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The General Directorate Of Land Registry And Cadastre (Gdlrc) Has Started 1/5000 Scale Standard
Topographic Map Production By Aerial Image Acquisition And Photogrammetry In 1955 In Order
To Complete Initial Cadastre Within A Short Time In Rural Areas. Aerial Photographs Taken And
1/5000 Scale Standard Topographic Maps Produced Since 1955 Have Made A Great Contribution
To The Completion Of Turkish Cadastre And Have Been Used By Public Institutions And
Organizations At Engineering Services And Applications.

The Aerial Photographs Of Approximately 480.000 Km?2 Out Of 500.000 Km? Area, Whose 1/5000
Scale Maps Are Intended To Be Produced With Respect To The Development Plans, Were Taken
Between 1955-2007 And 1/5000 Scale Standard Topographic Map Production Was Completed
Belonging To That Area.

The Aerial Photographs Located In The Achieve Of The General Directorate Of Land Registry And
Cadastre Were Taken In An Approximate Scale Of 1/16.000 And With 60% Forward & 30% Side
Laps Stereoscopically With The Purpose Of 1/5000 Scale Standard Topographic Map Production
And Identification In Order To Complete Initial Cadastre Rapidly. The Aerial Photographs
Covering This 480.000 Km2 Area Consist Of About 1600 Rolls And 150.000 Photographs.

The Gdlrc Is An Institution That Produces, Manages And Improves The Important Parts Of Turkish
National Geographic Information System’s Main Spatial Basis Such As Geodesy, Cadastre,
Metadata And Orthophoto And Provides Services To Another Institutions And Organizations. In
This Context, Satellite Images And Aerial Photographs Forming One Of The Essential Layers Of
Spatial Information Systems, Acquired By Remote Sensing Instruments Have A Great Importance
Taking The Necessity Of Image Base Into Consideration. The Gdlrc, Which Conducts Valuable
Projects In This Area, Has Actualized The Orthophoto Information System.

The Gdlrc Follows The Latest Technological Improvements In The World Closely And Acts As A
Locomotive In The Sector Successfully. With The Digital Aerial Camera Purchased In 2009,
1/5000 Scale Digital Colored Orthophoto Map Production Of An Area Of Approximately 310.000
Km? Was Done Throughout The Country. These Products Are To Be Used For The Purposes Of
Decision-Support, Quality-Integrity Control And Establishing Legal Basis Within The Context Of
Renewal And Update Works.
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In This Study, The Use Areas Of Orthophoto Maps Produced And The Vision Of Gdlrc Related To
The Production/Use Of The Orthophoto Are Discussed.
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1. Introduction

The Demand For Geographic/Spatial Information In Turkey And World Is Increasing Day By Day.
As A Result, Geographic Information In Various Qualities Is Produced By Different Organizations
And Institutions Using Different Sources With Different Methods

The Gdlrc Is An Institution That Produces, Manages And Improves The Important Parts Of Turkish
National Geographic Information System’s Main Spatial Basis Such As Geodesy, Cadastre,
Metadata And Orthophoto And Provides Services To Another Institutions And Organizations. In
This Context, Satellite Images And Aerial Photographs Forming One Of The Essential Layer Of
Spatial Information Systems, Acquired By Remote Sensing Instruments Have A Great Importance
Taking The Necessity Of Image Base Into Consideration. The Gdlrc, Which Conducts Valuable
Projects In This Subject, Has Actualized The Orthophoto Information System

The Gdirc Follows The Latest Technological Improvements In The World Closely And Acts As A
Locomotive In The Sector Successfully. With The Digital Aerial Camera Purchased In 2009,
1/5000 Scale Digital Colored Orthophoto Map Production Of An Area Of 305.700 Km? Was Done
Throughout The Country. These Products Are To Be Used For The Purposes Of Decision-Support,
Quality-Integrity Control And Establishing Legal Basis Within The Context Of Renewal And
Update Works.

