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ABSTRACT Al-Balqa' Applied University (BAU) is relatively a new public university (established in 1997), it has some unique characteristics especially in campus location and spread out. BAU includes under its umbrella all public community colleges in Jordan. These colleges and distributed to some most of populated spots in Jordan, from Irbid in north reaching Aqaba in the deep south of the country. This project represents an attempt to plan, design, and implement a Geographic Information System for BAU central campus and the other colleges throughout Jordan. This will include a transportation layer using full topology relationships. The different Geomatics Engineering techniques such as remote sensing, aerial photogrammetry, close-range photogrammetry, ground surveying and Google earth queries were used aiming to improve and offer a real scene for the university. A spatial database was designed to give the project the reality and the strength to be used and applied effectively. Finally, a web interface was designed to display the project and to enable the researchers and the interested to make use of this project.



ii



ACKNOWLEDGEMENTS Firstly, thank God for supporting us with power, patience, and determination throughout the preparation of this thesis. Secondly, we would like to express our deep appreciation to our advisor Dr. Mwafag Ghanma for his continuous supervision, support and guidance throughout the course of this work, His encouragements propelled our work especially at the begging of this project while his intellectual vigour greatly inspired the methodology, approaches, and quality of our work. We wish to express our deep appreciation to Dr. Omar Al-Bayyari and Dr. Rami AlRuzouq for carefully reading and providing comments concerning various aspects of this project. Our parents and families gave us the love and the encouragement to continue our undergraduate studies. To all those who provided us throughout our project, to our friends and college mates we deeply present our acknowledgment. Finally, we gratefully acknowledge to Porf. Abd-Allah Al-Zoubi, Dr. Naji Al-Ani, Dr Balqes sa'don, Dr. Nedal Al-Hanbali, Dr. Eyad Fedda, Dr. Bassam Malkawee, Dr.Emad Jereasat, Dr. Maher Qaqish, Dr. Sameh Al-Rawashdeh, Dr. Nabil AlDaghestani, Eng. Petya Demotrova and Eng. Mohannad Al-Thnebat for their tenacious dedication and support offered during our under-graduate studies, research and during the work of this project.



iii



DEDICATION



To our great fathers To our dear mothers To our brothers & sisters To our friends & college mates To whom who loves us



Mohammad Kayed Al-Rushdan Monther Ahmed Ghanem



iv



TABLE OF CONTENTS ABSTRACT ........................................................................................................................ ii ACKNOWLEDGEMENTS ............................................................................................... iii DEDICATION ................................................................................................................... iv List of Tables ..................................................................................................................... ix LIST OF FIGURES ............................................................................................................ x LIST OF SYMBOLS, ABBREVIATIONS, NOMENCLATURE .................................. xiii CHAPTER 1 .......................................................................................................................1 INTRODUCTION .............................................................................................................. 1 1.1



Introduction ......................................................................................................... 1



1.2



Problem Definition .............................................................................................. 4



1.3



Objectives and Scope .......................................................................................... 4



1.4



Study Area ........................................................................................................... 5



1.5



Resource Requirements and Allocation .............................................................. 6



1.6



1.5.1



Data Acquisition and Assembly .................................................................6



1.5.2



Hardware.....................................................................................................6



1.5.3



Software ......................................................................................................6



Thesis Outline ..................................................................................................... 7



CHAPTER 2 .......................................................................................................................8 LITERATURE REVIEW ................................................................................................... 8 2.1



Introduction ......................................................................................................... 8



2.2



Aerial Triangulation for BAU by using ZI and LH ............................................ 8



2.3



Conclusion and what's new ................................................................................. 8



CHAPTER 3 .......................................................................................................................9 Theoretical fundamentals and software .............................................................................. 9 3.1



Introduction ......................................................................................................... 9



3.2



Major Fields of Study Involved .......................................................................... 9 3.2.1



Remote Sensing ..........................................................................................9



3.2.2



Google Earth .............................................................................................12



3.2.3



Photogrammetry .......................................................................................12



3.2.4



Geographic Information System (GIS) .....................................................15 v



3.2.5 3.3



Global Positioning System (GPS) ............................................................18



Software Modules ............................................................................................. 19 3.3.1



ENVI Version 4.2 .....................................................................................20



3.3.2



Google Earth Professional ........................................................................20



3.3.3



SKI-PRO ...................................................................................................21



3.3.4



Leica Photogrammetry Suite (LPS) ..........................................................21



3.3.5



PhotoModeler Pro 5 ..................................................................................22



3.3.6



ArcGIS Desktop (Version 9.2) .................................................................23



3.3.7



ASP.NET ..................................................................................................23



CHAPTER 4 .....................................................................................................................25 Data collection and processing ......................................................................................... 25 4.1



Introduction ....................................................................................................... 25



4.2



Remote Sensing ................................................................................................. 25



4.3



4.4



4.5



4.6



4.7



4.2.1



Data Source ...............................................................................................25



4.2.2



Data Processing ........................................................................................26



Google Earth ..................................................................................................... 29 4.3.1



Data Source ...............................................................................................29



4.3.2



Data Processing ........................................................................................31



Global Positioning System (GPS) ..................................................................... 33 4.4.1



Data Collection .........................................................................................33



4.4.2



Data Processing ........................................................................................34



4.4.3



Results.......................................................................................................37



Aerial Photogrammetry ..................................................................................... 38 4.5.1



Data Collection .........................................................................................38



4.5.2



Data Processing ........................................................................................40



4.5.3



Result ........................................................................................................46



Close Range Photogrammetry ........................................................................... 46 4.6.1



Data Collection .........................................................................................47



4.6.2



Data Processing ........................................................................................51



4.6.3



Result ........................................................................................................58



Geographic Information System (GIS) ............................................................. 58 4.7.1



Data Source ...............................................................................................59 vi



4.7.2



Processing .................................................................................................61



CHAPTER 5 .....................................................................................................................62 TRANSPORTATION DATA MODEL ........................................................................... 62 5.1



Introduction ....................................................................................................... 62



5.2



What is GIS Transportation............................................................................... 62



5.3



Application of GIS Transportation Data Model ................................................ 63



5.4



GIS-T Data Models ........................................................................................... 64 5.4.1



Network Models .......................................................................................64



5.4.2



Process Models .........................................................................................67



5.4.3



Objects Models .........................................................................................70



5.5



Creating Geodatabase with the ArcGIS XML .................................................. 71



5.6



Topology Rules ................................................................................................. 75



5.7



Summary ........................................................................................................... 76



CHAPTER 6 .....................................................................................................................77 GEO-DATABASE............................................................................................................ 77 6.1



Introduction ....................................................................................................... 77



6.2



Input Data .......................................................................................................... 77



6.3



Attribute date in the layers ................................................................................ 78



6.4



6.5



6.3.1



Roads layer ...............................................................................................78



6.3.2



BAU campus .............................................................................................79



6.3.3



Governorate ..............................................................................................80



Date processing ................................................................................................. 80 6.4.1



Projection System .....................................................................................81



6.4.2



Scanning ...................................................................................................81



6.4.3



Registration ...............................................................................................81



6.4.4



Digitizing ..................................................................................................82



Output Data ....................................................................................................... 82 6.5.1



6.6



Arc Map ....................................................................................................82



Problems ............................................................................................................ 82



CHAPTER 7 .....................................................................................................................83 WEB INTERFACE........................................................................................................... 83 vii



7.1



Introduction ....................................................................................................... 83



7.2



GIS/IMS ............................................................................................................ 83



7.3



7.2.1



Introduction...............................................................................................83



7.2.2



Arc\IMS Web Page ...................................................................................87



ASP.net .............................................................................................................. 87 7.3.1



Introduction...............................................................................................87



7.3.2



Description of Web Page ..........................................................................88



CHAPTER 8 .....................................................................................................................90 CONCLUSIONS AND FUTURE WORK ....................................................................... 90 8.1



Introduction ....................................................................................................... 90



8.2



Conclusion ......................................................................................................... 90



8.3



8.2.1



Conclusion on GPS Points ........................................................................90



8.2.2



Conclusion on Photogrammetric Process .................................................91



8.2.3



Conclusion on GIS ....................................................................................91



8.2.4



Conclusion on Close Range Photogrammetry ..........................................91



Recommendations for Future Work .................................................................. 91



REFERENCES ................................................................................................................. 93 GLOSSARY OF TERMS ................................................................................................. 94 APPENDIX A ................................................................................................................... 96 GPS Report ....................................................................................................................... 96 APPENDIX B ................................................................................................................. 101 Kodak Camera Calibration ............................................................................................. 101 APPENDIX C ................................................................................................................. 102 DTM Extraction Report .................................................................................................. 102 APPENDIX D ................................................................................................................. 104 Nikon Camera Calibration .............................................................................................. 104 APPENDIX E ................................................................................................................. 106 Three Dimension Report ................................................................................................. 106



viii



LIST OF TABLES Table 3.1. Summary of Landsat 7 Sensor Specifications ............................................ 11 Table 4.1. BAU Colleges' Campus Orthophoto ........................................................... 32 Table 4.2. Coordinates of Ground Control Points (GCP’s) ......................................... 37 Table 4.3. Summary of Nikon Camera Specifications ................................................ 48 Table 4.4.Control Points by Total Station ................................................................... 51 Table 5.1. Topology Rules Sample .............................................................................. 75 Table 6.1. BAU List of Campuses ............................................................................... 77



ix



LIST OF FIGURES Figure 1.1. Governorates of Jordan................................................................................ 1 Figure 1.2. BAU Central Campus .................................................................................. 2 Figure 1.3. BAU Colleges outside the Central Campus ................................................ 3 Figure 1.4. Jordan governorates and BAU campus maps .............................................. 5 Figure 3.1. Elements of Remote Sensing ..................................................................... 10 Figure 3.2. Electromagnetic Spectrum......................................................................... 10 Figure 3.3. Landsat 7 ................................................................................................... 11 Figure 3.4 Aerial Imagery ............................................................................................ 13 Figure 3.5 Close Range Imagery ................................................................................. 14 Figure 3.6 Components of GIS .................................................................................... 16 Figure 3.7 GPS Constellation ...................................................................................... 18 Figure 3.8. ENVI Background ..................................................................................... 20 Figure 3.9. GE Interface............................................................................................... 20 Figure 3.10. SKI-PRO Background ............................................................................. 21 Figure 3.11. LPS Background ...................................................................................... 22 Figure 3.12. PhotoModeler Background ...................................................................... 22 Figure 3.13. ArcGIS Main Interface ............................................................................ 23 Figure 3.14. ASP.net Background ............................................................................... 24 Figure 4.1. Remote Sensing Processing Flowchart ..................................................... 25 Figure 4.2. Band Combination ..................................................................................... 26 Figure 4.3. Importing Scenes Window in “ENVI 4.2” ................................................ 27 Figure 4.4. Mosaic Images ........................................................................................... 27 Figure 4.5. Polygon for Jordan .................................................................................... 28 Figure 4.6. Arc toolbox window .................................................................................. 28 Figure 4.7. Jordan Final Extracted Image .................................................................... 29 Figure 4.8. Google Earth Tools.................................................................................... 30 Figure 4.9. Leica GPS System 500 Receiver ............................................................... 34 Figure 4.9. Import Raw Data ....................................................................................... 36 Figure 4.10. Point Properties ....................................................................................... 36 Figure 4.11. Adjustment Dialog................................................................................... 36 Figure 4.12. GPS Process............................................................................................. 37 x



Figure 4.13. Aerial Photogrammetry Processing Flowchart ........................................ 38 Figure 4.14. Aerial Photos ........................................................................................... 39 Figure 4.15.Add Tie Points Window ........................................................................... 41 Figure 4.16.Distribution of Tie Points ......................................................................... 42 Figure 4.17.Add GCPs ................................................................................................. 42 Figure 4.18.Distribution GCPs .................................................................................... 43 Figure 4.19. LPS Terrain Editor .................................................................................. 44 Figure 4.20. The generated DEM ................................................................................ 45 Figure 4.21. The Generated Orthophoto for BAU Main Campus ............................... 46 Figure 4.22. Close Range Photogrammetry Processing Flowchart ............................. 47 Figure 4.23. Nikon Camera.......................................................................................... 47 Figure 4.24. Control Point Location ............................................................................ 49 Figure 4.25. Importing Images..................................................................................... 53 Figure 4.26. Point Marking and Referencing............................................................... 54 Figure 4.27. Processing Dialog .................................................................................... 55 Figure 4.28 3D Viewer ................................................................................................ 55 Figure 4.29 Point Table................................................................................................ 56 Figure 4.30 Marking Linens and Curves ..................................................................... 57 Figure 4.31 3D Viewer of Lines and Curves ............................................................... 57 Figure 4.32 3D Viewer of Texture ............................................................................... 57 Figure 4.33 3D Model Export Dialog .......................................................................... 58 Figure 5.1. First step in creation work ......................................................................... 71 Figure 5.2 the second step in creation .......................................................................... 72 Figure 5.3. The Schema Wizard .................................................................................. 72 Figure 5.4. The Schema Wizard .................................................................................. 73 Figure 5.5 Feature Dataset Properties .......................................................................... 73 Figure 5.6. Spatial Reference Properties...................................................................... 74 Figure 5.7. Browse For Dataset ................................................................................... 74 Figure 5.8. Spatial Reference Properties...................................................................... 75 Figure 5.9. the data model objects in a tree view......................................................... 76 Figure 6.1. Attribute table of Roads layer.................................................................... 78 Figure 6.2. Attribute table of BAU campus ................................................................. 79 Figure 6.3. Attribute table of BAU campus ................................................................. 79 xi



Figure 6.4. Attribute Table of Governorates Layer ..................................................... 80 Figure 6.5. Processing Flowchart................................................................................. 80 Figure 6.6. ArcMap Final Jordan’s Map...................................................................... 82 Figure 7.1. ArcIMS ...................................................................................................... 84 Figure 7.2 Arc\IMS Structure ...................................................................................... 86 Figure 7.3.ArcIMSt ...................................................................................................... 87 Figure 7.4. ASP.net Interface ....................................................................................... 88



xii



LIST OF SYMBOLS, ABBREVIATIONS, NOMENCLATURE



σˆ o2



Variance Component (a posterior variance factor) characterizes the precision of adjustment procedure



X, Y, Z



Ground Point Coordinates



Xo, Yo, Zo Exterior Orientation Parameters (Xo, Yo and Zo represent the position ω, φ, κ of perspective center with respect to ground coordinate system, where ω, φ and κ represent the rotation angles between the ground and image coordinate systems) xp, yp, c



Interior Orientation Parameters (Calibrated principal point position and principal distance of the camera with respect to image coordinate system)



2D:



Two Dimensional



3D



Three Dimensional



ATE



Automatic Terrain Extraction



CCD



Charge- Coupled Device



CFL



Central Focal Length



DB



Database



DEM



Digital Elevation Model



DOP



Dilution of Position



DTM



Digital Elevation Model



EOP



Exterior Orientation Parameters



GCP



Ground Control Point



GDOP



Geometric Dilution of Position



GIS



Geographic Information System



GPS



Global Positioning System



GSD



Ground Sampling Distance xiii



HDOP



Horizontal Dilution Of Position



IOP



Interior Orientation Parameters



ITE



Interactive Terrain Extraction



MMS



Mobile Mapping Systems



MST



Multi Sensor Triangulation



RGB



Red Green Blue



RMS



Root Mean Square



RMSE



Root Mean Square Error



RS



Remote Sensing



TDOP



Time Dilution Of Position



TIN



Triangular Irregular Network



TM



Thematic Mapper



TSR



Terrain Shaded Relief



UTM



Universal Transverse Mercator



VB.NET Visual Basic dot Net VDOP



Vertical Dilution Of Position



xiv



1 CHAPTER 1 INTRODUCTION



1.1



Introduction



Al-Balqa Applied University (BAU) is relatively new public university (established in 1997), It has some unique characteristics especially in campus location and spread out. BAU includes under its umbrella all public community colleges in Jordan. These colleges are distributed to some of the most populated spots in Jordan, from Irbid in north reaching Aqaba in the deep south of the country, Figure 1.1. Besides the main campus located in Al-Salt city (20 km west of Amman), many colleges are now offering bachelor and associate degrees in a spectrum of specialization in both applied and pure flavours.



