LASER Calibration USING SURFACE PROFILES

Introduction

Laser bore site calibration is the process whereby the angular misalignment between the IMU and the laser is determined.  The components determined are roll, pitch and heading.  These are rotations around the X, Y and Z-axis respectively.

In addition the above there are mechanical values that need to be resolved.  These include pitch at the edge of the swath, and torsion.  There may be a change in pitch from nadir to the edge of the swath, depending upon the alignment of the rotating mirror with respect to the mirror shaft.  Torsion defines the elasticity of the shaft of the rotating mirror and is apparent under acceleration when the mirror oscillates.

The bore site calibration process to determine these values is undertaken in a relative mode only as there is no comparison with ground data.  Subsequently, it should adhere to the basic survey principle of working from the whole to the part, i.e. daily operation of the equipment should always be at a lower flying height and smaller Field Of View (FOV) than used in calibration, so that the residuals of calibration are reduced rather than multiplied.  It is critical to undertake the bore site process in such a way that any errors will be exaggerated so that any remaining residuals can be minimized.

The final value to be determined to ensure data conforms to ground truth is the range correction.  Data may be higher or lower than ground truth, which is supplied from ground survey.  In this instance a constant amount is added to the laser range to achieve the correct ground height.

Roll.  Roll is a rotation around the X-axis and is evident as an error in position across track and an error in height with data on one edge high and on the other edge low.  Roll is resolved by flying a single flight line over a flat surface in opposite directions.  Any error will be exaggerated by having as wide a swath width as possible.  This requires a maximum flying height and the maximum FOV.

Pitch.  Pitch is a rotation around the Y-axis and is evident as an error in position along track.  Using laser point data only, a pitch error cannot be determined over a flat surface.  Pitch error is only evident when viewed over a sloping surface. The surface being viewed must be a large regular shape and chosen so as to eliminate any errors introduced when interpolating between individual laser points.  The sloped surface being viewed must be  at least 6 times larger than the maximum point spacing.

Pitch error is checked in the nadir position and also at the edge of the swath.  Nadir pitch is resolved by flying a single flight line in opposite directions with a small along track spacing.  Any error will be exaggerated by having a maximum flying height. The viewing surface should fall in the nadir position.

Pitch at the edge of the swath is resolved by flying a single flight line in opposite directions with a swath width as wide as possible. This requires a maximum flying height and the maximum FOV.  The viewing surface should fall on the edge of the swath.

Heading.  Heading is a rotation around the Z-axis and is evident as an error in position with data on one edge of the swath moved forward and on the other edge of the swath moved back. Using laser point data only, a heading error cannot be determined over a flat surface.  Heading error is only evident when viewed over a sloping surface. The surface being viewed must be a large regular shape and chosen so as to eliminate any errors introduced when interpolating between individual laser points.  The sloped surface being viewed must be at least 6 times larger than the maximum point spacing.

Heading is resolved by flying two slightly overlapping flight lines in the same direction.  Any error will be exaggerated by having as wide a swath width as possible.  This requires a maximum flying height and the maximum FOV.  The viewing surface should fall in the overlap area.

Torsion.  Determination of torsion should not be undertaken until Roll has been resolved.  Torsion is apparent at times when the mirror shaft is under maximum acceleration.  This occurs at the edge of the swath when the mirror changes direction.  There is no torsion effect in the middle of the swath as the mirror has maximum velocity but no acceleration.

Range.  The intensity of the laser return can bias the range correction required for each laser point.  The measured intensity of any laser point can vary due to the reflectivity of the surface and also as a function of range to the ground.  Surfaces with higher reflectivity produce a shorter time interval and shorter range for the laser shot and are therefore higher than ground survey.  Surfaces with lower reflectivity produce a longer time interval and longer range for the laser shot and is therefore lower than ground survey.

Flight Plans

Roll, Pitch, Heading and Torsion.  Bore site flights should be completed within 5km of the airfield and GPS base station.  A suggested flight plan configuration to determine Roll, Pitch (both nadir and swath edge), Heading and Torsion includes one long flight line and three crossing lines of approximately equal length. All lines are flown in opposite directions several times at different altitudes. A sample is as follows is as follows:

[image: image1.jpg]o

S

i ~
T N 2

e

o JunipErHill:
X ’§/c»1 |3 s
5 . - {60

e 3p/1y \

Frankfort

e

7

TA i .
; -

gt




Flight line 2-6 is designed to determine nadir pitch and should be centered over the target building and oriented perpendicular to the ridge of the building.  Flight lines 1-7 and 3-5 should be 40% of the swath width either side of flight line 2-6.  Flight lines 1 and 3 or 5 and 7 are used to determine heading.  Flight lines 1 and 7 or 3 and 5 are used to determine pitch at the edge of the swath.  Flight lines 1 and 7, 2 and 6 or 3 and 5 are used to determine roll.  Flight line 4 plus either 1, 2, 3, 5, 6 or 7 is used to determine torsion.

