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ABSTRACT 

 

 

 

 

 Many man-made structures such as high rise building undergo various forms 

of deformation and it requires mitigation measures to understand the causes and 

mechanism of deformation. Global Positioning System (GPS) is utilised for 

positioning in three dimensional and has been used to monitor deformation 

magnitude of structure. The GPS Real Time Kinematic (GPS RTK) and Static are 

part of GPS positioning methods. GPS static in high accuracy, able to observe in all 

weather conditions and no requirement for inter-visibility, with aids of 

internetworking services can provide the near real time result in observation. The 

limitation on GPS RTK in radio link communication such as the canopy obstruction 

between base and rover stations will interrupt communication. The objective of study 

is to investigate the implementation of structural monitoring system using GPS for 

deformation analysis on structure in near real time. Data transmission of GPS Static 

between monitoring stations and central processing unit is using internetworking 

services. The significant role of GPS static survey in identification of structural 

stability has been studied and explored, with the evaluation focuses on session length 

in structural monitoring and network configuration. The developed system consists 

of planning and preparation of GPS survey, GPS baseline reduction, network 

adjustment and deformation processing as incorporated in GPS Static Adjustment 

and Deformation Detection (GPS STAAD). The accuracy and reliability of GPS 

STAAD have been verified with other resources, namely GPSAD2000 and NETGPS 

and the result shown all the points in the network are stable. This result has been 

tested in simulation test and shown that a deformation movement of up to 20mm 

level has be detected by the program. In conclusion, feasibility of applying the GPS 

Static method in structure monitoring, as well as implementation of structural 

monitoring system is successfully studied. 
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ABSTRAK 
 
 
 
 

 Banyak struktur buatan manusia seperti bangunan tinggi mengalami pelbagai 

bentuk deformasi dan memerlukan langkah-langkah mitigasi untuk memahami punca 

dan mekanisma deformasi. Sistem Penentududukan Sejagat (GPS) digunakan untuk 

penentududukan dalam tiga dimensi dan telah digunakan untuk memantau magnitud 

deformasi terhadap struktur. GPS kinematik masa nyata (GPS RTK) dan Statik 

adalah kaedah penentududukan GPS. Statik GPS berketepatan tinggi, boleh dicerap 

dalam semua keadaan cuaca dan tiada keperluan terhadap kebolehlihatan, dengan 

bantuan perkhidmatan antara rangkaian boleh memberikan hasil menghampiri masa 

nyata dalam cerapan. Pengehadan GPS RTK dalam sambungan komunikasi radio 

seperti halangan kanopi antara stesen rujukan dan penerima akan mengganggu 

komunikasi. Objektif kajian adalah untuk mengkaji pelaksanaan sistem pemantauan 

struktur yang menggunakan GPS untuk analisis deformasi struktur dalam 

menghampiri masa nyata. Penghantaran data statik GPS di antara stesen penerima ke 

unit pemprosesan pusat adalah dengan menggunakan perkhidmatan antara rangkaian. 

Peranan penting statik GPS dalam pengenalan kestabilan struktur juga telah dikaji 

dan diteroka dengan, penilaian memberi tumpuan kepada tempoh sesi dalam 

pemantauan struktur dan konfigurasi jaringan. Sistem yang telah dibangunkan ini 

terdiri daripada perancangan dan persediaan untuk ukur GPS, pengurangan garis 

dasar GPS, pelarasan jaringan dan pemprosesan deformasi seperti yang digabungkan 

dalam sistem GPS pelarasan statik dan pengesanan deformasi (GPS STAAD). 

Ketepatan dan kebolehpercayaan GPS STAAD telah disahkan dengan sumber lain, 

iaitu GPSAD2000 dan NETGPS dengan keputusannya menunjukkan semua titik 

dalam jaringan adalah stabil. Keputusan ini telah disahkan dengan ujian simulasi dan 

menunjukkan pergerakan deformasi sehingga tahap 20mm telah dikesan oleh 

program. Kesimpulannya, kebolehlaksanaan kaedah statik GPS dalam pemantauan 

struktur dan pelaksanaan sistem pemantauan struktur berjaya dikaji.  
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CHAPTER 1 
 
 
 
 

INTRODUCTION 
 
 
 
 

1.1  Introduction 
 
 

The Global Positioning System (GPS) is a space based Global Navigation 

Satellite System (GNSS), and consists of a constellation of 24 satellites which are 

freely accessible by anyone with a GPS receiver on hand. It provides location of the 

users at anywhere on the earth where is an unobstructed line of sight to four or more 

GPS satellites at the space, it meant it offers a reliable and efficient method for three-

dimensional survey: X, Y and Z. Nowadays, GPS has been fully deployed and useful 

tool for commercial uses, scientific uses, tracking, and surveillance. Beside, GPS is 

also being used in car navigation, topographical and cadastral survey in land 

surveying, deformation studies for stability of structure, and vessel navigation in 

hydrographical survey because GPS provide real time or/and post processing result 

of positioning. More researches have been carried out in order to improve and 

enhance the precision and accuracy of GPS. With this contribution and GPS to be 

played an important role in high precision geodetic surveying, such as deformation 

survey/monitoring to monitor the stability and safety of deformable bodies or 

structures. 

 
 
For the last few years, the GPS deformation monitoring applications have 

shown that GPS is a surveying tool which is capable to monitor sub-centimetre 

deformation. Ogaja et al. (2001) mentioned that GPS technology can measure 

directly the position coordinates and relative displacements can be measured at rates 

of 10Hz and higher. This provides a great opportunity to monitor, in real time, the 
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displacement or deflection, behaviour of  engineering structures under different 

loading conditions, through automated change detection’ and alarm notification 

procedures. According to Hudnut and Behr (1998), monitoring the integrity of 

engineered structures demands very high precision displacement measurements from 

a robust system, as close as possible to real-time. In addition to dams, other types of 

engineered structures such as freeway overpasses, bridges, and high-rise buildings 

can feasibly be monitored using continuous GPS. Continuous data recording from 

the GPS satellites, using ground-based receivers and robust telemetry, can be used 

for monitoring the health of engineered structures, and can thereby be useful for the 

public safety aspects of civil, structural, and earthquake engineering. 