Figure 1.1. Governorates of Jordan



2 Faculties in BAU Main Campus: The BAU central campus houses a set of unique and distinguished programs, as seen in Figure 1.2. Such programs are furnished through the following Faculties: Faculty of Applied Sciences, Faculty of Engineering, Faculty of Technological Agriculture, Faculty of Planning & Management, Faculty of Graduate Studies & Scientific Research and Traditional Islamic Arts Institute.



Figure 1.2. BAU Central Campus



3 University and Community Colleges Outside BAU Main Campus: As shown in Figure 1.3, BAU fosters a number of university and community colleges distributed in most of Jordan’s governorates. These colleges are: Technological Engineering College, Usul Al-Deen University College, Tafilah Applied University College, Princess Rahma University College, Al-Hosun University College, Ajloun University College, Princess Alia, University College, Aqaba University College, Amman University College, Irbid University College, Zarqa University College, AlSalt College, Karak College, Ma’an College, Shobak College and the Royal Jordanian Geographic Center College.



Figure 1.3. BAU Colleges outside the Central Campus



4 1.2



Problem Definition



Currently BAU lacks an innovative information system that enables prospect and current students and other interested people to acquire and spatially visualize information concerning BAU in different aspects. Such information includes but not limited to the following: • Relative and absolute location of the main campus and other college campuses, • Transportation routes that can be used to reach BAU terminal points. This includes travelling between campuses or between campuses and other locations. • The setup of each campus, its facilities, and amenities in each campus, • The available programs, offered degrees, and other statistics at each campus, • 3D models of campuses for better idea of campus configuration, • Virtual reality demonstrations of each campus location that will give visualization for interested visitors, and • Internet enabled solution to conveniently serve the above information. 1.3



Objectives and Scope



In light of the above listed problems, the objectives and scope of this research work will focus on the following items: • Plan, design, and implement a Geographic Information System for BAU central campus and other colleges throughout Jordan. This will include a transportation layer using full topology relationships. • Use remote sensing techniques to assemble a base map for the project. This map covers the whole area of Jordan. • Use photogrammetric techniques to build a prototype orthophoto for certain parts of the project.



5 • Use close-range photogrammetric procedures to build prototype 3D models for certain parts of the project. Previous work and data might be used if available. • Design and implement a comprehensive spatial database for as mush attributes as possible in order to produce rich and useful content. • Design and program an innovative graphical user interface that will facilitate the use of proposed systems and processed data. The implementation will include modules for internet based interface. 1.4



Study Area



Due to the fact that BAU covers practically all parts of Jordan, study area will follow such coverage and ultimately be the whole areas of Jordan where BAU campuses exist. Figure 1.4 shows a distribution map of BAU campuses.



Figure 1.4. Jordan governorates and BAU campus maps



6 1.5



Resource Requirements and Allocation



To realize the goals of this research work a list of needed resources, if available, should be allocated and put under the disposal the research students. Such resources are summarized in the following subsections. 1.5.1



Data Acquisition and Assembly



• Jordan general maps with coverage for all Jordan. • Satellite Images with coverage for all Jordan. • Orhophotos for the location of BAU and its colleges. • Any existing transportation GIS layer for Jordan. • BAU information to be used as attributes in the proposed database. • Ground control information for the location of BAU and its colleges in addition to other locations 1.5.2



Hardware



• Digital photogrammetric cameras. • GPS equipment. • Ground surveying instruments. 1.5.3



Software



• Photogrammetric software. • GIS software. • GPS software. • Programming packages with web-based modules.



7 1.6 ƒ



Thesis Outline Chapter 2 talk about the last project that have the same subject or similar than our project.



ƒ



Chapter 3 introduces some fundamentals and software used in the project.



ƒ



Chapter 4 discusses the method of data collecting, its main resource and how to it was dealt with in order to connect to the Geodatabase.



ƒ



Chapter 5 describe how we can make transportation model and the application and benefits of it and the types of the transportation data model



ƒ



Chapter 6 in this chapter we collect the product that made in previous chapters and put it in the geodatabase



ƒ



Chapter 7 to introduce a web interface which is mainly designed to display the project.



ƒ



Chapter 8 to introduce the conclusions and future work.



8 CHAPTER 2 LITERATURE REVIEW



2.1



Introduction



In this chapter we are going to talk about some projects from different resources that are related to the subject of this thesis. 2.2



Aerial Triangulation for BAU by using ZI and LH



This project discusses how to generate Digital Terrain Model (DTM) surface, orthophoto and feature extraction and the study area for this project was BAU region, the two digital photogrammetric work station used are ZI Image Station and LH system the beginning of this project searches had been done for previous projects similar to this project Geospatial Database of Al-Balqa Applied University One of the important recommendation of this project is build 3D for BAU as we done but we add the GIS and the Remote sensing techniques in our project and but it in spatial database 2.3



Conclusion and what's new



As a result of reviewing the preceding projects concerned the same aims of the project, we found that there was only one project which couldn't- in any case- face the demands and the aims of the project. Thus, this project we tried to offer is alive now.



9 CHAPTER 3 THEORETICAL FUNDAMENTALS AND SOFTWARE



3.1



Introduction



This chapter introduces the theoretical fundamentals and software used in the project which includes Remote Sensing, Google Earth, Photogrammetry, Geographic Information Systems and Global Positioning Systems. 3.2



Major Fields of Study Involved



3.2.1 3.2.1.1



Remote Sensing Introduction



Remote Sensing (RS) can be defined as the acquisition of physical data (information) about an object or feature by detecting and recording the reflected or emitted electromagnetic energy (radiation) in a manner which dose not involves direct contact or touching. RS is concerned with acquiring spatial information from a range of sensors, including satellite imagery, airborne scanners and radar satellites. Remote sensing provides important coverage, mapping and classification of land cover features, such as vegetation, soil, water and forests. 3.2.1.2



Elements of Remote Sensing



RS involves under its paradigm a number of elements. Figure 3.1 illustrates such elements. A concise description of each element is also given.
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Figure 3.1. Elements of Remote Sensing A.



Energy Source or Illumination



B.



Radiation & Atmosphere



C.



Interaction with Target



D.



Recording of Energy by the Sensor



E.



Transmission, Reception, and Processing



F.



Interpretation and Analysis



G.



Application



3.2.1.3



Electromagnetic spectrum



Continuous sequence of electromagnetic energy arranged according to wavelength or frequency, is shown here.



Figure 3.2. Electromagnetic Spectrum



11 3.2.1.4



Landsat 7.



In this project, we use satellite images from Landsat 7, Figure 3.3. Table 3.1 summarizes some characteristics of Landsat 7.



Figure 3.3. Landsat 7



Table 3.1. Summary of Landsat 7 Sensor Specifications Sensor Specifications Orbital Type



sun-synchronous



Bits Per Pixel



8



Orbital Altitude



705 km



Image Area



31450 sq. km



Swath Width



185k m



Revisit Time



16 days



Launch Date



15-Apr-99



Pan Sensor Specifications Resolution



15m



Channels



1



Spectral Range



0.52 - 0.90µm



Band 1



0.52 - 0.90µm



MSI Sensor Specifications Resolution



28.5m (60m)



Band 1



0.45 - 0.515µm



Band 2



0.525 -0.605µm



Band 3



0.630 -0.690µm



Band 4



0.750 - 0.900µm



Band 5



1.55 - 1.75µm



Band 6



10.40 - 12.50µm



Band 7



2.35 - 3.09µm



12 3.2.2



Google Earth



Google Earth combines satellite imagery, maps and the power of Google Search to put the world's geographic information at work. It provides a free desktop tool for viewing spatial data in an easy way and gives easy access to global remote sensing coverage. It is allowing you to view high-resolution aerial & satellite imagery, elevation Terrain, states, cities, roads and street labels, business listing and more. The user can Control the zoom, tilt, and directionality. It is tied directly with Geomatics uses such as GIS, GPS and Photogrammetry (by adding 3D- models and display free to the users. Also display DTM for global earth) and Remote Sensing. 3.2.3 3.2.3.1



Photogrammetry Introduction



Photogrammetry is the technique of measuring objects (2D or 3D) from photos, and it is similar to the ground geodetic survey. Several types of photogrammetry exist: aerial, terrestrial, and close range. Each serves the needs of a distinct category of users.



Throughout



the



mapping



community,



terrestrial



and



close



range



photogrammetry has limited use. Aerial photogrammetry uses a near-vertical photographic images that are exposed from a moving platform at a distant point in the sky. This procedure is employed to develop planimetric detail and/or topographic configurations. Aerial Photogrammetry is also employed for numerous aerial photos analysis purposes. 3.2.3.2



Aerial Photogrammetry



Is mainly used to produce topographical or thematically maps and digital terrain models, in photogrammetry we are dealing with (X, Y, Z) ground coordinate, (x, y)



13 image coordinate and the orientation parameter of the photo, Figure 3.4 shows example of aerial Photographs.



Figure 3.4 Aerial Imagery



3.2.3.3



Application of Aerial Photogrammetry



Photogrammetric methods are commonly used in conjunction with precisely calibrated aerial mapping cameras, other air-borne sensors, satellite borne sensors and specialized mapping and processing equipment to produce mapping products such as Digital Elevation Model data, vector feature mapping, topographic mapping and ortho rectified imagery. Applications for which photogrammetric data is commonly used include preliminary engineering design, natural resources evaluations, general planning and GIS base mapping layers, determination of earthworks/stockpile volumes and engineering design. For most applications, photogrammetric mapping products are prepared to meet a Specific accuracy standard relative to established ground controls. For mapping which is required to meet specific map accuracy standards for engineering or base mapping Purposes, current practice dictates that a licensed surveyor be responsible for establishing the required ground control points and for establishing the points to be



14 used for the GPS base station data required for air-borne GPS applications. For natural resources or planning applications where spatial accuracy is not as critical and specific map accuracy standards are not required, control may be from existing mapping or other sources. 3.2.3.4



Close-Range Photogrammetry



Close range photogrammetry is a technique for obtaining information about the position, size and shape of an object by measuring images of it instead of measuring it directly. The term of close-range photogrammetry is generally used for terrestrial photographs having object distance up to about 100 m; photographs taken with cameras located on the surface of the earth, where can be easily mounted and handled. Figure 3.5.show example of Close Rangel Photogrammetry.



Figure 3.5 Close Range Imagery



15 3.2.3.5



Application of Close Range Photogrammetry



Close-range photogrammetry has many applications because of its low cost and ease of use, short time needed to collect data and process them, compared with other methods. Some of interesting and well known applications of close-range photogrammetry are: • 3D reconstruction. • Precision survey of buildings and engineering objects. • Archaeological sites documentation, documentation of historical buildings. • Medical applications (determination of cancer cells). • Mapping of roads and nearby objects. 3.2.4 Geographic Information System (GIS) 3.2.4.1 Introduction Several definitions for this science as mentioned below: Geographic Information System (GIS) access spatial and attribute information analyze it and produce output with mapping and visual display, an early definition stated GIS is an information system that is designed to work with data referenced by spatial or geographic coordinate, a GIS is both a database system with specific capabilities for spatially referenced data, as will as a set of operation for working with the data. An organized collection of computer hardware, software, geographic data, and personnel designed to efficiently capture, store, update, manipulate, analyze, and display all forms of geographically referenced information.
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Figure 3.6 Components of GIS



A GIS is not simply a computer system for making maps, although it can create maps at different scales, in different projections, and with different colors. A GIS is an analytical tool. The major advantage of a GIS is that it allows us to identify the spatial relationships between map features. 3.2.4.2



Relate to Other Software



People become involved in GIS through all sorts of complex pathways. Some come to it through a background in civil engineering and computer assisted drafting (CAD), whereas others may develop an interest through remote sensing of the environment. Many come to GIS from backgrounds that are not technical or mapping related; they just recognize that a GIS might help them do their jobs better. Others come from backgrounds in planning, geography, public health, surveying, property assessing, public safety, indeed from any of the dozens of application areas that can benefit from GIS. Because there are so many areas of human activity that can benefit from GIS, we



17 have taken great care to keep the discussion general enough to be helpful without 65 focusing on any particular application area. The How They Did It sidebars are our attempt to bring in some specific concerns around data, applications, and software that organizations need to consider. By no means do they exhaust the application areas, the data issues, or the software requirements for organization, but they provide some experiential background for the design and implementation process. 3.2.4.3



GIS Applications



Today, the number and variety of applications for GIS are impressive. The amount of geographic data that has been gathered is staggering and includes volumes of satellite imagery collected from space. Local governments use GIS for planning and zoning, property assessment and land records, parcel mapping, public safety, and environmental planning. Resource managers rely on GIS for fish and wildlife planning; management of forested, agricultural, and coastal lands; and energy and mineral resource management. GIS supports the daily activities of automated mapping and facilities management with applications for electricity, water, sewer, gas, telecommunications, and cable television utilities, using capabilities such as load management, trouble call analysis, voltage drop, base map generation and maintenance, line system analysis, sitting, network pressure and flow analysis, leak detection, and inventory. Demographers use GIS for target market analysis, facility sitting, address matching and geocoding, as well as product profiles, forecasting, and planning. GIS also has an increasing role in supporting education and research in the classroom, the computer lab, the research institute, and the public library. The most important point to note is that these diverse



18 applications are carried out using similar software and techniques--a GIS is truly a general-purpose tool. 3.2.5 3.2.5.1



Global Positioning System (GPS) Introduction



Global Positioning System (GPS) is a satellite navigation system developed by US Department of Defense (DOD). The satellite constellation consists of 21 satellites and three active spares at an altitude of 20200kms, which broadcast navigation messages and provide global 24-hour all weather navigation service. Since its full operation in 1993, GPS has found a wide range of applications far beyond its initial purpose primarily for US military applications.



