. Press thtMENU key at the Back Pri prompt after having collected faresightpoint and
before measuring laacksightpoint

2. Press the& ] key to display thdvlenuandEnd Modemenu

3. Press th&NT key twice Enter remarks, if required, at th&o 1 prompt, press thENT key.
If there were no intermediate points, the distatifference between benchmarks will be shown.
Input is limited to 16 alphanumeric charactersetford mode i©FF, this step is skipped.

3. Press thENTkey.

A fragment of measurements data is provided inifig)7.

4h CP Ah ECP ZD @ ¥D XICP GH CP
0.584m — 1.922m — 4577 m — 124.55m — 34.307m

Fig. 1.17. Measurement data

To look through the measurement data pressAlef [ ¥] keys. Displayed data:
- height difference between benchmark and theceadge point — 1.922 m;

- horizontal distance from the end change po%+7 m;

- distance from the benchmark to the end change pd.24.55 m;

- elevation of the end change point — 34.307 m.



Set out of points

The data of set out point can be taken fief&M or from memory card according to tQeit

module setting. The selected number of measurements ee.tfithe procedure of point set out is
provided in fig. 1.18.

Fore Pn Inter — Set Out Read Read
40 - Media - - Coord1? - Now -
So Pn Rod So3 Dnff Ht Rec =ENT
- PN1 - 1.6983m | 0.48453m | Cont=ESC |
- End = ENT - . - Fore Pn -
Next = ESC PN2

Fig. 1.18. Point set out procedure

The procedure of point set out:

1. Afterbacksightmeasurement and prior foresightmeasurement tHé&l/SOkey is pressed
2. Setout ments selected by pressind| or [ V] keys

3. ENT key is pressedThe data is taken frorRAM of from the Group, depending of the

selection inOut modulesettings.

4. Press th&NT key.

5. Press A] or [ V] keys to select the point and then pressBENd key.

6. To look through the altitudes and note scrgeass [A] or [ V] keys.

7. A sight on the rod set up on the set out pgirthken and thtMEASKkey is pressedAfter

measurement an information with three measuredegadund final average value of the measurement
will be displayed.

keys.

8. To save measurement data pres&thi€key.

9. To measure set out point pressESCI key.

10. Return to th€ore Pnmessage box by pressing ST key.

11. For next point set out press E®Ckey.

12. After the sight on the rod, other informatisravailable by pressingdl] or [¥] and MEAS

The measurement data of set out point is providdid. 1.19.



Daiff Ht Rod So Dist So n 3 GH
0.48453 m — 1.69837m | — 38470 m — g 0,1 mm — 50.3678
Point No

- 11

Fig. 1.19. Set out point measurement data

The following screens are displayed:

- average value of height difference — 0.48453 m;

- horizontal distance from the level to the sdtfmint—38.470 m;
- n — total measurements taken - 3;

- 6 — standard deviation — 0.1 mm;

- set out point elevation — 50.3678 m;

- number of the set out point - 11.

ADDITIONAL MATERIAL FOR COMPLETION OF THE PRACTICAL WORK

Key function of the digital leveDL-102Care provided in table 1.1., and table 1.2. provifte
display contents of the digital levieL-102C.

Table 1.1.
Key functions of digit level DL-102C
Keys Functions
REC Records the measured data or enters the displajadalthe instrument
SET MENU Initiates Set mode and Menu mode
SRCH Data search
IN/ SO ‘I_'his key _is used to initiate intermediate poinset-out mode collection during
line leveling
DIST Distance measurement
MANU Manual key used to input the data from the keyboard
V A This key is used to page through menu screenstardigplay screens

If the displayed value overflows the screen thig é&n be used to shift the

«»> display to the right or left in the screen
REP This key is used to remeasure the previous backsigioresight point during
line leveling
ESC/C This key can be used to escape from the menu moaleyof the setting

modes. This key can be used as a backspace keyimhdting data
0<9 These keys are used to input numeric values
(Y) When in alpha mode this key will change betweenerignalpha, or symbol




input mode
This key can be used to measure with a inversé btaérse staff mode is
necessary to set “USE” within the set mode befardha

-[1

ENT Use this key to confirm mode parameters and toreligplayed data values
MEAS This key is used to initiate a measurement
POWER This key is used to cut the instrument ON or OFF
Table 1.2.
DL-102C level display contents
Display Contents
REC Indicate the record mode is on
[ Inverse measurement mode
So Set out mode
BM Benchmark
Bk Backsight
Fr Foresight
Int Intermediate point measurement, sideshot
) Pressing¥ or A Kkeys to display the next menu
Inst Ht Instrument height
CP Changing point
GH Ground height

Setting of record mode. To store the measured data to the internal membtiyeoinstrument
the Set Modeshould be seDut Modulehas to be set BAMor Card.

Module RAM the measured data is stored in the instrurR&il Maximum 8000 point data
can be stored iRAM, maximum — 256 jobssroup cannot be made withiRAM

Module Card: the measured data can be stored in Memory castthli, maximum — 256
groups.

Module RS-232C ConnectDL-101C/102Cto external device and output the data every time
measured. The measurement in this mode can beasthhikasuremenMenu Measurgonly.

Module off: the measured data is displayed onlyrmt stored or output.

Entering characters when in Alpha mode. When record mode is on, alphanumeric characters
can be entered when entering fields such as rem@nkall letters and symbol marks can be input only
in input of Remarksl(fol,...). In other input, only capital letters and reria characters can be input.
The wordRAM cannot be used for the group name. For the groupen@nly for card) only capital
letters, numeric characters and ” — ” can be ifpuaximum 8 characters). For the job name capital
letters, numeric characters and ” — ” can be ifmaximum 8 characters).

For the Info capital and small letters, numericrakters and all symbol marks can be input (maximum
16 characters).

Example: EnterTp#7. Operating procedure:



1. The Info 1?* prompt is displayed on the instrument screen.

2. Press the Y] key to enter the capital alphabet letter modeat B& English alphabet is
displayed.

3. Press thed] or [»] key until the letter T” is
located at the flashing cursor.

4. Press thEENT] key. The T’ is entered and displayed on the bottom line.

5. Press theY] or [A] key to enter the small letter mode.

6. Press thed] or [»] key several times untilg® is located at the flashing cursor. Press the
[ENT] key.

7. Press theV¥ ] or [A] key to enter the symbol mode.

8. Press thedl] or [»] key several times untit#” character is located at the flashing cursor.
Press th¢ENT] key.

9. Press theV¥ ] or [A] key to enter the numeric mode.

10. Press thed] or [»] several times until the7 character is located at the flashing cursor.
Press th¢ENT] key.

11. Press thEESC] key.

12. Press thEENT] key after confirming the contents of the displagéthg

Input is limited to 8 characters.

Set mode. The set mode menu allows the user to select atyariaifferent options that affect
the way the level operates. The set menu allowsusiee to select measuring units, communication
parameters, etc. The settings remain unchangedvaven the power is off.

Press th¢SET] key and theSet Modewill be displayed in context menu. Press BBIT] key
to select the displayed option.

Available settings:

1. Check Battery — displays the battery voltage. The battery icapldys the battery capacity.
No light: the battery level is sufficient for measig; light: measuring is possible but the battery
partly discharged; flash: a flashing indicates Hagtery will soon be discharged. Charge to a new
battery as soon as possible.

Using one of th&et menwptions battery voltage level is checked. Befoeertfeasurement or
while the screen displays thdENU, press thgSET] key and theCheck Batterymessage will be
displayed. Press tHeENT ] key and the battery voltage level will be displayBdess th¢ ESC | key
and the message that was displayed before pres&h@ET | key will be displayed.

2. Set Measure — measurement method: continuous, single, n — times



- Measure N Time number of measurements is between 2 and 99.

- Measure Single single measurement mode.

- Measure Cont continuous measurement mode.

3. Seat Fix — set the minimum units read by the level.

- Fix Standard- DL-101C level 0.1 mm, DL — 102C — 1 mm.

- Fix Precise DL 101C level 0. 01 mm, DL— 102C — 0.1 mm.

4. Set 1tem — set standard or extended data display in lineliey. You may select standard or
extended data display. Extended datatotal backsight distance — total foresight distarkzetotal
backsight distance + total foresight distance;

- Item Standard- do not display extended data;

- Item Extended display extended data.

5. Display Time — setting display duration. This option is usedéb how long certain screens
will be displayed before the next screen is dispthySelect N Sec- set the display duration in
seconds, 1-9 secs.

6 Display Unit — setting distance units.

- Unit m— meters (m).

- Unit ft — feet (ft).

7. Out Module-RAM data storingRS-232Cor OFF. Option that determines if and where the
data will be stored.

- Ram— measured data is stored to internal memory.

- Card— measured data is stored to memory card.

- RS-232G- communication with an external data collectanabled.

- Off — measured data is not stored.

8. Point Number selection of point number increase or decrease.

9.File Out- sending a data file.

10 .Set Comm- communication parameters.

11. Auto Cutoff— auto cut off is on or off. IfAuto Cutoffis ON, the instrument will
automatically cut off after 5 minutes, if none bétkeys will be pressed during these 5 minutes.

12.Set Bright- used to change the brightness of the display.bFightnessan be set to one of
nine different settings.

13.Set Light- this option is used to turn the back light ONOdfF.

14.Check Time- display and edit the date and time.

15.Inverse Mode- used to measure with the inverted rod.



- Inverse Not Use Not use the Inverse Mode;

- Inverse Use- Use the Inverse Mode.

16.Swing Correct determines whether Swing Correct is on or off.

Changing set modes. Press th¢SET] key while either in menu mode or before measurirg
Set Modescreen will be displayed for a few seconds and @leeck Batterywill be displayed. Press
[A] or [¥V] key several times until displaySet Measurescreen. Select the measurement mode by
pressing A] or [¥] keys. Pres§ENT] key and set the measurement times by inputtingenigad
character and press t[teNT] key. The display returns et Measure

Standard measurement Menu meas. Examples of the practical work are carried out gsin
digital levelDL-102C

Standard measurement mode is used to take measteemwithout having an elevation
calculated. IfOut Moduleis set toRam or Card, you will be prompted to enter remarks and job
number, and all measurements will be recorded strument memory. Measurement procedure:
recording mode i©N, three measurements are performédenu Measureprompt is displayed.

- Press th&NTkey.

- Enter thejob No. and pres€ENT. Maximum 8 characters allowed in fielbbNo,and 16
characters in Remarks.

- Enter theMeasNoand press th&NT. To bypass the remark prompts and go directhyheo t
next step preseNT at the info 1" or “Info 2" prompt. Maximum of 8 numerical characters can be
input in MeasNo The job no., measuring no., and remarks are metred when the record mode is of
record mode is OFF.

- Collimation to the rod is performed and M&ASkey is pressed. Three measurements will be
taken and the average value will be displayedsdflével is set for continuous measuring, press the
ESCkey. The screen then displays the last measurted da

When measurements are completed the informatidinsayed. Press thek[] or [¥] key to
view the alternate screens. PressRE£ key to store the data.

Display when ] or [ V] key is pressed:

- Rod Avg 1,6983% n — times measurement height difference averageevalu

- Dist Avg 23,427 m distance to the rod.

- n 3 —number of measurements.

- 6 0,2 mm- standard deviation.

- Meas Pn 4- point number display.



Record modeQ@ut Modul@ must be set tRAM, Card or OFF to run line leveling. The example
in this chapter assumes that record mode is $e@AM If the line leveling data is saved into Datadcar
directly, Out Modulemust be set t€ard.

- Menu Leveling- start of line leveling.

- Start Leveling- inputJob Ng benchmarks and remarks.

- Cont Leveling- leveling sequence. There are three patternaefdveling as follows:

1. Levell (Method 1): backsight-2 foresight 1— foresight 2— backsight 2.

2. Level 2 (Method 2 ): backsight2 backsight 2— foresight 1— foresight 2.

3. Level 3 (Method 3): backsight foresight

The following keys can be used during measurements

- REP. remeasure the foresight or backsight;

- MENU: manual entry of rod height and rod distance;

- DIST: measure a distance;

- INT/SO:intermediate point collectionntermediatg/Set out measuringét ou).

- Close Leveling- to end the measurement.

Sart of line leveling. Start of line levelingStart Lis used to enter the job no., benchmark no.,
and benchmark elevation. After this data has bedered the measurement to thecksightis taken.

Start of line leveling is provided in fig. 1.20.

Menu Start Job No ? Level 1 Evlimit
Leveling Levelng - JOo1 - BIF1F2B2 - 0.0 mm -

. BMNo? | _, [aG@ | . [BackPn |
B 01 B 01

Fig. 1.20. Sart of lineleveling

Measurements are started froacksightstation

Procedure:

1. Press thENTkey.

2. Press thENTkey. The previously used job number will be displdyas the default.



3. EnterJob No, and pres&NT. When record mode is ofOut Moduleis OFF), the input of
job no., benchmark no. and remarks is bypassed.

4. Select a measuring pattern of line levelingi®ssing theA] or [ V] and press thENT key.

5. Enter the limit of discrepancf¥ limit) and press thENT key. WhenLevel 3 (backsight>
foresight)is selected, the input of limit of discrepancyigpassed.

6. Enter benchmark No. and press BT key. When record mode is ofOut Moduleis
OFF), the input of job no., benchmark no. and remé&ks/passed.

7. Enter benchmark elevation and pres<8Nd key.

8. Enter remarks and press ENT key. To bypass the remark prompts and go directlthée
next step presSNTat thelnfo 1 or Info 2 prompt. Screen displays measurementagksightpoint
(benchmark).

Point number modifying
Point number can be changed beftweesight measurement (fig. 1.21.). In point number,
numeric characters and the capital letter alphabets“ - ” are usable to 8 characters. The point

number used once can be used again.

Fore Pn Fore Pn For Pn Fore Pn Inb 17
11 11 - 1001
Info 17 Fore Pn
CEPOINT 1001

Fig. 1.21. Point number modifying

The Fore Pn 1lis displayed Press theESC key before foresight measurement. The point
number moves to the left side. PressBS%C (C)key twice to clear the number. TRere Pnprompt
will be displayed- point number will be cleared.

New point number is entered. For exam@d@0l, Fore Pn 1001will be displayed Input is
limited to 8 alphanumeric characters. In the same leveling, the point number used already can be
input. TheENT key is pressednfol ?prompt is displayed for remark entering. Enter tiimark and
press theENT key. Input is limited to 16 alphanumeric characters. iregke: CKPOINT, (displayed:
Infol ? CKPOINY.



By pressing th&NT key, Point number will be changed td~ere Pn1001.

It is possible to set up auto increment, auto &ment.

If there is numeric character at the end of thetpoumber which it was input into in the last
time, point number of this time is indicated wigist value+1.

When overall length of point number is less thach8racters, digit sequence will shift right,
and increase by 1 figure. Example: last time - ABEI) this time - ABCD-100.

When overall length of point number is 8 charactBigure shift is ignored. Example: last time
- ABCDE-99, this time - ABCDE-00.
If there is numeric character at the end of thenppoumber which it was input into in the last time,
point number of this time is indicated with lastuea- 1.

Numeric character is decreased by 1 in case of thare 1. Example: last time - ABC-02, this
time - ABC-01, next time - ABC-00.

When numeric character section is O entirely, “ &#é indicated till overall length is 8 figure.
Example: last time - ABC-00, this time - ABC-999@xt time - ABC-9998.

Repeat measurements

The REP key is used to recollect either the previdagksightor foresightpoint in the event
that the point was collected in error. The datacistored before remeasuring, will not affectedhan
result of each data calculations.

Level 1 measurements. After finishingbacksight lor foresight Imeasurement, it is possible to
remeasure fronbacksight 1 After finishing backsight 2or foresight 2measurement, it is possible to
remeasure frorforesight 2or backsight 1.

Level 2 measurements. After finishing backsight lor backsight 2neasurement, it is possible
to remeasure frorbacksight After finishing backsight lor foresight 2measurement it is possible to
remeasure frorforesight lor backsight 1

Level 3 measurements. After finishing backsightmeasurement it is possible to remeasure from
backsight. After finishing foresight measurement, it is possible to remeasure fifonesight or
backsight

Remeasurement forrbacksight 1 after theforesight measurement by evell method is
finished, is provided in fig. 1.22.



Back 2 Pn Rep Fr? Eea Rep Fore 2 Pn Back 1 Pn
29 30 - EV e 30 - 29

. Fore 1 Pn . Fore 2Pn | _. Back 2 Pn
30 30 29

Fig. 1.22. Remeasurement applying Level 1 method

Remeasurement procedure:

1. Press thREPkey at theREP Back2Pmprompt

2. Press thed&] or [ V] key to view the measured data.

3. TheBack2Pn 29rompt is displayedoress theREP key, theRep Fr? 30enquiry appears
do you wish to recollect the measurement?

4. Press thENT key to confirm that you wish to recollect the measoentRea Rep EV err.

5. Press thed&] or [ ¥] key to select a remeasurement reason and pre&Nthkey. You can
select one of the following 3 reasons:

- OP err: operation error;

- EV err: discrepancy of elevation error;

- RD: reading error.

6. Press thREPkey again. The display returns to Back 1 Prprompt

7. Collimate to théoresightForelPn 30and presMEASto recollect the measurement.

8. When the measurement is completed the meadatads displayed on the screen.

9. Collimate to thdacksightand presMEASto recollect the measurement.

10. The display returns tBack2Pnprompt Press the A] or [V¥] key to display the final

measured point.

End of lineleveling (end of benchmar k) End Mode
Used for measurement completion. The end of Breling is provided in fig. 1.23.



Back Pn Cont Close End of End of
20 Leveling Lewveling - CP - BM -
BM No ? Info 17 Info 27 Ah CP Start
— |BO1 _’ - 058 m | Leweling

Fig. 1.23. End of lineleveling

Measurement procedure:

- Press th&1ENU key after having collectedfaresightpoint and before measuringacksight
point;

- press the A ],key to display thévlenuandEnd Modeprompts;

- press th&NTkey;,

- press the Y] key to display the end of benchmark scré&enl of BM

- press th&NTkey;

- enter the ending benchmark number and presENiekey;

- enter to remarks if required;

- pressENT at thelnfol prompt to bypass remark entry. Input is limitedl® alphanumeric
characters. IREC Modeas OFF, this step is skipped;

- press th&NT key;,

- the display shows menu of start line levelMgnu Start L.