 
 

Deformation is defined as a change of shape or size of an object due to 

external force in tensile, compressive or torsion. The deformation may cause the 

damage to structures and failure of structure, by then cause the loss of people life and 

human property. Therefore, it is important that deformation survey to be taken in 

place to determine the stability of position of object points on the monitored 

structure, wherever one dimensional, (1D) (vertical), two dimensional (2D) 

(horizontal position) and three dimensional (3D) (horizontal and vertical) were still 

in fine condition. Previously and normally conventional surveying instruments, e.g. 

total station and automatic level has been used to determine the horizontal and/or 

vertical positions of structure. A network of reference stations located in stable areas 

nearby the project site and away from monitored structure is established. The 

elements of distance, angle, and height difference measurements are made to object 

points on the monitored structure using survey equipment. The working methodology 

and procedures consist of moving equipment from point-to-point and observing, 

recording, and checking field data on-site has been defined, planned, and executed 

accordingly. Final coordinates are obtained from a least squares adjustment on the 

survey observations data by using the fixed coordinates of the reference network. 

Position differences are observed over time (normally epoch by epoch) at each object 

point. These define a specific displacement field valid for the time span between two 

surveys result.  
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The accuracy requirements for performing deformation surveys shall be 

decided and determined by the users. The accuracy criteria must be defined relative 

to the particular structure’s requirements, not the capabilities of a survey instrument 

or system. The common accuracy requirement required in deformation survey is 

shown in Table 1.1. These represent the accuracies of either absolute or relative 

movement on target points of monitored structure that should be attained from 

survey observations made from external reference points. The accuracy by which the 

external reference network is established and periodically monitored for stability 

should fulfill these accuracies. All the survey equipment, e.g. total stations, digital 

levels, GPS device etc. are easily and capable to achieve the said accuracies as 

shown in table.  

 
Table 1.1 : Accuracy Requirements for Structure Target Points (95% RMS) - 

(USACE, 2002) 

Concrete Structures: Dam, Outlet Works, Locks, Intake Structures. 

Long-Term Movement    ± 5-10 mm 

Relative Short-Term Deflections   

Crack/Joint Movements/Monolith Alignment  ± 0.2mm 

Vertical Stability/Settlement   ± 2mm 

 

Embankment Structures: Earth-Rock fill Dams, Levees. 

Slope/Crest Stability    ± 20-30mm 

Crest Alignment     ± 20-30mm 

Settlement Measurement    ±10mm 

 

Control Structures: Spillways, Stilling Basins, Approach/Outlet Channels, 

Reservoirs. 

Scour/Erosion/Silting    ± 0.2 to 0.5 foot  

 
 
In the market today, there is several deformation monitoring systems 

available as follows:- 

 
(i) RT-MODS – Real Time Monitoring of Dynamic System (2000),  

developed at Istanbul Technical University by Ince and Sahin (2000). 
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(ii)  Grazia (2002), developed at Graz University of Technology, Gassner 

et al. (2002) 

(iii)  GOCA – GPS Based online control and alarm system (2000),  

developed at Karlsruhe University of Applied Sciences in cooperate  

with the EuroNav, Kalber et al. (2000) 

(iv) Trimble Total Control and Motion Tracker Module- developed and  

published by Trimble (2014). 

 
 

The deformation monitoring system listed above can be divided into different 

categories according to the way of using or/and processing the observation data. The 

first category is use the real time result calculated and obtained in the GPS receiver, 

and normally defined it as deformation monitoring with Global Positioning System 

Real Time Kinematic (RTK-GPS). RT-MODS are one of the typical software in this 

category of monitoring system. GOCA is also applying and use same principle above 

by using RTK observation data, instead of taking the coordinates directly from the 

receiver, it performs adjustment processing to all the observation data and the 

outliers can be detected and filtered to achieve good result in deformation 

monitoring. 

 
 

The second category of deformation monitoring system is categorized by the 

use of the observed raw data. The observation data from the GPS receivers are 

downloaded, stored and sent to a linking central computer where the calculations are 

performed to obtain the deformation monitoring result. Grazia is the software that 

follows this approach with processing method by double differenced observation. 

Meanwhile, Trimble Total Control and Motion Tracker from Trimble also belongs in 

this category which it performs further steps with deformation analyses using 

different approach, and alarm system activation will be turned on when failure of 

structure is detected. 

 
 
Most of the studies focused and developed monitoring program based on GPS 

RTK survey positioning method in order to provide near real time result in structure 

monitoring, for instance RT-MODS, GOCA etc. This study evaluated the 

observation of GPS Static is not just stand alone system in point positioning method. 
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Internetworking services ensure all monitoring points are connected and GPS Static 

data can be transferred between all stations to master processing centre in near real 

time. Data observation of GPS Static is used in computation and analysis for 

structural deformation monitoring. The result of GPS data analysis is subjected to 

program developed to process and analysis the collected data thru internetworking in 

order to determine the stability of structure. As a case study, this assessment was 

implemented in a high rise to utilize structural monitoring system using GPS. 

 
 
 
 

1.2  Problem Statements 
 
 
The need for structural monitoring of large engineering structures often arises 

from concerns associated with environmental protection, property damage and public 

safety in order to avoid loss of life, large financial expenditures and to minimize 

environmental damage. The GPS recently has emerged as a survey tool for structural 

monitoring applications. Results analysis for test on accuracy of RTK-GPS baseline 

from author’s previous study (Shu, 2005) found that maintaining the line of sight is 

important and necessary for radio link communication between base and rover in 

RTK-GPS survey in order to provide continuous data for real time deformation 

survey. The study proven that the radio link communication was interrupted in 

canopy area where it acted as an obstruction between base and rover during 

observations. There are many constraints of RTK-GPS, including point to point 

communication link, lower accuracy result in surveying compare to GPS Static, also 

no further and additional post processing is required in RTK-GPS. With the 

abovementioned and discovered limitation, the GPS Static survey in good result of 

higher accuracy and precision, and it incorporated with aids of internetworking 

services to ensure all the points are connected and data transference to master 

processing centre for processing and analysis to provide the near instantaneous result 

in observation. Subsequently, GPS Static incorporated with internetworking services 

is recommended and been studied in development of structural monitoring system.  

 
 

 GPS Static survey offer several advantages compared to conventional 

terrestrial methods. Inter-visibility between station and station is no longer strictly 



6 
 

necessary and required, and it allows greater flexibility in the selection of station 

locations. Measurements can be taken during night or day and under varying weather 

conditions where terrestrial geodetic method unable to fulfil this requirement, 

especially observation at night. A structural monitoring system using GPS is required 

to provide continuous updates result in near real time where the structure is 

undergoing repairs or maintenance. Communications links must be built into the 

system to allow GPS static data transfer between GPS receivers located at 

monitoring points and central processing computer. The research studied and 

explored the significant role of GPS Static survey in identification of structural 

stability in development of structural monitoring system. The research studied the 

quantification of 3D GPS Static coordinate into deformation magnitude and direction 

in order to determine significant deformation or vice versa. Prior to the development 

of structural monitoring system using GPS, further research in detail is required to 

develop proper data observation and processing which can effectively obtain a good 

result in structural monitoring requirement. The appropriate procedures of GPS Static 

observation and processing intended for structural monitoring system also being 

investigates in the study. 

