DRAFT Aerial Triangulation Specifications

Version: 0.05

Date: February 8, 2007

[image: image2.png]¥

i

*****

BRITISH
COILIMBIA





Ministry of Agriculture and Lands

Integrated Land Management Bureau (ILMB)
Base Mapping and Geomatic Services Branch 
AERIAL TRIANGULATION

SPECIFICATIONS

Integrated Land Management Bureau (ILMB)

BASE MAPPING AND GEOMATIC SERVICES

FEBRUARY 8, 2007

DRAFT VERSION 0.05
Canadian Cataloguing in Publication Data

To be completed by BMGS

1.0 Record of Amendments

	Revision

No.
	Revision made by
	Page #
	Revision Description
	Approved by
	Signature
	Date

	
	
	
	
	
	
	


TABLE OF CONTENTS

31.0
Record of Amendments


62.0
INTRODUCTION


63.0
GENERAL  BACKGROUND


74.0
SCOPE AND PURPOSE OF SPECIFICATIONS


75.0
AERIAL TRIANGULATION METHODS


85.1
Conventional Aerial Triangulation


85.2
Softcopy Manual Aerial Triangulation


95.3
GPS/IMU assisted Auto Aerial Triangulation (AAT)


95.4
Direct Geo-referencing or Direct Sensor Orientation


105.5
Integrated Sensor Orientation


116.0
AERIAL TRIANGULATION PREPARATION


116.1
Ground Control


116.2
Airborne Global Positioning System Data (AGPS)


126.3
Airborne Inertial Measurement Unit Data (IMU)


126.4
Aerial Triangulation Scan Data Compression


127.0
INTERIOR ORIENTATION PARAMETERS (IOP)


137.1
Film based Aerial Frame Camera or Analogue Camera


137.2
Digital Aerial Camera or CCD Frame Camera


147.2.1
Digital Aerial Frame Camera or CCD Frame Camera (ex. DMC, ULTRACAM etc)


147.2.2
Digital Aerial Non-Frame Camera


157.3
Interior orientation Readings


157.4
Interior Orientation Settings and Results


167.5
Interior Orientation Deliverables


167.6
Quality Control / Quality Assurance of Interior Orientation


178.0
RELATIVE ORIENTATION


178.1
Reliability of an AT Block


188.2
Stability of an AT Block


198.3
Precision of measurements in an AT Block


208.4
Numbering System


208.5
QC/QA of Relative Orientation


209.0
ABSOLUTE ORIENTATION


209.1
Bundle Block Adjustment Programs


219.2
TRIM1 & TRIM2 Control Sources


239.3
Airborne GPS


239.4
Airborne GPS plus IMU


239.5
QC/QA of Absolute Orientation


239.6
Relative Weighting of Control, Check


239.7
Relative Weighting of Pass, Tie, and Perspective Centres


2310.0
OUTPUT DATA


2410.1
Exterior Orientations (XYZOPK)


2410.2
Image Measurements


2410.3
Adjusted Ground Coordinates


2411.0
DELIVERABLES


2411.1
Input Aerial Triangulation Files


2411.1.1
Image Measurements


2411.1.2
Ground Control


2411.1.3
Airborne GPS


2411.1.4
IMU


2411.2
Output Aerial Triangulation Files


2511.2.1
Aerial Triangulation Log Files


2511.2.2
Adjusted Image Measurements


2511.2.3
Adjusted Ground Coordinates and Standard Deviation


2511.2.4
Adjusted EO Parameters and Standard Deviation


2511.3
Other Aerial Triangulation Files


2511.3.1
Aerial Triangulation Report


2511.3.2
Aerial Triangulation Index-Georeferenced (dgn/dwg/dxf)


2511.3.3
Aerial Triangulation Scans


2511.3.4
Final AT data in excel format


2611.3.4.1
Burned Crosses only for Manual Measurements


2612.0
DATA HANDLING and DELIVERY:


2612.1
Handling:


2612.2
Shipping:


2613.0
Summary of Returns:


2613.1
Deliverables:


2714.0
References


2815.0
APPENDIX A  - Issues with Auto AT measurements


3016.0
APPENDIX B  - The sequence of measuring the fiducial marks – USGS Cameara calibration report.




Province of British Columbia



Integrated Land Management Bureau (ILMB)

Base Mapping and Geomatic Services Branch

Aerial Triangulation Specifications

2.0 INTRODUCTION 

The main objective of aerial triangulation is to produce from known, geodetic control values, sufficient points in the photogrammetric models to ensure that each model can be oriented accurately as required for stereo compilation in either orthophoto or line mapping in either digital or analogue form. This manual is intended to be used to produce aerial triangulated, densified control points, for large, medium and small scale digital and analogue mapping produced for B.C. Provincial Government and any other mapping projects in British Columbia. 

A Community of Practice involving experts from academia, mapping, photo interpretation, aerial triangulation, and digital image capture and system design was constituted to provide input and direction to the development of this set of specifications and procedures that would realize the objective of obtaining consistent, high quality Aerial Triangulation results and products as deliverables.

These Aerial Triangulation Specifications supersede all previous Aerial Triangulation Specifications.

The term "Branch" when used herein shall mean Base Mapping & Geomatic Services Branch (BMGS) of the Ministry of Agriculture and Lands in the Province of British Columbia.