If there is no previous change point the heigfiedence between benchmarks will b displayed.

The following data can be displayed in level soresee fig. 1.24.

Ah CP Ah ECP XD (P ID BM GH BM
0.584m - 1923 m - 4577 m - 124.55m - 34307 m

Fig, 1.24. Data of theend of lineleveling

Displayed data after the line leveling is completed

- the height difference between the benchmarks;



- horizontal distance from the last change pdinthere is no previous change point, then this
screen is not displayed;
- horizontal distance between the benchmarks;

- elevation of the benchmark.

Continuing leveling Cont Leveling
This mode is used to continue line-leveling jotat® must be stored tGard or RAM. The

procedure of continuing leveling is provided in.fig25.

Menu Start Cont Job Job
Leveling | — | Levelng | — | Lewling — |Io11 — | J07733 —

Setting . Setting
Now Now

Fig, 1.25. Procedur e of continuing leveling

Measurement procedure:

1. Press thENTkey, if Menu Levelings displayed

2.To see the last displayed option press kEgKey, Cont Levelingorompt will be displayed
3. Press th&NT key. Job referencéob JO11is displayed

4. Select a job by pressing th&]or [ V] key.

5. Press thENTkey.

6. Setting Nowob data will be set

7. Start measuring. You can exit the job only wtrenfirst backsight prompt is shown.

QUESTIONSTO REPEAT:

* What are the main components of the digital |&wagcon DL - 102 @
* How is the tripod of the instrument set up?

» How is the level set up over the point?

* How is the position of the digital level levelled?

* How is the level collated to the rod and how islthightness adjusted?



* How is the data recording mode switch on/off?

* Summarize what parameters can you input in Set mue?

* What line leveling methods do you know?

* What are the main settings required to start thelileg?

* How are the measured data browsed through?

* What is difference between leveling pattetlesel 1, Level 2 and LeveP3

* What are the main rules for point numbering?

* What is the procedure of point number change?

* What is the procedure of remeasurement?

* What is the procedure of intermediate point meanarg?

* How is point set out performed?

* How is the intermediate point measurement stopped?

* How is the line leveling of the final benchmark queted?
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PRACTICAL WORK NO. 2
TOPIC: MEASUREMENTS USING ELECTRONIC RANGE FINDER

1. The Aim of the Practical Work: to perform measurements using electronic rangefg)do

analyse measured data, to develop project of dihgil

2. The Objectives of the Practical Work: to describeelectronic range finders, to define building

geometry using electronic range finders, to competemeter, area of the building and to develop a

project of real estate - building.

3. Thelnnovative Methods Applied in the Practical Work: team learning, discussions.

4. The Assessment of the Practical Work:

The highest level of the
achievement of objectives

The medium levd of the
achievement of obj ectives

The minimum leve of the
achievement of objectives

Not achieved
objectives

0 | 9

8 | 7

6 | 5

41321

The outside of the buildin
is measured using
electronic range finder,
building project at a scale
of M 1 : 500 is developed
applyingGeoMapcompute
software, building area an
perimeter are computed,
precision of the measured
line is evaluated.

The outside of the buildin
is measured using electro
range finder, building
project at a scale of M 1 :
500 is developed applying
GeoMapcomputer softwar
and has errorguilding areg
and perimeter are
computed, precision of the
measured line is evaluate

The outside of th
building is measured usi
electronic range finder,
building project at a scals
of M 1: 500 is developed
applyingGeoMap
computer software and h
errors, building area is
computed, but perimetés
not computed, precision
the measured line is
evaluated.

The outside of th
building is measured
using electronic
range finder, buildin
project at a scale of
M 1:500is
developed applying
GeoMapcomputer
software and has
errors, building area
and perimeter are n(
computed, precision
of the measured ling

bt

is not evaluated.

The teachespecifies the measurement object of the locality.

The measurements are performed by groups of twlree students.



Each group selects an electronic range finder fyeodetic laboratory, prepares it for work using

devise user manual and performs envisaged tasks.

Sequence of the practical work:

1. To measure the outside of the building usingtedaic range finder. The distance between
building angles is provided in table 2.1..

2. To develop a building project at a scale of M6D0O applyingcGeoMapcomputer software.

3. To compute building area and perimeter.

4. To evaluate the precision of measured distaimcedble 2.2..

5. To prepare presentation of practical work.

Table 2.1.
Distances between building angles

Building M easured distance, m
angles | measurement Il measurement average
1-2 19,052 19,053 19,05
2-3 3,341 3,342 3,34
3-4 2,960 2,960 2,96
4-5 3,744 3,742 3,74
5-6 2,941 2,943 2,94
6-7 6,772 6,773 6,77
7-8 1,682 1,684 1,68
8-9 3,401 3,400 3,40
9-10 1,271 1,271 1,27
10-11 2,722 2,724 2,72
11-12 2,981 2,981 2,98
12-13 3,273 3,272 3,27
13-14 6,571 6,572 6,57
14-15 4,752 4,751 4,75
15-16 8,590 8,591 8,59
16-17 4,971 4,972 4,97
17-18 2,712 2,712 2,71




18-19 3,154 3,152 3,15
19-20 1,732 1,731 1,73
20-21 3,241 3,241 3,24
21-22 3,031 3,031 3,03
22-23 14,610 14,611 14,61
23-24 3,612 3,611 3,61
24-1 2,021 2,020 2,02
Total 113,10

Building footprint — 607 m?2

Distance measur ement precision evaluation

Table 2.2.

M easured distance, m

Building Relative average
angles | measurement I measur ement deviation of
measur ement
1-2 19,052 19,053 19100
2-3 3,341 3,342 3300
3-4 2,960 2,960 -
4-5 3,744 3,742 -
5-6 2,941 2,943 -
6-7 6,772 6,773 6800
7-8 1,682 1,684 -
8-9 3,401 3,400 3400
9-10 1,271 1,271 -
10-11 2,722 2,724 -
11-12 2,981 2,981 -
12-13 3,273 3,272 3300
13-14 6,571 6,572 6600
14-15 4,752 4,751 4800
15-16 8,590 8,591 8600
16-17 4,971 4,972 5000
17-18 2,712 2,712 -




18-19 3,154 3,152 -
19-20 1,732 1,731 -
20-21 3,241 3,241 -
21-22 3,031 3,031 -
22-23 14,610 14,611 14600
23-24 3,612 3,611 3600
24-1 2,021 2,020 2000
Maximum relative error of measur ement 2000
BUILDING PROJECT
PASTATO PROJEKTAS
M 1:500
1 2
23 24
3 4
5
6
MN
s 7
22
21 10 9
20
19 12 11
18 17 14 13

16 15




The project prepared by

group student

QUESTIONSTO REPEAT:

1. What distance measuring instruments do you know?

2. What is the procedure of distance measuremamg ogptical theodolite?

3. It is allowed to measure lines by electronittaneter up to ...

4. What is the main condition for measurement lrfie?
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PRACTICAL

WORK NO. 3

TOPIC: MEASUREMENTS USING ELECTRONIC TACHOMETERS

1. The Aim of the Practical Work: to measure pickets using electronic tachometeprepare picket

measurement report and the list of point coordmateaVGS 84 coordinate system datum.

2. The Objectives of the Practical Work: to describe the tachometers available at the geodet
laboratory, to designate fundamental differencesvéen various types of tachometers, to get the
instrument ready to measure, to coordinate theepscldsing electronic tachometer, to print the repor

on picket measurement, to prepare the list of pmntdinates according to the World Geodetic System

WGS 84.

3. Thelnnovative Methods Applied in the Practical Work: team learning, discussions.

The practical work is adapted for internationaldstuts. Coordinated points are linked to the LKS 94
coordinate system. To use the data the geodeticpgarte rectangular coordinates of points are
converted to WGS 84 coordinate system. WGS 84 aoatel system is widely used all over the world.

4. The Assessment of the Practical Work:

The highest level of the
achievement of objectives

The medium levd of the
achievement of objectives

The minimum leve of the
achievement of objectives

Not achieved
objectives

10 | 9

8 | 7

6 | 5

4 1 3] 21

The tachometers available a
the geodetic laboratory are
described, fundamental
differences between various
types of tachometers are
designated, the tripod with th

set up, the instrument is
aligned and levelled, the
electronic tachometer is ON
and ready to measure, picke
are coordinated, measureme
report is provided, the list of

point coordinates according

The tachometers available a
the geodetic laboratory are
described, fundamental
differences between various
types of tachometers are
designated, the tripod with th

instrument on the base pointlinstrument on the base point

set up, the instrument is
aligned and levelled, the
electronic tachometer is ON
and ready to measure, picke
are coordinated, measureme
report is provided, the list of

point coordinates according {

The tachometers available
the geodetic laboratory are
described, fundamental
differences between variou
types of tachometers are
designated, the tripod with
the instrument on the base
point is set upthe instrumen
is aligned and levelled, the
electronic tachometer is ON
and ready to measungickets
are coordinated,
measurement report is not

provided, the list of point

The tachometers
available at the geode
laboratory are
described, fundamental
differences between
various types of
tachometers are not
designated, the tripod
with the instrument on
the base point is set u
the instrument is
aligned and levelled,
the electronic
tachometer is ON and

1=




WGS 84 coordinate system {WGS 84 coordinate system i{coordinates according to |ready to measure,
prepared. not prepared. WGS 84 coordinate systermn| pickets are not

is not prepared. coordinated,
measurement report ig
not provided, the list o
point coordinates
according to WGS 84
coordinate system is n
prepared.

Sequence of the practical work:

1. To describe the tachometers available at tbdajec laboratory.

2. To designate fundamental differences betwedonustypes of tachometers.

3. To set up the instrument on the snapshot baise p

4. To align and level the instrument.

5. To get the instrument ready to measure the fEdk®ints).

6. To prepare the report on picket measurement3fig).

7. To prepare the list of point coordinates aceuydp the general (world) WGS 84 coordinate
system (table 3.1.).

8. To prepare presentation of practical work.

The teachespecifies the measurement object of the locality.

The measurements are performed by groups of thrieir students.

Each group selects an electronic tachometer freodefic laboratory, prepares it for work using
devise user manual. Each student measures terticke

When the task is completed, each group holdsseptation.

Getting the tachometer ready for work:

- tachometer is set up on snapshot base poighetliand levelled;

- instrument is switched on;

- air temperature and atmosphere pressure ar@lsete data is necessary to calculate measure
distance corrections;

- excitation of instrument horizontal limb andlooation eyepieces;

- new job is created.

Input of station parameter s and measur ements

Station parameters are input using tachometer msgal. The instrument will ask to input
station title (ST), height of instrument (HI), &tf backsight station (BS) and azimuth (AZ). Itdb



coordinates are used, the AZ equals @00. The most of tachometers require setting the éoates

of station title (ST) and backsight station (BS)dahen the azimuth (AZ) is automatically computed.
A prism is installed on the point of backsight stat(BS) and vertical collimation to it is perforthe
Verification is carried out according to the instions provided is the user manual. Further, tiokgis
are measured.

During rotation of the horizontal limb the readiofyhorizontal angle (HA) is displayed. When
eyepieces are rotated, the reading of vertical eafglA) is displayed. Distance measuring key is
pressed for distance measurement. The tachometéts integrated non-prismatic distance
measurement may have two keys — for measurememipwsm and laser waves.

Prism is set up to measure the picket. Vertical harizontal collimation to prism centre is
performed and distance measurement key is pre$tedheight of tripod of the prism (HT), title and
code of measured picket are entered and recordedelsgingRECor ENT key, depending on the type
of tachometer. Measurement results are automaticattorded to data storage unit. After picket
measurement is completed, readings of horizontdl \anrtical angle (HA,VA) are displayed, after
tilting — vertical and horizontal distance (SD,VIDH Coordinates of measured pickets are displayed

according to the coordinates of these stationseQiftkets are measured applying the same method.

Picket measurement report

CO.Nikon RAW data format V2.00
C0O,12GDI01

CO,Description:

CO,Client:

CO,Comments:

CO,Downloaded 26-Aug-201116:49:27
CO,Software: Pre-install version: 1.10
CO,Instrument: Nikon NPL-632
CO.Dist Units: Metres

CO.Angle Units: DDDMMSS

CO.Zero azimuth: North

CO,Zero VA: Zenith

CO,Coord Order: ENZ



CO,HA Raw data: HA zero to BS

CO.Tilt Correction: VA:ON HA:ON

CO, 12GDI01 <JOB> Created 12-Aug-201115:37:07
CO,S/N:020635

CO,Temp:18C Press:760mmHg Prism:0 12-Aug-201115841:
CO.HA set in Quick Station
ST,1,,1.7800,0.0000,0.0000
SS,2,1.8500,227.88,350.3335,89.5720,15:55:41,100
SS,3,1.8500,227.20,351.1824,89.5635,15:56:12,51
SS,4,1.8500,218.56,352.0100,89.5807,15:59:07,51
SS,5,1.8500,76.61,352.4657,89.3949,16:02:28,51
SS,6,1.8500,76.03,355.1604,89.3951,16:03:08,51
SS,7,1.8500,69.73,2.0803,89.2553,16:05:39,29
SS,8,1.8500,72.75,358.1622,89.3410,16:07:53,51
SS,9,1.8500,69.88,1.1150,89.2609,16:10:38,15
SS,10,1.8500,66.05,1.5424,89.2410,16:11:37,51
SS,11,1.8500,51.87,10.3018,89.2310,16:13:22,51
SS,12,1.8500,50.71,11.0202,89.1100,16:14:14,51
SS,13,1.8500,40.83,11.4142,89.0502,16:15:52,20
SS,14,1.8500,50.57,14.5540,89.1314,16:17:16,51
SS,15,1.8500,43.78,32.5331,89.0423,16:19:05,29
SS,16,1.8500,41.81,32.4939,89.0227,16:20:25,51
SS,17,1.8500,31.4706,88.5938,16:21:21,51
SS,18,1.8500,40.11,31.4707,88.5938,16:21:28,51
SS,19,1.8500,34.90,34.2346,88.5705,16:22:23,22
SS,20,1.8500,37.95,43.0117,89.1957,16:26:57,51
SS,21,1.8500,57.72,39.4128,89.2113,16:29:10,29
SS,22,1.8500,51.94,42.0206,89.2330,16:30:13,51
SS,23,1.8500,57.70,43.2301,89.1757,16:31:50,51
SS,24,1.8500,59.08,42.5931,89.2417,16:33:02,51
SS,25,1.8500,60.08,41.4709,89.2510,16:33:34,51
SS,26,1.8500,66.71,52.0932,89.3125,16:35:00,51
SS,27,1.8500,58.86,51.4656,89.2243,16:35:57,51



SS,28,1.8500,58.80,57.3724,89.1746,16:37:03,51
SS,29,1.8500,58.88,61.4329,89.1509,16:38:00,51
55,30,1.8500,53.77,62.1858,89.1203,16:38:28,51
SS,31,1.8500,55.74,56.3610,89.0920,16:43:57,20
SS,32,1.8500,56.3610,89.0920,16:44:03,20

SS,33,1.8500,46.96,54.1256,89.0637,16:45:46,20
SS,34,1.8500,42.38,50.1608,89.1300,16:46:46,51
55,35,1.8500,46.97,63.0503,88.5420,16:47:56,51
SS,36,1.8500,26.13,57.4647,88.2543,16:50:00,15
SS,37,1.8500,24.87,50.3133,88.4802,16:51:07,15
SS,38,1.8500,24.92,56.0728,89.1015,16:52:18,15
SS,39,1.8500,22.23,56.2803,88.5846,16:53:19,15
SS,40,1.8500,22.24,49.5732,89.0239,16:54:12,15

Fig. 3.1. Picket measurement report

Thelist of point coordinates
WGS 84 coor dinate system

Table 3.1.

Points = Geodetic coordinates, degrees -
1 54,23869450 24,91260150
2 54,23867313 24,91258700
3 54,23870091 24,91264759
4 54,23887009 24,91254254
5 54,23877590 24,91265365
6 54,23869137 24,91260281
7 54,23865537 24,91254314
8 54,23853220 24,91244876
9 54,23869108 24,91260308
10 54,23849211 24,91238376
11 54,23837699 24,91226615
12 54,23828214 24,91217106
13 54,23818933 24,91199488
14 54,23809671 24,91194949
15 54,23820782 24,91202828
16 54,23829300 24,91214727
17 54,23838486 24,91224251
18 54,23869161 24,91260389
19 54,23844960 24,91233536
20 54,23850515 24,91242798
21 54,23868578 24,91260346
22 54,23857274 24,91249984
23 54,23861757 24,91253671




24 | 54,23867575 24,91258937

ADDITIONAL MATERIAL FOR COMPLETION OF THE PRACTICAL WORK

It is recommended to ascribe special codes tarteasured pickets during the operation with
electronic tachometers. Coding system is necedsasge the conventional sign block when working
with computer software. Some codes of the pointventional signs recognized liyeoMapsoftware

are provided in table 3.2.

Table 3.2.
GeoMap codes for some of the points
No. Point title Code | No. Point title Code
1. [Movement poir 1 21. |Storm runoff cove 371
2. |Reinf. concret border colum 2 22. |Heat chamber cov 40
3. |Wooder border colum 3 23. |Gas pipeline covt 44
4, |Temporar border colum 4 24, |Drainaae well cove 45
5. |Electrical suppo (low voltage 12 25. |Artesian wel 46
6. |Electrical suppo (high voltagi) 13 26 |Communication suppc¢ 49
7. |[Street lam 14 27. |Monument 52
8. |Well 15 28. |Fountain 54
9. |Covel 16 29. |Semiphore 55
10. |Road sig 17 30. |Traffic light 56
11. |Broadleaf tree 1< 31. |Countdown marke 60
12. |Narrow-leaved tre 20 32. |Road sig 61
13. |Fir tree 21 33. |Bus statio 62
14, |Pine tre 22 34 |Religious sigs 63
15. |Ceda 23 35. |Coupling 69
16. |Fruit tree 24 36. |Valve 70
17. |Single bus 25 37. |Grating 71
18. |Communication we 33 3S_|Signpos 72
19. |Water supply we 35 39. [Polygonal poin 10C
20. [Sewage covt 37 40. |Wall benchmar 103

QUESTIONSTO REPEAT:

* What are the main components of electronic tacherfet
* What characteristics are used to describe theggetectronic tachometers?



What is measured by electronic tachometers?