Figure 3.7 GPS Constellation
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GPS Observables



The Global Positioning System (GPS) consists of a constellation of radio-navigation Satellites, a ground control unit which manages satellite operation and users with specialized receivers that use the satellite data to satisfy a broad range of positioning requirements. Constellation is positioned in a manner, which ensures the visibility of four or more satellites almost anywhere in the world at anytime. The launch of prototype satellites as early as 1978 and the current constellation of some 17 satellites have resulted in a well developed GPS industry of receiver manufacturers, software developers and application oriented users, of which surveyors are a small portion. 3.2.5.3



GPS Signals



The signals transmitted by the satellites and received at a GPS user's receiver are considered observables, which are manipulated to attain position estimates. Much of the power of GPS lies in the wealth of information provided in these signals. They are transmitted autonomously from all GPS satellites on two carrier frequencies; L1 frequency of 1575.42 MHz and L2 frequency of 1227.60 MHz. A pseudo-random noise C/A code of 1.023 MHz is modulated on the L1 carrier and a pseudo-random noise P code of 10.23 MHz is modulated on both the L1 and L2 carriers. A satellite message, which among other information contains the satellite's ephemeris, is also modulated on both frequencies. 3.3



Software Modules



The following subsections enlist the main software packages used in project data processing. A brief description is give for each program.



20 3.3.1



ENVI Version 4.2



ENVI is a program designed specifically for remote sensing application. In this project ENVI 4.2 was used to process and manipulate the Landsat Scene.



Figure 3.8. ENVI Background



3.3.2



Google Earth Professional



Although other Google Earth products could be used to acquire data, the Pro version increases professional advantages such as higher resolution images, faster performance and collaboration tool for geo-specific information. Google Earth Pro is used by successful, forward-thinking professionals to deliver complex data sets simply and clearly.



Figure 3.9. GE Interface
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SKI-PRO



Leica’s SKI-PRO software, Figure 3.10, is a comprehensive, automated suite of programs for GPS surveying including post-processing and support of real-time measurements.



Figure 3.10. SKI-PRO Background



3.3.4



Leica Photogrammetry Suite (LPS)



Leica Photogrammetry Suite is a seamlessly integrated suite of digital photogrammetry products that empowers users to transform raw imagery into reliable data layers required for all digital mapping, GIS analysis and 3D visualization.



22



Figure 3.11. LPS Background



3.3.5



PhotoModeler Pro 5



PhotoModeler is an MS-Windows program that helps to extract measurements and 3D models from photographs. By using a camera as an input device, PhotoModeler enables capturing lots of accurate detail in a short time. It then organizes the model building process as you trace over photos on the screen.



Figure 3.12. PhotoModeler Background
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ArcGIS Desktop (Version 9.2)



ArcGIS is an integrated, scalable suite of software for compiling, authoring, analyzing, mapping, and publishing geographic information and knowledge. ArcGIS Desktop starts with ArcReader and extends to include ArcView®, ArcEditor, and ArcInfo, each component exposing more GIS capabilities. Additional desktop extensions expand GIS capabilities further. Figure 3.13 shows the main interface of the AECGIS software.



Figure 3.13. ArcGIS Main Interface



3.3.7



ASP.NET



ASP.NET is a server side scripting technology that enables scripts (embedded in web pages) to be executed by an Internet Server. Figure 3.14 shows the ASP.NET development environment.



24 •



ASP.NET is a Microsoft Technology.



•



ASP stands for Active Server Pages.



•



IIS (Internet Information Services) is Microsoft's internet server.



•



ASP.NET is a program that runs inside IIS.



•



IIS comes as a free component with Windows servers.



•



IIS is also a part of Windows 2000 and XP Professional.



Figure 3.14. ASP.net Background



25 CHAPTER 4 DATA COLLECTION AND PROCESSING



4.1



Introduction



This chapter discusses the method of data collection, its main sources and how to it was dealt with from the beginning until its final destination in the Geo-database. 4.2



Remote Sensing



The main objective of remote sensing in this project is to assemble a satellite image that covers all Jordan. The following chart represents the processing stages in remote sensing activities, Figure 4.1.



Figure 4.1. Remote Sensing Processing Flowchart 4.2.1



Data Source



The Landsat scenes were in 6 TM bands (bands 1, 2, 3, 4, 5, and 7), the scenes were taken in year 2000, the scenes are geo-referenced images in the UTM zone 36N coordinate system, the spatial resolution of these scenes is 25 meter.
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Data Processing



Data processing consists from three stages mainly: band combination, images mosaicking, and finally the extraction of Jordan's image. 4.2.2.1



Band Combination



“ENVI 4.2” program was utilized for band combination by selecting (RGB: 3_2_1). This combination is “false color” composite, see Figure 4.2. Vegetations appear in shades of red. Urban areas are cyan blue, and soils vary from dark to light browns.



Figure 4.2. Band Combination 4.2.2.2



Mosaic Images



“ENVI 4.2” program was also used to mosaic the images; we created geo-referenced mosaic since the Landsat scenes were originally geo-referenced as input images. After



27 starting the georeferencing mosaic wizard, the scenes were imported, but in this stage very important to define the Background Value to ignore, Figure 4.3. The final mosaic of Jordan is shown in Figure 4.4.



Figure 4.3. Importing Scenes Window in “ENVI 4.2”



Figure 4.4. Mosaic Images
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Extraction of Jordan Satellite Image



“ArcMap” program, which is a part of the ArcGIS suite, was used to extract Jordan’s final image product. The mosaic image included coverage from Jordan, Palestine, South of Syria, North of KSA, and a part of Iraq. Figure (4.4) shows a Jordan image. To remove extra coverage beyond the borders of Jordan (study area) the following steps were followed: 1. Make a polygon in ArcGIS that defines the area of interest, Figure 4.5.



Figure 4.5. Polygon for Jordan 2. From the Toolbox use “Extract by Mask” to extract the mosaic defined by the mask (polygon), Figure 4.6. The final Jordan image is shown in Figure 4.7.



Figure 4.6. Arc toolbox window
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Figure 4.7. Jordan Final Extracted Image 4.3



Google Earth



The main objective of using Google Earth techniques is to extract the orthophotos of the colleges other than the university main campus. The reason is that aerial images are available for the main campus and will be used to create an orthophoto. 4.3.1



Data Source



Google Earth Professional for commercial use was used for the acquisition of data for colleges. Figure 4.8 details the tools of Google Earth used during data collection, which included the following:
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Figure 4.8. Google Earth Tools



1. Search panel - Used to find places and directions and manage search results. 2. Overview map - Used for an additional perspective of the Earth. 3. Hide/Show sidebar - To hide or display the side bar (Search, Places and Layers panels). 4. Place mark - To add a place mark for a location. 5. Polygon - To add a polygon. 6. Path - To add a path (line or lines). 7. Image Overlay - To add an image overlay on Earth.



31 8. Measure - To measure a distance or area size. 9. Email - To email a view or image. 10. Print - To print the current view of the Earth 11. Navigation controls – Used to tilt, zoom, and move around your viewpoint. 12. Layers panel - Used to display points of interest. 13. Places panel - Used to locate, save, organize and revisit place marks. 14. 3D Viewer – To view the globe and its terrain. 15. Status bar – To view coordinate, elevation and imagery streaming status. 4.3.2



Data Processing



Utilizing personal knowledge of college site and landscapes, Google Earth was used to get the coordinates of the targets in the study area. An image can be saved through implementing the following steps: 1. From File menu select Save → Save image. 2. Before saving the image, decide and select the quality desired. 3. The last step is to select the destination folder in which to store the image. Table 4.1 views the thumbnails of the acquired orthophotos for all BAU colleges' campuses.



32 Table 4.1. BAU Colleges' Campus Orthophoto



Al-Hosun University College



Irbid University College



Ajloun University College



Amman University College



Zarqa University College



Princess Alia College



Usul Al-Deen College



Technological Engineering



Princess Rahma College



Aqaba University College In order to georeference these images in the GIS system, three control points are needed for each campus.
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Global Positioning System (GPS)



Aerial images are available for BAU central campus. Such images will be used for DTM extraction and orthophoto generation. This process requires ground control to be used in aerial photogrammetry. In this section, the collection of ground control points required in Aerial Photogrammetry is discussed. 4.4.1



Data Collection



The data collection consists of two stages; GPS Planning and Field Work. Following is a brief description of each stage. 4.4.1.1



GPS Planning



Planning stage is based on the selection of the points inside the area containing prominent feature to setup the instrument near, beside, above or on it. Collecting GCPs from the field is an important issue in the project so the planning procedure is explained as follows: 1. Acquiring the aerial photos from the Department of Surveying and Geomatics Engineering. 2. Analyzes the photos for area of interest, overlap and sidelap areas, and available features where GPS instruments can be setup on. 3. Good distribution of a minimum of 3 points must be realized in the area of interest. Such points must be accurately described for easy access to the site and to save time between collection sessions.
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Field Work



In the field work three GPS instruments will be used, one of them is set on top of the Engineering building as a reference and the others as rovers in the field. The type of GPS instruments used was Leica GPS System 500 Receiver, Figure 4.9



Figure 4.9. Leica GPS System 500 Receiver Six points (1, 2, 3, 4, 5, 6) are observed, point 1 is setup and started the observation followed by the rest of points. The time of observation "session" for each point is about 45 min on average. This session time was selected to ensure enough synchronization between points for more accuracy and precision (all points are synchronized about 20 minutes). SKI-PRO software was used for post processing and checking the points stored on the memory card. 4.4.2 Data Processing After finishing data collection, we have to process this data to get the request results the data type and the quality of the required results must be taken in consideration in data processing. We have different processes stages, so we have to deal with it separately to get our results.



35 1. Open the SKI-PRO software package: "Start→All Program→SKI-PRO" or from the shortcut icon on the desktop. 2. From the menu bar select "File→New Project" then enter the project name in place of "test1". 3. From the Tool menu select "Import Data" then navigate through the dialog window to the folders to be added (check the Include Subfolders box) then click the Import button. GPS raw observations may be in Leica System 200, 300 or 500 formats, optionally GPS raw observations may be imported in RINEX format, Figure 4.10. 4. The reference point "BAU" will selected as a reference which is considered as a control point while the other points are considered as rover points due to session time, Figure 4.11. 5. The base line between the "BAU" and other points is determined. We can select any synchronize points to put the first reference and the other is rover. The Point Symbol indicates that the point class is now Control (Δ) GCPs after that the baseline is ready to process. 6. All points must be stored after the adjustment to be able to deal with it and the point is shown in the background, Figure 4.12.
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Figure 4.10. Import Raw Data



Figure 4.11. Point Properties



Figure 4.12. Adjustment Dialog



37 7. New loops are selected to apply more fixed point in the computation for least square computation for higher precision. 8. After finishing the whole process, see Figure 4.13, we can show a Fieldbook Report for the observed points. The GPS Fieldbook Report in Appendix A displays the details of the adjustment.



Figure 4.13. GPS Process 4.4.3



Results



After finishing the whole process, the adjusted Coordinates of Ground Control Points are ready for use in aerial photogrammetry. These GCPs are shown in Table 4.2 Table 4.2. Coordinates of Ground Control Points (GCP’s) ID



X(m)



Y(m)



Z(m)



1



756595.6571



3546586.7257



946.8392



2



756397.3439



3546650.1481



981.4507



3



756230.1117



3546435.5633



967.1192



4



756366.2502



3546110.8425



925.3571



5



756524.4849



3545982.7916



906.2071



6



756860.1370



3546159.0933



919.7329



BAU



756638.6336



3546162.7476



957.8480
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Aerial Photogrammetry



Photogrammetry was a main source of data in our project, the main objective of using aerial photogrammetry is to obtain a DTM and orthophoto for the main campus of BAU. The flowchart in Figure 4.14 represents the processing stages in aerial photogrammetry.



Figure 4.14. Aerial Photogrammetry Processing Flowchart 4.5.1



Data Collection



The photogrammetric data includes: 4.5.1.1 •



Aerial photos Overlap percentage: usually, 60% to 70% of the covered area of any two consecutive photos on the same strip must be overlapped.



•



Side-lap: which mean 20% to 30% of the covered area of any two consecutive strips on the same block. "The block: defined as more than one strip".



•



Spatial Resolution (Pixel Dimension): it is defined as the ground coverage per pixel.
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Scale (S): defined as the ratio between the flying height (H) above mean sea level and the camera focal length (f); and it is the ratio between the distances on the photo (d) to the same distances on the ground (D).



•



S = camera focal length / Height of Camera = ab/AB



•



Film format (L x W): the length and the width of the film. Example :( 9 inch x 9 inch) or (23 cm x 23 cm) it’s more common.



Aerial photographs used in the project, Figure 4.15, have the following properties: •



Two digital aerial photos form one strip.



•



Kodak camera, digital film



•



Year of photography: 2004



•



Photos format: TIFF.