For the purpose of these specifications, the word "shall" indicates a mandatory requirement and "should,” indicates a desirable requirement.

The Branch shall be the final authority on acceptance or rejection of submitted Aerial Triangulation results, products and materials.

All Aerial Triangulation material, data and products delivered to the Branch shall meet or exceed the following specifications.

3.0 GENERAL  BACKGROUND

As is the case with any procedures that rely on technology, the field of aerial triangulation has changed significantly since 2000. Not only have computing systems greatly enlarged capacity for data, they have also become faster. Likewise, aerial triangulation software has become more sophisticated and available from a broadening array of developers. Control data is available from on-board GPS as well as Inertial Measurement Units (IMUs). Feature recognition algorithms have lead to the ability to do “automated” aerial triangulation.  These realities have resulted in the need to produce these Aerial Triangulation Specification in order that these technological developments can be appropriately utilized in delivering product to the BC Provincial Government.

4.0 SCOPE AND PURPOSE OF SPECIFICATIONS 

The scope of these Aerial Triangulation Specifications covers all aspects of the process. The intent is to focus on the results required and not on the procedures. The producer can implement a process of their choice but must comply with the content and results specified here in.

The sections on Quality Control and Quality Assurance will provide both the producer and the procurer a clear indication of how the results will be evaluated.

5.0 AERIAL TRIANGULATION METHODS

The main objective of aerial triangulation is to produce from ground control, sufficient points in the photogrammetric models to ensure that each model can be oriented accurately as required for stereo compilation in either orthophoto or line mapping in digital or analogue form.

Aerial triangulation is a complex operation which brings together several components of the mapping process including planning the photo flight and exposure stations, establishing location for ground control points, performing interior orientation, measuring and transferring all tie, check, and control points appearing on all photographs, and performing a least squares block adjustment.

Aerial triangulation provides the exterior orientation parameters (X, Y, Z, omega, phi and kappa) for all photographs in the block and the three-dimensional coordinates for all measured object points.

Recent progress in digital photogrammetry - advancement of computer technologies, image processing techniques and AGPS/IMU has brought to light new possibilities in the aerial triangulation process.

While the photogrammetric principles have not changed, the implementation tools have. An important advancement in digital photogrammetry involves automatic aerial triangulation using image matching techniques to automate point transfer and point mensuration phases, which were not available within the analytical stereoplotter environment. Several correlation techniques and computer programs for digital aerial triangulation have been developed, based on the automatic selection and transfer of tie points using multiple image feature based and/or least squares matching.

BMGS shall decide for each particular project which method is going to be used in the AT process. This decision will be based on the response to the Request for proposal process.
5.1 Conventional Aerial Triangulation

Input and tools

· Diapositives

· PUG Point Marking

· Analytical Point Measurements

· Bundle Block adjustment

In this process contact prints and diapositives are produced from the original negative aerial film. In the preparation phase all required control, pass, tie and water elevation points are labeled on the prints and marked with predefined symbols on the prints and later on the diapositives. PUG point marking device is used in the next phase to drill the pugs for all marked points. The next phase is analytical point measurement process of all pugged points. Interior orientation is performed on the analytical stereoplotter and all pugged AT points are measured producing a set of image coordinates (x and y) for each point measurement on each frame producing photo measurement file.

In the very last step bundle block least square adjustment is performed.

Note: Point coordinates were the most important output results since it was not possible to store and transfer exterior orientation parameters from one compilation session to the next.

5.2 Softcopy Manual Aerial Triangulation

Input and Tools:

· Digital scanned images or digital images

· Digital point marking

· Softcopy manual point measurements

· Bundle Block adjustment

· AGPS

· IMU

In this process the original negative aerial film is scanned and converted to a positive in digital form.

Automatic or semi-automatic interior orientation is performed on the compressed images.

Semi-automatic operator-assisted image correlation is used where operator manually selects the point in one or two images and the image matching correlation technique is used to transfer the point in all overlapping images.

One of the significant advantages of softcopy AT is that the point coding, measurement and transfer is done by one person and at the same time.

Note: Point coordinates and exterior orientation parameters are equally important output results since both could be used to setup the models from one compilation session to the next.

5.3 GPS/IMU assisted Auto Aerial Triangulation (AAT)

Input and Tools:

· Digital scanned images or digital images

· Digital point marking

· Softcopy Auto/Manual point Measurements

· Bundle Block adjustment

· AGPS

· IMU

Automated point selection and point transfer process utilize the digital image correlation. The point selection is done by searching for a candidate point with predefined rules and then transferring the point from primary image to all the overlapping images. Several methods for auto AT process are being developed and are based on two basic matching algorithms multiple image feature-based and least square matching techniques.

Auto tie point extraction is followed by a verification and editing stage carried out by a human operator. Editing of the AAT results including a manual stereo measurements in order to satisfy reliability and stability of the AT block as well as the required precision – accuracy of the measurements.

Combination of all three techniques (AAT, AGPS and IMU) will yield the most reliable results.

Note: Point coordinates and exterior orientation parameters are equally important output results since both could be used to setup the models from one compilation session to the next.