What is the procedure of preparation of the eleitrtachometer for measurements?

What readings are displayed after picket measurtsfen

What is the aim of picket codes?
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3 2012 Oklahoma v v
State
University,
USA
Charles, D., GHILANI et al. Westford
4 2012 | Elementary Surveying . United Statg \ \
ISBN 978-0-13-255434-3. 984 p.* of America
E., B., 30JI0TOBA; Axazevu-
P.,H., CKOI'OPEBA. N
5 2011 Teodesus ¢ ocnosamu kadacmpa. Seggg \ V
ISBN 978-5-904954-04-8, T
978-5-8291-1246-2. 416 p.* pukera
Additional Reading
SKEIVALAS, JonasElektroniniai
1 1998 | geodeziniai prietaisai Technika \ <
ISBN 9986-05-713-2. 193 p.
TAMUTIS, Zigmas. ir kiti. Mokslo ir
2 1996 | Geodezija-2 enciklope- \ \
ISBN 5-420-01331-2. 384 p. diju leidykla
AJILBEPT, TAM3ATOBHY, snaren:
IOHYCOB, u ap. l'eooesus. "
3| 2011 | |SpN:978'5.8991-1326.1, Araiemit \ v
978-5-98426-108-1. 409 p.* ek
[Ipoekt
ERIK W. GRAFAREND, Springer —
FRIEDRICH W. KRUMM, VOLKER Verla
4 2003 | S. SCHWARZE Geodesy — The Berli 9 \ V
. . erlin
Challenge of the 3rd Millennium. Heidelberg
ISBN-10: 3642077331. 487 p.*
5 2000 Geodezijos ir kartografijos techninis Vigthéihe N \




reglamentasGKTR 2.08.01:2000:
statybiniai inZineriniai geodeziniai

geodezijos
kartografijos

tyringjimai tarnyba
Periodicals
Geodezija ir kartografija. .
! SN 1392-1541 Technika v
Geodesy and cartography. Vilniaus N
ISSN 2029 — 6991* Gedimino
technikos
2 : )
universitetas
geodezijos
nstituta:
3 Matavimy inZinerija ir GIS. Kauno N
ISSN 2029-5790 kolegija

Online Information Sources

http://www.nzt

http://www.topcon.lt

http://www.gpspartneris.|t

http://www.infoera.lt

http://www.geoportalas.|t

OO AWIN|F

http://www.gsb.It

* references for international students

Prepared by:

assistdimcas Zakarauskas
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PRACTICAL

WORK NO. 4

TOPIC: PLANNING INGEOMAPSOFTWARE

1. The Aim of the Practical Work: to create topographic map, to prepare the lisfgooit coordinates

according to LKS 94 and WGS 84 coordinate systems.

2. The Objectives of the Practical Work: to select an electronic tachometer from geodakioratory;

to link N area to geodetic base points, to measure map papplying polar method, to perform

calculations of coordinates usirgeoMapsoftware, to develop a project — topographic mapgus

GeoMapsoftware, to transform point coordinates from LK& &@ordinate system to WGS 84 (eng

World Geodetic Systerhi984) coordinate system, to prepare the lists oftmmordinates according to
LKS 94 and WGS 84 coordinate systems.

3. Thelnnovative Methods Applied in the Practical Work: team learning, discussions.

The practical work is also applied for internatibstudents. Lithuanian and international students

prepare the list of point coordinates of WGS 84rdowate system.

4. Assessment of the Practical Work:

The highest level of the
achievement of objectives

The medium levd of the
achievement of objectives

The minimum leve of the
achievement of objectives

Not achieved
objectives

10 | 9

8 | 7

6 | 5

4 1 3] 21

N area is linked to geodetic
base points, pickets are
measured applying polar
method, coordinates are
calculated, topographic map
created, report on picket
(point) measurement and lis
of point coordinates of WGS
84 coordinate system are
prepared.

N area is linked to geodetic
base points, pickets are
measured applying polar
method, calculation of
coordinates is wrong,
topographic map is created,
report on picket (point)
measurement and list of poi
coordinates of WGS 84
coordinate system are
prepared.

N area is linked to geodetic
base points, pickets are
measured applying polar
method, calculation of
coordinates is wrong,
topographic map is not
completely created, report
picket (point) measurement
or list of point coordinates
of WGS 84 coordinate
system are not prepared.

N area is linked to
geodetic base points,
pickets are measured
applying polar method
calculation of
coordinates is wrong,
topographic map is no
created or only part of
the map is created,
report on picket (point
measurement and list
of point coordinates of]
WGS 84 coordinate
system are not preparé¢d.




The teachespecifies the measurement object of the locality.

The measurements are performed by groups of tireir students.

Each group selects a tachometer from geodeticd#imy, prepares it for work using devise user
manual and performs survey of the territory. Eaadent measures ten pickets.

Each student individually create topographic map.

When the task is completed, each group holdsseptation on the practical work.

Sequence of the practical work:

. To select electronic tachometer from geodatiotatory.

. To select and set out geodetic base pointsaifject of the locality.

. To link the coordinates of geodetic base pdimisKS 94 coordinate system.
. To measure pickets applying polar method.

. To create locality sketch plan in the coursenefisurement.

. To import measurement data to computer — tojobw

. To process the data wiBeoMapsoftware.

. To create a M 1 : 500 scale topographic mapjept usingGeoMapsoftware (fig. 4.1.).

© 00 N O 0o B~ W DN PP

. To transform LKS 94 coordinates of pickets t&®/84 coordinates.

10. To prepare report on picket (point) measurérffen 4.2.).

11. To create the list of picket (point) coordamtccording to WGS 84 coordinate system (fig.
4.3).

12. Created job is saved in computer data medium.

13. To prepare a presentation.



TOPOGRAPHIC MAP
M 1: 500

Fig. 4.1. Topographic map
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REPORT ON PICKET (POINT) MEASUREMENT

CO,Nikon RAW data format v2.00

€0,12GDI01

CO,Description:

CO,Client:

CO,Comments:

CO,Downloaded 26-Aug-2011 16:49:27
CO,Software: Pre-install version: 1.10
CO,Instrument: Nikon NPL-632

CO,Dist Units: Metres

CO,Angle Units: DDDMMSS

CO,Zero azimuth: North

CO,Zero VA: Zenith

CO,Coord Order: ENZ

CO,HA Raw data: HA zero to BS

CO,Tilt Correction: VA:ON HA:ON

CO, 12GDI01 <JOB> Created 12-Aug-2011 15:37:07
CO,5/N:020635

CO,Temp:18C Press:760mmHg Prism:0 12-Aug-2011 15:41:48
CO,HA set in Quick Station
§7,1,,,,1.7800,0.0000,0.0000
S$S,2,1.8500,227.88,350.3335,89.5720,15:55:41,100
$5,3,1.8500,227.20,351.1824,89.5635,15:56:12,51
$5,4,1.8500,218.56,352.0100,89.5807,15:59:07,51
S5,5,1.8500,76.61,352.4657,89.3948,16:02:28,51
S§S,6,1.8500,76.03,355.1604,89.3951,16:03:08,51
$§,7,1.8500,69.73,2.0803,89.2553,16:05:39,29
$5,8,1.8500,72.75,358.1622,89.3410,16:07:53,51
§5,9,1.8500,69.88,1.1150,89.2609,16:10:38,15
$5,10,1.8500,66.05,1.5424,89.2410,16:11:37,51
$5,11,1.8500,51.87,10.3018,89.2310,16:13:22,51
$5,12,1.8500,50.71,11.0202,89.1100,16:14:14,51
S§5,13,1.8500,40.83,11.4142,89.0502,16:15:52,20
§5,14,1.8500,50.57,14.5540,89.1314,16:17:16,51
§5,15,1.8500,43.78,32.5331,89.0423,16:19:05,29
$§,16,1.8500,41.81,32.4939,89.0227,16:20:25,51
$5,17,1.8500,,31.4706,88.5938,16:21:21,51
S5,18,1.8500,40.11,31.4707,88.5938,16:21:28,51
$5,19,1.8500,34.90,34.2346,88.5705,16:22:23,22
$5,20,1.8500,37.95,43.0117,89.1957,16:26:57,51
§5,21,1.8500,57.72,39.4128,89.2113,16:29:10,29
S§5,22,1.8500,51.94,42.0206,89.2330,16:30:13,51
$S,23,1.8500,57.70,43.2301,89.1757,16:31:50,51
S$S5,24,1.8500,59.08,42.5931,89.2417,16:33:02,51
$5,25,1.8500,60.08,41.4709,89.2510,16:33:34,51
S§5,26,1.8500,66.71,52.0932,89.3125,16:35:00,51
$5,27,1.8500,58.86,51.4656,89.2243,16:35:57,51
§5,28,1.8500,58.80,57.3724,89.1746,16:37:03,51
§5,29,1.8500,58.88,61.4329,89.1509,16:38:00,51
$§,30,1.8500,53.77,62.1858,89.1203,16:38:28,51
§§,31,1.8500,55.74,56.3610,89.0920,16:43:57,20
$5,32,1.8500,,56.3610,89.0920,16:44:03,20
$5,33,1.8500,46.96,54.1256,89.0637,16:45:46,20
$5,34,1.8500,42.38,50.1608,89.1300,16:46:46,51
S§,35,1.8500,46.97,63.0503,88.5420,16:47:56,51
$5,36,1.8500,26.13,57.4647,88.2543,16:50:00,15
$5,37,1.8500,24.87,50.3133,88.4802,16:51:07,15
SS,38,1.8500,24.92,56.0728,89.1015,16:52:18,15
$5,39,1.8500,22.23,56.2803,88.5846,16:53:19,15
$5,40,1.8500,22.24,49.5732,89.0239,16:54:12,15
$5,41,1.8500,10.88,6.1602,87.5600,17:02:31,51
$5,42,1.8500,13.45,17.3326,88.1620,17:03:26,51
$S,43,1.8500,23.79,13.5426,88.5207,17:05:18,21
$5,44,1.8500,,353.0259,89.0826,17:08:14,51
$5,45,1.8500,12.58,344.1158,88.3001,17:10:45,51
SS,46,1.8500,34.24,356.5709,89.1537,17:12:37,15
$5,47,1.8500,35.21,353.0034,89.2204,17:13:17,15
$S,48,1.8500,38.88,348.5231,89.1822,17:15:02,12
$5,49,1.8500,43.20,349.1258,89.1843,17:21:16,12
$5,50,1.8500,70.57,353.3616,89.3815,17:22:51,15
$S,51,1.8500,78.88,352.1652,89.3757,17:25:06,12

Fig. 4.2. Report on picket (point) measur ement



LIST OF PICKET (POINT) COORDINATES
WGS 84 COORDINATE SYSTEM

Geodetic coordinates, degrees

Planar rectangular coordinates, m

Points ) A X Y
1 54,2386945( 24,91260150 3388217,927 1573664,253
2 54,23867313 24,91258700 3388220,076 1573664,208
3 54,23870091 24,91264759 3388216,136 1573666,734
4 54,23887009 24,91254254 3388205,161 1573654,085
5 54,2387759( 24,91265365 3388209,826 1573664,239
6 54,23869137 24,91260281 3388218,147 1573664,449
7 54,23865537 24,91254314 3388222,735 1573662,291
8 54,2385322( 24,91244876 3388235,417 1573661,,395
9 54,23869108 24,91260308 3388218,163 1573664,476
10 54,23849211 24,91238376 3388240,487 1573659,077
11 54,23837699 24,91226615 3388253,148 1573656,502
12 54,23828214 24,91217106 3388263,531 1573654,488
13 54,23818933 24,91199488 3388275,973 1573647,601
14 54,23809671 24,91194949 3388284,806 1573648,440
15 54,2382078% 24,91202828 3388273,540 1573648,872
16 54,2382930( 24,91214727 3388263,294 1573652,668
17 54,238384864 24,9122425%1 3388253,153 1573654,805
18 54,23869161 24,91260389 3388218,098 1573664,504
19 54,2384496( 24,91233536 3388245,299 1573657,832
20 54,23850515 24,91242798 3388238,204 1573661,196
21 54,2386857§ 24,91260346 3388218,588 1573664,700
22 54,23857274 24,91249984 3388230,694 1573662,873
23 54,23861757 24,91253671 3388226,008 1573663,348
24 54,23867575 24,91258937 3388219,796 1573664,249

ADDITIONAL MATERIAL FOR COMPLETION OF THE PRACTICAL WORK

Fig. 4.3. List of picket (point) coordinates, WGS 84 coor dinate system

GeoMapis InfoEra product compatible withAutodeskinc. Created onmAutoDesk Map This

program enables efficient management of field mesmsant data.

Scale

Drawing scale and conversion commands are trgggby clicking menuseo— Scaleor from

toolbarMastelis (Scale)




00 200 500 1000 2000 5000 10000

— keys are used to change drawing scale to 1:1@00, 1:500, 1:1000,
1:2000, 1:5000, 1:10000.

— key is used to change drawing scale by typintpé scale at the command prompt.

of line if it is not equal to 0. The properties @ynamic blocks also change. Scale conversion is
performed even if existing scale coincide with tdomverted one. If the scale is changed to 500, then
scaleparameter of a block is set to 0,5, if 2000 — tantl etc.. When triggering the command, it is
necessary to specify theocks to be converted wisus(all) or only prasidedadius skatiumi (started

from number)and select new scale.

aal — key used for drawing review on A3 or A4 papamnfat. If the drawing does not fit A3 or A4
paper, it can be reduced, enlarged, or drawingreetdn be changed. Open command menu and
proceed with the following steps:
*  Select the format — A3 or A4.
*  Specify centre of site plan.
* Reduce or enlarge the scale (100, 200, 5000, 2000, 5000, 10000). Adjust the centre if
necessary. If you want to finish customizing thalsgres®aigti (Finish)
» To convert the same scale to the drawihect®aip (Yes)pr oppositeNe (No)
»  After selection of conversion of object® throgramme will ask what objects are to be
converted — all or started from number.
* Then to save current drawing seltp (Yes)r Ne (No)
When these steps are completed, the programmes#te scale and converts objects, if conversion of

blocks is also selected.

Import of points
Import of pickets from text file is performed tlmgh command menu. The command is triggered
in several ways:

e by clicking menu commar@eo— TaSly importas (Gee— Point import);

e by pressin;l,zlo key onGeotoolbar;
* by typing in command GEOMAP_TASKU_IMPORTASthe command prompt.



After command triggering a box appears with téet\With information about the pickets. After
required file is selecte@penkey is pressed. After these steps the pickets lallimported to the
drawing.

Symbols

Use Geo — Zenklai (Geo — Symbols)menu or ToolbaZenklai (Symbolsho select symbols
and insert functions:

IV >N [Jojeemm 2

Meanings of Toolbar icons:
v tasking zenkl, dé¢jimas su zZenklo pasirinkimo dialogu/dot symbolshwaymbol selection dialog;

* — taskinip Zenkl déjimas be Zenklo pasirinkimo dialogo/dot symbolshwiit symbol selection
dialog;

> linijiniu Zenkl déjimas su Zenklo pasirinkimo dialogu/line symbolsthwsymbol selection

dialog;

q

73 —linijinis Zenklas per tasknumerius/line symbol by point numbers;

N linijiniy Zenkl, déjimas be Zenklo pasirinkimo dialogo/line symbolgheut symbol selection
dialog;

™ — vartotojo pasirinkto sutartinio linijinio Zenkt#jimas/user-selected line symbol;

H_ plotiniuy Zenkly déjimas su Zenklo pasirinkimo dialogu/area symbolshwsymbol selection
dialog;

O _ plotiniy Zenkly déjimas be Zenklo pasirinkimo dialogo/area symboltheit symbol selection
dialog;

& _ Slaito braizymas/draw the slope;

B _ sklypo ribos braizymas/site boundary drawing;

— naudmen ribos braizymas/land boundary drawing;



= _ vienodo kodo pikatapjungimas/linking of same code pickets.

Note The Zenklai (Symbo)stoolbar of GeoMap previous version included commandsugstini
Zenkly déjimas su Zenklo pasirinkimo dialo@uStrip symbols with symbol selection didiognd
»Juostiny Zenkl; déjimas be Zenklo pasirinkimo dialogpStrip symbols without symbol selection
dialog'. In 2008 version these command are revealed. Theyld be removed in the future because of
presence of line symbols placement command. tiligpessible to trigger Juostiny Zenkl; déjimas su
Zenklo pasirinkimo dialodt, Strip symbols with symbol selection didlognd ,Juostiny Zenki
de¢jimas be Zenklo pasirinkimo dialo@pStrip symbols without symbol selection didlogmmands in
the command line by entering appropriate name. Rdxit these commands in sectiQlugstini

Zenkl; braizyma¥,, Strip Symbol Drawing

More:

| Taskiniy Zenkly déjimas | Dot symbols

 Linijini y Zenkl déjimas JLine symbols

| Linijinis Zenklas per tadknumerius JLine symbol by point numbers

1 Apsaugos vamzdzio braizymas  Protective pipe drawing

| Plotiniy Zenkly déjimas | Area symbols

1 Juostini Zenkly braizymas J Strip symbol drawing

1 Slaito braizymas | Slope drawing

| Dazniausiai haudojamas Slaitas J Predominant slope

1 Sklypo ribos braizymas | Site boundary tracing

J Naudmenm ribos braizymas J Agricultural land boundary drawing
J Vienodo kodo piket apjungimas J Connection of same code pickets

Import

In dialog boxMatavimy duomenys (Measurement dat@y Importuoti (Import) 4 or menu
Veiksmai— Importuoti(Actions— Import) are used for data import from electronic tach@msetCall
the command and see a dialog box where seleciléhdm which the data must be imported. Also

select required measurement device:



[l Pasirinkite importuojamus duomenis

Look in: |:'E|Importo ducmenys \#| = 1:11" Q x EE Mews v Toos v
Mame  ~ Size  Type Date Madified
@ Mikan, ik, 3KE MIK File 12{21/2005 11:46 AM
Promark. kxt SKE TextDocument 12{21/2005 10055 AM
File: name: INian.nik w | Alidanyti
Files of type: | Duomenys i NIKON_R&w___L H_V () v|

The data is imported to traverse levelling dialbgrmat file structure is described in section
Formaty failo strukirra (Format file structure)

Traverse management

The command is invoked by press /:, key.