•



Overlap between any two adjacent photos about 80 %



Figure 4.15. Aerial Photos
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Camera calibration file



The camera file is important in the digital Photogrammetry process because it determines the IOP of the aerial photos. The most important parameters that the camera file determines are: the focal length (f), the principal point shift (xp, yp), fiducial marks, and radial distortion. But in this aerial photos not available camera calibration file so we use approximate parameters, which will affect surely in the solution 4.5.1.3



Ground Control Points (GCP’s)



The ground control points were collected using GPS techniques as detailed in Section 4.4. 4.5.2



Data Processing



The aerial photogrammetry processing procedure involves three main steps: Orientations Stage (IO, EO and AO), Digital Terrain Model (DTM) and Orthophoto Generation. 4.5.2.1



Orientations Stage (IO, EO, AO)



In this project, LPS software was used for the photogrammetric process. 1. Setup New Project: This is the first step when you are going to use LPS software This step includes the determination of the Project path, the Datum (WGS84), the coordinate system (Grid /State Plane UTM 36N), the longitude/latitude format (meter m), the vertical reference (Ellipsoidal), minimum and maximum ground elevation (1200m and 500m), the location of the images, type of camera and finally, the project name.



41 2. Preparations: •



In this step, we prepare the data that will be used later. In preparing the camera file (*.CAM), we define the camera used in the project and the interior orientation parameters: focal length, principal point shifts, and radial lens distortions, see Appendix B. After creating the camera file, we import the images and in this stage we define the initial EOP for the images then the program starts the importing process in which the software creates support files, the modifications for the images.



•



After importing the images, we add tie points; in this project 9 tie points were added. Figure 4.16 shows the windows for adding tie points and Figure 4.17 shows the distribution of tie points in the images.



Figure 4.16.Add Tie Points Window
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Figure 4.17.Distribution of Tie Points •



We create a ground points file (*.gpf) in which we put the GCPs -we got in Section 4.4 of this chapter- in order to use them in the next step (Multi Sensor Triangulation). Figure 4.18 shows the dialog for adding GCPs and Figure 4.19 shows the distribution of GCPs in the images.



Figure 4.18.Add GCPs
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Figure 4.19.Distribution GCPs •



Next, we started the Interior Orientation (IO which is a critical part of various import models. The units in the film space are millimeters; the units in a digitized or scanned image are pixels. So, in interior orientation we transform the coordinate system of an image from pixel coordinates to film (or Fiducial) coordinates. In this project we used the affine transformation to perform this process.



4.5.2.2



Digital Terrain Model (DTM)



The concept of creating digital models of the terrain is used relatively in most geomatics applications, and the introduction of the term Digital Terrain Model (DTM) is generally contributed to the two American engineers at the Massachusetts Institute of Technology (MIT) during the late 1950s. The definition given by them was as follows: The DTM is simply a statistical representation of the continuous surface of the ground by a large number of selected points with known X, Y, Z co-ordinates in an arbitrary co-ordinate field. The choice of data sources and terrain data sampling



44 techniques is critical for the quality of the resulting DTM. At present, most DTM data are derived from three alternatives source: Ground surveys, photogrammetric data capture (which is the data source of the DTM in this project), and digitized cartographic data sources. After solving the (IOP), (EOP), and (AOP) in Section 4.5 of this chapter, we can extract DTM using photogrammetric data capture. In LPS, to extract a DTM you have to follow automatically extract DTM (ATE), then you interactively extract the DTM (ITE) or in other words editing the resultant DTM from the (ATE) process, see Figures 4.20 and 4.21 below.



Figure 4.20. LPS Terrain Editor
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Figure 4.21. The generated DEM 4.5.2.3



Ortho Photo Generation



An orthophoto is an aerial photograph that has the geometric properties of a map. Thus, orthophoto can be used as maps to make measurements and establish accurate geographic lactations of features. Orthophotos are generated from aerial photographs and satellite images through a process known as Orthorectification. A normal (that is, unrectified) aerial photograph and satellite images does not show features in their correct locations due to displacements caused by the tilt of the sensor and terrain. Orthorectification transforms the central projection of the photograph into an orthogonal view of the ground, thereby removing the distorting affects of tilt and terrain. Generation of an orthophoto map from aerial photograph requires information on the location of the camera and its orientation in space as well as a model of the terrain elevation. Because of that we followed the data processing step by step. In this project



46 we generated an orthophoto for the study area using information obtained from the photogrammetric processing (IOP, EOP, AOP) and the DTM resulted in the orthophoto shown in Figure 4.22. We used the LPS to generate the orthophoto. 4.5.3



Result



Orthophoto and DTM became ready to use in GIS.



Figure 4.22. The Generated Orthophoto for BAU Main Campus 4.6



Close Range Photogrammetry



The main objective of using close-range photogrammetry in the project is to build three dimensional of the University Statue which is in the central area of the university’s main campus and connecting it with the Geo-database. The flowchart in Figure 4.23 represents the typical stages in close-range photogrammetry processing.
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Figure 4.23. Close Range Photogrammetry Processing Flowchart 4.6.1 4.6.1.1



Data Collection Camera



In this project, we use Nikon camera, see Figure 4.24. Table 4.3 summarizes some characteristics of Nikon camera.



Figure 4.24. Nikon Camera



48 Table 4.3. Summary of Nikon Camera Specifications Imager



CCD sensor



Imager total pixels



5.47 million pixels



Imager effective pixels



5.33 million pixels (4028 x 1324



Street Price



US$ 6000 (body only)



Camera Type



Lens-interchangeable SLR-type digital camera



Body Material



Magnesium alloy, resistant to penetration by water drops



Color filter array



Primary (RGBG) color filter



Imager ratio



3:2



Imager size



23.7 x 15.6 mm



Cell size (pixel size)



5.93 x 11.89 µm



Pixel density Imager output 4.6.1.2



Horizontal: 168 lines/mm Vertical: 84 lines/mm 12-bits per pixel



Image Data Acquisition



Image data acquisition include two stages: taking calibration photographs and taking building photographs 1. Taking calibration photographs. To calibrate a camera, six or more photographs taken from different angles of a dense point grid are needed. Twelve photographs are taken for this project. It is very important to note that the grid should fill as much of the photograph as possible. The constraint on size is that the four control point locations must all appear in the photograph and must not be cut off by the edge of the photograph, Figure 4.25.
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Figure 4.25. Control Point Location 2. Taking building photographs In multiple photo projects each point or feature that is to be modeled should appear on two or more photos. When planning the photographs, care should be taken to ensure that all the desired points and detail will be captured in the photographs. The close-up photographs capture the details and the overall long distance photographs capture the whole facade. The strategy of taking images for BAU Statue was: 1. Set the camera at infinity focus (No zooming). 2. Multiple exposures with varying orientation are often taken at each camera station to strengthen the solution for the detection and removal of the systematic errors. 3. Camera stations typically surround the workspace in order to obtain the convergent image ray geometry at all points.



50 4. Overlap between photos at the same part approximately 100%, and between two parts 20%. 5. Take control information. Totalstation was used to collect control points all over the Statue). 6. Use the same distance for photography as much as possible. But we were forced to change distance because the object is too large. 7. Select homogenous illumination (plan the best time of day). 8. Wide angle is better than narrow angle for all- around photography. 9. Base distance ratio 1:4. 4.6.1.3



Total Station Measurements



A survey network with a local datum definition establishes a basis for all further measurements. Common is a layout as a closed traverse. If required, more traverses can be adjusted to the basic coordinate definition. The network provides survey positions and control points for appropriate free positioning of a total station. Control points for photogrammetric orientations and points of interest are calculated by spatial intersection or measured directly with reflector less distance measurement. Photogrammetric control points have to be marked in images for identification with a unique point number. Table 4.4 lists 18 points that were taken all over the Statue.



51 Table 4.4.Control Points by Total Station Point ID



X(m)



Y(m)



Z(m)



Point ID



X(m)



Y(m)



Z(m)



a



0



0



950



9



4.972



3.679



0.443



b



4.081



-13.489



-0.079



10



5.147



2.309



0.460



c



100



100



0



11



5.127



-1.67



0.346



1



5017



-1.01



0.383



12



7.291



-1.235



0.411



2



5.601



-0.668



0.359



13



9.121



-2.688



0.502



3



6.567



-0.444



0.355



14



7.927



-4.051



0.469



4



7.158



-0.517



0.267



15



10.644



-3.202



-.119



5



3.202



-0.690



0.359



16



8.813



-5.332



-0.129



6



5.360



1.814



0.350



17



5.693



-1.84



0.508



7



2.161



-0.319



0.052



18



6.715



-1.553



0.517



8



4.866



2.895



0.028



4.6.2



Data Processing



Close-range photogrammetry processing procedure in Photo-Modeler is typically implemented in five main steps: Calibration Process, Creating New Project, Marking and Referencing, Processing and Adjustment, Geo-Referencing the Models and finally Exporting the Model. 4.6.2.1



Calibration Process



PhotoModeler can use photographs taken by different types of cameras. For PhotoModeler to use the image information in a photograph, it needs values for some specific parameters of the camera. Generally we need to know the focal length of the lens, the digitizing scale (which is the CCD format size of a scanner or digital camera) and the principal point (where the optical axis of the lens intersects the photograph).



52 To get improved accuracy, we also use parameters that describe the distortion characteristics of the lens. Steps in Camera Calibration: 1. Decide on which camera and focal length you will be using in your PhotoModeler projects. 2. Decide on the size and type of Calibration Grid you will use. 3. Take the 6 or more photographs of the grid. 4. Start PhotoModeler Pro and start a new Project (toolbar or menu). 5. Choose the “A PhotoModeler Calibration project” option on the first New Project Wizard pane. 6. Follow through the wizard as with other new projects, and give the camera a unique name, specify its type, provide any requested information, add the photographs of the grid, and finish the Wizard. 7. If this is a film camera with fiducials, close Camera Calibration Dialog that has opened, open your photographs and mark your fiducials. 8. Press the Execute button on the Camera Calibration Dialog. 9. If the calibration succeeds, you can then close the dialog and save your project (.pmr) and/or camera file (.cam) for use in future projects. See Camera Calibration in (Appendix D). 4.6.2.2



Creating New Project



In creating a new project, PhotoModeler has a specialized wizard that guides the user throughout the necessary steps:



53 1. Setup approximation project size and unit. This wizard screen prompts for the units of measure you would like for data entry and data display as well as a rough object/project size. This rough size is used as a base estimate for sizes and measurements reported by PhotoModeler. 2. Setting the camera parameters The camera setup wizard guides you through setting up a camera for use with PhotoModeler. The term "camera" is used to refer to all the equipment used to turn a real-world view into a digital image. 3. Add\Remove photos. When you press the Add/Remove Image(s)... button the photo import dialog will open allowing you to import or remove images from the project. When you close the Add/Remove Photographs Dialog the import images wizard screen will update to show you all the images currently in the project. See Figure 4.26. Select at least two photos with different angles in order to perfect solution.



Figure 4.26. Importing Images



54 4. Finished new project. You have reached the end of the project setup wizard, steps 1, 2 and 3 have been completed, and when you press the finished button a new project will be created. 4.6.2.3



Marking and Referencing



1. Marking: is the process of creating and positioning an object on a photograph. Points, edges, curves, cylinders and fiducials are items marked on photographs. 2. Referencing: is the process of telling PhotoModeler that marks on two or more different photographs represent the same physical object in space. •



Start Reference mode by selecting "Reference Mode" in the Referencing menu.



•



Pick the photographs which will act as the source photo and destination photo.



•



Mark a point on source photo and then reference it in destination photo, then choose the third photo as destination and reference the same point, See Figure 4.27.



Figure 4.27. Point Marking and Referencing
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Processing and Adjustment



Processing is an iterative process; it repeats a sequence of steps as many times as necessary to determine the location of each point and edge in three dimensions and to minimize the total error. 1. Mark referenced points distributed all over the overlapping area between photos and references them, then press process. The 3D processing was successful and the total error was 3.3, See Figure 4.28. We need at least 6 reference points between every two photos to solve the relative orientation.



Figure 4.28. Processing Dialog 2. Click on 3D viewer option, pick points (point), the 3D Viewer shows all the points in the project that have valid 3D locations. See Figure 4.29.



Figure 4.29 3D Viewer 3. Check the process results from points table, Figure 4.30. This table displays information about object points in the currently open project. The most important elements in this table are: •



X Y and Z location and precision for each point.
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Figure 4.30 Point Table •



RMS (root mean squared) residual (pixels): amount of difference between an expected and calculated value.



•



Tightness (%): value used to indicate the accuracy of an Object Point's photo markings in conjunction with the accuracy of the camera station orientations.



•



Angle (deg): The angle between the light rays, the ideal case is that the angle between the light rays defining a 3D Point are at 90 degrees to one another. It is reasonable to have angle intersections between 30 and 90 degrees. When the angles get too small, PhotoModeler cannot compensate well for errors and this might reduce the 3D model accuracy. Angle Intersection cannot be computed until the photographs have been oriented.



4. Mark each lines and curves within small area and reference them, Figure 4.31. Then draw surface using path surface (we can't draw surface for unreferenced object) the result will be as in Figures 4.32 and 4.33. 4.6.2.5



Geo-Referencing the Models



After collecting the points in previous section the points well transform from local coordinate system to global coordinate system (UTM zone 36 North) using AutoCAD program.
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Figure 4.31 Marking Linens and Curves



Figure 4.32 3D Viewer of Lines and Curves



Figure 4.33 3D Viewer of Texture
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Export Model



Different parts of the project 3D data can be exported, in different forms and to different file formats. The 3D Model Export Dialog controls all the options for export of all the 3D model data from PhotoModeler for use in external CAD, graphics, animation and rendering packages, Figure 4.34.



Figure 4.34 3D Model Export Dialog The DXF file format is supported by virtually every 3D package so it is a good format for sharing geometry but it is limited in the type of data it can transfer. You cannot export texture maps, nor fully-defined materials in the DXF format. 4.6.3



Result



University Statue became ready to use in GIS. 4.7



Geographic Information System (GIS)



Any map is a picture of where things are, generally associated with our planet and its geographic or man-made features. Road maps, hiking maps, maps to Hollywood stars, and all sorts of other maps provide a sense of place and often help you get from one



59 place to another. In this project, there are two data sources for GIS: Hard-Copy Maps, and Existing Layers. 4.7.1



Data Source



In this project, there are two data sources for GIS: Digital-Copy Maps, and Existing Layers. 4.7.1.1



Digital-Copy Maps



Maps can be defined as extremely accurate sketch which simulate the reality with three fundamentals special effects. The first is the map scale that applies the ratio between any distances on the map to the same distance on the ground; such as: •



Small map scale > 1:250 000



•



Medium map scale > 1:100 000 and < 1:250 000; used to determine the regions boundaries.



•



Large map scale > 1: 25 000 and 


•



Details map scale < 1:25 000; used to any civil applications.