5.4 Direct Geo-referencing or Direct Sensor Orientation

Input and Tools:

· Digital scanned images or digital images

· AGPS

· IMU

· Full system calibration results
 (is-situ)
Use of high-quality integrated GPS/IMU allows for direct georeferencing or direct determination of exterior orientation parameters without use of any ground control and any tie points. Since the same technology is also used to determine the orientation of non-traditional sensor such as laser scanners and SAR sensors the more general term of sensor orientation is used.

Based on the results and focusing on the role of GPS/inertial components as one part of the sensor systems – the following conclusions are drawn:
· Direct sensor orientation based on GPS/inertial systems provides high flexibility since this method can be used with any type of sensor (frame/line, analogue/digital). There are no longer restrictions on flying regular block structures. Since there is no need for tie point matching, this method of image orientation will succeed even in applications where traditional transfer of tie points is problematic, for example coastlines and dense forest regions. The use of GPS/inertial sensors is essential for efficient data processing of push-broom line sensor data, like ADS40.

· Direct determination of exterior orientation parameters using high-quality integrated GPS/inertial systems can reach high accuracy fairly close to standard photogrammetry – but only if a correct GPS/inertial data processing (including efficient GPS/inertial error control, correct transformation between different coordinate and mapping frames, datum problems) and an appropriate overall system calibration (including GPS/inertial components and camera self-calibration) is guaranteed for the specific mission site.

· Direct georeferencing without any ground control is possible but highly unreliable since non corrected systematic or gross errors remain undetected and directly deteriorate the quality of sensor georeferencing. Hence, the use of a certain number of check point data in the mission area itself is recommended to provide redundant data for quality assessment and quality control. If errors are present these check points in the test site may serve as control data to compensate the error effects.
Note: Exterior orientation parameters are the most important output results. 

5.5 Integrated Sensor Orientation

Input and Tools:

· Digital scanned images or digital images

· Digital point marking

· Softcopy Auto/Manual point Measurements

· Bundle Block adjustment – without ground control

· AGPS

· IMU

In direct sensor orientation due to sometime large y-parallaxes in individual models stereo plotting is not possible and high accuracy orthophoto production can not be done. Introduction of additional pass/tie points (without GSPs) eliminates the y-parallax and to some extend improves the accuracy in the object space. Also pass/tie points could be used to model the effects in image space using additional parameters.

Note: Exterior orientation parameters are the most important output results. 

6.0 AERIAL TRIANGULATION PREPARATION 

6.1 Ground Control

Ground Control Points are points on the terrain with known co-ordinates in the terrain system, which are identified and measured in an aerial photograph. Both, the terrain co-ordinates and the photogrammetric measured co-ordinates are used in block adjustment as observations. 

Ground control survey, will be supplied by BMGS according to the requirements of the latest edition of British Columbia Standards, Specifications and Guidelines for Resource and Control Surveys using GPS or Conventional Survey Technologies. In addition, photogrammetrically derived control (conventionally known as pass and tie points) which has had prior review and approval by BMGS may also be used.

Accuracies of ground control points shall be stated in the project specifications according to the Specifications for Control Surveys. A listing of Ground Control coordinates will be provided by the BMGS 

NAD'83 coordinates are to be utilized unless otherwise stated by the BMGS.   

If geo-spatial control data is supplied by the project contractor it shall be subject to review and approval by BMGS.

Where control has to be transferred from pre existing photography (TRIM1 and TRIM2 AT projects), such photography may be scanned and control points digitally transferred to the new photography. Tie point transfers will be by digital transfer only and may be performed simultaneously within the mensuration process.

6.2 Airborne Global Positioning System Data (AGPS)

Airborne Global Positioning System Data (AGPSD) refer to observations from a GPS receiver used during the photo flight mission for navigation purposes and indirectly used to obtain co-ordinates of the perspective centers. These observations are used in a simultaneous block adjustment in order to reduce the number of required control points.

The absolute accuracy of a GPS/IMU system is limited to the absolute positional accuracy of the GPS.

The GPS accuracy is assumed to be 10 cm horizontally and 15 cm vertically.

The best GPS positioning accuracy (3 to 10 cm) is achieved using carrier phase DGPS techniques and if the base station is located within about 30 km of the project site. 

Integration of AGPS/IMU into the AAT process should simplify the automatic block organization, improve the quality of tie point automatic image matching and increase overall stability and reliability of the block.

6.3 Airborne Inertial Measurement Unit Data (IMU)

In addition to AGPS, IMU gyro sensors can be used during the photo flight to store the rotation angles roll, pitch, yaw (omega, phi and kappa).

The best IMU accuracy is assumed to be 10 arc seconds for omega and phi and 15 arc seconds for kappa. Reasonable IMU accuracy is 20 arc seconds or 0.0055 degrees. The manufacturers stated accuracy for the IMU unit must be as good as or better than 20 arc seconds or 0.0055 degrees.

IMU improves the accuracy and reliability of GPS positions by reducing the effects of cycle slips and other errors. 

The use of IMU observations further reduce the number of required control points in the AT projects.

IMU can help to keep the triangulation stable, even if no tie point could be measured in certain photos (e.g. photos only showing water). Without IMU photos without tie points would cause the adjustment terminating with a singularity error. IMU however can help the adjustment to go over these photos without a problem.