 
 
Many of structure monitoring system may be effectively used in the practical 

applications, some refinements and further developments are possible. An important 

further development is to allow the system to be used, customised and based on the 

available property. An interesting area of this further activity is a structure 

monitoring system can be in a single platform and combination of different type of 

GNSS device in measurement and processing. This in turn will bring any desirable 

benefits from the system, even at data observation, data achieve, data import, data 

processing: baseline reduction & least square adjustment and deformation studies 

and analysis. Most of the structure monitoring study is focuses on direct coordinate 

comparison from epoch to epoch, especially at commercial software in industry 

practice. The research studied on the importance of deformation study and analysis 

on program development in structural monitoring system where it will obtain more 

realistic and reliable information about displacement which are tested statically in 

order to reduce uncertainty in the typical coordinate comparison analysis. The 

structural monitoring system using GPS will decode the raw binary GPS data, 
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process the data, generate output solution and display the result in near real time. The 

result from the system can then be used for determination of structural stability. 

Successfully implemented, the research will yield a unique structural monitoring 

system.   

 
 
Research is on-going by equipment manufacturer to introduce new 

technology to incorporate the integration of additional GNSS observations for 

instance Global Navigation Satellite System (GLONASS) from Russian where it 

offers higher precision solution and potentially more continuous updates compare to 

by using stand-alone GPS. Despite offering increased satellite visibility, however, 

there is no assurance that satellite geometry will provide the required level of 

accuracy and precision in certain environments. The study investigates the beneficial 

of integration of additional GLONASS in data processing with GPS to achieve 

effective and good result in structural monitoring.  

 
 
The study focuses on the development and implementation of structural 

monitoring system using GPS. It is developed under object orientated MATLAB 

software where it allows the system to be used and customisation for further 

development is possible. The high accuracy of GPS Static data in structural 

monitoring system from all the monitoring points can be connected through 

internetworking services and transferred to master processing centre for processing 

and analysis purpose. The processing effectively produce a good result in 

computation based on baseline reduction, least square adjustment and statistical test 

of deformation analysis against to direct coordinate comparison from epoch to epoch 

in industry practise. It also overcomes the limitation of point to point communication 

in RTK-GPS.  
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1.3  Research Objectives 
 
 
 The aim of this study is to investigate and determine the utilization of GPS 

Static whether in practice and can be used in deformation monitoring of structures. 

More specifically, the following main objectives are presented to achieve it: - 

 
(i) To evaluate the effectiveness of processing methods used in structural 

monitoring system. The procedure focuses on session length in 

structural monitoring, network configuration and effect of 

employment of GLONASS data for solution improvement.  

(ii)  To investigate the implementation of structural monitoring system 

using Global Positioning System (GPS) in near real time for 

deformation analysis on structure.  

(iii)  To determine the deformation magnitude on case study: Sabah State 

Administrative Centre by utilizing structural monitoring system using 

GPS.  

 
 
 
 
1.4  Research Scopes 
 
 
 The study concentrates on the development of structural monitoring system, 

work methodology and technique being studied for possible implementation of GPS 

application for structural monitoring purpose. The research scopes of this study are 

as follows:- 

 
(i) Acquisition of data for structure monitoring system based on GPS 

Static survey method. Communications and internetworking between 

stations for data transferring from remote stations to master station in 

near real time for processing. 

(ii)  Structure monitoring system based on the processing and analysis of 

the GPS baseline reduction, GPS network adjustment and also 

deformation detection. Criteria and processing requirement was 

elaborated accordingly. 
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(iii)  Stability of structural to be studied thru deformation monitoring with a 

program developed and named as GPS STAAD (Global Positioning 

System Static Adjustment And Deformation). It process and analyse 

on the observed and collected data. The correctness and workable of 

the program in the processing and result analysis to be examinated 

with comparison with other program and simulation test.   

(iv) The ability and capability of instrument, effect of session length in 

structural monitoring, network configuration, effect of employment of 

GLONASS data for solution improvement of structural monitoring 

system using GPS.  

(v) The structural monitoring system using GPS result on case study: 

Sabah State Administrative Centre.  

 
 
 
 
1.5  Significance of Study 
 
 

The significances of this study are summarized in follows: 

 

(i) The GPS Static survey technique is presented for deformation 

monitoring by providing good accuracy in surveying. The Static 

survey data can be up to millimeter accuracy is utilized for 

deformation analyses in determining stabilize of structure in a small 

scale area, for instance building structure.  

(ii)  A structural monitoring system in near real time based on GPS is 

developed. The observed GPS data is sent through communication 

system with internetworking in near real time for processing at master 

station. Baseline reduction and least square adjustment to be carried 

out on the data. Further result analysis of statistical test, such as 

congruency test, single point test etc. for deformation studies to be 

performed if required. The structure monitoring system in this study 

will provide information of position changes, in horizontally or 

vertically. 
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(iii)  Structural monitoring using GPS with respect to error mitigation. The 

error mitigation is subject to the work and processing strategy of the 

technique. A good and suitable strategy should be taken in place to 

obtain a true deformation without error and bias in deformation 

monitoring. This study customised an appropriate work and 

processing strategy for deformation monitoring which can achieve 

monitoring result effectively. The benefit from the approach is to 

verify the reliability of the GPS survey technique in deformation 

monitoring. 

 
 
 
 

1.6 General Methodology  
 
 
 In order to accomplish the study successfully, general methodology is 

providing as concise as possible as shown in Figure 1.1. The general methodology is 

divided into a few stages: literature review, development of structure monitoring 

system and work methodology and data processing as presented in respective chapter 

to achieve the objectives. 

