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Why Laser Scanning?

Conventional Methods:
Accurate, but limited to selected locations.

Laser Scanning:
Acquire several millions of 3D points over an entire structure,
Provide a complete representation of the structure.

Mapping of rock fracture plane

Software available for Integration of Scanning
and Photogrammetric Process:

1. Cyclone

. Arc GIS

. Reverse Engineering (Reconstructor)
. Rock Fracture Mapping (HKU)

. AutoCAD 3D Studio Max
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Patentially unstable skope

Non-contact Mapping of Rock Joint
‘Without Scaffolding

First to test the methodology and accuracy of
orientation of objects that have a planar structure
(straight planes (5) of a block)

Control Points for Regsstration of
Point Clouds and Triangulation

Area for Overlapping Point Cloud

with Rectified Photos for

Orientation Calculation




Applications to Measuring Fracture Planes Orientation and Dimensions

a Ortho-rectified Image

Modeling of Point Cloud
using Cyclone Software

Close-up View ofa _..—""
Block

Modeling of Point Cloud in 3D
Studio Max for Multiple Objects

Identify common control points in
Photo and in the TIN

Modeling of Point Cloud
using GIS Software

Use control points to fix camera position and then import
the photo texture for overlapping

Repeat for other blocks
TIN overlapped with 2
photos and rotated

Extract points correctly from points based on the
photo texture in the front layer




Points exported for
calculations

Comparisons of
measured and calculated

Dip Angle and Dip
Direction
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Second is to test the methodology
and accuracy of a rock jointed block

\ Rock Planes in this Study

Point Cloud after registration

Identify common control points in
Photo and in the TIN

Use “Camera Match”, assign the CamPoint position and adjust the
Camera Coordinates until the Error is less than 1.




Original photo

Joint Plane 1

Extract points from

5 Joint Planes
within a block

Plane 1 extracted for Calculations (Dip Direction and Dip Angle)

Comparisons of Measured and Calculated Dip
Angle and Dip Direction

Magnetic Declination = 2.17 degree West

Comparisons of 5 Joint Plane Orientations (compass versus calculated)

From compass From Linear Regression Difference (Compass-Linear Regression
Plane | Dip Direction Dip Angle  Dip Direction Dip Angle | Dip Direction Dip Angle
Degree Degree Degree Degree Degree Degree
1 24 82 21 81 3 1
2 9 85 7 83 2 2
3 344 75 340 7 4 4
4 356 6 355 7 1 -1
5 349 15 345 14 4 1

About 3 degree
di

ences due to
scale effect




Computation of Dip Angle and Dip Direction

Equation of a best-fit plane
z=b,+bx+by

Method of Least Square

ming® = Z[z, ~(by +byx, +b,y, )]Z

Solve the matrix using Gaussian Elimination
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Determination of Dip Angle 3 based on Unit Vector
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Determination of Dip Direction o based on Unit Vector
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Projection of normal vector onto horizontal plane

Determination of Dip Direction o relative to North

* Normal vector could rest on any of the 4
quadrants

* Determine the direction cosine of the
normal vector

b
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Determination of Dip Direction o relative to North
Conditions Normal Vector Quadrant Dip
Direction
Elevation 05420, cos8 20 and cosy 20 Upward North East o
Upward South East 180~
05220, cos8 <0 and cosy =0
Upward South West 180+ a
052 <0, cosd <0 and cosy 20
Fast 052 <0, cos8 2 0 and cosy =0 Upvard North West 360
Downward North East o
05220, cos8 2 0 and cosy <0
Downward South East 180~
05220, cosd <0 and cosy <0
. Downward South West 180+ o
052 <0, cos8 <0 and cosy <0
Downward North West 360
052 <0, cos8 2 0 and cosy <0
Feng (2004)

Correlation Coefficient, R2, to determine how close a
best-fit plane to the selected points

R [Z(z —E)(El —z)]z
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Summary:

1.
2.

Overcome the limitation of photo texture offered in 3D laser scanning program.

The use of 3D graphical software can merge more than 1 photo accurately onto
a mesh, thus overcomes the limitation of GIS program.

Results show a good comparison between measurements from compass and
calculation based on linear regression of a plane. Expect 3-5 degree difference
due to scaling effect.

Mapping of rock joint plane orientation can be accurately calculated without
accessing the rock face.

Improving efficiency, cost and safety to mapping practice.

Methodology commonly applicable to other engineering applications, e.g., as-
built drawing, 3D CAD modeling, archeology, restoration of history buildings
etc.