The second, it is the map projection which is defined as regular geometrical shape such as cylindrical, conical; that applied by equation to make transformation from the Earth coordinates (Three dimensions) to the map coordinates (Two dimensions), this transformation preserve the distance or shape or area; such as in the Universal Transverse Mercator (UTM), Figure 4.35.
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Figure 4.35 UTM Projection and Zones Earth The third is to determine the coordinates systems such as geographic coordinates (longitude, Latitude and height) or Cartesian coordinates (X, Y and Z); notice that for coordinates systems the reference axis and origin point must be determined; for example to the terrestrial reference frame it is the World Geodetic System (WGS 84). Therefore, it is important to collect the maps with the suitable projection system and scale. Maps have to cover the study area. The purpose of the maps collection is to determine the areas, the distances, to collect the Ground Control Points (GCPs) and to collect the Aerial photos or satellite images that covering the study area. So, maps collection is fundamental equipments for any surveying application. After that many processing, computations and analysis must be done to extract the purpose that you need from the maps. In this project one map was available Jordan governorates, and we use it to digitize the governorates boundaries using ArcMap.



61 4.7.1.2



Existing Layers



•



Amman roads(without naming)



•



Jordan main roads( without naming)



4.7.2



Processing



The processing will be shown in Chapter 6.



62 CHAPTER 5 TRANSPORTATION DATA MODEL



5.1



Introduction



Geographic information systems have long been recognized as a valuable tool for the representation and analysis of transportation networks and related activities. A wide range of users employs GIS for Transportation (GIS-T) in the context of an even larger group of applications. A brief look at the history of GIS-T can help us understand how transportation data models have developed, how they have been used to answer questions about transportation issues, and in what ways they can be expanded and integrated. 5.2



What is GIS Transportation



Geographic information systems have proven to be an integral tool in addressing the needs of transportation managers. Through the well-established vector data structure, GIS has provided an efficient means for organizing basic transportation-related data to facilitate the input, analysis, and display of transport networks. While these basic objects are necessary for virtually all transportation applications, they are not sufficient for any comprehensive management or planning process. It has become increasingly obvious that a much wider range of transportation-related objects are essential for advanced transportation planning and management tasks. The Unified Network for Transportation data model presented here endeavors to identify and organize these objects
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Application of GIS Transportation Data Model



Since the field of GIS-T is so broad, it is not surprising that the applications built within that field are very diverse. It would be a monumental task (if not an impossible one) to list all of the possible applications of GIS-T, but just a small sampling is listed here as examples: •



Accident Assessment and Prevention



•



Railroad Crossing Maintenance



•



Alternative Transportation Planning



•



Recycling Collection



•



Asset Inventory and Management



•



Road Surveying and Engineering



•



Bicycle Lane Maintenance



•



Sand and Salt Spreading



•



Bicycle Route Development



•



Sanitation Services



•



Bridge Inventories



•



Snow Plowing and Removal



•



Bus Route Development



•



Street Closure Permitting



•



Capacity Planning



•



Street Lighting



•



Construction



•



Street Paving and Pothole Repair



•



Curb Maintenance



•



Street Signage



•



Emergency Dispatch and Route Planning



•



Toll Collection



•



Evacuation Planning



•



Traffic Counts



•



Fleet Management



•



Traffic Demand Modeling



•



Hazardous Waste Transport



•



Traffic Signaling and Control Devices



•



Highway Traffic Management



•



Trash Collection



•



Intersection Inventory



•



Transit Route Design



•



Location Referencing Systems



•



Transit Stop Inventory



•



Package and Service Delivery



•



Travel Surveys



•



Pavement Maintenance



•



Travel Time Forecasting



•



Pedestrian Traffic Management



•



Trip Reduction Programs
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GIS-T Data Models



In addition to the broad scope of the field of GIS-T, the wide range of applications within that field, and the diverse group of practitioners, one must consider that the process of data modeling can also be very broadly defined. That is, a data model can mean many different things to different people. In the most general sense a model can be any structured set of ideas or objects. It can be a set of rules, relations, or equations. It can be a representation or a synthesis of data. In practice, several sets of GIS-T data models have evolved over time. For the purposes of the very brief review provided here, these models are loosely divided into three groups: Network Models, Process Models, and Object Models. Within each of these groups each individual model has a specified scope and purpose, which it is not our intent to review in detail here. Because of these differences, these GIS-T data models should not be seen as competing with one other but rather as complementary element that have worked together to make GIS-T the dynamic field that it is today. Each of these models represents a structure that has been accepted by a group of users, and each must be respected for its utility. This section will briefly discuss some of the more prominent GIS-T data models as a guide to which we can refer when describing transportation objects or activities. The development process of the ArcGIS Transportation Data Model has benefited from each of these models and seeks to provide a structure that can integrate with any of them. 5.4.1



Network Models



Since the transportation network is a central element to so many GIS-T applications, the underlying network representation is of primary importance. Networks are generally represented as a set of points and a set of lines that represents connections



65 between those points. Although the points may be referred to as nodes or vertices, and the lines may be called arcs or links, the idea of connectivity is independent of the terminology used. The connectivity of a network is often referred to as its topology. Networks that are constructed from these sets of lines and points have certain provable topological properties, and there is a branch of mathematics called Graph Theory that explores those properties. When these topological properties are known, it is possible to specify a network model that is most appropriate for a specific group of applications. By far the most prolific network structure for GIS-T applications has been the model accepted by the U.S. Bureau of the Census for its Topologically Integrated Geographic Encoding and Referencing (TIGER) files. The TIGER model had developed from some earlier network data models, and it was marked by its adherence to the principle of planar enforcement. Planar enforcement simply means that all lines in the network are forced into a single plane, and all intersections of lines are defined in that plane. Therefore, everywhere two lines in the network cross there exists a node in the TIGER network model. This model proved to be extremely valuable to the Bureau of the Census because the planar enforcement enabled the creation of polygonal boundaries from the lines that made up the network. Since the Bureau of the Census is charged with placing the residence of every United States citizen into a polygon for the purpose of apportioning seats in the House of Representatives, this property was essential. For many other users the TIGER files became extremely important for different reasons. First, the TIGER files provided national coverage of the transportation network and other features. Secondly, the TIGER files were in the public domain and,



66 therefore, could be quickly and inexpensively input and employed for analysis. The demographic information collected by the Bureau of the Census in combination with the spatial reference files provided ample opportunities for geographic research. For these and other reasons the TIGER files are still a dominant data source for many GIS users, and they are the basis for much value-added data that is produced today. However, those who were charged with developing transportation-related applications found that the planar-enforced TIGER model presented several difficulties. First, many transportation applications are not concerned with the polygons that may have transportation features as their boundaries. It is the transportation features themselves that are of interest. Secondly, the planar enforcement that was needed to generate polygons also had the effect of splitting transportation features into many small segments whenever two features crossed in the plane. This occurred whether the intersection was between two transportation features or between a transportation feature and some other type of feature such as a municipal or county boundary line. Therefore, there were many "intersections" in the network data structure that did not correspond to any actual intersection in the transportation network at all. Furthermore, this unneeded proliferation of network segments unnecessarily complicated data entry and maintenance functions. Perhaps even more important, there were intersections in the transportation network that were not accurately represented by the intersections in the network model. A common example is that of the bridge/tunnel intersection—also known as a "brunnel". A brunnel can be a type of intersection between transportation features, but it is not one where any turns can take place. Therefore, any routing algorithms or other



67 processes had to be informed about these types of intersections through the addition of turn restrictions or other impedances. These problems for the use of network models within GIS for transportation applications were not insignificant, and although many different workarounds were proposed for these problems they often took substantial time and effort to implement. For this reason many transportation professionals sought solutions for their application needs outside the boundaries of GIS. Others persevered, however, given the spatial analytic and cartographic advantages that GIS could offer. In the recent past several innovative developments have occurred in the area of network modeling—most notably, the development of nonplanar network models for transportation that relax the requirements imposed by planar enforcement. These allow for a more useful and accurate representation of transportation features and their interconnections. There has also been innovative functionality for the editing and maintenance of such networks. Many of these advances have occurred within GIS. Research continues to provide advances in the flexibility and utility of network models for transportation applications 5.4.2



Process Models



Data modeling for transportation is most certainly not limited to the structure of the transportation networks. There is a group of models that is concerned with how transportation activities are conducted. Instead of focusing on any single element of a transportation procedure, these models seek to organize many elements into a model that defines a process by which some transportation planning or maintenance activity can take place.



68 Perhaps the most widely known transportation process model is the Urban Transportation Planning System (UTPS)—also known as the 4-Step travel demand model. Although there are many variations of this model, the four essential elements in this system are •



Trip Generation



•



Trip Distribution



•



Modal Split



•



Traffic Assignment



Thus, travelers are considered based on their origins and destinations, the modes of transportation (bus, car, bicycle, train) they use are investigated, and the network over which they travel acts as the supply of transportation resources available for the entire system. By building UTPS models forecasts can be made about the demand for transportation resources under different conditions. If construction is scheduled for some part of the network, or if new network segments are to be added, a UTPS model can help determine the changes in transportation demand that will result from such changes. These forecasts allow transportation professionals to plan for future transportation needs in their geographic areas. Several software packages have successfully implemented UTPS transportation systems and much effort and resources have been expended on applying these systems to major transportation networks. Today, some transportation professionals are looking beyond the UTPS systems to GIS for additional capabilities. Another set of prominent process models has been concerned with the process of implementing multimodal transportation location referencing systems (LRS). The National Cooperative Highway Research Program (NCHRP) has supported such an



69 effort (commonly referred to as the 20–27 models based on the NCHRP Project number), and several of the resulting iterations of LRS models have gained substantial support among transportation professionals. Generally speaking, these models have defined a linear datum that can serve as a base for many different network representations (both logical and cartographic). This datum is composed of anchor points and anchor sections that connect the points. Once the datum is constructed, transformations can be made between logical network models or cartographic representations of those models. Most important, this datum allows the capture of location references based on well-defined locations in the field. Any transportation element of interest can then be located based on its reference to this datum. This location referencing process is of great utility to many transportation professionals who must maintain the transportation network and its associated assets. Location references can be used to direct maintenance crews to the location of a traffic sign that needs to be replaced. A location reference can be used to guide construction crews to a location along a network segment that needs to be repaved. Location references can be used to create inventories of assets or the conditions of those assets. By implementing a process of location referencing, and capturing these references for the management of transportation networks, information can more easily be shared among different agencies. Many other transportation process models exist, and it could be said that virtually every transportation management agency implements its own variation of a process model considering its particular scope and requirements. For the purposes of this review it is important to note that process models are common and that transportation



70 elements must be able to be associated in order to satisfy the needs of application developers who must implement such process models. 5.4.3



Objects Models



The last general group of transportation models considered here are termed object models. Object models are those that seek to identify or enumerate as many transportation objects as possible and logically organize them in such a way that they can be most profitably used. A notable effort to accomplish these goals is referred to as the Geographic Data Files (GDF). GDF has been developed in Europe and describes road and road-related data. It specifies rules for data capture and the attribution of objects. GDF specifies topological relationships and has several levels of description for different representations of objects. Related to this type of object model is the idea of an enterprise GIS-T data model. Enterprise models recognize that many elements must be combined to provide an effective transportation system. Thus, enterprise models integrate network models and process models with cartographic entities. The relationships among them can then be defined. Finally, there are several standards that have been developed or are currently under development that promise to increasingly improve the ability to integrate and share data sets. Since the work presented in this document is an essential data model rather than an effort to define another standard, we will not review those standards at this time. However, we hope to provide a data model that will act as a practical transition between the user's application of transportation data and the standards that have been



71 implemented in the creation of that data. We hope to support the standards that play an integral role in defining the transportation GIS community 5.5



Creating Geodatabase with the ArcGIS XML



This section will describe the process of exporting the Geodatabase from XML file that download from ESRI web site http://support.esri.com/downloads/datamodels Te steps of create the geodatabase is 1. In ArcCatalog create a new Personal Geodatabase in which the empty schema will be downloaded from ESRI website



Figure 5.1. First step in creation work



2. In ArcCatalog select the new Personal Geodatabase, and use the Schema Wizard Tool to import the Transportation model from the MS Repository (Note: You may need to add the Schema Wizard Tool to your toolbar with Tools/Customize/ Commands/Case Tools).
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Figure 5.2 the second step in creation



Figure 5.3. The Schema Wizard
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Figure 5.4. The Schema Wizard



3. For each feature data set you must define a spatial reference The spatial reference define as the follow Click Edit, then either • Select a predefined coordinate system. • Import a coordinate system from an existing geodataset.



Figure 5.5 Feature Dataset Properties
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Figure 5.6. Spatial Reference Properties 4. Navigate to the location of the geodatabase that contains the spatial reference to import, and double-click (or single-click, then click Add).



Figure 5.7. Browse For Dataset
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Figure 5.8. Spatial Reference Properties 5.6



Topology Rules



Topology rules must be done and this table shows the topology rules sample Table 5.1. Topology Rules Sample
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Summary



Following good GIS database design principles will result in an application that truly serves the user's needs. As part of that process, the ArcGIS Transportation model can be used as a starting point for a wide range of applications. Both the Analysis Diagram and the UML Diagrams can be modified in the Visio software package to most accurately reflect the goals and objectives of the application. The UML can be used to create an empty geodatabase structure within ArcGIS. That schema can then be populated with data. The result is a geodatabase designed with the needs of transportation users in mind and prepared for use with applications focused on transportation management.



Figure 5.9. the data model objects in a tree view



77 CHAPTER 6 GEO-DATABASE



6.1 Introduction This chapter talks about a entering the data ready from the chapter four and Chapter 5 in GIS. Table 6.1 included names of names and location. Table 6.1. BAU List of Campuses



6.2



No.



Name



Location



1.



Irbid University College,



Irbid



2.



Al-Hosun University College,



Irbid



3.



Ajloun University College,



Ajlun



4.



Princess Alia University College



Amman



5.



Amman University College



Amman



6.



Usoul Eddin College



Amman



7.



Technological Engineering College



Amman



8.



Zarqa University College



Al-Zarqa



9.



Princess Rahma University College,



Al-Salt



10.



Central Campus



Al-Salt



11.



Aqaba University College



Aqaba



Input Data



We have the following available input data •



Spatial: Shape file for Jordan and roads.



•



Digital copy maps: maps for Jordan Governorates.



78 •



Attribute data.



•



Satellite image for Jordan.



•



Orthophoto for center campus.