 
 

Literature review focused on concepts of GPS and deformation surveying or 

structural monitoring. The current GPS applications in deformation monitoring have 

been reviewed to understand the error sources involved in, type of survey positioning 

method and its mechanism etc. The type of network monitoring, technique used for 

deformation monitoring, type of baseline processing and adjustment method, basic 

concepts and methods of deformation analysis have been studied to understand and 

know the stability and effectiveness of selected method to be used for deformation 

monitoring. In order to develop structure monitoring system, the observation data 

have been recorded and transmitted from the remote control station (observation 

station), and received by the master control station (for processing) in near real time 

by using internetworking and communication system. In view of this, 

internetworking function is play a very important role to ensure the data acquisition 

process able to be in order and implemented. MATLAB software with object 

orientation features has been selected in development of structural monitoring 
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system. The software has been widely used in all areas of applied mathematics in the 

research, education and industry. The workflow of structural monitoring system 

should be formed out. The type of GPS instruments to be used and its configuration, 

software to be implemented, connection between the stations, surveying, processing, 

adjustment and deformation analysis method should be studied and ensure the 

workable of system. The Trimble GPS instruments have been choose in this study 

and all the explanations of GPS device configuration is referred to Trimble as well.  

 
 
Development of structure monitoring system is the main core of study. The 

aspects of data observation, data archive, data import in communication, and data 

processing and deformation detection are studied. The software architecture is 

reviewed. The system is developed with aids of MATLAB program and consists of 

networking, baseline processing, and network adjustment and deformation detection. 

The program will read GPS Static observation data from GPS receiver, and then data 

will be imported to a master processing centre for performing data processing: 

baseline reduction, least square adjustment and then structural monitoring analyses. 

The developed GPS monitoring system has been tested with data and simulation test 

from author’s previous study (Shu, 2005). The purpose of these testing is to evaluate 

and verify the system’s effectiveness and correctness. The developed system can be 

used in hazardous conditions, where the structure is undergoing repairs. Configuring, 

testing, and commissioning of system is performs to implement and run the entire 

system and provide a warm to the users, if any movement exceeds a safety threshold. 

 
 
Work methodology and data processing is reviewed in the study. The work 

methodology consist of planning and preparation of GPS project by identifying 

positioning requirement, selection of positioning technique, selection of receiver 

type, GPS calibration, validation, reconnaissance, survey design, work preparations 

and field operation procedures. As mentioned earlier, the Trimble survey equipment 

has been selected to be used in this study. Testing of GPS device and positioning 

method is carried out to ensure functionary of the equipment, as well as positioning 

technique is fulfil the accuracy requirement. Survey duration in structure monitors 

and type of survey network in radial or triangulation also been studied. The 

procedures and processing criteria of baseline reduction, least square adjustment and 
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deformation detection have been studied and tested to determine the workflow and 

requirement of structural monitoring system. The work methodology and structure 

monitoring system have been studied and implemented in a case study.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
Figure 1.1: General Methodology Flow 

 
 
 
 
 
 
 
 
 

Literature Review 
(i) To study and develop the workflow of structural monitoring 

system using Global Positioning System.  
(ii)  To study on detail steps and requirement of baseline reduction, 

least square adjustment and deformation detection.  
(iii)To study on survey equipment, as well as its configuration and 

data downloading. 
(iv) To study on MATLAB software and IT Technology: 

Internetworking, communication system etc.  

Work Methodology and Data Processing 

(i) Planning and Preparation include GPS calibration.  

(ii)  Testing of GPS survey method: Radial or triangulation network, 
and observation duration.  

(iii)Data processing: baseline processing, least square adjustment 
and deformation detection.  

Development of Structure Monitoring System 

(i) Data Observation 
(ii)  Data Achieve/Import 
(iii)  Data Processing: Baseline Reduction, Least Square Adjustment, 

Deformation Analysis. 
(iv) Testing and Commission of system, as well as system 

verification.  
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1.7 Outline of the Thesis 
 
 

This thesis consists of six chapters and organised as follows.  

 
 

Chapter 1 contains the introduction of study, problem statement, research 

objectives, research scopes, significance of study and general methodology. The 

outlines of the thesis are presented also.   

 
 
Chapter 2 is entirely focused on literature review on concepts of GNSS and 

GPS, GPS application in structural monitoring and the understanding of the GPS 

instrumentation. The workflow of structural monitoring system has been highlighted. 

The type of network monitoring, technique used for deformation monitoring, 

baseline processing and adjustment method, concept and method of deformation 

analysis has been studied.  

 
 
Chapter 3 is the main core of thesis. Data observation, data archive, data 

import in communication, and data processing and deformation detection have been 

studied. The software architecture is also outlined 

 
 
Chapter 4 presented work methodology of the study and case study. The work 

methodology consist of planning and preparation of GPS, selection of positioning 

technique, selection of receiver type, GPS calibration, validation, reconnaissance, 

survey design, work preparations, field operation procedures, procedures and 

processing criteria of baseline reduction, least square adjustment and deformation 

detection. The workflow and requirement of structural monitoring system has been 

studied, also implementation in a case study.  

 
 
Chapter 5 presents the results and analysis of the studies. Analyses in this 

study include the reliability of the survey equipment thru GPS calibration. 

Effectiveness of GPS positioning network in structure monitoring and survey 

duration in structure monitoring have been analysed. The processing method includes 

baseline reduction, least square adjustment and deformation detection have been 



14 
 

analysed as well. The developed program used in performing structural monitoring 

and analysing the GPS observation data between stations remotely in determining the 

stability of the structures in the case study. It also has been tested with other 

programs and simulation test to confirm correctness of the developed program.  

 
 
Chapter 6 presents conclusions of the study and discusses the suggestions and 

recommendations to further improve study, future research and potential 

development.  



 

REFERENCES 

AutoIt, A. C. L. (2015). AutoIt. from https://www.autoitscript.com/site/autoit/  

B. Hofmann-Wellenhof, H. L., and J. Collins (1997). Global Positioning System 

Theory and Practice  

Bäumker, M., Fitzen, H., Kahmen, H., Brückl, E., and Wunderlich, T. (1998). High 

precision slow motion monitoring with low cost GPS receivers in real time. 

Paper presented at the Proceedings Symposium for Geotechnical and 

Structural Engineering, Eisenstadt. 

Bayrak, T., and Yalçınkaya, M. (2003). A kinematic analysis program for 

deformation monitoring. Paper presented at the Proceedings of 11 th 

International Symposium on Deformation Measurements, Greece (Santorini), 

437-445. 

Bock, Y., and Bevis, M. (1999). Regional Permanent GPS Arrays. Trends and 

Prospects. Paper presented at the International Symposium on GPS, Tsukuba, 

Japan. 

Bock, Y., de Jonge, P. J., Honcik, D., Bevis, M., Bock, L., and Wilson, S. (2001). 

EPOCH-BY-EPOCH™ POSITIONING APPLIED TO DAM 

DEFORMATION MONITORING AT DIAMOND VALLEY LAKE, 

SOUTHERN CALIFORNIA. Paper presented at the Proceedings of 10th FIG 

International Symposium on Deformation Measurements, 22. 

