
Digital Color Orthoimagery
Scope of Work 
Version 1.2
1. Introduction

This scope of work for [Jurisdiction], KS shall present the specifications to acquire natural color 0.5-foot resolution digital orthoimagery. The project entails the acquisition of digital aerial imagery for a [number]-square miles area.  The resulting 0.5-foot pixel resolution digital orthoimagery shall meet National Map Accuracy Standards (NMAS) at 1: 1,200-scale (1"=100').  
The contractor shall perform a comprehensive range of photogrammetric mapping services including:

· Leaf-off acquisition of digital aerial imagery
· Survey control (ground and airborne)
· Fully Analytical Aerial triangulation

· Digital Terrain Model (DTM)/Digital Elevation Model (DEM) developed to support orthophoto production.  
· Rectify color (RGB) orthoimagery at a 0.5-foot ground sample distance

2. Technical Specifications


Coordinate system, positional accuracy and flight dates   
2.1 Coordinate System and Datum

All data shall be geo-referenced to the appropriate Kansas State Plane Coordinate System, North American Datum (NAD) 83 horizontal datum, and North American Vertical Datum (NAVD) 88.  All final values shall be in US Survey Feet.
2.2 Accuracy Specifications
2.2.1 Vertical Accuracy

Final DTM shall adhere to NMAS specifications for 1"=100' (1:1,200) scale mapping. 

2.2.2 Horizontal Accuracy

Final ortho image products shall meet a horizontal accuracy of 3.3’ which is NMAS at 1: 1,200-scale (1"=100').  
2.3 Flight Specifications
2.3.1 Flying dates

Imagery shall be flown when deciduous foliage is under primarily leaf-off conditions. The target flight window shall be within [date] and [date].
2.3.2 Flight hours

The sun angle for all flights shall be at least (30) degrees above horizon and imagery shall be acquired between 10:00 am and 2:00 pm local time.   In no case shall imagery be undertaken when the ground is obscured by snow, fog, smoke or dust. Aerial imagery shall be flown when streams are their normal banks, and cloud shadows appear on less than five percent (5%) of the area in any one image. Photographs shall not contain objectionable shadows caused by relief or low solar altitude.  
3. Production Methodology Specifications

Aerial acquisition, geodetic engineering and photogrammetric post processing requirements 
3.1 Aerial Acquisition 

3.1.1 Digital Aerial Camera
The aerial camera shall be a precision digital aerial camera equipped with low distortion, high-resolution optics and high pixel count charge-coupled device (CCD) sensors. It must be capable of:
· Ground resolution equal to or better than 0.5-foot

· Generating three-band imagery from separate co-registered red, green, and blue bands. 

· Support high geometric accuracy and forward motion compensation.

3.1.2 Flying Height
The aerial acquisition flying height shall be capable of achieving a ground sample distance of 0.43-foot (output resolution of 0.5-foot).  Flight height shall be appropriate for 1:1,200 scale (1"=100') orthophotos. If contractor intends to fly higher than 5,400 feet above mean terrain a prior-approved guarantee shall be provided that the horizontal accuracy standard shall be met.
3.1.3 Flight Planning 

A flight map shall be submitted for the given project area prior to acquisition. Flight line features shall be attributed with appropriate identification information including project boundary, line numbers, and exposure stations, and ground control locations. 
The principal points of the first two and the last two exposures of each flight line shall fall outside the boundaries of the area to be covered by the flight, and all side boundaries shall be covered by a minimum of 25% of the photo image footprint. The aerial mission shall be flown with coverage extending beyond the project boundary to ensure adequate coverage.

3.1.4 Stereo Images

Overlapping images in each flight line and between flight lines shall provide full stereoscopic coverage of the area to be mapped. Appropriate endlap, sidelap and adjustment for crab and tilt shall be accounted for to meet the output specification.
3.1.5 Aerial Imagery Review
Contractor shall review the processed digital frames for the following:

· Adherence to the flight plan 

· Ground Sample Distance 
· Density 
· Contrast 
· Hot spots 
· Clarity 
· Shadow detail 

· Overall quality
3.1.6 Re-flights

Unacceptable aerial imagery shall be corrected at no additional cost to the [jurisdiction], with the re-flight coverage overlapping the acceptable imagery by at least two (2) stereo models.