•



3D model for Logo University.



6.3 6.3.1



Attribute date in the layers Roads layer 1.



ID



2.



Name



3.



Type



4.



Shape



5.



Length



Figure 6.1. Attribute table of Roads layer.
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BAU campus 1.



ID



2.



Location (X, Y)



3.



Name



4.



City



5.



Governorate



6.



Established Date



7.



Number of student



8.



Number of employees



9.



Shape



10.



Program



Figure 6.2. Attribute table of BAU campus



Figure 6.3. Attribute table of BAU campus
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Governorate 1.



ID



3.



Area



2.



Name



Figure 6.4. Attribute Table of Governorates Layer



6.4



Date processing



Figure 6.5. Processing Flowchart
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Projection System



For input data: JTM / ED 50. For developed layers: UTM Zone 36 / WGS84. 6.4.2



Scanning



The first step is Governorates Maps for Jordan including the selection of the area to be scanned, reviewing procedures, and selecting the desired resolution. Higher resolution gives better detail but makes much larger data files and takes more time than the lower resolutions. Map pre-processing involves cleaning the map of stains, specks, and other useless marks that make" data noise". A clean map reduces the editing process. When possible "Clutter" should be removed such as annotation text, map symbols and other element that do not contribute to the features. Finding real-world coordinate control points for later georeferencing is also necessary. 6.4.3



Registration



GIS data files usually must have a real world coordinate system (such as latitude longitude) if they are to be suitable geographic data. The process is termed georeferencing, defined as registration or fixing data to a standard coordinate system, thereby linking the map to the earth. The best method of establishing a proper georeference is to define at least four reference points (sometimes called tic points) around the area being digitized (close to the comers if possible), each with a precisely known real world coordinate position that is typed into the program. With known reference points, digitized features can be properly located on the earth
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Digitizing



In our case the digitizing has been done after the georeferencing, GIS data files are usually to point, line and polygon features each type much be digitized separately for example point can't be digitized with line features, when digitizing from a general reference map, careful planning is needed to ensure that every feature of a given type is located and digitized 6.5 6.5.1



Output Data Arc Map



Figure 6.6. ArcMap Final Jordan’s Map



6.6



Problems



We was hoping to automate finding shortest bath between two campus and we found the way in Arc GIS Burt our university have not license for this tool
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7.1



Introduction



The main objective of this chapter is to introduce a web interface which is mainly deigned to display the project and to enable the researchers and the interested to make use of this project using the GIS\IMS and ASP.NET. 7.2 7.2.1



GIS/IMS Introduction



The tremendous growth in Internet use has resulted in an increased demand for the delivery of geographic data, maps, and applications over the Internet. ArcIMS enables central building and delivery of maps, data, and tools over the Internet. ArcIMS takes advantage of the Internet technology that makes it possible to share information and data with many users, either locally or around the world. Using ArcIMS, can author maps and publish them to a Web site, complete with map navigation and query tools. Using the ArcIMS security features allows to regulate access to the services delivered over the Internet. One of the key features of ArcIMS is its ability to integrate geographic data from many sources. Publishing Maps, Data, and Metadata on the Web ArcIMS is a server-based product that provides a scalable framework for distributing GIS services and data over the Web. ArcIMS provides Web publishing of GIS maps, data, and metadata for access by many users both inside the organization and outside on the World Wide Web. ArcIMS enables Web sites to serve GIS data, interactive maps, metadata catalogs, and focused GIS applications. ArcIMS users access these



84 services through their Web browsers using HTML or Java applications that are included with ArcIMS. In addition, ArcIMS services can be accessed using many different clients including ArcGIS Desktop, custom applications created using ArcGIS Engine, ArcReader, ArcPad, ArcGIS Server, MapObjects—Java Edition, and a wide variety of mobile and wireless devices.



Figure 7.1. ArcIMS Why Use ArcIMS? With ArcIMS you can • Publish high-quality interactive maps that can be accessed by thousands of people simultaneously over the Internet. • Integrate data from multiple sources (Internet or local) and serve it on the Web.



85 • Make your maps, data, and metadata accessible using a variety of clients (mobile, desktop, browser). • Use the highly scalable server architecture to accommodate growing demand for your services without having to rebuild applications. • Create a central repository for publishing and browsing metadata. • Make your GIS content more accessible by publishing metadata about your services. How Is ArcIMS Used? ArcIMS is used for GIS Web publishing. Its primary focus is Web delivery of geographic data, maps, and metadata. The following examples illustrate the main application functions of ArcIMS. Focused application delivery—ArcIMS can be used to deliver GIS to numerous internal users or to external users on the Internet. ArcIMS provides data access and simple, focused applications to users through a Web browser. Publishing for professional GIS users—many organizations publish GIS data for GIS professionals both within and outside their organization. Such ArcIMS applications are focused on data sharing between GIS professionals. The intended uses of the data are not necessarily well known ahead of time and can vary from user to user. GIS professionals use the data in their GIS along with other information to accomplish many tasks. Technology for GIS networks—GIS Web publishing with ArcIMS is often the initial step in the implementation of enterprise GIS. GIS organizations publish and deliver GIS data and services to a broad audience, often across several departments. ArcIMS



86 is important for building all the parts of a GIS network. ArcIMS includes tools for building a GIS portal with a metadata catalog such as search and discovery, data and metadata harvesting, gazetteer functions, and Web mapping applications. Who Uses ArcIMS? The geopublishing capabilities of ArcIMS appeal to governments, businesses, and organizations that need to provide geographic-based data and services on the Web both publicly over the Internet and within the organization over an Intranet. ArcIMS is used to provide city and county land use information, real-time traffic information, store location maps, business relocation and home buyer services, and countless other services. ArcIMS Structure



Figure 7.2 Arc\IMS Structure Advantages ArcIMS publishes the GIS data and services via the Web, it has an open and scalable architecture, it is used to establish a common platform for distributed GIS, and it has a wide data access and sharing.



87 7.2.2



Arc\IMS Web Page



In this project we used Arc\IMS to view and use our layers in the World Wide Web. This Page includes four layers; campus, roads, Jordan boundary and governorates. See Figure 7.3.



Figure 7.3.ArcIMSt



7.3 7.3.1



ASP.net Introduction



With .NET, Microsoft is formalizing a vision of an Internet made up of an infinite number of interoperable Web applications or services, which will operate in concert to form a global exchange network. The .NET Framework is really a strategy to tie disparate platforms and devices together, moving data around in a far more efficient



88 manner than it is currently. .NET is Microsoft’s platform for Web Services. Web Services allow applications to communicate and share data over the Internet, regardless of operating system or programming language. The Microsoft .NET platform includes a comprehensive family of products, built on Internet standards such as XML and HTTP that provide facilities for developing, managing, using, and experiencing XML Web services. There are five areas where Microsoft is building the .NET platform: .NET Experiences, Clients, Services, Servers, and Tools. 7.3.2



Description of Web Page



This Page includes in the head of web page Logo BAU, five buttons and image button. Look Figure 7.4.



Figure 7.4. ASP.net Interface
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Five buttons are: 1. Jordan button it is opening to page contains information about history, political and image location in Jordan. 2. Al-Salt button it is opening to page contains information about history this city and location of it 3. BAU button it is opening to page contains images button and each image button it’s include information for BAU and colleges. 4. GIS button it is opening to page contains GIS\IMS program it’s do it in last section on this chapter 5. Connection button it is opening to page contains information about our project and the way to contact us.



•



Image button:



It is include Video about BAU and it colleges
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8.1



Introduction



At the end of this project, we attended the following results: •



Satellite images for all Jordan.



•



Orthophotos of the colleges outside the centre.



•



Ortho Photo and DTM of main campus.



•



Three dimensional of the University Logo.



•



Plan, design, and implement a Geographic Information System for BAU central campus and other colleges throughout Jordan. This will include a transportation layer using full topology relationships.



•



Web interface for the project.



8.2



Conclusion



In this project we had been applied of many sciences that started from inputs data, ended with the outputs data. Therefore, the results were highlighted for all processing stages as will as the following: 8.2.1



Conclusion on GPS Points



In this step we determine the objectives and the requirements as mentioned before. •



Global Positioning System (GPS) is suitable system and easy to establish GCP.



•



Global Positioning System provides different method to collect GCPs (Single Point Positioning and Rapid Static Strategy).
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Conclusion on Photogrammetric Process



In this step we determine the objectives and the requirements as mentioned before. •



The number of control point is very important to establish high accuracy.



•



The distribution of control point is very important in Photogrammetry processing.



8.2.3 •



Conclusion on GIS Is an important software and useful to generate map (layers) with attribute tables.



8.2.4 •



Conclusion on Close Range Photogrammetry Image acquisition condition is necessary to solve the model (angel, time, etc…..).



•



The distribution of control point is very important in Photogrammetry processing.



•



Number of control point in each model is important to solve the parameters.



•



PhotoModeler is suitable and easy to extract 3D model with real position and texture.



•



Camera calibration is important to match images characteristics.



•



Images should be with the same resolution to eliminate some problems.



•



Number of tie points is necessary in order to get good 3D model with good texture.



8.3



Recommendations for Future Work •



Completing our database including the other undersides in Jordan.
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Building 3D model for other buildings in BAU campus using close range Photogrammetry technique



•



Create orthophotos and DTM for other BAU campus



•



Complete the transportation network
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94 GLOSSARY OF TERMS Accuracy: Accuracy refers to the quality of the nearness to the truth if one assumes no biases in the measurement procedure. Accuracy represents the relationship of a set of features to a defined reference system and is expressed as the RMSE of a set of derived points. Attribute: Data description, characteristics, or quality, describes or explains the Observations (records). Coordinate system: location system using an X-Y (horizontal and vertical) grid to permit accurate Earth location of a feature. Digital elevation model (DEM): data set of gridded digital surface data, expressed in elevation measures, which can be shown in either 2D (flat view) or 3D (realistic perspective). Digitize: To convert maps or images into digital data. Georeference: Properly aligned or registered to a fixed coordinate system. Geospatial Database: it is a database that contains data pertaining to the location, shape, and relationships among geographical features. These can be classified and stored as point, line, area, polygon, grid cell, or object. GIS: Geographic Information System. A computer-based technology and methodology for collecting, managing, analyzing, modeling, and presenting geographic data for a wide range of applications. GPS: Global positioning system. A system of satellites that transmits signals used by special receivers on the ground for precise determination of location, sometimes within meters. Hard copy: A map or geographical depiction of a theme on paper.



95 Information: Data combined and integrated to indicate something; meaningful data. Mosaic: it means the combination between sequent overlapping of aerial photos and the same concept of satellite images if the coordinates of each image was correct. Projection: a special shape used to fit a portion of the globe onto a flat view; converting spherical data to 2D presentation. Remote sensing: Gathering data some distance from the target. Root Mean Square Error (RMSE): One determines the RMSE by calculating the deviations of points from their true position, averaging the squares of such deviations, and then taking the square root of the average.



96 APPENDIX A



GPS REPORT ************************************************************ ** ** ** M O V E 3 Version 3.1.5 ** ** ** ** Design and Adjustment ** ** of ** ** 3D 2D and 1D Geodetic Networks ** ** ** ** www.MOVE3.com ** ** (c) 1993-2002 Grontmij Geo Informatie bv ** ** Licensed to Leica Geosystems AG ** ** ** ** test1 17-10-2007 12:03:56 ** ************************************************************ 3D minimally constrained network on WGS 84 ellipsoid STATIONS Number of (partly) known stations 1 Number of unknown stations 6 Total 7 OBSERVATIONS Directions 0 Distances 0 Zenith angles 0 Azimuth angles 0 Height differences 0 GPS coordinate differences 27 (9 baselines) Known coordinates 3 GPS transformation parameters 0 Total 30 UNKNOWNS Coordinates 21 Orientations 0 Scale factors 0 Vertical refraction coefficients 0 Azimuth offsets 0 GPS transformation parameters 0 Deflections of the vertical 0 Additional transformation parameters 0 Total 21 Degrees of freedom 9 ADJUSTMENT Number of iterations 1 Max coord correction in last iteration 0.0000 m TESTING Alfa (multi dimensional) 0.2876 Alfa 0 (one dimensional) 0.0500 Beta 0.80 Critical value W-test 1.96 Critical value T-test (3 dimensional) 1.89 Critical value T-test (2 dimensional) 2.42 Critical value F-test 1.20 F-test 0.070 accepted Results based on a-posteriori variance factor ELLIPSOID CONSTANTS Ellipsoid WGS 84 Semi major axis 6378137.0000 m Inverse flattening 298.257223563 INPUT APPROXIMATE GPS COORDINATES



97 Station



Latitude



po1 32 01 34.94317 N 35 43 po2 32 01 37.16260 N 35 42 po3 32 01 30.33746 N 35 42 po4 32 01 19.69191 N 35 42 po5 32 01 15.40859 N 35 42 po6 32 01 20.85406 N 35 43 ref bau 32 01 21.15354 N* 35 43 INPUT OBSERVATIONS Station Target St ih DX ref bau po1 DY DZ DX ref bau po2 DY DZ DX ref bau po3 DY DZ DX ref bau po4 DY DZ DX ref bau po5 DY DZ DX ref bau po6 DY DZ DX po1 po2 DY DZ DX po3 po4 DY DZ DX po5 po6 DY DZ INPUT STANDARD DEVIATIONS OF OBSERVATIONS Station Target Sd abs DX ref bau po1 0.0163 DY 0.7965 DZ 0.6636 DX ref bau po2 0.0154 DY 0.8307 DZ 0.7081 DX ref bau po3 0.0067 DY 0.8545 DZ 0.6466 DX ref bau po4 0.0121 DY 0.8498 DZ 0.6223 DX ref bau po5 0.0078 DY 0.9205 DZ 0.8140 DX ref bau po6 0.0075 DY 0.9328 DZ 0.8446 DX po1 po2 0.0329 DY 0.8213 DZ 0.7043 DX po3 po4 0.0157 DY 0.8529 DZ 0.6354 DX po5 po6 0.0148 DY 0.9378