In addition, IMU can be used to have much better initial approximations of orientation parameters for an automatic aerial triangulation program. Thus the quality of tie point extraction will very much benefit from IMU.

6.4 Aerial Triangulation Scan Data Compression

When the input data is scanned photography at a resolution of 7 to 14 micron, compressed images may be used during the AT process.

The image compression, with compression ratios of under 5 
produce the compressed image that is near-lossless. The visual quality of JPEG compressed images is still excellent and the accuracy of manual image mensuration is essentially not influenced.

This leads to substantial file storage savings, shorter file transfer times, better image file size management and easier management of files.

7.0 INTERIOR ORIENTATION PARAMETERS (IOP)

Determination of the interior perspective of the image as it was at the instant of exposure. Interior orientation refers to the geometric relationship between the image plane and the perspective center of the lens.

7.1 Film based Aerial Frame Camera or Analogue Camera

Elements of the inner orientation are the calibrated focal length, location of the calibrated principal points and the calibrated lens distortion related to a coordinate system. 

The inner orientation shall take into account all information available from the camera calibration report:

· Focal length – Calibrated focal length as given in the camera calibration report

· Displacement of the principal point of autocollimation – PPA – indicates the foot point of the perpendicular from the centre of the lens system to the plane of focus and represents the point which would be ideal origin for the coordinate system on the image plane.

· Displacement of the principal point of symmetry – PPS – indicates the intersection of the image plane of a direct axial ray passing through the centre of the lens system. Lens distortion functions are based on the definition of PPS.

· Fiducial mark co-ordinates or distances – Fiducial mark coordinates are defined from the coordinate system. There are three different cases of the definition of the fiducial coordinate origin:

1. The coordinates of the fiducial marks refer to PPA – eg. USGS camera calibration report

2. The coordinates of the fiducial marks refer to PPS – eg. ZEISS Oberkochen camera calibration report

3. The coordinates of the fiducial marks refer to FC – eg. Leica camera calibration report
· Lens distortion values – Depending on a camera calibration report either a radial distortion table or distortion coefficients are given. If camera calibration report contains both types, it is up to contractor to select one (neither the one nor the other is more accurate). Further, if radial distortion values are to be entered into a distortion table there could be option to either enter linear distance with PPS as centre (ex.: europian camera calibration reports) or angular values from the lens and the optical axis (ex.: USGS camera calibration reports). The mean (average) distortion values shall be used as given in the camera calibration report.

7.2 Digital Aerial Camera or CCD Frame Camera

Digital images compared to film scanned images have shown superior economy (eg. no scanning), superior image quality (12 bits/pixel), better matching accuracy, superior geometric accuracy (no image shrinking or other deformations), and the IO is system-inherently available. Usually, all digital images are free of any distortion
 and all cameras of the same brand have the same camera calibration reports (such as DMC camera). 

One of the main advantages of the digital camera design is that there are no moving parts in the focal plane, therefore the interior orientation for all the images remains the same. There is no need for the fiducial marks but for the workflow compatibility any pixels can be used as a fiducial point. The manufacturing of pixels requires sub-micron accuracy mask technology producing the grid of pixels with better than a micron accuracy.

Camera calibration will remove any possible deformations such as CCD sensor deviations from flatness.

Due to the fact that so far no standard is specified for calibration reports on digital cameras by the International Society of Photogrammetry and Remote Sensing (ISPRS), nor the United States Geological Survey (USGS) all parameters from the supplied camera calibration report that describe the digital camera geometry have to be determined and entered in the process of the AT.

All cameras of the same brand have the same camera calibration reports.
It is very important to have a detailed correct definition of the sensor to avoid bad triangulation results. Some of the important parameters are:

· Focal length - Calibrated focal length as given in the camera calibration report

· Pixel reference – the reference of the sensor coordinates could be at the centre of the pixel or the upper left corner of pixels. A correct definition is necessary to correctly define the principal point offsets. A shift of half a pixel may have considerable impact on the AT results.

· Sensor size – The size of the CCD is defined by the amount of pixels in row and column direction

· Pixel size – Some of the sensor have non-squared pixels. The pixel size is also defined in row and column direction

· Orientation of the image coordinate system – is usually x pointing to the right.

7.2.1 Digital Aerial Frame Camera or CCD Frame Camera (ex. DMC, ULTRACAM etc)

Digital Frame Cameras use a central perspective projection the same way as Film based aerial cameras. 

7.2.2 Digital Aerial Non-Frame Camera

Digital Aerial Non-frame Cameras are Digital Cameras that encompasses all other perspectives, including such sensors as ADS40, SPOT, LANDSAT, radar, panoramic, etc. 

7.3 Interior orientation Readings

The sequence of measuring the fiducial marks shall be done as stated in the camera calibration report.

If the aerial triangulation package does not support the use of unique camera definition then detailed sketches of creating left/right cameras must be supplied as part of the aerial triangulation report.

Please refer to Appendix B for more information on the sequence of measuring the fiducial marks for most common cameras and USGS style of the camera calibration report:

· Zeiss Camera
· Wild Camera
· Jena Camera
7.4  Interior Orientation Settings and Results

The camera calibration report must not be older than 2 years at the time of the photo flight. The calibration report will be in accordance with the Province of British Columbia Aerial Photography Specifications.