It is used during the import of measured data faewvices without indicating fixed points. As
the command for data import of traverse adjustnaetivates an automatic marking of traverse with
input of data, lack of information about fixed pinwill lead to unmarked traverse. Thus, fixed p®in
must additionally be uploaded or entered, and tmencand Suzyréti ¢jimg* (Mark traversg must be
invoked to automatically stake out traverse poifntss function is also used in any other cases when
was detected that the marking did not resume eée¢ain actions.

Matavimy Zumalas

. [ Stotis | Koptis THT [TV T ] Avstumas | Kods IKMMﬂ
1 |453 BAZN 0 0 0 89 & 2 0.200 Valsiybio geodezreo linklo puriktas

2 |4596 R 7323 38 89 48 14 1311760 Eimolsthas

3 45% 0 0 0 90 14 54 1311.770 Valstybinio geodeanin tinklo punktas

N 1 14 15 32 90 37 16 333,220 Pavienisi meddiai - surslapisl

5 1A Rl 268 41 14 89 56 8 B07.280 Ejmoladkas

6 |R 2 303 21 40 90 11 36 678580 Pavienia meddisi - placislapiai

EA RUS 310 1 22 90 15 16 894030 Pavieniai meddiai - platislapiai

8 |m R 0 0 0 90 144 807230 Ejno tadkas

9 |m R2 182 13 32 90 & 24 1490240 Ejmotadhas

0|R2 A1 359 53 58 B9 54 58 1490.280 Ejmolatkas

Rz R3 178 50 42 B9 33 56 1183.200 Eimotaikas )

zlRz 4 183 14 48 83 41 42 76130 Pavieriai meddiai - placialapiai

| i3|R2 5 247 37 52 B3 54 2 303830 Keborodykles

1Rz B 2 83 801112 38990 Pavieniai meddiai - platialapiai

5|R2 7 62 58 50 90 37 0 255020 Spyguota tvora

E|Rz 8 61 14 38 90 40 14 267900 Pavieniai meddiai - pladislapia fd




Unmarked traverse in the surveying log

3

2

3R

4 |R 37

5 B al 41 14] 99 58] ¢

6 |R F] 303 21 40 90 11 3 878580 Pavierisi mediai - platialspiai
EA AUS 310 122 20 15 16 594,030 Pavierai medsai - placislapiai
8 A A 0 0 0 20 144 807230 Epno talkas

E] 2| 90 6] 24| 1430 240 Ejimo tadka:

10 33 54 58 1490280 Ejimo tadkas

1 G | 178 55| Ejirn

| 12] 4 183 14 48 2

[ 13]R2 5§ 247 37 52 B3 54 2 303.890 Kelio todukis

T - %2 838 80 11 12 38990 Pavieriai medsiai - platialspiai
B5lR2 7 52 58|50 30037 0 2550200 Spughuota beora

BlRz 8 61 74/38 50 40 14 257.900 Pavisniai medisi - plscislapial idl

Marked traverse in the surveying log
Selecting planimetric traverse
Planimetric traverse points are marked by doubfedick on a mouse on the number of

selected row in “Matavim Zurnalas"Surveyindog) of “Matavimy duomenys” $urveyingdata) dialog

box (see the fig. below):

T+ Wiataviems Sormernys - C\UserA\d e AppDs R e = o s
Eailas - Bedagmames Vedsmai - Pagalbs
R ZE|w|vdes | HEH|/ 9@
Godeinia pagedo ladkai
i, [Vesda:  [R ¥ z TFodas Fiodss prstaite | Pepidons inomaces -
1 4586 BI753 e 3T20US 0 Valitytarso geodear
2 BATN BI7B223  IFATIEZ 0 Vishsbybanio geodear 84
M BITSISATY  MMI44ED 0 Viakibjbirs peodesr - -
4 TVEAZ BI7918415 =AM 0 Valiybunio geodesir ~
5 L =
5 WSk vists 0 000000
E w: [ Vit g peieed RaduroudBo rodvkly.
hafarviny Suenaias
Hr. EL Kodss prietsise | Papddoma mlomacks | -

[ gt sk itag pastisar el Semas kst ¥ nefiskcass
117 Nesfinoman prizmes aubistis
9] Diarbins w0 ankciinis

| 45565 B Rl > R2- B3 A R R - R RO » 10> 11 B2 B3 » B 15> M

First of all, select the surveying from the fissation to a fixed point; direction angle is
indicated by the surveying. Further, stake out ieing traverse points so that the second stations

would be observed from the selected one (seeghédiow):



S5t =K1
Stl = 52
Sd 5t

S i
St3 = Std
Sl B3

Std
Paryglinta mélyna spalva reifkia direkeini kamps, kuris nusirodo iF pirmos stoties | tvita
tafka. Mlélyna spalva norodo éimg Juoda spalva nurodo éimo stodiy wEnlinimg. Zalia
spalva marodo matuojamus taikus. Rodyldés rodo éime krypty.

Bold blue line stands for direction angle from first station to the fixed point.
Blue colour stands for traverse. Black colour stafor neutralling of traverse

stations. Surveyed points are marked with greemucol Traverse direction is
indicated by arrows.

Transformation of objects

To transform the objects from a drawing sel@tijeky; transformavimas (Transform objects)
tab:

Objekty transformavimas Koordinatés transf. Failo transformavimas

Zymet objektus @ FPazymeéty objekty kiekis: ]

| Mekeisti objekby pazukimo kampo [jeigu jis lhgus 0]

Here press th&@ymeti objektus% (Select objectskey. Indicate the area of objects to be
transformed between coordinate systems or selecblbfects one by one on the drawing. Then press
ENTER button on the keyboard or make a right cboka mouse. After these steps you will see the

objects selected for transformation.

Nekeisti objekt pasukimo kampo (jeigu jis lygus 0) (Do not chadgéection angle of the
objects (if it is Ofunction may be selected to leave the objects Uected.

Transformation of coordinates



To transform the coordinates of one point betweeardinate systems selekbordinais

transformavimas (transform coordinat@p:

Obijekty transformavimas ~ |; Koordinatés transf. Faila transformavimas
Mr. ><3| | Y3| | @ Rezultatus ragyti | failg
Rezultatss | | A | |

Fiezultaty Failas | | |:|

Enter the coordinate of point X ¥field of the dialog box, and Y coordinate -Xdield. The

point may also be indicated on a drawing using asady pressin}i‘ key.

To save transformed coordinates to result file Rezultatus rasyti failg (Record results to
the file and press;l located next tdRezultag failas (Result file)line, indicate the file. Find the
structure of the file in sectidRezultaf failo strukiira (Result file structure

If the result is recorded to the file, indicate tumber of transformed point Nr. (No.)field.
Result file may contain more than one record, floeeethe points should be numbered.

When the results are obtained, centre coordinag be entered to the table (the table is
invoked by entering GEOMAP_LENTPILDYMAS_UZKRAUTI t@ommand prompt)Note: it is
possible to enter centre coordinate in GeoMap soéwenly. The accuracy of coordinates is taken from
GeoMap settings. In case the set accuracy is hfiteat in Transformation dialog box, use thedatt

Note. Geographical coordinates must be expressed iredggrior to transformation, i.e. to
translate minutes and seconds to degree measwge. é&ordinate 300 30’ is translated to 30,50;
coordinate 30007.30’ (30007°30") is translated 125. X coordinate refers to eastern longitude, Y

coordinate — to northern latitude.
I nter sections (triangulation)

The intersections are found in menu opt&®o — UZkirciai (Geo— Intersection} or toolbar

Uzkirciai (Intersections)
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Meanings of icons:
B _ linijinis uzkirtis / line intersection;
N kampinis-linijinis uzkirtis / angular-line inteection;

e polinis uzkirtis / polar intersection;

@ — polinis uzkirtis nuo bet kurio tasko / polardrgection from any of the points;
- kampinis uzkirtis / angular intersection;
KNI kampinis uzkirtis nuo bet kurio tasko / angutaersection from any of the points;

ik _ potenoto uzkirtis / inverse geodetic intersettio

N _ pririSimas prie zinomo tasko uzkirtis / knownrgalimensioning intersection.

More:

| Linijinis uZkirtis; | line intersection;

| Kampinis-linijinis uzkirtis; _angular-line intersection;

I Polinis uZzkirtis; I polar intersection;

I Polinis uzkirtis nuo bet kurio tasko; I polar intersection from any of the points;

| Kampinis uzkirtis; _angular intersection;

| Kampinis uzkirtis nuo bet kurio tasko; Jangular intersection from any of the points;
| Potenoto uzkirtis; inverse geodetic intersection;

I PririSimas prie zinomo tasko uzkirtis. Jknown point dimensioning intersection.

Comments

To trigger commands for comments and annotatisesnobenu optiolseo — UzraSai(Geo—
Commentsor toolbarUzraSai (CommentsYheUZraSai (Commentgpolbar is as follows:

Ef"‘ AL EEINTEFETET R

Meaning of toolbar icons:

— paprasto teksto raSymas / common text input;

Tl _ uzrag iSkélimas ant kity objekty / placement of comments on other objects;



& .~ .. .
— —uzraso anotacija / annotation to comment;

n — figaros ploto uzraSymas / enter figure area;

[ _ figuros ploto su tikslumu uzraSymas / enter figure aidla accuracy;
o — srities ploto uzrasymas / enter region area;
m — srities ploto su tikslumu uzraSymas / enteriare@rea with accuracy;

e} . .
‘L _ ploto anotacija / annotation to area;

LT
Y

— koordin&iy uzraSymas / enter coordinates;

o

“~ — koording&iy uzZraSas su iSnaSa / enter coordinates with a note;
= — koordina¢s anotacija / annotation to coordinate;

7 — linijy atstuny uzraSas / line distance comment;

=) liniju anotacijos / annotations to lines;

Al _ liniju anotacijos su lentele / annotations to lines watie;
K _ kampo uZraSas / angle comment;

Vil piketo numerio uzrasas / picket number;

HE koordingiy tinklelio sucjimas / making coordinate grid;

— koordingiy tinklelio sucjimas nurodytoje srityje (taskais) / making cooetagrid on specified

area (points);

H _ koordind&iy tinklelio sucjimas nurodytoje srityje (linijjomis) / making coanadte grid on

specified area (lines);
"t — koordingiy tinklelio anotacija / annotation to coordinatedgri

Al _ teksto modifikavimas / modifying the text;

s — teksto storinimas / bold text;

More:

| Paprasto teksto raSymas / common text input;

1 UzZra§; iSkélimas ant kity objekty / placement of comments on other objects;
1 UzraSo anotacija / annotation to comment;

| Figuros ploto uzraSymas / enter figure area;

| Figuros ploto su tikslumu uzraSymas / enter figure argla accuracy;



| Srities ploto uzraSymas / enter region area;

| Srities ploto su tikslumu uzraSymas / enter regigga with accuracy;

| Ploto anotacija / annotation to area;

 Koordina&iy uzraSymas / enter coordinates;

J Koordinaiy uzraSas su iSnaSa / enter coordinates with a note;

J Koordinats anotacija / annotation to coordinate;

J Linijy atstuny uzraSas / line distance comment;

 Linijy anotacijos / annotations to lines;

 Linijy anotacijos su lentele / annotations to lines watiie;

| Kampo uZraSas / angle comment;

| Piketo numerio uzraSas / picket number;

J Koordin&iy tinklelio suajimas / making coordinate grid;

J Koordin&iy tinklelio suajimas nurodytoje srityje (taskais) / making cooatagrid on specified
area (points);

J Koordin&iy tinklelio suajimas nurodytoje srityje (linijomis) / making coandte grid on specified
area (lines);

J Koordin&iy tinklelio anotacija / annotation to coordinatedgri

| Teksto modifikavimas / modifying text;

1 Teksto storinimas / bold text.

M aking coordinate grid

The command helps to make a coordinate grid widication of coordinates if required.

+ + + +
+ + + +
200
150
+ + + +

The command is invoked in several ways:
» through menGeo— UzraSai— Koordina'iy tinklelis (Geo— Comments— Coordinate
grid);

» from the toolbazrasai (Commentd)y pressingEEE ;



* by entering GEOMAP_UZRASAI_TINKLAS to commeé prompt.

The following steps:

1. Use left button of a mouse to indicate reguinetwork points (to call coordinate grid
annotation settings presx®).

2. Use right button of a mouse to end networlosét

3. If network coordinates are required press ERT& pres®Ne (no)to quit the command.

4. If ENTER is pressed, use left button of a neots indicate network point that needs
coordinates to be specified.

5. Use left button of a mouse to indicate thded#ibn angle of X coordinate comment and
place the comment to required location.

6. EnterY coordinate according to step 5.

7. If other coordinates of the map are requiredeat activities from step 4.

8. To quit the command press ENTER.

A symbol for coordinate grid is taken frokoordinaiiy tinklelio nustatymuosécoordinate grid

settings)
Coordinategrid annotation

The command is used to make coordinates of anflesordinate grid.
The command is invoked in several ways:
*  through men@eo— UzraSai— Koordinadiy tinklelio anotacija (Gec— Comments—

Coordinate grid annotation)

» from the toolbazrasai (Commentd)y pressin(::m' ;
* by entering GEOMAP_KOORDTINKLELIS to comnthprompt.

The following steps:

1. To make comments automatically [Taip/Ne/nUsteti] ([Yes/No/Settings]) <Taip>
(<Yes>) - the comments will be automatically made. Othsew

a. Specify deflection angle of X comment

b. Move X comment to required location



c. Specify deflection angle of Y comment

d. Move Y comment to required location.

To open settings for coordinate grid annotatiorsp J“.

2. Indicate points <ENTER-pabaiga> (<ENTER-end>)ndicate points using a mouse to
place annotations to these points.

3. To quit the command press ENTER.

The symbol for coordinate grid is taken fra&emordina’iy tinklelio nustatymuosécoordinate
grid settings)

I nterpolation
The command is used to calculate the height betwee points. The heights of pickets P1 and

P2 are known. Heights between these pickets acelatéd according to the level of shown horizontal

lines.

(200

The command is invoked in several ways:

* through menGeo— Auk&iai — Interpoliavimas (Gee~ Heights— Interpolation)

» from the toolbainformacija (Information)y pressind-i ;
* by entering GEOMAP_AUKSCIAI_INTERPOLIAVIMA$ command prompt.

The following steps:

1. Use keyboard to enter the level of horizohteds and press ENTER (press‘,to open the
settings). Level of horizontal lines is a differenisetween heights determining the interval of isgtti
out height points in meters.

2. Use keyboard to enter the minimum height anesp ENTER. Minimum height is a
reference height to start calculating other heights



3. Indicate the first picket P1. If well indicdtepress ENTER, otherwise pres (No)and
reindicate the picket.

4. Similarly to step 3, indicate the second pidk2.

5. Selectaip (Yes}o questiorAr koreguosite tagkaukgiy reikSmes?(Would you like to adjust
point height?)to change the altitudes of pickets P1 and P2. &ggingNe (No),the altitudes of
pickets P1 and P2 are left unchanged.

6. Then calculate the heights.

7. Repeat the command from tH&ep. To quit the command press ENTER.

Drawing horizontal lines

The command is used to draw horizontal lines. Adight of each horizontal line is indicated in

brackets in the figure below (linked points arel@ same height).

The command is invoked in several ways:
e  through menGeo— Auk&iai — Horizontaly braizymas (Gee- Heights— Drawing

horizontal lines)

» from the toolbainformacija (Information)y pressin(\:@: ;
* by entering GEOMAP_AUKSCIAI_HORIZONTALES ttmmand prompt.

The following steps:

1. Use keyboard to enter the height of horizolim& and press ENTER (presx”,to open the
settings).

2. Markers indicating all pickets of the heighpaar.

3. Link required pickets. The function of linkaigeanalogous to the boundary linkage, but the
line must be levelled after the linkage is complete

4. Repeat the command from thikstep. To quit the command press ENTER.



Comment annotation

The command is used to leave a comment on theirdyawhe comment is made according to
the Geo settingsuzraso anotacijos nustatym@somment annotation settifgdext style, layer, size,
deflection angle, graphical code and use/do notfasthote parameters are set. The command is
invoked in several ways:

. through menGeo — UZraSai — UZraSo anotacija (Gee—~ Comments— Comment

annotation)

» from the toolbaUzrasai (Commentd)y pressingﬁ—\ ;
* by entering GEOMAP_UZRASUANOTACIJOS to comma prompt.

The following steps:

1. Indicate the type of text binding in the conmahdine. Binding type may includeidurys
(middle) centras (centre)deSinys (right) kairys (left)andjtalpint (fit). For the meaning of each type
refer to sectioPaprasto teksto raSym@€ommon text inplit Press X* to open comments settings.

2. Use the keyboard to enter standard commenpieass ENTER.

3. Use the mouse to indicate the location ofcttrament on a drawing.

4. If the comment with a note is set, indicate lthcation of annotation.

5. Repeat the command from tH& &ep. To quit the command sel®etbaiga (End)and press
ENTER.

Line distance comment

The command is used to specify the distance betwee indicated points. Distance comment
is turned according to the line or indicated andpleflection type is specified ihnijos anotacijos
nustatymuoséline annotation settings)The annotation is also rounded to the accuracgifsge in
linijos anotacijos nustatymuogkne annotation settings)

The command is invoked in several ways:

*  through the men@eo— UzraSai— Linijy atstumai (Gee~» Comments— Line distance)

» from the toolbazrasai (Commentd)y pressing”_']:;
* by entering GEOMAP_UZRASAI_ATSTUMAI to conand prompt.



The following steps:

1. Indicate the reference point. If the pickenhdicated, press ENTER, otherwise priigs(No)
and repeat picket indication procedure.

2. Similarly to step 1, indicate the second refiee picket.

3. Line length is entered. To confirm press ENT&Renter required line length and press
ENTER. PressX" to open line annotation settings.

4. Use the left button of a mouse to appropydtaate the comment.

5. Repeat the command from théstep. To quit the command press ENTER.
M odifying the text

The command opens text editor and allows for eglithe selected text. The command is
invoked in several ways:

* through the men@eo— UZraSai— Tekstas— Modifikavimas (Gee~» Comments— Text
— Modify),

- from the toolbatZzrasai (Commentd)y pressing ;

* by entering DDEDIT to command prompt.