3.2  Global Positioning System (GPS) Ground Control

The primary purpose of the required survey control for this project is to produce an aerotriangulation solution accurate enough for orthophoto production.  The contractor shall tie into existing control networks whenever possible, and any ground control established for this project must meet minimum accuracy requirements, and reporting requirements set forth here.  
Ground control shall be established with survey grade instrumentation under the direct supervision of a licensed professional surveyor.  Contractor shall coordinate GPS control survey with the licensed surveyor or engineer representing the [jurisdiction].
3.2.1 Collect airborne GPS data

The contractor may use airborne GPS (AGPS) techniques to supplement the ground control data.  Airborne GPS solutions shall be required to utilize dual-frequency GPS systems during the aerial imagery missions.  The Contractor shall post-process the airborne GPS data relative to simultaneous observations collected at fixed land-based reference stations.  Geodetic positions corresponding to the photo centers at the instant of exposure shall be calculated and (later) combined with existing control point values in an analytical aerotriangulation solution.
The contractor shall use AGPS techniques that provide high accuracy camera station coordinates. During the acquisition of the imagery, survey grade geodetic receivers shall be equipped on the aircraft and referenced to at least two ground stations. All instruments shall collect data at a sampling rate of 1.0 second with the aircraft receiver logging photograph exposure times as external events.
3.2.2 Monumentation

The Contractor shall be responsible for pre flight paneling and/or post flight photo identification of all control points. The Contractor shall recommend and coordinate the placement of control target locations of a sufficient quantity and size to control the photogrammetric accuracy specifications required for 1”=100’ map scale. Panels shall be removed upon the completion of the project. Actual placement of control paneling shall be a negotiated item in coordination with [jurisdiction] to determine most cost effective methods for placement, maintenance and removal.
3.2.3 Permission

The Contractor shall be responsible for obtaining all permits, permission, or traffic control that may be required to enter upon any lands or use of any Public Right-of Way where access to accomplish the ground control survey is necessary.  The permits, permission, or traffic control shall include obtaining permission to set or establish targets prior to the flight, for identification on the imagery. 
3.2.4 Survey Report and Deliverables
Upon completing the ground control phase, the Contractor shall prepare and submit a Final Survey Report to the [jurisdiction].  The report shall provide the following information:
· Detailed description of ground control coordinates and locations.
· Description of coordinates captured from the airborne GPS collection.  
· Summary of accuracies achieved, problems encountered, and a statement of the overall quality of the survey in terms of its use with airborne GPS.

· Schematic control diagram of the survey records on a map for all basic horizontal control used in the project.
· Digital file of ground coordinates and airborne GPS coordinates
3.3 Aerial Triangulation

Softcopy Aerial Triangulation shall be used to obtain high accuracy exterior orientation.

3.3.1 Accuracy
The positional accuracy (vector of both X and Y coordinate errors) of tiepoints established by aerial triangulation shall be sufficient to support the production of digital orthophotos meeting the accuracy standards contained herein.

The positional accuracy of passpoints and tie points established through aerotriangulation shall meet or exceed each of the following conditions:
· Root mean square error of the final block adjustment at all control points and 1/10,000 of the flight height.
· Root mean square error of the final block adjustment at all check points shall not exceed 1/7,500 of the flight height.
· The maximum allowable error of any point shall not exceed 1/5,000 of the flight height.

3.3.2  Checkpoints

Checkpoints are horizontal/vertical control points that have been established by ground control procedures throughout the photo block for accuracy checking purposes.  The positional values of these points may subsequently be used in the aerial triangulation adjustment once the checks have been evaluated and approved.

At a minimum 1/3 of the GPS survey ground control points will be withheld from the initial adjustment. The calculation of the positional values (x,y,z) for the independent checkpoints shall be used as an initial check of the accuracy. 
3.33 Aerial Triangulation Reports

Upon completion of all aerial triangulation the Contractor shall prepare an aerial triangulation report for submission to the [jurisdiction]. The Aerial Triangulation Results shall include:
· Summary of aerial triangulation results.

· Descriptions of laboratory equipment, procedures, and computer programs used. 
· Summary of RMSE errors for bundle adjustment, photographic measurement, tie point and control/check points.

· Significant misfits encountered at control points and procedures taken to analyze and rectify such misfits.

· A listing of all misclosures at ground control points with and without use of checkpoints.

· Computer printout of the final, adjusted analytical triangulation solution to horizontal and vertical ground control. The printout shall contain the Final State Plane Coordinates for all ground control points, passpoints, and checkpoints.

· Identification of all points that were included in the initial solution and subsequently discarded, with an explanation of the reasons for being discarded.

· Identification of the weighting factors applied to all points used in the final solution.

3.4 Digital Terrain Model (DTM)/Digital Elevation Model (DEM) 
A Digital Terrain Model (DTM)/Digital Elevation Model (DEM) shall be developed at a density level necessary to support the orthophoto production. 