All available fiducial marks shall be measured and used during inner orientation. If only 4 fiducial marks are available then a similarity transformation (4-parameter solution) shall be used during measurements in order to detect possible problems.

The final calculation shall be performed with an affine transformation.

Applying two-dimensional conformal or affine transformation will remove the uniform distortion of film deformation.

Residuals at the fiducial marks must be:

· =< 15 microns.

Sigma naught of the inner orientation must be:

· =< 10 microns. 

If these results cannot be obtained for a photograph, a notice must be included in the final report submitted to Base Mapping and Geomatic Services. 

If these results cannot be obtained for more than 5% of the photographs, measurements shall be stopped and Base Mapping and Geomatic Services must be informed immediately to discuss the matter.

Any error made during the Interior Orientation phase of an AT adjustment process would have an undesirable effect on the final aerial triangulation result.

If specified tolerances can not be reached the reasons are:

· Wrong fiducial mark measurements.

· An inadequate camera calibration report.

· Poor geometric quality (calibration) of the scanner.

7.5 Interior Orientation Deliverables

· Original camera calibration reports – for all used cameras in the AT project

· Generated camera calibration files in text format that were used in the AT process – generated camera definition files 

· Sketch of the sequence of measuring fiducial marks – if the sequence of measuring the fiducial marks is not done according to the original camera calibration report. 

· IO XLS file – Excel file that shows the relationship between image and camera and IO results (as specified in 7.6).

7.6 Quality Control / Quality Assurance of Interior Orientation

The results of Interior Orientation shall be delivered in spreadsheet format with the following header definitions:

AT code – Aerial triangulation code used in the adjustment

File Name – AT scan file name delivered to BMGS

Camera Serial # - camera serial number from the Camera Calibration Report

Lens Serial # - lens serial number from the Camera Calibration Report

Focal Length – calibrated focal length from the Camera Calibration Report

Camera Calibration Date – camera calibration date from the Camera Calibration Report

Number of Fiducials measured – number of fiducials measured in the process of IO

Transformation used – transformation used in the process of IO

IO sigma naught – value of the IO sigma naught

Max residual - Highest individual residual in microns

Max residual at the fiducial mark # - fiducial # of the max residual

	AT

code
	File Name
	Camera serial #
	Lens serial #
	Focal length

(mm)
	Camera Calibration Date

	101
	BCB96013_113_14n_at
	5163
	13203
	152.823
	18-May-1995

	102
	BCB96013_114_14n_at
	5163
	13203
	152.823
	18-May-1995

	103
	BCB96013_115_14n_at
	5163
	13203
	152.823
	18-May-1995


	Number of fiducials measured
	Transformation used
	IO sigma naught (microns)
	Max residual

(microns)
	Max residual at the fiducial mark #

	8
	Affine
	8.9
	-11.1
	7

	8
	Affine
	7.6
	-9.4
	1

	8
	Affine
	8.1
	-10.1
	7


8.0 RELATIVE ORIENTATION

Relative orientation shall produce a parallax free model settings based on coplanarity equations. The quality of any AT block in regards to relative solution depends on:

· Redundancy and Reliability

· Stability

· Precision

8.1 Reliability of an AT Block

The reliability of adjustment results depends highly on a good redundancy. To obtain reliable results of photogrammetric block adjustment, the average redundancy should be:

· For single strip blocks 


>= 0.25

· For corridor multi-strip blocks 

>= 0.35

· For rectangular blocks 



>= 0.50

The average redundancy of an adjustment is the redundancy per observation:

Average redundancy = redundancy / number of unknowns

Redundancy is the number of redundant observations in an adjustment:

Redundancy = number of observations - number of unknowns

Due to automatic measurements being slightly less reliable than manual measurements, the redundancy of automatically measured blocks shall always show high values. High redundancy is therefore producing the same highly accurate result as compared with manually measured traditional aerial triangulation. As discussed later, attention must be paid to the distribution of the number of rays for measured points.

In general, the amount of multi-ray points should be larger than 2-ray points. 2-ray points have only two measurements that intersect at exactly one position to determine ground coordinates, so it is impossible to detect errors.

The total number of #-ray (points measured in 2, 3...# photos), measured in the block shall be delivered in tabular format in the AT report with the following header definitions:

#-ray – points measured in 2, 3, …, # photos

Number of points – number of points for each #-ray group

Percentage – number of points for each #-ray group

	# - ray
	Number of points
	Percentage

	2
	184
	3.7 %

	3
	2017
	41.0 %

	4
	132
	2.7 %

	5
	232
	4.7 %

	6
	2317
	47.1 %

	7+
	37
	0.8 %

	Total
	4919
	100 %

	Average rays/point
	4.5

	Average points/photo
	17.4


2-ray points = NO reliability. If 2-ray points represent more than 50% of all measured points in the block, the AT block should be considered unstable and with no reliability. Therefore all potential measuring errors in 2-ray points will remain undetected in the final bundle block adjustment. The final ground adjusted coordinates and exterior orientation parameters will absorb all the effects of undetected blunders. Compounding this problem is that all statistical data output will give no indication to the user that the blunders still exist in the set of automatically measured points. If many 2-ray points are present in the set of measurements then average redundancy will be < 0.5 and will not satisfy the specs nor reliability.