Longitude 00.87902 53.38772 46.81391 51.68729 57.59012 10.54047 02.10924



E E E E E E E*



Tg ih



Sd rel



Height (m) 946.8426 981.4512 967.1191 925.3571 906.2054 919.7325 957.8480* Reading -171.6255 -163.1702 354.3288 -62.4742 -326.8393 430.6488 118.9071 -408.9239 244.7888 156.6967 -224.2280 -55.4044 109.8832 -67.0764 -177.4365 -151.4494 163.6492 -28.0309 109.1675 -163.6537 76.3225 37.7897 184.6946 -300.1941 -261.3372 230.7203 149.3961



m m m m m m m m m m m m m m m m m m m m m m m m m m m



Sd tot



0.0122 0.6481



0.0107



0.0111 0.7093



0.0095



0.0056 0.7129



0.0043



0.0106 0.7008



0.0082



0.0105 0.8865



0.0111



0.0101 0.8872



0.0114



0.0236 0.6981



0.0206



0.0134 0.7078



0.0103



0.0197



known



m cor cor m cor cor m cor cor m cor cor m cor cor m cor cor m cor cor m cor cor m cor



m cor m m cor m m cor m m cor m m cor m m cor m m cor m m cor m m



98 DZ 0.8576 0.9021 COORDINATES (MINIMALLY CONSTRAINED NETWORK) Station Coordinate po1 Latitude 32 01 34.94323 N Longitude 35 43 00.87899 E Height 946.8392 po2 Latitude 32 01 37.16261 N Longitude 35 42 53.38772 E Height 981.4507 po3 Latitude 32 01 30.33746 N Longitude 35 42 46.81391 E Height 967.1192 po4 Latitude 32 01 19.69191 N Longitude 35 42 51.68729 E Height 925.3571 po5 Latitude 32 01 15.40862 N Longitude 35 42 57.59013 E Height 906.2071 po6 Latitude 32 01 20.85407 N Longitude 35 43 10.54048 E Height 919.7329 ref bau Latitude 32 01 21.15354 N* Longitude 35 43 02.10924 E* Height 957.8480* EXTERNAL RELIABILITY Station Ext Rel Target po1 Latitude 0.0086 m DZ po1 Longitude 0.0076 m DY po1 Height 0.0095 m DX po1 po2 Latitude 0.0093 m DZ po2 Longitude 0.0082 m DY po2 Height 0.0094 m DX po2 po3 Latitude 0.0056 m DZ po3 Longitude 0.0047 m DY po3 Height 0.0049 m DX po3 po4 Latitude 0.0040 m DZ po4 Longitude 0.0034 m DY po4 Height 0.0039 m DX po4 po5 Latitude 0.0062 m DZ po5 Longitude 0.0034 m DY po5 Height 0.0045 m DZ po5 po6 Latitude 0.0061 m DZ po6 Longitude 0.0036 m DY po6 Height 0.0038 m DZ po6 ref bau Latitude 0.0000 m DZ po2



0.0220 cor cor m Corr 0.0019 -0.0007 -0.0034 0.0003 -0.0001 -0.0005 0.0000 0.0001 0.0001 0.0000 0.0000 -0.0000 0.0007 0.0002 0.0016 0.0002 0.0001 0.0003 0.0000 0.0000 0.0000 Station ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau ref bau



Prec(68.3%) 0.0018 m 0.0015 m 0.0050 m 0.0016 m 0.0013 m 0.0048 m 0.0008 m 0.0006 m 0.0022 m 0.0013 m 0.0010 m 0.0035 m 0.0012 m 0.0011 m 0.0038 m 0.0012 m 0.0011 m 0.0038 m fixed m fixed m fixed m



99 Longitude



0.0000 m



DY



ref bau



po6 Height -0.0000 m DX ref bau po3 ABSOLUTE CONFIDENCE REGIONS (ERROR ELLIPSES) 2D - 39.4% 1D - 68.3% Station A B A/B Phi Hgt(68.3%) po1 0.0018 0.0015 m 1.3 12 deg 0.0050 m po2 0.0016 0.0013 m 1.3 17 deg 0.0048 m po3 0.0008 0.0006 m 1.4 6 deg 0.0022 m po4 0.0013 0.0010 m 1.4 5 deg 0.0035 m po5 0.0014 0.0008 m 1.7 45 deg 0.0038 m po6 0.0014 0.0008 m 1.8 41 deg 0.0038 m ref bau 0.0000 0.0000 m 0.0 100 deg 0.0000 m RELATIVE CONFIDENCE REGIONS (ERROR ELLIPSES) 2D - 39.4% Station Station A B A/B Psi Hgt(68.3%) ref bau po1 0.0018 0.0015 m 1.3 15 deg 0.0050 m ref bau po2 0.0016 0.0013 m 1.3 40 deg 0.0048 m ref bau po3 0.0008 0.0006 m 1.4 61 deg 0.0022 m ref bau po4 0.0013 0.0010 m 1.4 -75 deg 0.0035 m ref bau po5 0.0014 0.0008 m 1.7 6 deg 0.0038 m ref bau po6 0.0014 0.0008 m 1.8 -55 deg 0.0038 m po1 po2 0.0022 0.0017 m 1.3 84 deg 0.0062 m po3 po4 0.0014 0.0010 m 1.4 26 deg 0.0037 m po5 po6 0.0018 0.0010 m 1.8 -24 deg 0.0047 m ADJUSTED OBSERVATIONS Station Target Adj obs Resid Resid(ENH) Sd DX ref bau po1 -171.6282 0.0027 0.0007 0.0039 DY -163.1730 0.0028 -0.0019 0.0029 DZ 354.3286 0.0002 0.0034 0.0026 DX ref bau po2 -62.4717 -0.0025 -0.0004 0.0038 DY -326.8370 -0.0023 0.0014 0.0027 DZ 430.6493 -0.0005 -0.0031 0.0023 DX ref bau po3 118.9071 0.0000 -0.0001 0.0017 DY -408.9238 -0.0001 -0.0000 0.0014 DZ 244.7889 -0.0001 -0.0001 0.0011 DX ref bau po4 156.6967 0.0000 0.0004 0.0026 DY -224.2285 0.0005 0.0001 0.0023 DZ -55.4047 0.0003 0.0004 0.0017 DX ref bau po5 109.8838 -0.0007 -0.0002 0.0019 DY -67.0757 -0.0008 -0.0007 0.0025 DZ -177.4350 -0.0015 -0.0016 0.0027 DX ref bau po6 -151.4502 0.0008 0.0003 0.0018 DY 163.6483 0.0009 0.0008 0.0024 DZ -28.0326 0.0017 0.0019 0.0027 DX po1 po2 109.1566 0.0109 0.0019 0.0049 DY -163.6640 0.0103 -0.0064 0.0036 DZ 76.3207 0.0018 0.0135 0.0031 DX po3 po4 37.7896 0.0000 -0.0006 0.0028 DY 184.6953 -0.0007 -0.0002 0.0024 DZ -300.1936 -0.0005 -0.0006 0.0018 DX po5 po6 -261.3341 -0.0031 -0.0011 0.0023 DY 230.7239 -0.0036 -0.0029 0.0031 DZ 149.4024 -0.0063 -0.0073 0.0034 GPS BASELINE VECTOR RESIDUALS Station Target Adj vector Resid Resid ppm DV ref bau po1 426.1812 0.0039 m 9.2 ppm DV ref bau po2 544.2278 0.0034 m 6.3 ppm DV ref bau po3 491.2017 0.0001 m 0.3 ppm DV ref bau po4 279.1092 0.0006 m 2.0 ppm DV ref bau po5 219.2186 0.0018 m 8.1 ppm DV ref bau po6 224.7304 0.0021 m 9.3 ppm DV po1 po2 211.0117 0.0151 m 71.6 ppm DV po3 po4 354.4808 0.0008 m 2.4 ppm DV po5 po6 379.2757 0.0079 m 20.8 ppm



m m m m m m m m m m m m m m m m m m m m m m m m m m m



100 TEST OF OBSERVATIONS Station Target MDB Red BNR W-test DX ref bau po1 0.0161 m 17 5.9 0.26 DY 0.0117 m 20 5.6 1.68 DZ 0.0127 m 20 5.6 -1.42 DX ref bau po2 0.0161 m 15 6.9 -0.26 DY 0.0117 m 14 7.0 -1.68 DZ 0.0127 m 14 7.0 1.42 DX ref bau po3 0.0081 m 11 8.4 0.44 DY 0.0064 m 9 8.6 -0.41 DZ 0.0072 m 10 8.7 -0.13 DX ref bau po4 0.0081 m 32 3.9 -0.44 DY 0.0064 m 36 3.8 0.41 DZ 0.0072 m 35 3.8 0.13 DX ref bau po5 0.0049 m 20 5.3 -0.44 DY 0.0054 m 25 5.6 0.88 DZ 0.0089 m 14 5.9 -1.29 DX ref bau po6 0.0049 m 17 6.2 0.44 DY 0.0054 m 17 5.9 -0.88 DZ 0.0089 m 19 5.8 1.29 DX po1 po2 0.0161 m 69 2.0 0.26 DY 0.0117 m 65 2.0 1.68 DZ 0.0127 m 66 2.0 -1.42 DX po3 po4 0.0081 m 57 2.5 0.44 DY 0.0064 m 55 2.5 -0.41 DZ 0.0072 m 55 2.5 -0.13 DX po5 po6 0.0049 m 63 2.2 -0.44 DY 0.0054 m 58 2.2 0.88 DZ 0.0089 m 66 2.2 -1.29 ESTIMATED ERRORS FOR OBSERVATIONS WITH REJECTED T-TESTS (max 10) Record Station Target T-test Fact Est err 1 DX ref bau po1 2.04 1.0 0.0162 DY 0.0154 DZ 0.0025 2 DX ref bau po2 2.04 1.0 -0.0162 DY -0.0154 DZ -0.0025 7 DX po1 po2 2.04 1.0 0.0162 DY 0.0154 DZ 0.0025 [End of file]



T-test 2.04**



2.04**



0.09



0.09



0.87



0.87



2.04**



0.09



0.87



m m m m m m m m m
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KODAK CAMERA CALIBRATION camera_calibration_file 1 #Focal Length (mm) FOCAL 38.332000 #Principal Point Offset xpoff ypoff in mm XPOFF -2.760000e-001 YPOFF -1.260000e-001 #Principal Point symmetry xsoff ysoff in mm XSOFF 0.000000e+000 YSOFF 0.000000e+000 #How many fiducial pairs (max 8): NUM_FIDS 4 #Fiducials position DATA_STRIP_SIDE left #Fiducial x, y pairs in mm: FID_PAIRS 18.234000 18.324000 -18.324000 18.324000 18.324000 -18.324000 -18.324000 -18.324000 #Symmetrical Lens Distortion Odd-order Poly Coeffs:K0, K1, K2, K3 SYM_DIST -4.053107e-004 1.601556e-005 -1.277290e-008 0.000000e+000 #Decentering Lens Coeffs p1, p2, p3 DEC_DIST 0.000000e+000 0.000000e+000 0.000000e+000 #How many distortion pairs (max 20): NUM_DIST_PAIRS 9 #Distortion Data Units (m=radial dist im mm, d=field angle in deg): DIST_UNITS m #Distortion Data Pairs, if any (Radius in mm or deg, Distortion in Microns) DIST_PAIRS 0.000000 0.000000 3.000000 0.400000 6.000000 3.200000 9.000000 10.200000 12.000000 22.200000 15.000000 38.900000 18.000000 59.700000 21.000000 85.100000 24.000000 119.300000
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DTM EXTRACTION REPORT DTM Extraction Report Date Created: 11/18/07 Time Created: 11:00:10



DTM PROJECT INFORMATION Block File Used: bau.blk Block File Location: d:/bau_lps/ Image Pair Used: 1_15_1_16 DTM Correlation Time (seconds): 29 Points Per Second: 2196 DTM Generation Time (seconds): 17 Total Processing Time (seconds): 46 DTM Type: DEM DTM Name: d:/bau_lps/15_16_dem1_15_1_16.img Number of Columns: 1165 Number of Rows: 1186 Cell Width: 1.0000 1 Cell Height: 1.0000 1 Upper left DEM corner coordinates: (755860.8302, 3547004.1680) Lower right DEM corner coordinates: (757024.8302, 3545819.1680) Minimum Mass Point Elevation: 872.2415 Maximum Mass Point Elevation: 1000.0492 Mean Mass Point Elevation: 943.1166 Projection: UTM Spheroid: WGS 84 Datum: WGS 84 Horizontal Units: meters Vertical Units: meters Strategy Parameter Settings: Region Description: Default Region Name of Strategy Used: Default List All of the Strategy Parameter Values Used: Search Size: 21 x 3 Allow Adaptive Change: No Correlation Size: 7 x 7 Allow Adaptive Change: No Coefficient Limit: 0.8000 Allow Adaptive Change: No Topographic Type: Rolling Hills Object Type: Open Area Use Image Band: 1 DTM Filtering: low ACCURACY INFORMATION



103 General Mass Point Quality: Excellent % (1-0.85): 84.8352 % Good % (0.85-0.70): 0.6656 % Fair % (0.70-0.5): 0.0000 % Isolated %: 0.0000 % Suspicious %: 14.4992 % Global Accuracy: Vertical Accuracy: Total # of 3D Reference Points Used: 9 Minimum, Maximum Error: -3.8220, 3.7728 Mean Error: -0.1247 Mean Absolute Error: 1.3402 Root Mean Square Error (RMSE): 1.9258 Absolute Linear Error 90 (LE90): 3.8220 NIMA Absolute Linear Error 90: +/- 3.1632



Block Tie Point to DTM Vertical Accuracy Total # of Tie Points Used: 9 Minimum, Maximum Error: -3.8220, 3.7728 Mean Error: -0.1247 Mean Absolute Error: 1.3402 Root Mean Square Error: 1.9258 Absolute Linear Error 90: 3.8220 NIMA Absolute Linear Error 90: +/- 2.2763 Detailed Point Accuracy Information: Pt.ID