3.4.1 DTM/DEM Production
Terrain/elevation data used in the development of the DTM/DEM shall be captured by photogrammetric techniques using a 1st order analytical stereoplotter or a softcopy workstation or derived from recent LIDAR-derived data.  The DTM/DEM shall consist of points spaced at regular intervals along a grid, points of significant high or low elevations, and ortho specific breaklines at all significant terrain breaks.  
3.4.2 DTM/DEM Restrictions
DTM/DEM data from a prior orthophoto project shall not be used for a new project unless approved.  If approved by the licensed surveyor or engineer representing the [jurisdiction], DTM/DEM data from a prior ortho project may be used for a new project after extensive updating by the Contractor.   A DTM/DEM is not to be stored as a record (Z component) for each pixel of the orthophoto image.
3.4.3  DTM/DEM Deliverables

DTMs shall be tiled according to project tiling scheme and delivered in a format compatible with the [jurisdiction]’s hardware and software platforms.  A written report (or metadata) listing the practices and procedures used to produce the DTM, including QA/QC steps. 
3.4.4. DTM/DEM Ownership
The [jurisdiction] shall maintain all rights of ownership for DTM/DEM.
3.5 Digital Orthoimagery 

Digital orthoimagery shall be produced from the processed, digital imagery. Each processed image (raster file) shall be geo-referenced to simulate its position in space at the time of exposure. The Digital Terrain Model shall be applied to the raster file to rectify the image to eliminate distortion. All orthophotos shall be edge-matched, radiometrically corrected, and color balanced. Once the imagery has been processed, it shall be structured and formatted in a seamless image database and sampled to the required 0.5-foot pixel resolution.  

3.5.1 Resolution

The final output resolution desired is 0.5-foot ground sample distance.

3.5.2 Radiometric Characteristics

All orthophotos shall be composed of three (3) R,G,B spectral bands:  Red (R), Green (G), and Blue (B). The radiometric resolution of each band shall be eight (8) bits at minimum, where the image brightness for each band is represented by 256 levels, ranging from 0 to 255.

3.5.3 Image Quality

Orthophotos shall not contain defects such as out-of-focus imagery, marks, scratches, or inconsistencies in tone and density between individual orthophotos. 
Radiometric Distortion - The Contractor shall correct distortions caused by elevated or depressed structures such as bridges, rail beds, overpasses, and steep terrain. The [jurisdiction] shall reject any image that contains these types of distortions. 

Image Mosaicking - Where two or more digital orthophoto images are mosaicked, the image judged to have the best contrast shall be used as the reference image. All other images shall have their brightness values adjusted to that of the reference image. Join lines between overlapping images shall be chosen so as to minimize tonal variations. Localized adjustment of the brightness values shall be performed to minimize tonal differences between join areas. Visible seams or sutures within a digital orthophoto which exhibit a noticeable “edge” or “feather” effect shall be grounds for rejection of that digital orthophoto.
Edge-Matching - All chips shall not have more than 3 pixels offset between the principal chip.

Band to Band Registration - Misalignment between any color bands shall not exceed 1 pixel.

3.5.4 Non-Image Data

Images shall not contain any non-image data.  Non-image data includes photographic frame borders, fiducial marks, artifacts, and titling.  Non-image data also includes "fill" induced by lack of elevation surface model coverage that results in white, black, or spurious intensity values.

4. Delivery Specifications

Tiling scheme, delivery media, and final deliverables

4.1 Tiling Scheme

The Contractor shall label each TIFF/TWF with the Filename as indicated by the Grid files provided by the [jurisdiction], i.e. 2,500 feet x 2,500 feet..

4.2 Data Delivery

All orthophoto data shall be delivered on USB 2 Hard Drive or electronic media as specified by the [jurisdiction]. Each disk or drive shall contain the following reference information:

· Identification number

· Name of  [jurisdiction]
· Consultant Name

· Date of delivery

· Listing of tiles 
A final review of all data will be conducted by [the jurisdiction] and checked for compliance with project specifications and media readability.

4.3 Project Deliverables

· Project Work Plan in both hard copy and digital format
· Project Flight and Survey Control Map (pre-flight)
· Final Survey Control Report in both hard copy and digital format
· Final Aerial Triangulation Report in both hard copy and digital format
· A statement of accuracy of the Orthophoto in both hard copy and digital format
· 3-band (RGB 0.5-foot pixel color digital orthophoto imagery, TIFF with TWF format 

[jurisdiction]wide 20:1 compressed image (MrSID format)
· Digital Terrain Model 

· FGDC Compliant Metadata in XML format for each tile
All final deliverable formats shall be coordinated between the contractor and the [jurisdiction]. All digital deliverables shall be fully compatible with the [jurisdiction]’s hardware and software platforms.
4.4 Quality Control of Deliverables
The [jurisdiction] has the right to perform its own quality control and due diligence.  Any image not meeting the requirements of this Scope of Work may be rejected for non-compliance.  The [jurisdiction] shall have ninety (90) calendar days to evaluate a deliverable.

[image: image1.png]













































































































































































































































































































































































































































































































































Digital Color Orthoimagery 6”   Scope of Work
2