Bong, C. N. (2000). GPSAD2000-Sistem Perisian Untuk Pelarasan Vektor GPS, 

Pengesanan Deformasi dan Analisis Visualisasi. Bachelor of Degree Report, 

Faculty of Geoinformation Science and Engineering, Universiti Teknologi 

Malaysia. 

Borre, K., de Jong, K., and Pichot, C. (2001). Subsidence monitoring system using 

real-time GPS sensors. Proc. ION-GPS, Salt Lake City. 

Breiner, A. B. a. M. (2002). Matlab 6 for Engineers: Prentice Hall (UK). 



209 
 

BREUMSÖ, S. (2001). Deformation measurement on Bridge and Tunnel of the fixed 

link between Sweden and Denmark. Paper presented at the The 10 th FIG 

International Symposium on Deformation Measurements, 19-22. 

Brownjohn, J., Pan, T., and Deng, X. (2000). Correlating dynamic characteristics 

from field measurements and numerical analysis of a high‐rise building. 

Earthquake engineering & structural dynamics, 29(4), 523-543. 

Brownjohn, J. M. W., and Pan, T. C. (2001). Response of tall buildings to weak long 

distance earthquakes. Earthquake engineering & structural dynamics, 30(5), 

709-729. 

Cai, C., and Gao, Y. (2007). Precise point positioning using combined GPS and 

GLONASS observations. Positioning, 1(11). 

Caspary, W., and Rüeger, J. M. (1987). Concepts of network and deformation  

analysis (Vol. 11): University of New South Wales. 

Chen, Y., Ding, X., Huang, D., and Zhu, J. (2000). A multi-antenna GPS system for 

local area deformation monitoring. Earth, planets and space, 52(10), 873-876. 

China Space. (2016). Beidou Navigation Satellite System. from 

https://chinaspacereport.com/spacecraft/beidou/ 

Chou, Y. (2010). Microsoft Virtual Desktop Infrastructure (VDI) Explained. from 

http://blogs.technet.com/b/yungchou/archive/2010/01/06/microsoft-virtual-

desktop-infrastructure-vdi-explained.aspx 

Chrzanowski, A. (1999). Effects of atmospheric refraction on monitoring vertical 

displacements. Report submitted to the Metropolitan Water District of S. 

California. 

Chrzanowski, A., Chen, Y., Romero, P., and Secord, J. M. (1986a). Integration of 

geodetic and geotechnical deformation surveys in the geosciences. 

Tectonophysics, 130(1), 369-383. 

Chrzanowski, A., Chen, Y. Q., and Secord, J. (1986b). Geometrical analysis of 

deformation surveys. Paper presented at the Proceedings of a Workshop on 

Deformation Measurements, 170-206. 

Chrzanowski, A., and Engineering, U. o. N. B. D. o. S. (1989). Implementation of 

trigonometric height traversing in geodetic levelling of high precision: 

Fredericton: Department of Surveying Engineering, University of New 

Brunswick. 



210 
 

Chrzanowski, A., Yong-qi, C., Secord, J., and Szostak-Chrzanowski, A. (1991). 

Problems and solutions in the integrated monitoring and analysis of dam 

deformations. CISM journal, 45(4), 547-560. 

Chui, C. K., and Chen, G. (2008). Kalman filtering: with real-time applications: 

Springer Science & Business Media. 

CISCO. (2015). Internetworking Technology Handbook. from 

http://www.cisco.com/c/en/us/td/docs/internetworking/technology/handbook/

ito_doc.html 

Computer-Networking-Success. (2013). Computer LAN Network. from 

http://www.computer-networking-success.com/computer-lan-network.html 

Cook, N. J. (1990). The designer's guide to wind loading of building structures. Vol. 

2: Static structures. Building Research Establishment Report, London: 

Butterworth,| c1990, 1. 

Corporation, H. Z. (2015). GPS Remote Monitoring System. from 

http://www.hitachizosen.co.jp/english/products/products032.html 

Crespi, M. (1998). Supplementary material to “Software package available for 

analyzing GPS deformation”. 

Crespi, M., and Riguzzi, F. (1998). Software available for analyzing GPS 

deformation. Eos, Transactions American Geophysical Union, 79(22), 259-

259. 

Cross, P. (1990). Advanced least squares applied to position-fixing: Polytechnic of 

East London, Department of Land Surveying. 

Dai, L., Wang, J., Rizos, C., and Han, S. (2001). Applications of Pseudolites in 

Deformation Monitoring Systems. Paper presented at the 10th FIG 

Symposium on Deformation Measurements, 19-22. 

Dawoud, S. (2012). GNSS principles and comparison. Potsdam University. 

DeLoach, S. R. (1989). Continuous deformation monitoring with GPS. Journal of 

Surveying Engineering, 115(1), 93-110. 

DSMM, D. o. S. a. M. M. (1999). Pekeliling Ketua Pengarah Ukur Dan Pemetaan 

Bil. 6/1999: Garis Panduan Pengukuran Menggunakan Alat Sistem 

Penentududukan Sejagat (GPS) Bagi Ukuran Kawalan Kadaster Dan Ukur 

Kadaster. 

DSMM, D. o. S. a. M. M. (2015). JUPEM Geoportal. from 

http://www.jupem.gov.my/index.php?en&action=arkib_gis 



211 
 

Duffy, M., Hill, C., Whitaker, C., Chrzanowski, A., Lutes, J., and Bastin, G. (2001). 

An automated and integrated monitoring program for Diamond Valley Lake 

in California. Paper presented at the Proceedings, 19-22. 

El-Rabbany, A. (2002). Introduction to GPS: the global positioning system: Artech 

House. 

Elbeltagi, E., Kaloop, M. R., and Elnabwy, M. T. (2014). Structural Health 

Monitoring System using GPS for Sustainable Bridges. 

Erol, S., Erol, B., and Ayan, T. (2004). A general review of the deformation 

monitoring techniques and a case study: Analyzing deformations using 

GPS/leveling. Paper presented at the XXth ISPRS Congress, 12-23. 

ESA, E. S. A. (2014). Precise Point Positioning. from 

http://www.navipedia.net/index.php/Precise_Point_Positioning 

ESA, E. S. A. (2016). Galileo Future and Evolutions. from 

http://www.navipedia.net/index.php/Galileo_Future_and_Evolutions 

Ford, M., Stevenson, T., Lew, H. K., and Spanier, S. (1997). Internetworking 

technologies handbook: Macmillan Publishing Co., Inc. 