X



Y



Z



DTM Z



1



756592.2925



3546102.9320



942.3449



938.5230



2



756465.7621



3546392.7132



965.9137



966.3585



3



756315.7629



3546603.1777



989.8723



988.2180



4



756570.7013



3546694.4975



965.8675



966.7211



5



756830.5371



3546485.7908



880.7784



884.5513



6



756888.8596



3546244.5848



921.9034



922.2239



7



756400.9152



3545973.4260



905.6864



904.8622



8



756186.3640



3546159.8999



926.9959



927.0741



9



756094.5672



3546481.3260



957.6812



957.3897



Residual -3.8220 0.4448 -1.6543 0.8536 3.7728 0.3204 -0.8242 0.0782 -0.2916



104 APPENDIX D



NIKON CAMERA CALIBRATION Status Report Tree Project Name: Nikon_30mm.pmr Problems and Suggestions (1) Project Problems (0) Problems related to most recent processing (1) Problem: There were more than 10 iterations in the most recent successful processing. Suggestion: The large number of iterations (15) during processing indicates some instability or some problem in the project data. Look for misreferenced points, incorrect constraints, or poor camera parameters. Information from most recent processing Last Processing Attempt: Thu Nov 08 13:19:20 2007 PhotoModeler Version: 5.2.3 Status: successful Processing Options Orientation: off Global Optimization: on Calibration: on (full calibration) Constraints: off Total Error Number of Processing Iterations: 15 Number of Processing Stages: 2 First Error: 22.842 Last Error: 1.157 Precisions / Standard Deviations Camera Calibration Standard Deviations Camera1: Nikon_cal Focal Length Value: 30.028043 mm Deviation: Focal: 0.009 mm Xp - principal point x Value: 12.384238 mm Deviation: Xp: 0.006 mm Yp - principal point y Value: 8.009261 mm Deviation: Yp: 0.005 mm Fw - format width Value: 24.543164 mm Deviation: Fw: 0.001 mm Fh - format height Value: 16.000000 mm K1 - radial distortion 1 Value: 1.264e-004 Deviation: K1: 1.7e-006 K2 - radial distortion 2 Value: -7.483e-008 Deviation: K2: 1.1e-008 K3 - radial distortion 3



105 Value: 0.000e+000 P1 - decentering distortion 1 Value: -2.926e-005 Deviation: P1: 2.0e-006 P2 - decentering distortion 2 Value: -1.317e-005 Deviation: P2: 1.7e-006 Quality Photographs Total Number: 8 Bad Photos: 0 Weak Photos: 0 OK Photos: 8 Number Oriented: 8 Number with inverse camera flags set: 0 Cameras Camera1: Nikon_cal Calibration: yes Number of photos using camera: 8 Point Marking Residuals Overall RMS: 0.143 pixels Maximum: 0.617 pixels Point 2 on Photo 1 Minimum: 0.122 pixels Point 26 on Photo 8 Maximum RMS: 0.351 pixels Point 2 Minimum RMS: 0.071 pixels Point 66 Point Tightness Maximum: 0.00062 m Point 61 Minimum: 0.00013 m Point 56 Point Precisions Overall RMS Vector Length: 9.94e-005 m Maximum Vector Length: 0.000131 m Point 86 Minimum Vector Length: 8.16e-005 m Point 48 Maximum X: 8.99e-005 m Maximum Y: 8.23e-005 m Maximum Z: 7.69e-005 m Minimum X: 3.49e-005 m Minimum Y: 3.92e-005 m Minimum Z: 6e-005 m
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THREE DIMENSION REPORT



Status Report Tree Project Name: R_ver51_ver57_ver61.pmr Problems and Suggestions (3) Project Problems (3) Problem: The largest point residual in your project (Point226 37.47) is greater than 5.00. Suggestion: Your project has very high residuals and is not solving properly. In normal projects, strive to get all point residuals under 5.00 pixels. It is very important that this be fixed. If you have just a few high residual points, study them on each photo to ensure they are marked and referenced correctly. If many of your points have high residuals, make sure the camera stations are solving correctly and that you are using the best camera parameters possible. Problem: The lowest angle separation between points is lower than 5 degrees and will not be computed accurately. Suggestion: Points with low angle separation will not solve with good accuracy. If possible add a photo with greater angle separation. Problem: Reference Checker-2 found bad references after processing. Points had residuals larger than the current Project Marking Quality of 5.00 pixels. 58 points were named "Bad reference?".. Suggestion: High point marking residuals are a result of mis-marking or inaccurate marking, mis-referencing and/or poor camera orientation. Review problem points and remark and/or re-reference where required. To reverse the Reference Checker changes, use the Undo Process tool before making any other changes. Problems related to most recent processing (0) Information from most recent processing Last Processing Attempt: Sat Jan 05 18:32:51 2008 PhotoModeler Version: 5.2.3 Status: successful Processing Options Orientation: off Global Optimization: on Calibration: off Constraints: on Total Error Number of Processing Iterations: 4 Number of Processing Stages: 2 First Error: 3.324 Last Error: 3.141 Precisions / Standard Deviations Photograph Standard Deviations Photo 1: DSC_0773.JPG Omega Value: 1.536724 deg Deviation: Omega: 0.290 deg



107 Correlations over 90.0%: Y:-98.6% Phi Value: -5.686161 deg Deviation: Phi: 0.290 deg Correlations over 90.0%: X:99.0% Kappa Value: -0.882747 deg Deviation: Kappa: 0.194 deg Xc Value: -2.204723 m Deviation: X: 0.116 m Correlations over 90.0%: Phi:99.0% Yc Value: -0.704306 m Deviation: Y: 0.112 m Correlations over 90.0%: Omega:-98.6% Zc Value: -1.500524 m Deviation: Z: 0.152 m Photo 2: DSC_0812.JPG Omega Value: 26.383435 deg Deviation: Omega: 0.344 deg Correlations over 90.0%: Kappa:91.9% Phi Value: -8.710960 deg Deviation: Phi: 0.299 deg Correlations over 90.0%: X:99.6% Kappa Value: 92.818952 deg Deviation: Kappa: 0.175 deg Correlations over 90.0%: Omega:91.9% Xc Value: -0.896799 m Deviation: X: 0.216 m Correlations over 90.0%: Phi:99.6% Yc Value: -8.477557 m Deviation: Y: 0.314 m Zc Value: -6.940621 m Deviation: Z: 0.271 m Photo 3: DSC_0810.JPG Omega Value: -3.689870 deg Deviation: Omega: 0.335 deg Correlations over 90.0%: Y:-98.2% Phi Value: -9.228079 deg Deviation: Phi: 0.271 deg Correlations over 90.0%: X:98.8% Kappa Value: 88.799208 deg Deviation: Kappa: 0.211 deg Xc Value: -2.258635 m Deviation: X: 0.188 m Correlations over 90.0%: Phi:98.8% Yc



108 Value: 2.967738 m Deviation: Y: 0.239 m Correlations over 90.0%: Omega:-98.2% Zc Value: -0.859970 m Deviation: Z: 0.333 m Photo 4: DSC_0833.JPG Omega Value: -30.573700 deg Deviation: Omega: 0.927 deg Correlations over 90.0%: Y:-94.1% Phi Value: -7.905606 deg Deviation: Phi: 0.305 deg Correlations over 90.0%: X:98.3% Kappa Value: 83.641803 deg Deviation: Kappa: 0.263 deg Xc Value: -1.629288 m Deviation: X: 0.202 m Correlations over 90.0%: Phi:98.3% Yc Value: 9.490648 m Deviation: Y: 0.529 m Correlations over 90.0%: Omega:-94.1% Zc Value: -10.354700 m Deviation: Z: 0.430 m Photo 5: DSC_0829.JPG Omega Value: -94.511564 deg Deviation: Omega: 0.365 deg Correlations over 90.0%: Z:96.5% Phi Value: 1.795500 deg Deviation: Phi: 0.406 deg Correlations over 90.0%: X:99.7% Kappa Value: 80.444021 deg Deviation: Kappa: 0.246 deg Xc Value: 0.930819 m Deviation: X: 0.289 m Correlations over 90.0%: Phi:99.7% Yc Value: -7.737506 m Deviation: Y: 0.331 m Zc Value: -23.992878 m Deviation: Z: 0.259 m Correlations over 90.0%: Omega:96.5% Photo 6: DSC_0830.JPG Omega Value: -95.860490 deg Deviation: Omega: 0.374 deg Correlations over 90.0%: Z:97.1% Phi Value: 4.033545 deg



109 Deviation: Phi: 0.428 deg Correlations over 90.0%: X:99.7% Kappa Value: 170.089798 deg Deviation: Kappa: 0.243 deg Xc Value: -1.021505 m Deviation: X: 0.303 m Correlations over 90.0%: Phi:99.7% Yc Value: -7.507470 m Deviation: Y: 0.332 m Zc Value: -23.014597 m Deviation: Z: 0.265 m Correlations over 90.0%: Omega:97.1% Photo 7: DSC_0826.JPG Omega Value: -159.691740 deg Deviation: Omega: 0.220 deg Phi Value: 10.666305 deg Deviation: Phi: 0.301 deg Correlations over 90.0%: X:98.4%, Z:91.6% Kappa Value: 89.011302 deg Deviation: Kappa: 0.119 deg Xc Value: -1.575307 m Deviation: X: 0.170 m Correlations over 90.0%: Phi:98.4% Yc Value: -8.333290 m Deviation: Y: 0.264 m Zc Value: -2.842597 m Deviation: Z: 0.408 m Correlations over 90.0%: Phi:91.6% Photo 8: DSC_0818.JPG Omega Value: 73.962093 deg Deviation: Omega: 0.480 deg Correlations over 90.0%: Z:-99.3% Phi Value: -0.690522 deg Deviation: Phi: 0.306 deg Correlations over 90.0%: X:99.7% Kappa Value: 95.935415 deg Deviation: Kappa: 0.255 deg Xc Value: 1.223365 m Deviation: X: 0.249 m Correlations over 90.0%: Phi:99.7% Yc Value: -0.022477 m Deviation: Y: 0.361 m Zc Value: -26.478422 m



110 Deviation: Z: 0.372 m Correlations over 90.0%: Omega:-99.3% Photo 9: DSC_0814.JPG Omega Value: 49.614761 deg Deviation: Omega: 0.359 deg Phi Value: -5.566535 deg Deviation: Phi: 0.299 deg Correlations over 90.0%: X:99.8% Kappa Value: 95.482011 deg Deviation: Kappa: 0.196 deg Xc Value: 0.481722 m Deviation: X: 0.231 m Correlations over 90.0%: Phi:99.8% Yc Value: -8.951678 m Deviation: Y: 0.356 m Zc Value: -16.429940 m Deviation: Z: 0.249 m Photo 11: DSC_0828.JPG Omega Value: -121.004143 deg Deviation: Omega: 0.781 deg Phi Value: 8.047468 deg Deviation: Phi: 0.841 deg Correlations over 90.0%: X:99.7% Kappa Value: 173.174377 deg Deviation: Kappa: 0.238 deg Xc Value: -1.954016 m Deviation: X: 0.542 m Correlations over 90.0%: Phi:99.7% Yc Value: -14.727826 m Deviation: Y: 0.435 m Zc Value: -16.976613 m Deviation: Z: 0.454 m Photo 13: DSC_1193.JPG Omega Value: -146.457620 deg Deviation: Omega: 0.350 deg Phi Value: 10.032125 deg Deviation: Phi: 0.352 deg Correlations over 90.0%: X:98.2% Kappa Value: -3.823804 deg Deviation: Kappa: 0.133 deg Xc Value: -4.365108 m Deviation: X: 0.146 m Correlations over 90.0%: Phi:98.2%



111 Yc Value: -11.815864 m Deviation: Y: 0.208 m Zc Value: -6.499291 m Deviation: Z: 0.208 m Photo 14: DSC_1194.JPG Omega Value: 119.978722 deg Deviation: Omega: 0.334 deg Phi Value: -6.631345 deg Deviation: Phi: 0.285 deg Correlations over 90.0%: X:97.4% Kappa Value: -172.398893 deg Deviation: Kappa: 0.309 deg Xc Value: 0.842369 m Deviation: X: 0.146 m Correlations over 90.0%: Phi:97.4% Yc Value: 3.156520 m Deviation: Y: 0.173 m Zc Value: -24.764626 m Deviation: Z: 0.229 m Photo 15: DSC_0824.JPG Omega Value: 184.710523 deg Deviation: Omega: 0.458 deg Correlations over 90.0%: Y:99.8% Phi Value: 9.500994 deg Deviation: Phi: 0.253 deg Correlations over 90.0%: X:96.4% Kappa Value: 90.731940 deg Deviation: Kappa: 0.173 deg Xc Value: 0.169667 m Deviation: X: 0.139 m Correlations over 90.0%: Phi:96.4% Yc Value: -1.954004 m Deviation: Y: 0.345 m Correlations over 90.0%: Omega:99.8% Zc Value: -0.104873 m Deviation: Z: 0.458 m Photo 16: DSC_1182.JPG Omega Value: -152.598632 deg Deviation: Omega: 0.364 deg Correlations over 90.0%: Y:94.3% Phi Value: 8.767677 deg Deviation: Phi: 0.304 deg Correlations over 90.0%: X:98.6%



112 Kappa Value: 88.480296 deg Deviation: Kappa: 0.123 deg Xc Value: 0.600354 m Deviation: X: 0.188 m Correlations over 90.0%: Phi:98.6% Yc Value: -10.977695 m Deviation: Y: 0.461 m Correlations over 90.0%: Omega:94.3% Zc Value: -4.548998 m Deviation: Z: 0.311 m Photo 17: DSC_1185.JPG Omega Value: 66.054140 deg Deviation: Omega: 0.950 deg Correlations over 90.0%: Z:-99.1% Phi Value: -7.191416 deg Deviation: Phi: 0.744 deg Correlations over 90.0%: X:99.6% Kappa Value: -174.535643 deg Deviation: Kappa: 0.322 deg Xc Value: 2.664920 m Deviation: X: 0.205 m Correlations over 90.0%: Phi:99.6% Yc Value: 5.853163 m Deviation: Y: 0.157 m Zc Value: -28.015311 m Deviation: Z: 0.245 m Correlations over 90.0%: Omega:-99.1% Quality Photographs Total Number: 15 Bad Photos: 0 Weak Photos: 0 OK Photos: 15 Number Oriented: 15 Number with inverse camera flags set: 0 Cameras Camera1: Nikon_cal Calibration: yes Number of photos using camera: 15 Point Marking Residuals Overall RMS: 4.380 pixels Maximum: 37.475 pixels Point 226 on Photo 2 Minimum: 0.055 pixels Point 331 on Photo 16 Maximum RMS: 21.637 pixels Point 226 Minimum RMS: 0.054 pixels



113 Point 331 Point Tightness Maximum: 0.29 m Point 226 Minimum: 0.0012 m Point 331 Point Precisions Overall RMS Vector Length: 0.173 m Maximum Vector Length: 0.602 m Point 325 Minimum Vector Length: 0.0588 m Point 73 Maximum X: 0.156 m Maximum Y: 0.3 m Maximum Z: 0.552 m Minimum X: 0.0209 m Minimum Y: 0.0225 m Minimum Z: 0.0257 m
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