Text object to be corrected must be selected #itecommand was triggered by mouse. Text

editor opens after selection of text. Edit the taxd pres©OK.
Traver se adjustment commands

Traverse adjustment toolbar:
WY PELSE|o|vi@s | HHEH /O«

The same commands are invoked both from the toabd menu. Fast one click invoking is

available from the toolbar.

uzkrauti Command is used to import the data from a file.
duomenis/import data




prideti ¢jimg/add
traverse

Command is used to add additional data (e.g. adetse) from a file.

saugoti/save

Command is used to save data in the same file foseldta import.

saugoti kaip.../save as..

Command is used to save data in a file with newenam

data

= ISkirpti/cut Command is used to cut selected rows from travemsasured datg
dialog box.
Kopijuoti/copy Command is used to copy selected rows from traversasured datp
dialog box.
r [terpti/paste Command is used to paste copied rows to selectaeck ph traverse
measured data dialog box.
— prideéti eilute/insert row | Command is used to insert empty row at the end.
) Atstatyti/undo Command is used to undo step.
Y lyginti/adjust Command is used to perform traverse adjustment.
4 importuoti/import Command is used to import the data from measuriegicds. This|
function uses data import settings.
uzkrauti pagrindo Command is used to import the reference points fsahected *.dat"
taSkus/import reference | file.
points
Jil prideti pagrindo taSk iS | Command is used to import the reference point feodinawing.
: bréZinio/add reference
point from drawing
H tvirty taSky Z kontrok/z | Command is used to perform Z control of fixed psimtccording tg
control of fixed points | specified accuracy.
V] atstuny Command is used to perform distance averaging diowpto specified
vidurkinimas/distance | accuracy.
averaging
f suzyndti ¢jimg/set out Command is used to automatically set out traveosgq
traverse
® iSvalyti duomenis/erase| Command is used to erase the data and geodetic gmets from

surveying log.

keisti kodus/change
codes

surasti pagrindo ir
orientavimo taskus/find
reference and orientatio
points

atrinkti kodus/select
codes

nustatymai.../settings...

Command is used to change the code of geodeticimiise

Command is used to find reference and orientatiointp on drawing
according to picket number and import to the Ifsteference points.

=

Command selects symbols and their descriptionsrditgpto the code o
an instrument in tables of surveying log and geodstse points, colump
»Kodas (Code)

Command is used to op&eo settings.

)

pagalba./help

Command is used to call user’s manual.

Printing parametersand plans

The function is used to print italic tables. Th@ammand allows for faster printing process and

reduction of paper consumption.

The command is invoked in several ways:



* through menGeo— Spausdinimo parametrai ir planai (Gee Printing parameters and
plans)

» from toolbar (ed' by pressing& .
* by entering GEOMAP_IRANKIAI_SPAUSDINIMO_PARW to command prompt.
Three points must be indicated on the drawing uridercommandtaskas] taskas2and taskas3.

When points are indicated, dialog bd&pausdinimo parametra{Printing parametersis opened:

& Spausdinimo parametrai

Spausdintuvas Parastes

HF Designlet 430 v
SR P —
Fessiepilo T—N¢
PLOTILIS =]

MNuno popieriaus krasta: |20 Ll
Popieriaus lapo dydiz ir orientacija

b aztelis Popierius Poslinkiz

1: 280 w Plotis: ®

iz '
Apskaiiuota [ Sukurti maketa ] l B aigti l [ Pagalba

Dialog box ,Printing parameters*

All printers from file ,Spausdintuvai2.ifiiare listed in field Spausdintuvds(Printer). File
example:

Descriptionin  Explanation

file

HP DesignJet printer

430

420 Paper width
20 Left margin
10 Right margin
10 Top margin

10 Bottom margin



Appropriate actions must be taken to perform a@ertealculations: open dialog box
»Spausdinimo parametrai(Printer parameters) select another printer, press ENTER button, when
mouse cursor is in the field\uo popieriaus krasto(From the edge of the papeghange the scale.
Hereafter calculations and actions take place e dlalog box Spausdinimo parametrgPrinter
parameters)

1. Printer parameters are set as follows:

a. If the printer is not set, select the firsedinom the list; the printer is described in file
»Spausdintuvas?2.ihOtherwise set printer is used.

b. Enter paper width parameters of the selectiedep to the following fieldsKiti parametrai
— Popieriaus plotis (Other parameters Paper width)andPopierius— Plotis (Paper— Width).

c. Margins are automatically set iRgrases* (Margins)

Faragtés

"
E_1| s=—=

FLOTIS |

ILGIS

Margin settings

2. If there are no entered values Kitj, parametral’ (Other parameters),Nuo popieriaus
krastd' (From the edge of the papedefault value is set 20.

3. The following optional values are providedtl® ,Mastelis (Scale)list: 250; 500; 1000;
2000. Unless other value is set, default valuaisred 250.

4. Papetength andoffset coordinates are calculated.

When closing Spausdinimo parametra(Printing parameterspy pressing Baigti“ (End) key,
the calculations are output in command bar:

Paper size: Width x Length.

Set LTSCALE =didKoefbefore printing.

By pressing Sukurti maket‘ (Create a layoutViewportscreation dialog opens:



Maketo kiirimo parametrai @

(%) Sukurti naujg makets

Pawadinimas

() Sukurti nauja perdiros lanaa

Esantis maketas

Pavadinimas galimas.

ki | [ Baigi

Layout creation dialog box

Open dialog boxMaketo krimo parametrai (Layout creation parametersind select the first
availableLayoutname. All existing names are loaded to the opdisedPress Baigti” (End) button,
and the calculations will be output in the commdnad (the same as for printing parameters). The
following actions are performed by pressing/kdyti (Run:

1. If the option Sukurti naug makeg” (Create new layouts selected:

a layout with entered name is created.

viewport in new layout is created.

height andwidth (viewAukstisviewPlotig are set for new viewport.

centre coor dinates (viewCentrasXviewCentrasyYare set for new viewport.

. viewport is enlarged to the pointaskaslandtaskas2

the calculations are output in the command (Hee same as for printing parameters after

-~ ® o0 T p

pressing Baigti* (End)).
2. If the option Sukurti naug perziiros langy” (Create new viewporiy selected:
. Viewportis created in selected layout.
. height and widthviewAukstisviewPlotig are set for newiewport

. custom scale = didKoé$ set for new/iewport

a
b

C. centre coordinates are set for néawport

d

e. Viewportis enlarged to the pointiaskaslandtaskas?2
f.

the calculations are output in the command (H& same as for printing parameters after

pressing Baigti* (End)).
QUESTIONSTO REPEAT:

1. What is the procedure of preparation of elegtrtachometer for surveying?

2. What is a tachometry map?



3. What is the base of tachometry map?

4. What are the functions GfeoMapsoftware commanttaverse adjustmeft

5. What commands are used to layout the pickets?

6. How are the buildings drawn from the commalaginy braizymas ratu (Circular drawing of

buildings)?

7. What conventional symbols belong to the grolughotted symbols?
8. What conventional symbols belong to the groliear symbols?
9. What conventional symbols belong to the grouareal symbols?
10. What is a horizontal line?

11. How is the relief represented on plans (maps)?

12. How is the graphical interpolation performed?

13. What are the main properties of horizontasih

14. How are the numbers written on horizontaldihe

15. What are the actions we perform while drawingzontal lines irGeoMapsoftware?
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PRACTICAL WORK NO. 5
TOPIC: SURVEYING WITH GPS DEVICES

1. The Aim of the Practical Work: to perform automatic measurement of points using @évices,
point set out activities, surveyed point data tf@anto computer, to draw up a standard report o GP
Lithuanian LKS 94 coordinate system and list of rdimates of the world WGS 84 (enyVorld
Geodetic System984) coordinate system.

2. The Objectives of the Practical Work: to list GPS device control functions, to prepareS@ievice

for work, to perform RTK survey settings, port dgafation, RTK portable device settings, automatic
point measurement, point set out activities, suedegoint data transfer to computer, to draw up a
standard report on GPS Lithuanian LKS 94 coordirsgtgem and list of coordinates of the world

WGS 84 (engWorld Geodetic Systert984) coordinate system.

3. Thelnnovative Methods Applied in the Practical Work: team learning, discussions.

The practical work is applied for internationaldgats. Lithuanian and international students peepar
standard report on GPS LKS 94 coordinate systemliah@f coordinates of WGS 84 (engVorld
Geodetic System984) coordinate system.

4. The Assessment of the Practical Work:

The medium levd of the
achievement of objectives
8 | 7
All GPS device control
functions are listed, RTK

Not achieved
objectives
4 1 3] 21
All GPS device control
functions are listed,

The minimum leve of the
achievement of objectives
6 | 5

All GPS device control
functions are listed, RTK

The highest level of the
achievement of objectives
10 | 9
All GPS device control
functions are listed, RTK

survey settings are manageq
Port configuration is
performed, RTK base setting
and RTK portable device
settings are managed, point
out and automatic point
measurement is performed,
surveyed point data transfer

survey settings are managed
Port configuration is
performed, RTK base setting
and RTK portable device
settings are managed, point
out and automatic point
measurement is performed,
surveyed point data transfer

survey settings are managg
Port configuration is
performed, RTK base
settings and RTK portable
device settings are manage
point set out and automatic
point measurement is

performed, surveyed point

RTK survey settings a
managed,

Port configuration is
performed, RTK base
settings and RTK
portable device setting
are managed, point se

[

—

out and automatic poir




computer is performed,
standard report on GPS
Lithuanian LKS 94 coordinat
system and list of coordinate
of the world WGS 84
coordinate system are drawr]

up.

computer is performed,
standard report on GPS
Lithuanian LKS 94 coordinat
system and list of coordinate
of the world WGS 84
coordinate system are not
drawn up.

data transfer to computer is
not performed, standard
report on GPS Lithuanian
LKS 94 coordinate system
and list of coordinates of th
world WGS 84 coordinate
system are not drawn up.

measurement is not
performed, surveyed
point data transfer to
computer is not
performed, standard
report on GPS
Lithuanian LKS 94
coordinate system and
list of coordinates of th
world WGS 84
coordinate system are
not drawn up.

The teachespecifies the survey object of the locality.

The survey is performed by groups of three or &iudents.

Each group selects a GPS device from geodeticd&dry, prepares it for work using devise user

manual and surveys the specified site and its tdhjec

Each student individually drawns up standars tepar GPS Lithuanian LKS 94 coordinate

system and list of coordinates of the world WG 8drdinate system.

Sequence:

1. To assemble G

2. To explane control panels and keys, contraiggies, meanings of indicator line of GPS

device.

PS device.

3. To determine battery charge level.

4. To prepare GPS device for workBluetoothmode and osSMnetwork or through radio

connection.

5. To check if the information about satellitesdseived.

6. To create new job for collection of survey data

7. To set the height of portable GPS device apdtimeasured value.

8. To set the type of antenna and other antearanpeters of portable GPS device.

9. To set the elevation angle of GPS satellitgdiag to survey.

10. To set survey

reliability indexes.

11. To perform coordination of points (the numbgpoints is specified by the lector).

12. To perform set out of points (the number ahimis specified by the lector).

13. To perform importof points applying automatiecd manual methods.

14. To perform reloading of points.



15. To perform review and initial processing dbegled data.
16. To draw up standard report on GPS LKS 94 a@b\V84 coordinate systems.

17. To prepare the presentation.

Assemblage of portable GPS device

Portable GPS device consists of:

- GPS recever with GPS antenna;

- GSM//GPRS or radio antenna, if GPS receiveritegsated radio or GSM//GPRS modems;

- data collector;

- fastening element for setting up the data ctileto the stand,;

- 2 m length carbon-fiber stand,;

Assemblage of portable GPS device: to set up tavo-garbon-fiber stand, to fasten receiver
with integrated antenna (modBlimble 5800, R6, R8the antenna is fastened to the receiver, teffast

data collector.

Fig. 5.1. Portable GPSreceiver Trimble R6

The survey starts from sreation of new job. Sumdata will be stored in the job.

New job creation:

1. SelecFiles//New Jobn the main menu ofrimble Survey Controller

2. Input the title of new job.

3. Click Coord. Sydgo select coordinate system and then chkt. If there is no LKS 94

(Lithuanian coordinate system), select it fromlibeary.



4. Measuring units are set by clickibgits key.

5. Click Acceptto save the job after the settings are made:

1. SelecFiles//Open Jobin the main menu ofrimble Survey Controller.

2. Select the required job, mark it with a pen alck Select.The title of the job will appear
on the upper information bar ®fimble Survey Controllesoftware.

Job deletion:

1. SelectFiles//Open Jokfrom the main menu ofrimble Survey Controllennark the job
with directional buttons or by clicking and holdifigr some seconds special pen on active touch
screen. The job is deleted by clicking and holdorgsome seconds special pen on active touch screen
By quick click the job will be opened and activated

2. ClickDelete, Yefor deletion oNo— to cancel.

Portable GPS device setting

Configurations of Portable GPS device RFK surveying:

1. SelecConfiguration /Survey Styles / RTK/ Rover optionghe main box offrimble Survey
Controller software.

2. Made settings are provided in table 5.1..

Table 5.1.
Portable GPS device settings
Survey Type RTK
Broadcast Format CMR+
Use Station index Any
Promt Station Index Do not put a tick mark
Satellite Diferencini Off
Elevation Mask 15°
PDOP Mask 6.0
Antenna:
Type Selected from the list according to used GPS davicdel
Measured to Bottom of antenna mount
Antena Height 2.000 m, if the device is fastened to the stan@, wfin length
Seriai number Device series number is entered
Trackrio:
Use L2C Yes
L2C (if device supports L2C frequency) to put a tickrina

Preparation of portable GPS device for work on GSM networ k
To transmit the corrections of portable GPS dewicesal time,GSMor radio connection is

used.GSMconnection is set as follows:



1. SelectConfiguration /Survey Styles / RTK/ Rover Radidthe main menu box ofrimble

Survey Controllesoftware.

2. Customized settings are provided in table 5.2.

Transmission of correctionsin real timethrough GSM connection

Table 5.2.

Type Trimble internal
Method GSM dial up
Name to dial ?

Number to dial Data number
Modem PIN Empty

Init String ?

Hang UO ATHO

Dial Prefix AT D

Dial Suffix ?

Post Connect ?

Send User Identify In for Do not put a tick mark varnele

Settings for real time transmission of the coooast of portable GPS device though integrated

radio system are as follows:

1. SelectConfiguration /Survey Styles / RTK/ Base Ridibe main menu box afrimble

Survey Controllesoftware.

2. Customized settings are provided in table 5.3.

Transmission of correctionsin real timethrough radio connection

Table 5.3.

Type T RIMT AL K 450S
Frequency 443.8570 MHz
Chanel Spacine 12.5 KHz

Power Output 0.5W

To start survey with portable GPS device

Survey with portable GPS deviceRTKmode:

1. Make sure if the created job is active; ite ti$ in the upper information line.

2. SelecSurveyfrom the main menu.

3. If surveying iInRTK mode, make sure the corrections ar received frons @Ge€twork

through radio oGSMconnection.

4. If automatic initialisation failed, initialismannualy.



5. After survey initialisation select survey malBopoint measuremekteasure
Pointsor stake out of point&Stakeout).

Input of heights of stand for portable GPS device

1. SelecConfiguration /Survey Stylésn the main menu ofrimble Survey Controllerselect
survey modeRover options.

2. When using 2 m long carbon fiber stand, inp00Q in the fieldAntenna HeightDevice
height will be constant during survey of each point

3. If is is necessary to chanhe the height dusumyey, change it manually by inputing device
height when filling in surveyed point parameters.

Input of survey reliability of portable GPS device

Survey reliability is defined blPDOPindex PDOPstands for positional dilution of precision.
It indicates the accuracy of position based onnbmber of satellites and the geometry of satellite
positions. From a geometrical point of viBOPis proportional to the used divided by the volurhe o
pyramid, formed by lines drawn from four observedelites to GPS antenna. Lower number — to 6
means more accurate survey data, higher than &s-decurate data. LoWOP values mean thet
satellites are widely spread in relation to surgepeint, and high values — vice virg2DOP involve
vertical and horizontaPDOP? = HDOP? + VDOP?

PDOP Masksetting:

1. SelectConfiguration /Survey Styles / RTK/ Rover optiongh main woindow ofTrimble
Survey Controllesoftware.

2. Input 6.0 value in the fieldPDOP Mask. PDOP Mask— maximumDOP value under
which the device proceeds with calculation of poss.

Input of elevation angle of portable GPS device

Elevation angle of portable GPS device is setdnfiguration of each survey mode:

1. SelectConfiguration /Survey Styles / Rover optiamshe main wondow ofrimble Survey
Controller software

2. Set elevation angle in the fididevation Maskand save the changes.

I nput of antenna type and configuration of portable GPS device

Antenna type of portable GPS device is set byigardition each syrvey mode:

1. SelectConfiguration /Survey Styles / Rover optiamshe main wondow ofrimble Survey
Controller software

2. Select used antenna from the list in the ffgitena typeind save the changes.

Coordination of points



After preparatory works are completed, coordirmatd points using portable GPS device may
be started:

1. SelecRTKin the main menu ofrimble Survey Controlleand clickStart Survey

2. SelectMeasure Pointgrom Surveymenu.

3. Number of satellites is observed. It is nobwakd to perforrRTK surevy when less than
five satellites are within the visibility zone ofRS device. Satisfied with the accuracy enter patensie
of surveyed point: point humbeédame point codeCode — selected from codes library or input
manually, if necessary — stand height is changeehtgring the value iAntenna Height

5. Click Measurein the right bottom corner of the screen, obsersmtpmeasurement time
reading. After the measurement cliSkoreand save the data. When data is saved the measussme
continue by repeating steps 4 and 5.

Stake out of points

1. SelecStakeoufrom Surveymenu when survey iIRTKmode is started.

2. List of anticipated stake out points is actidgake out points list

3. To add to the list clickdd

4. To stake out all points selekit Points

5. To stake out specific point mark it inn the &sitd clickStakeouin the right bottom corner of
the screen

6. Keep the data collector in front of you, moved&signated direction taking into account the
distance to the stakeout point.

7. When the distance to the stakeout point is 3linectional arrow is changed with target -
courseview is activated.

8. When the distance to stakeout point is aboutn3@dine view is activated.

9. During ht observation of data collector scrémndevice must be set so that the cross would
be right on the location of stakeout point.

10. Mark the point.

11. Fpr accuracy checking the point is recoordohas-stakeoutby clicking Accept or
Measure If other point is staked out, the stakeout paiessapers from the list of points. Repeat the
steps tostake out other points.