2. Orthophoto And Orthophoto Map

An Orthophoto, Orthophotograph Or Orthoimage Is An Aerial Photograph Geometrically Corrected
(Orthorectified) Such That The Scale Is Uniform; The Photo Has The Same Lack Of Distortion As
A Map. Unlike An Uncorrected Aerial Photograph, An Orthophotograph Can Be Used To Measure
True Distances, Because It Is An Accurate Representation Of The Earth's Surface, Having Been
Adjusted For Topographic Relief, Lens Distortion, And Camera Tilt.
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An Orthophoto Map Can Be Defined As An Orthophoto Having Cartographic Information On It
And Produced With Respect A Certain Map Sheet System.

An Orthomosaic Is Obtained By Combining More Than One Orthophoto On A Single Base.
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Figure 1. Orthophoto Flow Diagram
2.1 True Orthophoto

The Term True Orthophoto Is Generally Used For An Orthophoto Where Surface Elements That
Are Not Included In The Digital Terrain Model Are Also Rectified To The Orthogonal Projection.
Those Elements Are Usually Buildings And Bridges.

Even Though The Gdlrc Has The Capability To Produce True Orthophoto, This Kind Of Production
Is Not Performed With Respect To The Institution Policy.
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Figure 2. True Vs. Classic Orthophoto

2.2 Near Infrared (Nir) Orthophoto

Color Contrast Is Quite High In Infrared Orthophotos. Therefore, They Are Used Effectively In
Vegetation Classification, Tree Classification And Health Status Determination.
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Figure 3. Rgh & Nir Orthophoto

3. Image Base Requirement For National Spatial Database

One Of The Main Components Of Spatial Information Systems Is Image Layer, Which Includes
Satellite Images And Aerial Photographs Obtained By Remote Sensing Instruments. According To
The Researches Done For Determining The Usability Of Aerial Photographs Against Satellite
Images, It Was Found Out That Aerial Photographs Are Fast And Reliable Source For Establishing
Image Basis. Besides, Their Production Cost Is Lower Than Satellite Data.
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Moreover, The Investigations Done For Meeting The Requirements Of Different Organizations And
Institutions Showed That Aerial Photographs Are The Most Reliable Source Since They Provide
More Accurate, Up-To-Date And Cloudless Information.

4. Orthophoto Production In The Gdlrc

In Order To Complete First Cadastre Within A Short Time, 1/5000 Scaled Base Map Production
Has Been Carried Out Over 480.000 Km? Area Since 1955 By Photogrammetric Method Meaning
Map Production From Aerial Photography, And Digital Colored Orthophoto Production Has Been
Carried Out Since 2009 For The Purposes Of Decision-Support, Quality Control And Establishing
Legal Basis Within The Context Of Renewal And Update Works.

41 Hardware And Technology

Flight Services For Aerial Image Acquisition Are Provided By 2 Airplanes With Special Equipment
In The Institution. Apart From Institution’s Own Need, Service For Map Production Is Given To
Private Sector As Well Against Remuneration Set By Circulating Capital Enterprise.

Figure 4. Airplane Of Gdlrc

In 2009, Zi/Dmc Digital Aerial Camera Was Purchased For The Purpose Of Digital Orthophoto
Production.
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Figure 5. Dmc Digital Aerial Camera

Digital Aerial Camera Was Mounted On The Institution’s Islander Bn-2t Airplane. It Performs
Aerial Image Acquisition Of Approximately 60.000 — 70.000 Km? Area Per Year.

With This System, Photogrammetric Map Production Costs Have Been Decreased 26% And The
Opportunity Of High Quality Digital Service Has Been Provided.

In The Institution, There Are Two Storage Units To Store The Raw Flight Data And Orthophotos.
Besides, Hardware And Software For Flight Planning, Gps/Imu Calculations, Digital Image
Processing, Stereo Assessment And Orthophoto Production Are Present.

Figure 6. Photogrammetric Hardware And Software
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4.2 Digital Colored Orthophoto Production Studies In The Gdlrc

The Gdirc Follows The Latest Technological Improvements In The World Closely And Acts As A
Locomotive In The Sector Successfully. With The Digital Aerial Camera Taken In 2009, 1/5000
Scale Digital Colored Orthophoto Map Production Of An Area Of Approximately 310.000 Km?
Was Done Throughout The Country. These Products Are To Be Used For The Purposes Of
Decision-Support, Quality-Integrity Control And Establishing Legal Basis Within The Context Of
Renewal And Update Works.
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Figure 7. 1/5000 Scale Digital Colored Orthophoto Production Areas

4.3 Products And Quality Works

The Digital Mapping Camera (Dmc) Has Eight Cameras. There Are Four Panchromatic Cameras
With A 7.000 X 4.000 Pixel Array And Four Multi-Spectral Cameras With A 3.000 X 2.000 Pixel
Array. The Raw Data For Each Of The Cameras Is Stored In Separate Partitions On The Fds Units.
The Final Output From The Post Processing Are High Resolution Panchromatic, Color, And Color
Infrared Images With A 12 Micron Resolution And An Image Size Of 7.680 X 13.824 Pixels.