Flight parameters to determine Roll, Pitch (both nadir and swath edge), Heading and Torsion are as follows:

Flying Height:

3,500m AGL or 11500ft AGL

Aircraft Speed:
As Slow as Possible

Flight
FOV
SR
Mode
Pulse

Remarks

Line

1
70
25
1
25000

2000m or 6000ft parallel to flight line 2

2
70
12.5
1
25000

3
70
25
1
25000

2000m or 6000ft parallel to flight line 2

4
20
12.5
1
25000

Perpendicular to flight line 2

5
70
25
1
25000

Opposite direction to flight line 3

6
70
12.5
1
25000

Opposite direction to flight line 2

7
70
25
1
25000

Opposite direction to flight line 1

Range

A minimum of three-ground truth survey points should be established which are situated in open level areas and have surrounding surfaces, which are dark, medium and light respectively.  Data is collected over these control points at different flying heights and with different laser attenuator settings.  Flights should be completed within 5km of the airfield and GPS base station.  A suggested flight plan configuration to determine Range is as follows:
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Flight parameters to determine Range are as follows:

Flying Height:

3,500m AGL or 11500ft AGL

Aircraft Speed:
As Slow as Possible

Flight
FOV
SR
Mode
Pulse
Attenuator
Flying

Line






Height

1
20
40
1
55000

1
500m/1600ft

2
20
40
1
55000

1
637m/2100ft

1
20
40
1
55000

0.5
637m/2100ft

2
20
40
1
55000

0.5
880m/2900ft

1
20
40
1
55000

0.5
1123m/3700ft

2
20
40
1
55000

0
1123m/3700ft

1
20
35
1
45000

0
1717m/5600ft

2
20
30
1
38000

0
2312m/7600ft

1
20
25
1
33000

0
2906m/9500ft

2
20
20
1
29000

0
3500m/11500ft

Adjusting Bore site Values

Roll.  Roll is determined by taking a profile across track.  If there is no roll error the surfaces will coincide.  If there is a roll error the surfaces will cross.  Measurements are taken at the separation at each edge of the swath.  Take the average separation and divide by the swath width.  This is the amount (in radians) of adjustment required for the initial roll value.  To move data clockwise (right side of swath down) add roll.  To move data counter-clockwise (right side of swath up) subtract roll.  Always reprocess and verify data once any adjustment has been made.

Nadir Pitch.  Nadir Pitch is determined by taking a profile along track through the target building.  If there is no pitch error the surfaces will coincide.  If there is pitch error the surfaces will be offset in position.  Measure the separation between the two surfaces (sloped roof of building), divide by two and divide by the aircraft flying height above ground.  This is the amount (in radians) of adjustment required for the initial pitch value.  To move data forward add pitch.  To move data back subtract pitch.  Always reprocess and verify data once any adjustment has been made.

Edge Pitch.  The pitch at the edge of the swath will be different to the nadir pitch if the rotating mirror is not mounted exactly perpendicular to the mirror shaft.  It is calculated the same as nadir pitch.

Heading. Heading is determined by taking a profile along track through the target building.  If there is no heading error the surfaces will coincide.  If there is heading error the surfaces will be offset in position.  Measure the separation between the two surfaces (sloped roof of building) and divide by the swath width.  This is the amount (in radians) of adjustment required for the initial heading value.  To move data clockwise, i.e. left side of swath forward, add heading.  To move data counter-clockwise, i.e. left side of swath back, subtract heading.  Always reprocess and verify data once any adjustment has been made.

Torsion.  Determination of torsion should not be undertaken until Roll has been resolved.  Torsion is determined by taking a profile along track through the center of flight line 4.  No torsion is apparent in this location and this data is used as truth.  If there is no torsion error the perpendicular flight line surface will coincide.  If there is torsion error the perpendicular flight line surface will coincide in the center but be displaced at the edge of the swath.  To move the edges of the surface up, add torsion.  To move the edges of the surface down, subtract torsion.  The amount of adjustment cannot be measured by a linear method and is determined by an iterative estimated adjustment method. Always reprocess and verify data once any adjustment has been made.

Range.  Initial processing should be completed with a range correction set at 0.0.  A table should then be recorded for the laser point nearest each control point showing the height error and intensity for all control points on each flight line.  From this table the range correction at intensity 0.0 is to be calculated.  This is added to the post processor as the range correction.  A final intensity range correction table should be then be calculated showing increments in range correction with respect to increments in intensity.  Data should be reprocessed and verified once the range correction and intensity range correction table have been determined.

Settings.  Once adjustments have been made, the settings are saved in the Post Processor and the registry file is updated.

Photo Science Calibration Site

Photo Science has “built” a calibration site at Capitol City Airport in Frankfort, KY (KFFT). This site has several large buildings, which are used in the process, and we have numerous control points that we have established throughout the area used for testing the data. The flight lines, shown in image below, are similar to those outlined above. The flights start at the highest elevation of 12,200 feet MSL and drop progressively, with the lowest being 2,400 feet MSL. The steps above, along with the data from flyovers for this site are integrated into our calibration routine.

.
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The calibration is undertaken anytime there are hardware changes to the system, reason to believe that the current calibration may have changed, or approximately every three months.

Additionally, when we are working on a project where we will be on-site for two to three days we perform a “mini” calibration consisting of three flight lines, similar to the above laid out over a local airport, at two altitudes. This is performed for the data to be available in case we have a problem with the current calibration.

For each project we establish, with GPS surveys, several points for ground truthing. These are generally points in a flat area, where we get an average elevation to test the vertical accuracy. Each of the points is selected with different types of reflective surfaces for comparisons as well. These points are compared against a Digital Elevation Model generated from the LiDAR data and this serves as our accuracy assessment.
� EMBED PBrush  ���





� EMBED PBrush  ���








[image: image3.png]


[image: image4.png]


_1132286866

_1132337691