Import of pointsor manual input to portable GPS device

Manual input of point parameters to GPS device orgm

1. SelecKey In / Pointsn the main menu ofrimble Survey Controller.

2. Enter point name.



3. Enter other parameteds; Y, Z, Code

4. The point is saved, clicktoreand continue work.

The data is imported to data collector usingmble Geomatics Officeoftware in *CSV
format:

1. Imported data must be TiGOfile.

2. Data collector must be connected to computer.

3. SelectFile / Export click Comma delimiteaoordinate file to Surbey controler (*C3N)
dialog box, selecburvey Controller on ActiveSyaad clickOpen(CSVfile must include: numbeiX,
Y, Z code)

The data are exported to the internal memory o daliector.

4. To import *CSVfiles available on data collector to new job orvioes job useémport
function File / Import/Expor}.

M easur ement data transfer

Point measurement data are transferred to compMatavimo duomenims perkelti S
valdiklio, UseMicrosoft ActiveSynsoftware to transfer measurement data from costroll

1. Microsoft ActiveSynsoftware must be installed on the computer.

2. When the data collector is connected to thepeder, the following box appears (fig. 5.2.).

®
T =™
. Welcome to the Pocket PC Sync
-,|| Setup Wizard
|

T st up & 5yrc selborihe betwear: ks cotrouler and
your Pocket PC_ chek Newt

PR alillx
2 ety ol

can 3t

Fig. 5.2. Measurement data transfer software

3. SelectCancelto connect as &uest

After connection of the device to the compufemble Geomatics Officeoftware is used for
data processing:

1. Trimble Geomatics Officgoftware is activatedSgart / Programs / Trimble



Office / Trimble Geomatics Office / Trimble GeommsuDffice.

2. New file is created in order to transfer sueaypoints from the data collector to the
computer.

Creation of project: Activate program— New Projecttype the title of project in boklame
Template— LKS 94. At the optiorNewselectProject. Open the bo¥roject properties— Coordinate
systemand check if LKS 94 coordinate system is seledtedot — click Change, Select Coordinate
systenmbox will open select coordinate system and clfekish. CloseProject propertieslialog box by
clicking OK.

Data import from data collector: Go toFile — Import and clickSurvey devices»> OK in
appeared dialog boxFind Survey Controller on ActiveSyrand click OPEN. After the sata are
trasferred, in boXProject koordinates system selectKeep the existing Project definitior» OK.
Coordinate system of the software is used for sig@oints because it is more widely described then
on the software for field data storage of the datéector In DAT Chekindialogbox the information
about surveyed points is provided OK. The data were collected in RTK survey mode, theesfoere
is no need of additional data processing; the dag be exported for later processing in a desired

format.



Standartiné GPS ataskaita

Darbo pavadinimas: ausssyte
Koordinadiy sistema: Lithuania
Zonos pavadinimas: LKS9%4

Laiko zona: Lokaliné
Taskas X Y H Data Laikas Epocha ;\;I)zi) ;I]:’srl Zli::
KAUN | 6085562947 | 498690.049 87.352 03.04.2012 10:46:14 | IERERE
Ip 6076392.650 | 489789.813 | 78.647 | 03.042012 | 10:54:09 | 6 | 1.556 | 0.009 | 0.012
Iq 6076392.653 | 489789.831 | 78.641 | 03.042012 | 10:5428 | 6 | 1.543 | 0.008 | 0.012
Ir 6076392.654 | 489789.824 | 78.643 | 03.042012 | 10:5439 | 6 | 1529 | 0.008 | 0.012
Is 6076392.643 | 489789.833 | 78.644 | 03.042012 | 10:5457 | 6 | 1510 | 0.008 | 0012
1t 6076392.642 | 489789.832 | 78.658 | 03.042012 | 10:5517 | 6 | 1520 | 0.008 | 0012
lu 6076392.632 | 489789.823 | 78.668 | 03.042012 | 10:5534 | 6 | 1.520 | 0.008 | 0.012
lv 6076392.641 | 489789.822 | 78.661 | 03.042012 | 10:5554 | 6 | 1.525 | 0.008 | 0.012
1w 6076392.646 | 489789.822 | 78.666 | 03.042012 | 10:56:12 | 6 | 1.563 | 0.008 | 0.012
1x 6076392.653 | 489789.815 | 78.670 | 03.042012 | 10:5630 | 6 | 1.524 | 0.008 | 0.012
ly 6076392.662 | 489789.815 | 78.674 | 03.042012 | 10:5644 | 5 | 1520 | 0.008 | 0.012
2p 6076186.670 | 489692.886 | 78447 | 03.042012 | 11:02:09 | 55 | 1.921 | 0.096 | 0.145
2q 6076186.664 | 489692.887 | 78.461 | 03.042012 | 11:0227 | 6 | 1.229 | 0.006 | 0.008
2 6076186.667 | 489692.888 | 78.467 | 03.042012 | 11:0238 | 6 | 1252 | 0.007 | 0.010
2 6076186.674 | 489692.874 | 78.466 | 03.042012 | 11:02:57 | 6 | 1299 | 0.008 | 0.010
2t 6076186.664 | 489692.873 | 78470 | 03.042012 | 11:03:15 | 6 | 1323 | 0.008 | 0.010
2u 6076186.662 | 489692.864 | 78472 | 03.042012 | 11:03:32 | 5 | 1335 | 0.008 | 0.010
2v 6076186.663 | 489692.864 | 78470 | 03.042012 | 11:0349 | 6 | 1342 | 0.008 | 0010
2w 6076186.662 | 489692.873 | 78471 | 03.042012 | 11:0406 | 6 | 1346 | 0.008 | 0.010
2x 6076186.660 | 489692.873 | 78472 | 03.042012 | 11:0421 | 6 | 1330 | 0.008 | 0.010
2y 6076186.659 | 489692.876 | 78.467 | 03.042012 | 11:0440 | 6 | 1346 | 0.007 | 0.010
3p 6076383326 | 489657.069 | 82348 | 03.042012 | 11:1026 | 6 | 1254 | 0.007 | 0.010
3q 6076383.326 | 489657.065 | 82349 | 03.042012 | 11:1039 | 5 | 1291 | 0.007 | 0.010
3 6076383.327 | 489657.069 | 82343 | 03.042012 | 1L:10:55 | 5 | 1302 | 0.007 | 0.010
3s 6076383.330 | 489657.068 | 82346 | 03.042012 | 1L:11:08 | 6 | 1323 | 0.007 | 0.010
3t 6076383.332 | 489657.068 | 82348 | 03.042012 | L1121 | 6 | 1332 | 0.006 | 0.009
3u 6076383332 | 489657.069 | 82346 | 03.042012 | 111136 | 6 | 1326 | 0.008 | 0.010
3v 6076383.328 | 489657.068 | 82344 | 03.042012 | 11:1148 | 6 | 1338 | 0.008 | 0.010
3w 6076383328 | 489657.064 | 82352 | 03.042012 | 11:12:01 | 6 | 1.341 | 0.008 | 0.010
3x 6076383.326 | 489657.062 | 82354 | 03.042012 | 1L:12:17 | 6 | 1334 | 0.008 | 0.010
3y 6076383326 | 489657.060 | 82349 | 03.042012 | 11:12:30 | 6 | 1345 | 0.008 | 0.011
4p 6076423689 | 489629.772 | 79.516 | 03.042012 | 11:14:13 | 5 | 1366 | 0.007 | 0.010
4q 6076423.686 | 489629.776 | 79.501 | 03.042012 | 11:1427 | 6 | 1409 | 0.008 | 0.011
4r 6076423.676 | 489629.798 | 79.525 | 03.042012 | 11:14:47 | 5 | 1362 | 0.007 | 0.010
4 6076423.673 | 489629.798 | 79522 | 03.042012 | 1L:1501 | 5 | 1375 | 0.008 | 0.011
4 6076423.673 | 489629.796 | 79517 | 03.042012 | 111519 | 6 | 1.421 | 0.008 | 0.011
4u 6076423.669 | 489629796 | 79.525 | 03.042012 | 11:1536 | 6 | 1.420 | 0.008 | 0.011
4v 6076423.676 | 489629798 | 79.523 | 03.042012 | 11:1549 | 6 | 1433 | 0.008 | 0.011
4w 6076423.675 | 489629.800 | 79517 | 03.042012 | 11:16:02 | 6 | 1438 | 0.008 | 0.011
4x 6076423.685 | 489629.806 | 79.524 | 03.042012 | 11:16:14 | 6 | 1.439 | 0.008 | 0.011

Fig. 5.3. Standard GPSreport




ADDITIONAL MATERIAL FOR COMPLETION OF THE PRACTICAL WORK

Trimble Survey Controllesoftware is controlled with the help of active tbhuscreen. Specal
pen is used for the purpose complete Witimble TSC2ata collector. Th@rimble Survey Controller
software is activated throudBtart menu, all desired functions are controlled by tonghthe screen
with the pen.

Main control of GPS device is performed by theadabllector. All measurements and
parameters are recorded to the field data stort@ae Trimble Survey Controller.

Indicators ofTrimble Survey Controldiield software may be observed only if the softwiare
activated on the data collector. Meanings of tltkcators depen on what devices are connected to the
data collector (controller). Indicators of GPS aevsoftware and their meanings are provided in fig.
5.4..



GPS device software indicators
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Indicator Meaning

Data collector is energized by external source

Battery is charging

Battery charge is 100% or 50%. The upper indicasdior the data collector, the bottom — external
device connected to the collector.

Data collector controls Trimble 5800GPS receiver

Data collector controls Trimble R7 GPS receiver

Data collector controls Trimble R8 GPS receiver

Data collector controls Trimble 5700 GPS receiver

Data collector controls Trimble 4800 GPS receiver

Data collector controls Trimble 4700 GPS receiver

Data collector controls Trimble 4800 GPS receit#ight of the receiver is on the right
Apart from the receiver, antenna is connected. itedfjantenna is on the right
Stationary point is measured

Receiving of radio data batches

Receiving of mobile connection modem signals



When connection is interrupted the indicator crdsse

Receiving of o WAAS/EGNOSignals

Number of satellites observed by receiver, on idpet of indicator

In real time survey the GPS receiver receives ctimes from base receiver through internet

connection (GPRS)

Fig. 5.4. GPS device softwareindicators

Text indicators in the bottom of the screen ohdaillector provide information about

performed activities or current errors. Text indica of GPS device software and their meanings are
provided in table 5.4..

Table 5.4.

Text indicators

Text indicator

Explanation

No Survey GPS device is connected to data collector, butegumode is not selected

RTK:Fixed Performed RTK survey are initialisdd 1 is fixed - centimeter-level

RTK:Float Performed RTK survey are non- initialiséd] is not fixed(float)

RTK:Check RTK survey performed —initialisation is verified

RTK:Auto Radio connection was lost during RTK survey — aatnous positioning is performed

RTK:WAAS Radio connection was lost during RTK survey, soluti GPS swey is performed wit
WAAS/EGNOS

FastStatic Selected survey mode is fast stgfastStatic)

PP differential Results are processed after survey

RT differential Survey is performed ireal- time differentiamode

In fill: Fixed Performed kinematic survey is initialised and aftercessing ionosphere unaffected
1 fixed solution with cm accuracy is obtained

In-ifill Performed survey is differential and a sessiorei$gpmed with data collection for

post-processinfpost-piocessing)

Bluetoothwireless connection in GPS device and data colleallow for data exchange

without a cable. The capabilities of data colleetith Bluetoothconnection:

- connection with other data collector (for dataleange);
- controlTrimble R8, R6, 580GPNS devices;

- control distance metering units.



Configuration ofBluetoothport connecting the data collector willrimble R8, R6, 5800
GPNS devices:

- connect device with data collector;

- activate Trimble Survey Controllersoftware and selecfConfiguration / Controller /
Bluetooth]from the main menu;

- click Config to activateBluetoothport: watchTSC2data collector to ensure th@turn on
Bluetooth]and[Make this devise discoverable to other devige$&rences are marked.

- scan ofBluetooth evices is activated on the data collector: se[@svises] on TSC2
controller and then selefitlew];

- Trimble Survey Controllesoftware is used to finBluetoothdevices located at a distance of
up to 10 m;

- after scan select device to connect with dali@aor and clicfNext];

- if connection to GPS device is performed there asneed to enter access code — click
[Next];

- enter device name and clifikinish];

- click [OK] Trimble Survey Controller;

- select device to measure with in the fidkéciever Select[Accept] and software will
automatically connect to defined GPS device.

The information provided by LEDs dfrimble GPS device is provided in fig. 5.5. and table
5.5.

Tjungimas /I$jungimas

Energija
Transliuojami CMR duomeny paketai
Palydovy stebéjimas

On/Off

Energy
Translation of CMR data
Observation of satellites

Fig. 5.5. LED information if the device
TrimbleGPS device has one functional — On // Off buttamd§ions of the button:
- To turn on the GPS device press OFF button fgr 2

- to delete ephemeris file — press for 15 s;



- to restart the device with factory settings egsrfor 15 s;
- to delete used files — press for 30 s.

LED information is provided in table 5.5..

Table5.5.
LED information

GPS device status Energy Rag'éro dgs?mman Palydovy sekimo
Green Green Yellow
OFF - - -
COhI\;.rgb:éterles are fully lighting i i
OION. batteries are running fast blinking _ _
own

Four and more satellites aj lighting : fast blinking
Less then four satellites ar lighting ) slow blinking
observed
Internal data collection Blinking each 3 s - -
Internal translation lighting in the cource of

i translation i
Radio data trasfer lighting slow blinking -
Radio data are not receive lighting Not lighting -

Work management

To star the survey job must be created for measemédata collection.

Creation of new job:

1. SelecFiles // New Joln theTrimble Survey Controllemain manu

2. Type in job title.

3. To select coordinate system clickord. Systhen —Next.

4. If there is no LKS’94 coordinate system, selefrtom the library.

5. To change metering units (dimensions) of tleated job clickUnits .

6. When settings are made cliskceptto save the job.

Continuing existing job:

1. SelecFiles//Open Jolfrom theTrimble Survey Controllemain menu

2. Select the job to continue with, mark with a p@d clickSelect

The title of continuing job will be visible on theper information bar of th€rimble Survey
Controller software.

Deletinf the job:

1. SelecFiles//Open Jolfrom theTrimble Survey Controllemain menu



If the job to be delated is not marked, mark ingsilirectional buttons or by pressing and holdimg t
pen on active touch screen.

2. Click DeleteandYesto confirm deletion oNo— to cancel deletion.

Creating export file

Export of points in desired format is performedtoanatically input to C:Vrimble Geomatics
Office / Projects ftle of created projectExport.

Deter mination of the structure of exposrt file data

The structure of export file data is individuallgefined according to the method of further
data processing. To export the data cli€le/Export and select the format of data from the ones
seggested:

- if data were processed BycGIS software, export irArcView shape file points — (*.dbf,
*.shp, *.shx).

- if data were processed BRAD software, export irf*.dxf, *.CSVarba*.txt) formats.
After format is selected, chose required standédhta export and clicOK, enter the title in appeared
dialog box and save.

File export procedure

1. New project (file) is created ifrimble Geomatics Offisgata processing software to upload
surveyed points.

2. Survey results are downloaded from the daedok toTrimble Geomatics Officeoftware
for field data processing.

3. Data are exported under selected format.

QUESTIONSTO REPEAT:

* What are the GPS device indicators for?

» Describe the meanings of LEDs defining the stafuSRS device.

* How does GPS work?

* What is the difference between static and kinenstigey methods?
* How are the data collected by GPS device?

* How to create a new job?

* What parameters do determine the accuracy of GR®yst

* How are the points coordinated by GPS device?

* How are the points staked out by GPS device?



* How to prepare the standard GPS report
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Subject:Geodesy

PRACTICAL WORK NO. 6
TOPIC: INVERSE AND DIRECT ANGULAR INTERSECTION SOLTIONS

1. The Aim of the Practical Work: to apply geodetic and mathematical methods in determinatfon

point coordinates.

2. The Objectives of the Practical Work: to perform geodetic surveying, to calculate point

coordinates, to apply inverse (point displacemand) direct intersection calculation methods.

3. Thelnnovative Methods Applied in the Practical Work: team learning, discussions.
The calculations are performed according to thgimai coordinates of the world coordinate
systemWGS 84(eng World Geodetic Systerh984), therefore the practical work is applied bfath

Lithuanian and international students.

4. The Assessment of the Practical Work:

The highest leve of the The medium leve of the The minimum level of the Not achieved
achievement of objectives achievement of objectives | achievement of objectives objectives
10 | 9 8 | 7 6 | 5 4 1 3] 2]1
Point coordinates are Point coordinates are Point coordinates are Point coordinates are
calculated applying the calculated applying the calculated applying the calculated applying thI
calculations methods of calculations methods of calculations methods of calculations methods o¢f
inverse and direct intersectiqginverse and direct intersectiolinverse and direct inverse and direct
the reliability of results is the reliability of results is not|intersection, the calculation|intersection, the
evaluated. evaluated. have errors, the reliability o| calculations are wrong,
results is not evaluated. the reliability of results
is not evaluated.

INVERSE ANGULAR INTERSECTION
(DISPLACEMENT OF POINT COORDINATES FROM POINWI TO POINTB)

When there are three coordinated points (diresjian the locality and the coordinates of
required point must be found, two points must beose, two bases must be created and lengths of

datum lines must be measured.



Procedure:

1. To calculate the distance from survey maedat to survey markeB of trianglel, 401,3
The difference of calculated distances may difig2b cm. Distance average value is used for further
calculations. 2. To calculate the direction anglkig of line401,2and compute the length of the line
according to three formulas. The calculated disganmay differ by 50 cm. Average value of three
measurements is used for further calculations.

3. To calculate 402 artD1values of triangle angle®)1,402,3

4. To calculate the direction angle of li#@1,3

5. To calculate the coordinates of pdnt

6. To calculate the value of direction angjet020of the line.

7. To check the calculations of the value of dierangle3,402 The values may differ by 5
sec.

Further, the calculations are performed accordingthe second triangl&01,403,3,the
procedure of calculations is similar to the abovetioaed.

Angles between coordinated directions and dataeslare measured. Datum lines are created
so that it would be easy to measure their lengthamles to coordinated survey markers (peaks) (fig
6.1.).