3-ray points = Bad/Partial reliability. All auto AT packages apply the automatic blunder detection procedure where all the measurement errors are being flagged. With 3-ray points it is impossible to localize the erroneous point observation. The tie point can be only flagged as erroneous in the automatic blunder detection, but the measuring error cannot be found. It can be in any of the three point observations.

Multi-ray points (4, 5, 6, 7+) = Good reliability. It is possible to localize the erroneous point observation; i.e. to find (and eliminate) the measuring error in the automatic blunder detection process - which is extremely important for the strength and reliability of the block.

8.2 Stability of an AT Block

The objectives for any auto aerotriangulation package is, compared to the conventional analytical approach, to achieve equal or better accuracy, improved efficiency, and faster production.

As with conventional aerial triangulation, an image is divided into a regular 3x3 von Guber areas where the availability of tie points is a prerequisite for a stable geometric block connection. The points in those so called von Gruber positions have the maximum effect on the orientation parameters. The farther away a tie point is measured from those theoretical positions, the less is its influence on the calculation of the EO parameters.

Any auto AT package searches for a candidate tie point in those areas and then transfers the point from the primary image to all the overlapping images.

In general the additional use of GPS/inertial data should improve the quality of tie point matching and increase the overall stability and reliability of the block.

Except in images on the perimeter of the block, image points appearing only within a flight line i.e. points not located in any overlap  regions of a flight line, shall be transferred and mensurated in stereo-comparator mode with the preceding and  succeeding images in that flight line, providing three-ray mensuration and three-ray image points. 

Except in perimeter images, all image points appearing in overlapping flight lines i.e. points located in the lateral overlap regions in the current flight line, shall also be transferred and mensurated in stereo comparator mode and each with the successive and preceding images, providing six-ray mensuration and six-ray image points. In cases where the image centres in the overlapping flight lines are inadvertently staggered, five-ray mensuration and five-ray image points are acceptable. 

In projects where 5 von Gruber points per image are specified, two image points in each of the two lateral overlap regions plus one point near the principal point are required. The maximum mensuration opportunity or maximum fold mensuration is: 

(2(L/R) x 2 lateral points x 6 rays) + (1 central point X 3 rays) = 27 data entries / model 

The data entries in a six-fold point are evenly distributed over two flight lines, resulting in the image in each line logging not less than: 

(2(L/R) x 2 lateral points x 3 entries) + (1 central point x 3 entries) = 15 data entries / model 

8.3 Precision of measurements in an AT Block

Manual point measurement accuracy is approximately 1/3 pixel. Automatic measurement accuracy is up to 1/10 pixel on open flat terrain while under less favorable conditions the measuring accuracy is in order of 1/5 to 1/3 of a pixel.

One free net adjustment – bundle block adjustment that does not use any ground control points or AGPS/IMU or any EO parameters – shall be performed and statistical results delivered in as defined in the appropriate section of the AT report. The results will include:

1. Sigma naught – the computed aposteriori standard deviation of the AT block adjustment in relative mode: 

· shall be < 10 microns

2. RMS image system – the image measurement x- and y- residual root mean square:

· shall be < 7 microns

3. 
Max rx and ry – maximum residuals in x and y coordinates in image space:

·  shall be < 25 microns (current specs 30 microns)

8.4 Numbering System

8.5 QC/QA of Relative Orientation

9.0 ABSOLUTE ORIENTATION

Absolute orientation transforms the three dimensional model to the local object space by means of a three-dimensional similarity transformation. 

9.1 Bundle Block Adjustment Programs

The computer program for the block adjustment could be any reliable bundle adjustment package such as PAT-B, inBLOCK, AeroSys, Bingo, Blue, etc.

The bundle adjustment package shall have the following features: 

· The block adjustment program shall perform a rigorous bundle adjustment. 

· The block adjustment program shall allow proper apriori standard deviations (or weights) for all groups of observations (photogrammetric observations, terrain measurements of control points, GPS observations, IMU observations). 

· The block adjustment program shall allow different apriori standard deviations (or weights) within each group of observations. 

· The block adjustment program shall support proper data cleaning by providing RMS values for all types of observations and all groups used with different apriori standard deviations (or weights) and marking of all observations with residuals.  

· The block adjustment program shall feature simultaneous adjustment of additional unknown parameters used also as observations to correct for systematic image deformations (self-calibration). 

· The block adjustment program shall supply sufficient
 statistical information about the determinability and significance of the added self-calibration parameters. 

· For GPS/IMU supported aerial triangulation the block adjustment program shall do a simultaneous adjustment of all observations including observations from kinematic GPS and IMU attitude observatoins. 

· The block adjustment program shall provide the correction of the antenna offset for different strips in case the antenna offset of the kinematic GPS observations is not corrected by GPS post-processing or on the flight. 

· The block adjustment program shall provide the correction of the boresight misalignments roll, pitch and yaw of the IMU sensor from given reference sensor. 

· The block adjustment program shall allow a drift correction (constant and linear term) for all three co-ordinates of kinematic GPS observations. 

· The block adjustment program shall allow a drift correction (constant and linear term) for all three attitude observations of of IMU (roll/omega, pitch/phi and yaw/kappa) 

9.2 TRIM1 & TRIM2 Control Sources

Unless otherwise specified by BMGS, a minimum of the following control data is required:
Two (2) control points per map sheet are required.