Fotiou, A., Pikridas, C., and Chatzinikos, M. (2006). Long Distance GPS Baseline 

Solutions Using Various Software and EPN Data. Paper presented at the 

XXIII FIG Congress, Munich Germany. 

Gassner, G., Wieser, A., and Brunner, F. K. (2002). GPS software development for 

monitoring of landslides. FIG, Washington, in print. 

Ge, L., Han, S., and Rizos, C. (1999). GPS-RTK applications for assisting the 

engineering design of large structures. 

Geoscience Australia, G. (2015a). Geodesy and Global Navigation Systems. from 

http://www.ga.gov.au/scientific-topics/positioning-navigation/geodesy 

Geosystems, L. (2000). User Manual / Getting Started with Ski-Pro Version 2.0. 

from http://www.virginiadot.org/business/resources/locdes/survey-leica-ski-

pro.pdf. 

Geosystems, L. (2015). Leica GeoMoS Monitoring Solution. from http://leica-

geosystems.com/products/total-stations/software/leica-geomos 

GEOTEC. (2015). PANDA - Program for the Adjustment of Networks and 

Deformation Analysis. from http://www.geotec-gmbh.de/en/panda/ 

GlobalScape. (2015). NEW IN CUTEFTP 9 FOR WINDOWS. from 

http://www.cuteftp.com/ 



212 
 

Grewal, M., and Andrews, A. (2001). Kalman Filtering: Theory and Practice Using 

MATLAB. View in Article. 

Hartinger, H., and Brunner, F. K. (1999). Variances of GPS phase observations: The 

SIGMA-ε model. GPS Solutions  

He, X., Yang, G., Ding, X., and Chen, Y. (2004). Application and evaluation of a 

GPS multi-antenna system for dam deformation monitoring. Earth, planets 

and space, 56(11), 1035-1039. 

Henri, B. A. (2011). GNSS (GPS and GLONASS) Positioning used in Land 

Surveying and Engineering. from 

http://www.apegm.mb.ca/pdf/PD_Papers/GNSSPositioning.pdf. 

Herniter, M. E. (2005). Programming in MATLAB. Reading. MA. 

Hoffmann-Wellenhof, B., Lichtenegger, H., and Collins, J. (1994). GPS: theory and 

practice. 3rd edSpringer-Verlag, New York. 

Hofmann-Wellenhof, B., Lichtenegger, H., and Collins, J. (2013). Global positioning 

system: theory and practice: Springer Science & Business Media. 

Hudnut, K. W., and Behr, J. A. (1998). Continuous GPS monitoring of structural 

deformation at Pacoima Dam, California. Seismological Research Letters, 

69(4), 299-308. 

IAF, I. o. A. S. (2015). GOCA - GNSS/LPS/LS-based online Control and Alarm 

System from http://goca.info/index_e.html 

Ince, C. D., and Sahin, M. (2000). Real-time deformation monitoring with GPS and 

Kalman Filter. Earth, planets and space, 52(10), 837-840. 

Janssen, V. (2002). GPS volcano deformation monitoring. GPS Solutions, 6(1), 128-

130. 

Janssen, V., and Rizos, C. (2002). Mixed-mode GPS network processing for 

deformation monitoring applications in the equatorial region. 

Jansson, P. (1998). Precise kinematic GPS positioning with Kalman filtering and 

smoothing: Institutionen för geodesi och fotogrammetri. 

Jiang, J., Lu, X., and Guo, J. (2002). Study for real-time monitoring of large-span 

bridge using GPS. Department of Civil Engineering, Tsinghua University, 

Beijing, TS. 

JPL, J. P. L. (2015). GIPSY-OASIS II. from https://gipsy-oasis.jpl.nasa.gov/ 

Kälber, S., Jäger, R., and Schwäble, R. (2000). A GPS-based online control and 

alarm system. GPS Solutions, 3(3), 19-25. 



213 
 

Kalber, S., Jager, R., Schwable, R., Heimberg, F., and Kast, K. (2000). GPS based 

online control and alarm system (GOCA). Paper presented at the 

TRANSACTIONS OF THE INTERNATIONAL CONGRESS ON LARGE 

DAMS, 189-210. 

Kalman, R. E., and Bucy, R. S. (1961). New results in linear filtering and prediction 

theory. Journal of Fluids Engineering, 83(1), 95-108. 

Kaloop, M., and Kim, D. (2014). GPS-structural health monitoring of a long span 

bridge using neural network adaptive filter. Survey Review, 46(334), 7-14. 

King, J. (2001). MATLAB 6 for engineers: hands-on tutorial: RT Edwards, Inc. 

Kong Fah, L. (2014). Kajian kesan garis dasar di dalam penentududukan dengan 

kaedah RTK-GPS. 

Kuhlmann, H. (2003). Kalman-filtering with coloured measurement noise for 

deformation analysis. Paper presented at the Proceedings, 11th FIG 

Symposium on Deformation Measurements, Santorini, Greece. 

Lee, S., and Swaddiwudhipong, S. (1996). Up-Down Construction of Tall Buildings 

in City Centre. Paper presented at the Proceedings, International Conference 

on Urban Engineering in Asian Cities in the 21st Century, 22-25. 

Lee, S., Yong, K., Swaddiwudhipong, S., Sitichaikasem, S., and Ratanaprichavej, R. 

(1992). Structural Design and Construction of 70-storey Concrete Building. 

Paper presented at the Special Lecture, Proc. JCI Annual Convention 

Fukuoka, Japan Concrete Institute. 

Leick, A., Rapoport, L., and Tatarnikov, D. (2015). GPS satellite surveying: John 

Wiley & Sons. 

Likhar, S., Kulkarni, M. N., Tomar, V., and Pillai, P. (2002). A comparative study of 

results from GPS data processing software. 

Lim, M. C., and Halim, S. (2014). A Practical Deformation Monitoring Procedure 

and Software System for CORS Coordinate Monitoring. International 

Federation of Surveyor. 

LLC, N. C. M. (2015). GPS World. from http://gpsworld.com/ 

Lovse, J., Teskey, W., Lachapelle, G., and Cannon, M. (1995). Dynamic deformation 

monitoring of tall structure using GPS technology. Journal of surveying 

engineering. 



214 
 

Lutes, J., Chrzanowski, A., Bastin, G., and Whitaker, C. (2001). DIMONS software 

for automatic data collection and automatic deformation analysis. Paper 

presented at the Proceedings, 101-109. 