402

Fig. 6.1. Scheme of coordination of points by inverse inter section



Measurement data are provided in table 6.1.

Table 6.1.
M easurement data
Anges Anglevalues
R 53°56'39"
R 55°15'05"
Rs 57°14'06"
R, 67°38'45"
Rs 24°11'27"
R 101°29'15"
Base Baselength, m
Sis 222,038
S 168,685
Coordinates of survey markers are provided iret&f?.
Table 6.2.
Coordinates of survey markers
Survey marker 401 402 403
Coordinates X 6182380,266 6185467,458 6180342,816
WGS84, m Y 500361,025 503444,321 503361,086

Mathematical treatment of data is performed acogrth the results of geodetic measurement.

1. The distance between markéid to marker3 of triangle401,3,1is calculated :

si i 39" 6.1.
S e Sosinfy __ 222,0386in535639" _ ooa
# sin(,+p,) sin(5356'39"+ 5515'05")

2. The distance between markél to marker3 of triangle401, 2,3is calculated:

s . SwasinB, _ 168,85sin(67°38'45")
137 Sin (B, + By) | SIN(5P1406™ 67°38457)

=190175m. 6.2.



3. The difference between the distances is less 20 cm, so average value is calculated:

So13=190124m,
4. The direction angle of lin#é01,402is calculated:

AViopaor _ 3083,296 , j, .
A Xyopa01  3087,192

arc tgo o1 400=

5. The length and average value of W4.,402is calculated:

A Xupa01  3087,192

= =4363195m.
COCOLy0; 402 COS(44°57'50")

S401,402 =

AY,
A Vapaor 3083296 _ \o6a195m
SiNOl01 402 SIN(44°57'50")

5401,402=

Si01.400= J A X aor.a02 + A Yaop a0 =+/3087,193 + 3083,296 = 4363195m.

6. The difference between the distances is less 20 cm, so average value is used:

Suora02 = 4363195 m,

7. The value of anglké01,402,3(j3;) is calculated:

Sso1s SINBs 190124 sin (24°1023")

sinB, = =sin £0121".

S w02 4363195

8. The value of angl@s is calculated:

Bg =180° — B5 — B, =180° - 24° 1127- T 0121'=154°4710".

9. The value of direction angle of lid@1,3is calculated:

Ol agrs = O 401000 + By = 44°5750"+154° 4710"= 199° 4500"

6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

6.9.

6.10.

6.11.



10. The coordinates of mark&are calculated:

X3 = X o1 + Saos - COSO 415 = 6182380,26+190124- cos (9P 4500") = 6182201,36m 6.12.

Yy =VYa01 + Sao1s - SN0t 415 = 35500361,@5 +190,124- sin (19F 4500") = 500296,79m 6.13.

11. The value of direction angle of liBe402is calculated:

AYyps 3147512

arc t = = =43 5627" 6.14.
9% a002 =74 X023 3266,82
12. Check computation of the direction angle 10é 8,402
O 3400 = OLggrs + 180 + Bg =199P 4500 +180° + 24° 1 127" = 43° 5627". 6.15.

Further the calculations according to the triaiglé, 403, Jare performed

13. Direction angle of lind01,403is calculated:

AY,
arc tg o 4o, 403 = ——22 =124°1055" 6.16.

A X 403,401

14. The length and average value of W@d,403is calculated:

A X
Sio01,403 = Cocw = 3626 509 m. 6.17.
O 403,401
6.18.
Si01,403= \/A X403,4012 +A Y403,4012 =3626509m.
Si01,403= \/A x4o3,4012 +A Y403,4012 =3626509m. 6.19.

15. The difference between the distances is kess 20 cm, so average value is used:

Suo1.402 = 3626 509 m. 6.20.



16.401,403,3(B9) angle value is calculated:

S,012 - SIN
sinp, _ SeosSIPs _ 5 mpar 6.21.
S4021,403
17.B10 angle value is calculated:
10 =180° — B¢ — By =154°4712", 6.22.

18. Value of direction angle of liné01,3is calculated. The value may differ from the earlie

measured up to 5 s.

O 4013 = O 401402 + Bg = 44°5750"+154°4712"= 199°4502" 6.23.

19. The coordinates of mark&are calculated:

X3 = X401+ Sao1s - COS0L 4015 = 6182380,26 +190124- cos ((9F 4502") = 6182201,37 m

6.24.
Y3 = VY01 + Sao1s - SiN L 40,5 =500296,77m 6.25.
20. The value of direction angle of liBe403is calculated:
AY,
arc tgot g0, = ——22 = 121°1413 6.26.
A X4O33
21. Check calculation of direction angle of I3&03
Ol 3403 = O 4033 1180 + B¢ =121°1413" 6.27.

22. Average coordinates are calculated:

X3=6 182 201,327 m)Yz= 500 296,777 m. 6.28.



DIRECT ANGULAR INTERSECTION

Angles are measured for determination of grounititpmoordinates by geodetic intersection—
angular intersection. Angular intersections areddig into direct and inverse. The intersectionngjle
when only required number of reference points amésurements is applied. When there are more
reference points and measurements than it is &ctegjuired, the intersection is multiple. The &
intersection is more precise because of additioredsurements, therefore the results are more leeliab
PK-77 picket coordinates are calculated according tactwedinates of three points and measuxeB,

C angles.

Procedure:

1. To calculate the coordinates of pddR-770f triangleA, B, PP-77

2. To check the calculation of the coordinatepaht PP-77of triangleC, B, PP-77
3. To evaluate the reliability of calculated cdoedes, they may differ by 50 cm.

4. To calculate average coordinates of pBiAt77.

The drawing is provided in fig. 6.2.

Fig. 6.2. Scheme of direct angular intersection

Measurement data are provided in table 6.3.
Table 6.3.

M easur ement data

Paints Angles
13 33°34'06"
% 26°01'18"

3 82°10'47"




13 57°24'25"

Coordinates of survey markers are provided ireté&bs.
Table 6.4.

Coordinates of survey markers

Points Coordinates WGS 84, m
XA 6086116,04
X8 6086517,83
Xc 6084516,92
A 519202,94
Ve 514801,53
Yo 513935,02

Procedure:

1. In triangleA, B, PK-77Cartesian coordinates of polPiK-77 are calculated:

XACtgPB, + XgCtgP; — Ya + Vg

= 6085048,34n. 6.29.
Ctgp, +ctgp,

PK-77 =

Yoy = 32002 £ YeCOP X0 = X5 _ 59755 6.30.
ctgp, +ctgp,

2. In triangleB, C, PK-77Cartesian coordinates of polK-77 are calculated:

_ XsCtgB, + XcCtgB; — Vs + Ve

Xpk-77 = =6085048,361 6.31.
ctgP; +ctgP,

Yok 77 = YoClOPa + YeCloPs + X5 X _ 517224 48 6.32.
ctgp; +ctgph,

3. The values of calculated Cartesian coordinafesoint PK-77 differ by less than 50 cm,

therefore average coordinates of pdiKt-77 are calculated:



Xox_77vig. = 6085048,36n.

yPK777 vid. — 517224,42”

QUESTIONSTO REPEAT:

* What is the essence of coordination of ground g@int

» Describe the essence of direct angular interseztion

» Describe the essence of inverse angular interséttio

* What methods of point coordination do you know?
* What is the difference between direct and inverssction angle?

» Describe the essence of single and multiple angni@rsection.

6.33.

6.34.
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Study ProgrammeReal Estate Measurement Engineering
Subject:Geodesy

PRACTICAL WORK NO. 7
TOPIC: MATHEMATICAL TREATMENT OF EQUAL AND UNEQUALPRECISION SURVEY
RESULTS OF ONE DEMENSION

1. The Aim of the Practical Work: to apply theoretical skilllor mathematical treatment of equal and

unequal precision distance measurement resulte\addation of precision of the measurements.

2. The Objectives of the Practical Work: to select minimum length value of the line, to cédte the
differences between single measurement resultyvaneés close to the arithmetic mean, the arithmetic
mean, rounding error, deviation of measurementltedmom the arithmetic mean, to check the
calculation of the arithmetic mean, of squared sfileviations from the arithmetic mean, to caloailat
mean squared error of one measurement, mean sgeacedof weight unit, mean squared error of
mean squared error of one measurement, mean sgeaogdof mean squared error of weight unit,
mean squared error of the arithmetic mean, thabidity of the mean squared error of the arithmetic

mean, to determine the tolerances of measuremedispn with 95 % and 99,73 % precision

probability, to determine relative error of line asarement results.

3. The Innovative Methods Applied in the PracticaWork: team learning, discussions.

4. The Assessment of the

Practical Work:

The highest level of the
achievement of objectives

The medium level of the
achievement of objectives

The minimum level of the
achievement of objectives

Not achieved
objectives

10 9

8 | 7

6 | 5

4 1 3] 21

The most reliable value and
deviations from arithmetic
mean are calculated, sum of
deviations from the arithmeti
mean is verified, squared
mean error of one
measurement, squared mea
error of squared mean error
one measurement, squared

mean error of squared mean

The most reliable value and
deviations from arithmetic
mean are calculated, sum of
deviations from the arithmeti
mean is verifiedsquared med
error of one measurement,
squared mean error of squar
mean error of one
measurement, squared mea

error of squared mean error

The most reliable value ang
deviations from arithmetic
mean are calculated, sum
deviations from the

arithmetic mean is verified,
squared mean error of one
measurement, squared me
error of squared mean erro
of one measurement, squa

mean error of squared meg

The calculations are
wrong.




error of weight unit, squared
mean error of arithmetic meg
and squared mean error of
squared mean error of
arithmetic mean are
calculated, confidence
intervals of measured valueg
are calculated, relative error
line measurement results is
determined.

weight unit, squared mean
error of arithmetic mean and
squared mean error of squar
mean error of arithmetic meg
are calculated, confidence
intervals of measured values
are not calculated, relative
error of line measurement
results is not determined.

error of weight unit, square
mean error of arithmetic
mean andégquared mean err,
of squared mean error of
arithmetic mean are
calculated. The calculations
have errors. Confidence
intervals of measured valug
are not calculated, but are
determined, relative error o
line measurement results ig

not determined.

MATHEMATICAL TREATMENT OF EQUAL PRECISION SURVEY REBULTS OF ONE
DIMENSION

10 measurement series have been performed duetegntination of the length of datum line.
Each series includes n measurements of the datuen Arithmetic means of the datum line are
calculated according to each measurement serissrdtjuired to determine the most reliable valtie o
the datum line and evaluate the precision of measent.

Procedure:

1. To calculate the most reliable value — arithonetean.

2. To calculate deviations from arithmetic meanl aerify the deviation from the sum of
arithmetic mean.

3. To calculate squared mean error of one measunem

4. To calculate squared mean error of squared wedae of one measurement.

5. To calculate squared mean error of arithmegam

6. To calculate squared mean error of squared mranof arithmetic mean.

7. To calculate confidence intervals of measu@des.

8. To determine relative error of line measuremestilts.

The treatment of measurement results of the déhevare provided in table 7.1.

Table 7.1.
Datum line measurement results treatment

Lines

Measurement resultsx, (m) g (mm) | g2 (mm2) | v;(mm) | v,?(mm?)




1 107.222 3 9 -11 121
2 107.222 3 9 -11 121
3 107.242 23 529 +9 81
4 107.249 30 900 +16 256
5 107.219 0 0 -14 196
6 107.230 11 121 -3 9
7 107.229 10 100 -4 16
8 107.227 8 64 -6 36
9 107.245 26 676 +12 144
10 107.247 28 784 +14 196
2=142| ¥=3192| X =2 X =1176

1. According to measurement results the minimura length value of 107,219 m is taken. It will be

approximate value for arithmetic meanx- .

2. The differences between single measurementtsesd measured and the values close to arithmetic
mean:g, = x, — xX'=107222-107219= 0003m = 3mm.

3. Arithmetic mean is calculated:

10
- - 2 142

X = x'+‘=1T =107219+ o 107,2332~107233m.

4. Rounding error is calculated:
=X — X apv.=107,2332-107233=+ 0,0002m = + 02mm
5. Measurement result deviations from arithmetiameare calculated:

v, =X - x=107222-107233=— 0011m=—-11mm.

6. Calculation of the arithmetic mean is checked:

10
Zvi =n-9=10- 02mm= 2mm

i=1

7. Calculation of sum of squared deviations froitharetic mean is checked:



10
2
10 10 zsi 1422
D oviZ=)g? 12— =3192- =" =3192- 20164=11756=1176 mmZ,
i=1 i=1 n 10

8. Squared mean error of one measurement is ctddula

9. Squared mean error of squared mean error om@asurement is calculated:

m 1143
T J2(n-1) /2-@0-1)
10. Squared mean error of arithmetic mean is caied|
m 1143
M=—=—"*~==361mm
Jn V10

11. Reliability of squared mean error of arithmetiean is calculated:

12. Measurement precision tolerances are calculated

12.1. Confidence interval for measured distancé @4 % reliability is calculated:

P(x—t, M < x< x+t M)P,

P(107,233 m - 2,145 - 3,61 mm < 107,233 m < 107/8332,145 - 3,61 mm) Byso,

P(107,225 m < 107,233 m < 107,241 miP&se.



12.2. Confidence interval for measured distanch @&,73 % reliability is calculated:
P(x—t,M <x< x+t M)P,
P(107,233 m - 4,09 - 3,61 mm < 107,233 m < 107,233409 - 3,61 mm) Pgg 7304
P(107,218 m < 107,233 m < 107,248 miPss 739

13. Relative error of line measurement resulteiemnined:

~m, 1 _ 1143mm _001143m 1
x' N

©107233m 107233m 9400

MATHEMATICAL TREATMENT OF EQUAL PRECISION SURVEY RBEULTS OF ONE
DIMENSION

Procedure:
1. To select minimum line length value.

asent results and the values close to

2. To calculated differences between single mes
arithmetic mean.

3. To calculate the arithmetic mean.
. To calculate rounding error.
. To calculate deviations of measurement refuis arithmetic mean.
. To check the calculation of arithmetic mean.
. To check the calculation of sum of squared atexms from arithmetic mean.
. To calculate squared mean error of weight unit.

© 00 N o o b~

. To calculate squared mean error of squared meanof weight unit.
10. To calculate squared mean error of grossraetic mean.
11. To calculate the reliability of squared memoreof gross arithmetic mean.

12. To calculate measurement precision tolerance.



13. To determine relative error of line measuremesults.

The treatment of measurement results of the dahanis provided in table 7.2.

Table 7.2.
Datum lie measurement results treatments
Measurement ah
Lines results WeFI)g t g (mm) | g-p, el p; | vi(mm) | v;-p Va4 P,
X; (m)
1 657,988 6 11 66 726 +6 36 216
2 657,979 8 2 16 32 -B -24 12
3 657,977 14 0 ( 0 -b -70 350
4 657,981 10 4 4( 16D 1 -10 10
5 657,986 12 9 108 q7p +4 48 192
6 657,980 8 3 24 72 -p -16 32
7 657,981 4 4 14 64 -1 4 4
8 657,987 6 10 6 60p +5 30 150
9 657,985 8 8 64 51p +3 24 72
10 657,980 12 3 36 108 2 -24 48
>=88| X=54 | X=430| X=3246| X=+4 | X =-10| X =1146

1. According to measurement results the minimura length value of 657,977 m is taken. It will be
approximate value for arithmetic meanx- .

2. The differences between single measurementtsem@ measured and the values close to arithmetic
mean:g; = X; —X'=657988-657977= 0011m=11mm.

3. Arithmetic mean is calculated:

1

0
&P 430
X=X +-4L 657977+ =8 .1000= 657,9819m ~ 657982 m.

10

z Pi

i=1
4. Rounding error is calculated:

=X — X apv. = 657,98189- 657982= — 0,00011m =— O11mm

5. Measurement result deviations from arithmetiameare calculated:



V, = X, — X =657988-657982=— 0011m=—11mm.

6. Calculation of the arithmetic mean is checked:

10 10
> vp =¢) p =-011-88=-968~-10mm

i=1 i=1

7. Calculation of sum of squared deviations froitharetic mean is checked:

10 2
10 [zgi ' pi) 43

10
Zviz’ P :Zgiz- p—— - = 3246——10 =3246-21011=11449 mm?2.
i1 i1

8. Squared mean error of weight unit is calculated:

9. Squared mean error of squared mean error ofhiveigt is calculated:

u 1128

"D Jzao-p

10. Squared mean error of gross arithmetic meealcsilated:

u 1128
M = =——=120mm.
10 /88
P

i=1

11. The reliability of squared mean error of grasthmetic mean is calculated:



12. Measurement precision tolerances are calculated

12.1. Confidence interval for measured distancé @4 % reliability is calculated:
P(x—t, M < X< x+t M)P,
P(657,982 m - 2,145 - 1,20 mm < 657,982 m < 6578822,145 - 1,20 mm) Bgso,
P(657,979 m < 657,982 m < 657,984 mPsso,
12.2. Confidence interval for measured distanch 84,73 % reliability is calculated:
P(x—t,M <x< x+t M)P,
P(657,982 m - 4,09 - 1,20 mm < 657,982 m < 657,982409 - 1,20 mm) Pgyg 739
P(657,977 m < 657,982 m < 657,987 MPss.73%
13. Relative error of line measurement resultetemnined:

120mm  0,0012m 1

1
N 657982m 657982m 550000

1 M,
X

QUESTIONS TO REPEAT:

* How is the measurement quality described?
* What requirements must meet the same measurematitions?
» How are deviations of measurement results fronhaetic mean calculated?

* How is the squared mean error of one measurembniaid?



* How is the reliability of squared mean error otfametic mean calculated?

* What is tolerance?
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GEODESY
1 mid-term test

Note: The answers must be concise, clearly worded. Writing must be readable. Every gquestion
isvalued by number of pointsindicated next to the question.