One (1) additional control point per map sheet shall be used as a check point. The root mean square (RMS) of all check points shall be delivered in a spreadsheet.

All three (3) required control points shall be used in the very final AT bundle block adjustment.

This requirement will allow the evaluation of the RELATIVE accuracy of an aero triangulation block to the existing TRIM I or TRIM II AT block(s) used as the source.

The use of a certain number of check point data in the AT block is required to provide redundant data for quality assessment and quality control. 

· There shall be 1 check points per map sheet

If errors are present these check points in the test site may serve as additional control data to compensate the error effects. This must be discussed with BMGS to determine the course of action.

Check points are critical to analysis of best fit to existing control or Block Ties. The Check ppoints will be used in the final adjustment. However, it is required to make 2 final runs: first one to determine “the FIT” of the check points and later the very final adjustment with all of the TRIM1/TRIM2 control points including check points as any other control point. A table will be provided to show the difference in position between the two runs.


The RMS results of all check points shall be delivered in spreadsheet format with the following header definitions:

Mapsheet # – Mapsheet number.

TRIM I / TRIM II project name /number/year – Existing AT block/project used as a source for the ground control points.

Point # - Ground control point number as listed in the TRIMI / TRIM II project

TRIM I / TRIM II adjusted coordinates – Given adjusted coordinates of a ground control point.

New AT project adjusted coordinates – Adjusted coordinates of a ground control point that has been used as a check point.

Residual – RMS in X, Y and Z for each individual ground control point that has been used as a check point. Residuals show the true errors by showing the difference between given coordinate and adjusted coordinate.
Combined RMS – RMS in X, Y and Z for all ground control points that have been used as check points

RMS Value (m) – RMS value in meters



	Map

sheet
	TRIMI/TRIMII  project name /number/year
	Point
	TRIMI/TRIMII adjusted coordinates
	New AT project adjusted coordinates
	Residual
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	X
	Y
	Z
	X
	Y
	Z

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


	Combined RMS
	RMS Value (m)

	RMS – X
	

	RMS – Y
	

	RMS – Z
	


"Check points" are additional control points which are measured in the images, but whose coordinates are introduced with the infinite weight (ex. 100000 meters) into block adjustment. At the end of the block adjustment the difference between the adjusted ground coordinates and given coordinates of a check point coordinate will show the "true" error of an AT adjustment.

The combined root mean square (RMS) of all check points can therefore be utilised for a description of the absolute accuracy of the block adjustment. Since the existing TRIM I and TRIM II AT projects are used for any “new” AT adjustment the RMS values will show the RELATIVE accuracy (fit) of a new AT to the existing one rather then the absolute accuracy.



9.3 Airborne GPS

9.4 Airborne GPS plus IMU

9.5 QC/QA of Absolute Orientation

Mean values of the aposteriori standard deviations for adjusted terrain coordinates, calculated by inversion of the normal equations, shall confirm the accuracy meets the following: 

· <20 micron in horizontal 

· <30 micron in vertical  

9.6 Relative Weighting of Control, Check

9.7 Relative Weighting of Pass, Tie, and Perspective Centres



10.0 OUTPUT DATA

Users of soft copy AT data should recognize that there are three files which should be used to achieve highest accuracy in stereo model setups. These are as follows as follows: 

· exterior orientation (typical file extension .ori ) 

· photo coordinates (typical file extension .im ) 

· adjusted terrain coordinates (typical file extension .adj)

10.1 Exterior Orientations (XYZOPK)

10.2 Image Measurements

10.3 Adjusted Ground Coordinates

11.0 DELIVERABLES

11.1 Input Aerial Triangulation Files

11.1.1  Image Measurements

11.1.2  Ground Control

11.1.3  Airborne GPS

11.1.4  IMU

11.2 Output Aerial Triangulation Files

11.2.1  Aerial Triangulation Log Files

11.2.2  Adjusted Image Measurements

11.2.3  Adjusted Ground Coordinates and Standard Deviation

11.2.4  Adjusted EO Parameters and Standard Deviation

11.3 Other Aerial Triangulation Files

11.3.1  Aerial Triangulation Report

A complete AT report (see Appendix "B") shall be written which covers all work carried out on the block as well as all QA/QC results for each phase of the AT process. This report will include: 

• Photography and control used;  

• Equipment and Software used;  

• Methodology and specifications used;  

• Numerical adjustment results;  

• Additional information such as items of concerns, weak areas in the block, recommendations, etc.;  

• Note any stereo gaps or any stereo dead areas encountered;  

• Summary and block accuracy classification
11.3.2  Aerial Triangulation Index-Georeferenced (dgn/dwg/dxf)

11.3.3  Aerial Triangulation Scans

11.3.4  Final AT data in excel format

	AT

code


	File Name


	Adjusted EO parameters

	
	
	X
	Y
	Z
	Omega
	Phi
	Kappa

	
	
	m
	m
	m
	degree
	degree
	degree

	101
	101_BCB96013_113_14n_at
	
	
	
	
	
	

	102
	102_BCB96013_114_14n_at
	
	
	
	
	
	