Mainroads Western Australia. (2015). Survey Control For Construction. from 

https://www.mainroads.wa.gov.au/BuildingRoads/StandardsTechnical/Surve

y/GeodeticSurveyingGuidelines/Pages/Survey_Control_for_Construction.asp

x 

Martes. (2013). Introduccion a Matlab. from 

http://matlabudi.blogspot.my/2013_04_01_archive.html 

MathWorks, I. (2015). MATLAB: the language of technical computing. Desktop 

tools and development environment (Vol. 9): MathWorks. 

Maybeck, P. S. (1982). Stochastic models, estimation, and control (Vol. 3): 

Academic press. 

McClusky, S. (2015). GAMIT-GLOBK. from http://www-

gpsg.mit.edu/~simon/gtgk/ 

Mertikas, S., and Rizos, C. (1997). On-line detection of abrupt changes in the carrier-

phase measurements of GPS. Journal of Geodesy, 71(8), 469-482. 

Microsoft. (2015a). Connect To Another Computer Using Remote Desktop 

Connection. from http://windows.microsoft.com/en-us/windows/connect-

using-remote-desktop-connection#connect-using-remote-desktop-

connection=windows-7 

Microsoft. (2015b). File Transfer Protocol (FTP): frequently asked questions. from 

http://windows.microsoft.com/en-us/windows-vista/file-transfer-protocol-ftp-

frequently-asked-questions 

Moore, H. (2014). MATLAB for Engineers: Prentice Hall Press. 

Ndlovu, S. (2014). DEFORMATION SURVEYING (MONITORING). from 

http://www.durban.gov.za/City_Services/engineering%20unit/Surveying_Lan

d_Information/Documents/Deformation_Surveying.pdf. 

NGS, N. G. S. (2013). Guidelines for New and Existing Continuously Operating 

Reference Stations (CORS) o. Document Number) 

NGS, N. G. S. (2015). Antenna Calibrations. from 

http://geodesy.noaa.gov/ANTCAL/ 



215 
 

Niell, A. (1996). Global mapping functions for the atmosphere delay at radio 

wavelengths. Journal of Geophysical Research: Solid Earth (1978–2012), 

101(B2), 3227-3246. 

Nisha, R. (2014). Application of GPS in structural deformation monitoring: A case 

study on Koyna dam. Journal of Geomatics, 8. 

NPTEL. (2015). Relative positioning: Phase Corrections from 

http://nptel.ac.in/courses/105104100/lectureB_15/B_15_6relative.htm 

Ogaja, C. (2001). On-line GPS integrity monitoring and deformation analysis for 

structural monitoring applications. Paper presented at the To be pres. 14th Int. 

Tech. Meeting of the Satellite Division of the US Inst. of Navigation, Salt 

Lake City, Utah, 11-14. 

Ogaja, C., Li, X., and Rizos, C. (2007). Advances in structural monitoring with 

global positioning system technology: 1997–2006. Journal of Applied 

Geodesy jag, 1(3), 171-179. 

Ogaja, C., Rizos, C., and Han, S. (2000). Is GPS good enough for monitoring the 

dynamics of high-rise buildings. Paper presented at the Proceedings of the 

2nd Trans Tasman Surveyors Congress. 

Ogaja, C., Rizos, C., Wang, J., and Brownjohn, J. (2001a). A dynamic GPS system 

for on-line structural monitoring. Paper presented at the Int. Symp. on 

Kinematic Systems in Geodesy, Geomatics & Navigation (KIS 2001), Banff, 

Canada, 5-8. 

Ogaja, C., Rizos, C., Wang, J., and Brownjohn, J. (2001b). Toward the 

implementation of on-line structural monitoring using RTK-GPS and analysis 

of results using the wavelet transform. Paper presented at the The 10th FIG 

International Symposium on Deformation Measurements, 19-22. 

PCLT. (1995). Introduction to TCP/IP. from 

http://www.yale.edu/pclt/COMM/TCPIP.HTM 

Pelzer. (1986). Deformation Analysis. from http://www.cne.go.cr/CEDO-

CRID/CEDO-CRID%20V4/pdf/eng/doc2291/doc2291-4.pdf. 

PNT, N. C. O. f. S.-B. P., Navigation, and Timing. (2016). Space Segment. from 

http://www.gps.gov/systems/gps/space/ 

Pratap, R. (2009). Getting started with MATLAB: a quick introduction for scientists 

and engineers: Oxford University Press, Inc. 



216 
 

Reece, M. E. (2000). Global Positioning System. from 

http://infohost.nmt.edu/~mreece/gps/whatisgps.html 

Richard, B. L. (2011). Innovation: GLONASS. from http://gpsworld.com/innovation-

glonass-11405/ 

Rizos, C., Han, S., Chen, H.-Y., and Chai, G. P. (2003). Continuously operating GPS 

reference station networks: new algorithms and applications of carrier phase-

based, medium-range, static and kinematic positioning. In Geodesy-The 

Challenge of the 3rd Millennium (pp. 115-124): Springer. 

Rührnößl, H., Brunner, F., and Rothacher, M. (1998). Modellierung der 

troposphärischen Korrektur für Deformationsmessungen mit GPS im alpinen 

Raum. Allgemeine Vermessungsnachrichten, 105(1), 14-20. 

Rutledge, D., Gnipp, J., and Kramer, J. (2001). Advances in real-time GPS 

deformation monitoring for landslides, volcanoes, and structures. Paper 

presented at the Proceedings of the 10th FIG International Symposium on 

Deformation Measurementsm, Orange, California, March, 19-22. 

Saastamoinen, J. (1973). Contributions to the theory of atmospheric refraction. 

Bulletin Géodésique (1946-1975), 107(1), 13-34. 

SAGE, S. a. G. E. (2015). Surveying & Geospatial Engineering @ CVEN UNSW. 

from http://www.sage.unsw.edu.au/ 

Salzmann, M. A., and Engineering, U. o. N. B. D. o. S. (1988). Some aspects of 

Kalman filtering: University of New Brunswick Canada. 

Satalich, J., and Ticketson, R. (1998). Field Test of Trimble 4000 Real-Time 

Kinematic GPS Survey System. Journal of Surveying Engineering, 124 (1), 

40-48. 

Satirapod, C., Ogaja, C., Wang, J., and Rizos, C. (2001). GPS analysis with the aid of 

wavelets. Paper presented at the Proceedings of the International Symposium 

Satellite Navigation Technology & Applications. 

Setan, H., and Singh, R. (2001). Deformation analysis of a geodetic monitoring 

network. Geomatica, 55(3). 

Shimizu, N. (2015). Rock Displacement Monitoring using Satellite Technologies-

GPS and InSAR. 