1. What is the precision of determination of horizontal position of a point when measuring by Rea Time
Kinematic method using LITPOS and LEICA SMART NET LT networks of permanent reference GNSS
stations? (0,5 point)

2. Please, characterize GLONASS navigation satellite system? (0,5 point)

3. What is ephemeris? (0,5 point)

4. What does the GPS space segment consist of? (0,5 point)

5. What are the functions of GPS control segment? (1 point)

6. What GPS geodetic measurement methods do you know? (1 point)

7. Please, characterize GALILEO navigation system? (0,5 point)



8. Please, characterize the essence of the Static GPS measurement method? (1 point)

9. Please, characterize the essence of the Real Time Kinematic GPS measurement method? (1 point)

10. What GPS measurabl e values do you know? (0,5 point)

11. What isthe altitude of GPS NAVSTAR satellites and how many orbits does it consist of ? (0,5 point)

12. What isthe purpose of LITPOS networks of permanent reference GNSS stations? (0,5 point)

13. What is the environmenta effect on GPS measurements? What environmental effect factors do you
know? (1 point)

14. What are the main nodes and elements of GPS satellite? (1 point)

15. What is the angle of satellite inclination above the horizon set for in GPS device? What angle value is
set? (0,5 point)
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GEODESY
2 mid-term test

Task. Three points with known coordinates are given. &hgles at pointd, B, C are measured. Find the

coordinates of poirfeK-77.

PK - 77

Fig. 2.1. Scheme of direct angular inter section

Table 2.1
M easur ement data
Points Angles
3 33°32'18"
3, 26°0222"
3 82°09'45"
34 57°23'30"
Table 2.2.
Point coordinates
Points Coordinates, m
Xa 5086116,04
Xg 5086517,83
Xc 5084516,92
A 419202,94
bz} 414801,53
Ye 413935,02




PK-77 =

Ypk-

. Find plane rectangular coordinates of pBit77 of triangleA, B, PK-77:

XAClO B, + XgCtY Py — Yo + Vg

Ctgp, +ctgp,

_ YaCtgP, + YCtgP; +Xa — X5 _

77

ctgp, +ctgp,

2. Check plane rectangular coordinates of pei77 of triangleB, C, PK-77:

PK-77 —

Ypk77 =

_ XgCtgP, +XCtgBs — Y5 +Ye _

ctgB; +ctgP,

_ YeCtgB, + YcCtgPs + X5 —

Xc _

Ctgp; +ctgp,

2.1.

2.2.

2.3.

2.4,

3. Evaluate the reliability of found coordinates pointPK-77; they may differ by 50 cm

4. Find mean coordinates of pol®-77:

Sequence:

XPK—77 mean ~

yPK—77mean -

1. Find coordinates &P-77 of triangleA, B, PP-77.
2. Check the calculation of poiRP-77 coordinates of triangl€, B, PP-77.

3. Evaluate the reliability of found coordinatdsey may differ by 50 cm.

4. Find mean coordinates of pol®-77.

Assessment of Mid-term Test:

2.5.

2.6.

The highest level of the
achievement of objectives

The medium level of the
achievement of objectives

Theminimum level of the
achievement of objectives

Not achieved objectives

0 | 9

8 | 7

6 | 5

41 3] 2]1

Coordinates of poirfeP-77 of
triangleA, B, PP-77 are found
, the calculation of poirfeP-
77 coordinates of triangl€,

B, PP-77 is checkedthe
reliability of found
coordinatess evaluated,
mean coordinates of point
PP-77 are calculated.

Coordinates of poirfeP-77 of
triangleA, B, PP-77 are found
the calculation of poinPP-77
coordinates of triangl€, B,
PP-77 is checkedthe
reliability of found
coordinatess not evaluated,
mean coordinates of point
PP-77 are not calculated or
calculations are wrong.

Coordinates of poirfPP-77
of triangleA, B, PP-77 are
found, the calculation of
point PP-77 coordinates of
triangleC, B, PP-77 is not
checkedthe reliability of
found coordinate not
evaluatedmean
coordinates of poireP-77
are not calculated or
calculations are wrong.

Coordinates of point
PP-77 of triangleA, B,
PP-77 are not found or|
calculations are wrong
the calculation of point
PP-77 coordinates of
triangleC, B, PP-77 is
not checkedthe
reliability of found
coordinatess not
evaluatedmean
coordinates of point
PP-77 are not
calculated or
calculations are wrong
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Test Form: Examination
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Assessment of the achievement level of the subjecttcomes according to the task:

To select and check, adjust precise leveling dsvice

To carry out precision leveling applying differenethods.

To evaluate leveling results and their accuracy.

To select and evaluate geodetic devices for foonaif geodetic networks.

To design and develop the detailed background fdaia.

To select and perform the measurements using efectdistance and angle measuring devices.

. To know what is the Global Positioning System, dfsplication possibilities dealing with various
geodetic tasks.

8. To link geodetic measurements to the sections tdmea geodetic network.

9. To analyze formation methods of the Lithuanian dlzi Geodetic Network.

10.To analyze and adapt point coordination methods.

11.To plan, develop and evaluate the measurement dingoto GKTR (Technical Regulation of
Geodetic Cartography) requirements.

NouswNE

Learning outcomes: No. 1, 2, 3 are the constituehtstudy subject outcomes No. 1.1., 1.2., 2.1,,3.
3.2.,,3.3.
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GEODESY
Examination (part I- theoretical questions)

Note: The answers must be concise, clearly worded. Wgrithust be readable. Every question is valued
by number of points indicated next to the question.

1. When and who by was the first precision levelinguoek of Lithuania established? (0, 1 point)

2. What is leveling? (0,1 point)

3. What is the precision of determination of horizémasition of a point when measuring by Real
Time Kinematic method using LITPC#d LEICA SMART NET LT networks of permanent
reference GNSS stations? (0,1 point)

4. Please, characterized ONASS navigation satellite system? (0,3 point)

5. At what depth are the benchmarks of the LithuaiNational Vertical First Order Network dug
in? (0,1 point)

6. What is the average distance for installation &énence benchmarks and wall benchmarks
creating the Lithuanian National Vertical First @rdNetwork? (0,1 point)

7. When and who did create the first in the world @igievel? (0,1 point)

8. What are the advantages of leveling with preci@alitevels? (0,2 point)



9. What does the accuracy of measurements by levgiittigdigital levels depend on? (0,3 point)

10.What image processing methods applied in modeiritatligvels do you know? (0,1 point)

11.What is ephemeris? (0,1 point)

12. What does the GPS space segment consist of ?dih3 p

13.What are the functions of GPS control segment?[{0iSt)

14.What GPS geodetic measurement methods do you k(@@ point)

15. Please, characteriZgALILEO navigation system? (0,3 point)

16.Please, characterize the essence of the Statim@&@aSurement method? (0,4 point)

17.Please, characterize the essence of the Real Tineeridtic GPS measurement method? (0,4
point)

18.What GPS measurable values do you know? (0,1 point)



19.What is the altitude of GPISAVSTAR satellites and how many orbits does it consisi{0f?
point)

20.What is the purpose of network of permanent ref@@&BNSS stations LITPOS? (0,3 point)

21.How was the network of permanent reference GNS®s&LITPOS created? (0,3 point)

22. How were the coordinates of points of the netwafrgermanent reference GNSS stations
LITPOS determined?
(0,1 point)

23.What is the purpose of electronic tachometer? [{0itt)

24.What is the commonly used method for measuringakgb points with electronic tachometer?
(0,1 point)

25.Characterize the code method of limb spreadindesft®nic tachometer? (0,1 point)

26.Characterize the positioning method of limb spregdif electronic tachometer? (0,1 point)

27.Characterize the incremental method of limb spregdf electronic tachometer? (0,1 point)
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GEODESY
Examination (part | — theoretical questions)

NoteThe answers must be concise, clearly worded. Ngrithust be readable. Every question is
valued by number of points indicated next to thestion.

1. Please, characteriZgALILEO navigation system? (0,3 point)

2. Please, characterize the essence of the Statim@&aSurement method? (0,4 point)

3. Please, characterize the essence of the Real Tinggnatic GPS measurement method? (0,3
point)

4. What GPS measurable values do you know? (0,4 point)

5. What is the altitude of GPSAVSTAR satellites and how many orbits does it consist{0f?
point)



6. What is the purpose of the network of permanemregice GNSS stations LITPOS? (0,2 point)

7. How is the network of permanent reference GNS$osiat_ ITPOS made? (0,2 point)

8. How were the coordinates of points of the netwafrgermanent reference GNSS stations
LITPOS determined?
(0,1 point)

9. What is electronic tachometer? (0,1 point)

10.What is the principle of measurement of picket powith electronic tachometer? (0,1 point)

11.Characterize the code method of limb spreadindesfti®nic tachometer? (0,1 point)

12.Characterize the positioning method of limb spregdif electronic tachometer? (0,1 point)

13. Characterize the incremental method of limb spregadf electronic tachometer? (0,1 point)

14.When and who by was the first precision levelinguoek of Lithuania established? (0,1 point)

15.What is leveling? (0,1 point)

16.What is the precision of determination of horizémqasition of a point when measuring by Real
Time Kinematic method using LITPO&d LEICA SMART NET LT networks of permanent
reference GNSS stations? (0,1 point)

17.Please, characteriz&l ONASS navigation satellite system? (0,3 point)



18. At what depth are the ground control points ofltlieuanian National Vertical First Order
Network dug in? (0,1 point)

19.What is the average distance for installation &nence benchmarks and wall benchmarks
creating the Lithuanian National Vertical First @rdNetwork? (0,1 point)

20.When and who did create the first in the world @igievel? (0,1 point)

21.What are the advantages of leveling with precigé@alilevels? (0,2 point)

22.What does the accuracy of measurements by lewgiittigdigital levels depend on? (0,2 point)

23.What image processing methods applied in modeitatiigvels do you know? (0,2 point)

24.What is ephemeris? (0,1 point)

25.What does the GPS space segment consist of? (3 po

26.What are the functions of GPS control segment?{0i3t)

27.What GPS geodetic survey methods do you know?p@irg)



Practical task No.1.Single direct angular intersection. CoordinatepahtsT,, T, and T; are given, and angl¢s
are measured. Find the coordinates of peiK#1968 (Fig.1.).

‘- 2601'18"
B21047*

PK - 1968

Fig. 1. Scheme of direct angular intersection

Points X, M y, m
T 86 000,9 19 190,9
T, 86 517,8 14 801,5
T 84 540,3 13 882,9
Calculations:
X = X5, Ct9p, + X, Ct9f — yr + Vs,
P ctgB, +ctgp,

_ YT1 Ctgﬂz + YT2 Ctgﬂl + XT1 - XT2
Ctgp, +ctgp,

p



Practical task No. 2.To perform precision leveling between two pointeafied by the teacher applying
BFFB method. Use precise digital levapcon DL - 102 C or similar.

To determine the following parameters:

Mean value of backsight readings.

Error in differences =Racksight 1 —Foresight 1) — Backsight 2 —Foresight 2).
Distance to the rod backsight.

n —rod scale.

o — standard deviation.

d = Final distance backsight — Final distance figrds

¥ = Final distance backsight + Final distance fayletsi

Altitude change between the backsight 2 and fohéglgneasurements.

© © N o g bk~ DN PRE

Altitude change on the station.
10. Benchmark (point) altitude.
11. Backsight point number.

Practical task No.3. Perform topographical works using electronic taohter. The teacher
specifies four picket points. It is required torgavut geodetic measurements of these picketsand t
check the obtained results:

1. Horizontal angles.

Vertical angles and calculated inclination angles.
Measured distances on the ground surface.
Horizontal projections of measured distances.
Differences in heights to the picket points.

Coordinates of picket points.

N o ok~ wDd

Altitudes of picket points.

General assessment of the results of the examinatio

The teacher organizes, conducts and evaluatesgbtg of examination.

Examination results are marked on a ten-point scale

Assessment of the results of examination is peddrrfollowing the achievement levels of subject
outcomes defined as follows:

the highest level of achievement of the objectif@40 points): all tasks are completed; answers are
acceptable, comprehensive and reasonable; origirsgveral acceptable options of solution of rajz@dlems are
provided and the optimal option is reasonably setécvarious and adequate theoretical models aalysas are
applied to deal with the tasks, and the obtainedlt® are compared; comprehensive theoretical ety is
demonstrated according to the objectives spedifi¢ask appendices;

the medium level of achievement of the objectivés8 (points): more than two-thirds of all tasks are
completed; the answers to questions and problentico$ are acceptable and reasonable; adequateeticab
models and analyses are applied to deal with tlestgyood theoretical knowledge is demonstratedrdot to
the objectives specified in task appendices;

the minimum compulsory level of achievement of thgectives (5-6 points): more than half of all sk
completed; the answers are acceptable in genaaijgms are solved in general; acceptable theatatiodels
and analyses are applied to deal with the taskeimmim of necessary theoretical knowledge is dennatest
according to the objectives specified in task appes.



Theoretical task takes up 50% of the exam valuenfgquestion is valued by a point indicated neit.to

Practical task takes up 50% of the exam valuefitiepractical task — 20%, the second practicgk ta 30%, the

third practical task — 50% of the total value of fhractical test.

The task is marked on 10-point scale. P =01PU + 0,3x 2PU + 0,5« 3PU

here:

1PU; 2PU, 3PU- practical tasks

Assessment criteria of the practical task No. 1:

The highest level of the
achievement of objective

The medium level of the
s achievement of objective

The minimum level of the

s achievement of objectives

Not achieved objectives

10 | 9

8 | 7

6 | 5

4 | 3 | 2 | 1

x ory coordinates of
point PK-1968 are
calculated, the calculatio
of coordinates is checked
change ok andy
coordinates of the
calculated point does not]
exceed 0,3 m. The task i
completely performed.

x ory coordinates of
point PK-1968 are
n calculated for two
,triangles, without
checking the coordinated
points. Change of andy
coordinates of the
5 calculated point does not
exceed 0,3 m.
x ory coordinates of
point PK-1968 are
calculated for one
triangle, but check
calculation was not
performed.
The calculation ok ory
coordinates of poirfeK-
1968 is wrong, check
calculation is not
complete.

x ory coordinates of point
PK-1968 are calculated for
two triangles performing
the check of coordinated
points. Change of andy
coordinates of the
calculated point does not
exceed 0,3 mxory
coordinates of poirfeK-
1968 are not calculated.
The calculation is not
checked.

x ory coordinated of poinPK-
1968 are calculated for one
triangle only, check
calculation for other triangle is
not performed. Secondary
calculation only are carried
out.

Calculations of coordinates of
point PK-1968 were not
carried out or they are wrong,
without check calculation.

Assessment criteria of the practical task No. 2:

The highest level of the

The medium level of the

achievement of objectives achievement of objective

The minimum level of the

s achievement of objectives

Not achieved objectives

10 | 9

8 | 7

6 | 5

4 | 3 | 2 | 1

10



Average value of
backsight readings is
determined. Error in
differences = (Backsight
1 - Foresight 1) —
(Backsight 2 — Foresight
2) was determined.
Backsight distance to the
rod was determined. The
total number of
measurements was
determined, standard
deviation. Distance to the
place of installation of the
level (in meters) was
determined. Leveling
length from reference
benchmark was
determined. Change of
heights in difference
backsight 2 and foresight
2 was determined;
Change of heights at the
station was determined.
The altitude of
benchmark (point) was
determined. Numbers of
points (benchmarks) wer
determined.

The task is completely
performed.

The following
measurements can be
carried out in the course
of measurements:
determination of the
average value of
backsight readings.
Determination of the erro
in differences =
(Backsight 1 — Foresight
1) — (Backsight 2 —
Foresight 2).
Determination of

2 backsight distance to the
rod. Determination of the
total number of
measurements, standard
deviation. Distance to the
place of installation of the
level (in meters) was
determined. Leveling
length from reference
benchmark was
determined.
Determination of the
change of heights in
difference backsight 2 an

e foresight 2;
Change of heights at the
station was determined.
The altitude of benchmar
(point) was determined.
Numbers of points
(benchmarks) were
determined.
Approximately 70-80 %
of the task were

The following
measurements may be
carried out in the can of
measurements:
determination of the
average value of backsight
readings. Determination of
r the error in differences =
(Backsight 1 — Foresight 1
— (Backsight 2 — Foresight
2). Determination of the
backsight distance to the
rod. Determination of the
total number of
measurements, standard
deviation. Distance to the
place of installation of the
level (in meters) was
determined. Leveling
length from reference

Determination of the
change of heights in
difference backsight 2 and
foresight 2;
Change of heights at the
dstation was determined.
The altitude of benchmark
(point) was determined.
Numbers of points
k (benchmarks) were
determined.
Approximately 50-70 %

performed.

benchmark was determineq.

of the task were performed.

Some measurements can be
carried out in the course of th
measurements, non-systematic

measurements: Other
secondary tasks performed
only. Less than 50 % of the
task were performed.

D

Assessment criteria of the practical task Bto.

The highest level of the
achievement of objective

The medium level of the
s achievement of objective

The minimum level of the
s achievement of objectives

Not achieved objectives

10 | 9

8 | 7

6 | 5

4| 3 | 2 | 1
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Measurement of
horizontal angles was
performed. Measuremen
of vertical angles was
performed and vertical
angles were calculated.
Distances were measure
Line slope lengths and
horizontal projections
were determined.
Measurements of change
of height to pickets.
Coordinates of picket
points were determined.
Picket altitudes were
determined.

The task is completely
performed.

The following
measurements can be
carried out in the course
of measurements:
Measurement of
horizontal angles was

dperformed. Measurement
of vertical angles was
performed and vertical
angles were calculated.
Distances were measure
Line slope lengths and
horizontal projections
were determined.
Measurements of change
of height to pickets.
Coordinates of picket
points were determined.
Picket altitudes were
determined.
Approximately 70-80 %
of the task were

performed.

The following
measurements can be
carried out in the course of
measurements:
Measurement of horizontal
angles was performed.
Measurement of vertical
angles was performed and
vertical angles were
calculated. Distances were

. measured. Line slope

lengths and horizontal
projections were
determined. Measurement

sof changes of height to

pickets. Coordinates of
picket points were
determined. Picket altitude
were determined.
Approximately 50 - 60 %

of the task were performed.

"2

Some measurements can be
carried out in the course of th

measurements, non-systematic

measurements: Other
secondary tasks performed
only. Less than 50 % of the
task were performed.

D

here: T-theoretical task
P— practical task

Examination assessmeft= 0,5T + 0,5P

Examination is passed if subject objectives algesved at least to the minimum compulsory level.

The outcomes of studies are determined by théitatax of assessment of student’'s knowledge aiils sk
individual cumulative index (ICI).

Teacher

ICI=05E+0,15K+0,15P+0,2 S,
here: E - examination, K — mid-term tests, Paefical works, S — individual works.

Vincas Zakarauskas

(signature)
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