The Spectral Sensitivity In Images Is 400-580 Nm For Blue Band, 500-650 Nm For Green Band
And 675-850 Nm For Red Band. The Radiometric Resolution Is 12 Bits.

The Ground Sampling Distance (Gsd) Of The Images Is 30 Cm, Which Means The Image
Acquisition Is Performed From 3.000 M Above The Terrain. The Images Are 99,9% Cloudless,
Which Are Gathered Between May And October.

Cors-Tr Data Is Used At Geodetic Works And Gps/Ins Assessments. The Ground Control Points
Have 1-2 Cm Positional Accuracy. Within This Context, The Positional Accuracy In
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Photogrammetric Triangulation Is Approximately 1/4 Of The Pixel Size, Whereas Height Accuracy
Is About 1/3 Of The Pixel Size.

The Positional Accuracy Of Orthophotos Is Around 1 - 1,5 Pixel Size.

From The Sectoral Priorities Point Of View, The Maps Produced Are Infrastructure Investment
Service For Developing Agriculture, Education, Health, Technological Research, Transportation,
Irrigation, E-State And Information & Communication Technologies.

From The Regional Priorities Point Of View, The Maps Produced Are Used As An Effective Tool
For Reducing Interregional Development Levels.

5. Geo-Metadata Web Portal

The Purpose Of Establishing Geo-Metadata Web Portal Is Collecting All Kind Of Map Information
From Different Sources Under A Single Roof, Combining It In A Portal Structure And Presenting
This Information To Users.

After Completing The Project In 07.07.2008, Announcing It To The Related Public Institutions And
Organizations  And Providing Online Service From The Website Of
Http://Hbb.Tkgm.Gov.Tr/Metadata/;

e Producing Duplicate Maps By Different Public Institutions And Organizations Is Prevented.

e Final Numbers For Ground Control Points Are Started To Be Given From A Single Center.
So, Duplicate Numbering And Duplicate Geodetic Point Establishment Are Prevented.

e Geodetic Point Analyze Can Be Done Before Going To Field, Approximate Coordinates
Can Be Seen And Planning Can Be Done Accordingly.

e Existence Of Any 1/5000 Scale Maps Can Be Queried. If A 1/5000 Scale Map Has Been
Produced, The Producing Institution Can Be Identified.

e Queries Can Be Performed Such As When, Where And What Kind Of Maps Were Produced
By Any Institution And Detailed Information Can Be Reached.

e Since It Is Not Necessary To Come To The Institution To Get Information And Learn All
These Things, Time And Cost Saving Is Provided.

It Is A Spatial Information System In Portal Structure Developed For Enabling Relevant Institutions
To Access Online, Update And Present Metadata Relating To Information And Documents Of
Maps Produced By Mapping Agencies And Institutions And Preventing Waste Of Resources
Caused By Duplicate Map Production As A Result.
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Figure 8. Geo-Metadata Web Portal

6. Archiving And Web Services

The General Directorate Of Land Registry And Cadastre Has Started A Test Project In 2010 In
Order To Share Digital Orthophoto Maps On Web, Which Are Produced Regarding To The
Institutional Requirements And Taken From Other Institutions With The Protocols Done.

The Test Project For Presentation Of 1/5000 Scale Orthophoto/Base Maps On
Http://Www.Tuchs.Gov.Tr Still Continues, Which Are Produced To Be Used In Decision-Making
Processes, Quality-Integrity Controls And Base For Legal Aspects In Digital Cadastre Works And
Other Institutions' Large Scale Engineering Projects.