Shu, K. K. (2005). High rise building movement monitoring using RTK-GPS (case 

study: Menara Sarawak Enterprise). Universiti Teknologi Malaysia, Faculty 

of Geoinformation Science and Engineering. 



217 
 

Talbot, N. C. (1991). Real-Time High Precision GPS Positioning Concepts: 

Modelling, Processing and Results: Department of Land information, Royal 

Melborne Institute of Technology. 

TeamViewer. (2015). TeamViewer – The All–In-One Software For Remote Support 

and Online Meetings. from https://www.teamviewer.com/en/index.aspx 

Teunissen, P. J. (1994). A new method for fast carrier phase ambiguity estimation. 

Paper presented at the Position Location and Navigation Symposium, 1994., 

IEEE, 562-573. 

Transportation, S. D. D. o. (2005). Chapter 4 Gps Field Surveys. from 

http://bestcommunionideas.com/en/chapter-4-gps-field-surveys/.  

Trimble, N. L. (2005). CORS Installation Procedures. Paper presented at the Trimble 

Dimensions User Conference 2005. 

Trimble, N. L. (2007). GPS The First Global Navigation Satellite System. from 

http://www.saveourgps.org/pdf/GPS-The-First-Global-Satellite-Navigation-

System-by-Trimble.pdf. 

Trimble, N. L. (2015a). Trimble 4D Control. from 

http://www.trimble.com/infrastructure/trimble-4d-control.aspx 

Trimble, N. L. (2015b). Trimble - Transforming the way the world works. from 

http://www.trimble.com/ 

Trimble, N. L. (2015c). Trimble – Infrastructure – NetR5 GNNSS. from 

www.trimble.com/infrastructure/netr5-gnss.aspx 

TxDOT, T. D. o. T. (2011). Section 7: GPS Static Surveying. from 

http://onlinemanuals.txdot.gov/txdotmanuals/ess/gps_static_surveying.htm 

UNAVCO. (2007). RINEX – The Receiver Independent Exchange Format Version 

3.00. from https://igscb.jpl.nasa.gov/igscb/data/format/rinex300.pdf 

UNAVCO. (2015). Deep Drilled Braced Monument Overview. from 

http://facility.unavco.org/kb/questions/300/Deep+Drilled+Braced+Monument

+Overview 

UNSW, U. N. S. W. (2015). Surveying & Geospatial Engineering. from 

http://www.sage.unsw.edu.au/ 

USACE, U. A. C. O. E. (2002). Structural deformation surveying. Engineer. 

USACE, U. A. C. O. E. (2003). NAVSTAR Global Positioning System Surveying. 
Engineer. 



218 
 

USACE, U. A. C. O. E. (2012). Engineering and Design - Survey Markers and 

Monumentation. Engineer. 

VNC. (2015). TightVNC Software. from http://www.tightvnc.com/ 

Walser, P. (2015). Bernese GNSS Software. from http://www.bernese.unibe.ch/ 

Wan, W. A. A. W. M. A. (2002). High rise engineering structures stability 

monitoring using integration of geodetic and satelite methods (No. VOT 

72308). Universiti Teknologi Malaysia Skudai.o. Document Number) 

Wang, J., Satirapod, C., and Rizos, C. (2002). Stochastic assessment of GPS carrier  

phase measurements for precise static relative positioning. Journal of  

Geodesy, 76(2), 95-104. 

Wang, J., and Wang, J. (2007). Comparing long baseline results from GPS and 

GPS/GLONASS. Paper presented at the Combined Int. Symp. and Exhibition 

on Geoinformation and NGSS, Johor bahru, Malaysia, paper. 

Wanninger, L. (2008). Introduction to network RTK. Paper presented at the 

International Association to Geodesy meeting, Working Group. 

Whitaker, C., Bock, Y., and Offield, G. (2006). DESIGN AND 

IMPLEMENTATION OF A REAL TIME GPS NETWORK FOR THE 

METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA. 

Whitaker, C., Duffy, M. A., and Chrzanowski, A. (1998). Design of an Automated 

Darn Deformation Monitoring System: A Case Study. Journal of Geospatial 

Engineering, 2(1), 23-34. 

Wieser, A. (2002). Robust and fuzzy techniques for parameter estimation and quality 

assessment in GPS: Shaker. 

Wieser, A., and Brunner, F. (2002). SIGMA-F: variances of GPS observations 

determined by a Fuzzy system. In Vistas for Geodesy in the New Millennium 

(pp. 365-370): Springer. 

Wikipedia. (2015). Satellite Navigation. from 

https://en.wikipedia.org/wiki/Satellite_navigation 

Wolfgang, L., and Stefan, B. (2000). Global navigation satellite systems. Computers 

and Electronics in Agriculture, 25 (2000) 67–85. 

Yalçinkaya, M., and Bayrak, T. (2002). GPS in landslides monitoring: a case study 

from North Eastern Turkey. Paper presented at the Proceedings of 

International Symposium on Geographic Information Systems, 23-26. 



219 
 

Yalçinkaya, M., and Bayrak, T. (2003). Dynamic model for monitoring landslides 

with emphasis on underground water in Trabzon Province, Northeastern 

Turkey. Journal of Surveying Engineering, 129(3), 115-124. 

Yalçinkaya, M., and Bayrak, T. (2005). Comparison of static, kinematic and dynamic 

geodetic deformation models for Kutlugün landslide in northeastern Turkey. 

Natural Hazards, 34(1), 91-110. 

Yalçιnkaya, M., and Bayrak, T. (2003). A DYNAMIC ANALYSIS METHOD 

REGARDING GROUNDWATER LEVEL CHANGES AS CAUSATIVE 

FORCE FOR LANDSLIDES. 

Yasuda, A. (2006). Errors on GPS Signal. from 

http://www.soi.wide.ad.jp/class/20050026/slides/01/index_61.html 

Yoshida, A., Tamura, Y., and Ishibashi, S. (2003). Measurement of wind-induced 

response of buildings using RTK-GPS and integrity monitoring. Journal of 

Structural and Construction Engineering, 571, 39-44. 

Yu, J., Meng, X., Shao, X., Yan, B., and Yang, L. (2014). Identification of dynamic 

displacements and modal frequencies of a medium-span suspension bridge 

using multimode GNSS processing. Engineering Structures, 81, 432-443. 

Zhang, K., and Roberts, C. (2003). Network-based real-time kinematic positioning 

system: current development in Australia. Paper presented at the 

Geoinformatics and Surveying Conference. 