	103
	103_BCB96013_115_14n_at
	
	
	
	
	
	

	…
	
	
	
	
	
	
	


	UTM zone
	Camera serial #
	Lens serial #
	Focal length

(mm)
	Camera Calibration Date
	Masheet #
	AT block

	
	Wild 5163
	13203
	152.823
	18-May-1995
	
	

	
	Wild 5163
	13203
	152.823
	18-May-1995
	
	

	
	Wild 5163
	13203
	152.823
	18-May-1995
	
	

	
	
	
	
	
	
	


	Contractor
	Hard drive label
	Submission date
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


11.3.4.1 Burned Crosses only for Manual Measurements

12.0 DATA HANDLING and DELIVERY:

12.1 Handling:

Digital imagery will be delivered on USB 2 compliant hard drives or on fire wire or as specifically defined in the contract.

12.2 Shipping:

Shipments of data will be via courier and to the address specified in the contract.

13.0 Summary of Returns:

13.1 Deliverables:

14.0 References

Integrated GPS/inertial and digital aerial triangulation - recent test results - MICHAEL CRAMER, Institute for Photogrammetry (ifp), Stuttgart

15.0 APPENDIX A  - Issues with Auto AT measurements
Manual point mensuration – points are being placed in von Gruber areas on a flat stable ground and are visible in all overlapping images.

Auto AT mensuration – points are selected using local interest operators only, therefore points sometime lie on the top of a trees, shadow edges, in the middle of lakes and even on moving cars leading to many incorrect results.

· Tree top points - Even if a spot on a tree is correctly identified and matched among all of the overlap images, it's still not desirable to have those points in the final block adjustment due to the possibility of movement caused by external force such as wind. Although numerous methods have been proposed to avoid such situations, there is no effective way to solve this problem

· Shadow points – Shadow points within a strip (as pass points) are of course not critical because these images are acquired immediately one after the other. But shadow points between strips (as tie points) often shows high residuals especially for long strips where a considerable amount of time can go by before the plane comes back to the same area and in the meantime the shadow has moved. The shadow point issue is even greater between the strips flown at different time of day (10 o’clock/2 o’clock flights). Although numerous methods have been proposed to avoid such situations, there is no effective way to solve this problem
The use of automatic point selection including automatic point transfer process offers promise to the photogrammetric community for increased productivity in the AT process. 

It is important to mention that the use of auto AT could improve productivity very significantly in some areas under favorable conditions (open and flat terrain, good texture, etc) but will only partially help or fail to produce correct and accurate results in the areas which contain steep terrain (mountainous) covered by trees, snow or water and with poor texture in general.

The use of auto AT is especially beneficial for corridor mapping projects for railroads, powerlines, pipelines, and highways where majority of the points are pass points.

Some of the major challenges to the existing auto AT softwares are ability to handle:

· Large height differences within block of photos

· Terrain topography – mountainous

· Land cover – forest, water, snow

· Different scale of photos in a block

· Photos flown on different dates and with different cameras

In a production environment the auto AT results must be verified by an operator and if necessary to employ manual/conventional point measurements in some parts of the AT block of photos in order to produce a reliable AT solution. The need for manual interaction depends on a number of factors including among other things the terrain type and terrain height differences.


16.0 APPENDIX B  - The sequence of measuring the fiducial marks – USGS Cameara calibration report.
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� If we add this, it would cover all the other comments further down in the second bullet


�I added this so tat there is a “specification” for the accuracy of the IMUs that can be used for mapping purposes. Is it reasonable?


�I changed the first sentence to relate this to scan resolution. Lets go with 5X and see what the response is.


�Is this correct? The distortion is a function of the lens is it not? I’ve tried to explain more of it in the next section. Could not find any specific lens distortion data for the digital cameras. Will do more research.


�Do we need a format for this report?


�I added this sentence from your comment box Is that OK?


�What value goes here? Lets go with 7 microns. These numbers are open for discussion but related. (ex. RMSx=8microns and RMSy=8microns would give RMSxy=11.3 microns or say sigma naught of 11.3, while 10 is allowed from item #1).


If we change to 8 microns for sigma naught for 1. then in 2. we should allow 6 microns for RMSx and RMSy.


Looks like that we should keep sigma naught to be as in old specs < 10 microns and state RMSx and RMSy < 7 microns…


Ok, lets go with what you suggest. Can you please just make the changes and delete the comment?


�What is sufficient? What specifically is required?


�Note wording change. Maybe we should write that those points are to be used in the final adjustment. Basicaly companies would make 2 final runs: first one to see “the FIT” of those check points and later the very final with all of the TRIM1/TRIM2 control points including check points as any other control point.


�How does this sound? Do we need a table?


�What must the RMS values be less than. We need a specified value. In my opinion < 4m. Right now 5m is a border for QC/QA of the 2005/2006 BMGS AT projects. 


OK, lets specify <4m and see what happens..


�We need to specify what these values are. In my opinion < 2 m for all three (X, Y and Z)


OK, lets make it that.


�I added these. Do we need this? I am not sure if we should specify the weighting system? I guess not and leave up to each company to figure out the best fit of measurements, control, AGPS, IMU etc with the goal to satisfy the specs…





We should talk about this one. Its really possible to warp the block by “playing” with the weights.
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