Figure 9. Orthophoto Web Services

Besides, Existing Orthophotos Produced By Other Institutions Are Taken As Services And In
Magnetic Environments. The Obtained Orthophoto Maps And Services Are Presented As
Wms/Tms/Wmts.
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Figure 10. A) Orthophoto Web Service B) Superimposition Of Parcel Data On Orthophoto

Produced And Provided Orthophoto Maps Are Opened To The Use Of Our Directorates By Giving
Services To The One Of The Most Important Projects Of Our Institution Namely Land Registry
And Cadastre Information System (Takbis). In This Context, Web Services Of Orthophoto Maps
Produced By Both Our Institution And Other Institutions Were Created. Web Services Are Also
Provided To The Use Of Institutional Users Outside The General Directorate Of Land Registry And
Cadastre.

7. Project Of Orthophoto Production With Approximate Accuracy From Old-Dated Aerial
Photographs

Production Of Digital Orthophoto With Approximate Accuracy From Old-Dated Aerial
Photographs In Order To Establish Basis For Decision Support Processes Before And During
Renewal; Accuracy & Integrity Checks After Renewal; And Legal Aspect Of Renewal At Works
Of Renewal And Update Of Cadastral Maps.

Figure 11. Scanned Aerial Photograph
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Old-Dated Aerial Photographs Within The Archive Of The Gdlrc And The General Command Of
Mapping (Gcm), Whose Orthophotos Were Not Produced, Are Demanded And Used By Cadastre
Directorates At Renewal And Update Of Cadastral Maps.

It Is Quite Hard To Use These Images At Cadastral Works, Which Are Not In Orthophoto Format,
Having No Coordinates & Scale And Including Errors Arising From Field Slope.

Black/White Orthophoto Map Production With Approximate Accuracy From Old-Dated Aerial
Photographs Of Total 55.000 Km? Area Including The City Borders Of Istanbul (5.000 Km?) And
Ankara (50.000 Km? Was Carried Out By Service Procurement In 2012 And Delivered To
Cadastre Directorates.

ISTANBUL EREGL] ZONGULDAK KASTAMONU
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MR USAK AFYON ILGIN FRSARA

Figure 12. Pilot Projects

8. Turkish National Geographic Information System (Tuchs)

The Feasibility Etude Report Of Geographic Information System Infrastructure Establishment
Operated Under The Responsibility Of The General Directorate Of Land Registry And Cadastre
Was Prepared And Submitted To The Ministry Of Development (Secretariat Of The State Planning
Organization) In 27.01.2011.

Since The Mission Of Establishment And Improvement Of National Geographic Information
System Was Given To The General Directorate Of Geographic Information Systems, Which Was
Founded Regarding To The Statutory Decree Numbered 644, The Related Studies Are Carried Out
By The General Directorate Of Geographic Information Systems.

"Geographic Information Infrastructure Establishment Project” Was Performed Under The
Responsibility Of The General Directorate Of Land Registry And Cadastre With Respect To The
Action No 75 In Action Plan Under The Topic Of Modernization Of Information Society Strategy
In Public Administration, Published In Official Gazette Dated 28/07/2006 & Numbered 26242
Proposing The Presentation Of Information From The Place Where It Is Produced.
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Turkish National Geographic Information System Is An E-State Project That Aims To Establish
Geographic Information System Infrastructure Complying With National Level Technological
Advancements And Inspire Directive, To Create Web Portal With The Purpose Of Presenting
Geographic Information Under The Responsibility Of Public Institutions And Organizations To The
Users Through A Joint Infrastructure And To Define The Standards Of Content For Geographic
Information As Meeting The Requirements Of All User Institutions.

9. Results

In Order To Complete First Cadastre Within A Short Time, 1/5000 Scaled Base Map Production
Has Been Carried Out Over 480.000 Km? Area Since 1955 By Photogrammetric Method Meaning
Map Production From Aerial Photography.

The Gdirc Follows The Latest Technological Improvements In The World Closely And Acts As A
Locomotive In The Sector Successfully. With The Digital Aerial Camera Purchased In 2009,
1/5000 Scale Digital Colored Orthophoto Map Production Of An Area Of Approximately 310.000
Km? Was Done Throughout The Country. These Products Are To Be Used For The Purposes Of
Decision-Support, Quality-Integrity Control And Establishing Legal Basis Within The Context Of
Renewal And Update Works.
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