Scalar, Vector, and Tensor Data Projection

David Sandwell, November, 2008, UTEP, Tensor capability added Septemner 2011

Our objectives are to project data from the standard latitude, longitude coordinate system to an approximate Cartesian coordinate system with the y-axis parallel to the relative plate motion and the x-axis perpendicular to the relative plate motion vector.  This coordinate system is defined by the pole of deformation or POD.  The geometry is shown in Figure 1.
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Coordinate Mapping

The forward mapping from geographic position 
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to POD position 
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 is performed by first converting the geographic position to a unit vector 
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, rotating that unit vector into the POD frame, 
[image: image6.emf]








  

¢  r 

 and finally extracting the new latitude and longitude.  The conversion between latitude/longitude and Cartesian coordinate 
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 is given by
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and the inverse transformation is
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Two rotations are needed to transform from the geographic to pole of deformation coordinate system defined by the rotation pole 
[image: image10.emf]
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where
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 (not used here)
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Similarly if one were given the Cartesian coordinate in the POD frame and wanted to convert back to the geographic frame then the following transformation would be used.
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One final issue is that we want to convert the position in the POD frame to meters relative to an origin.  The approach would be to convert the center coordinate of the fault map to the POD coordinates 
[image: image16.emf]
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.  We can select any point for this but a point somewhere in the center of the model is best.  Then we convert the fault trace or topography, or vector velocity, to this POD coordinates 
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.  Finally the x-y coordinates are given by
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Velocity Vector Rotation

When transforming a velocity vector field, one must rotate the east and north vector into the POD frame.  Again a rotation matrix will be used for both the forward the inverse transformations
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The problem is to find the angle of rotation 
[image: image20.emf]
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 between the old and new frames for each point q.  Consider the three relevant unit vectors for this problem.  

n -  unit vector to north pole

p – pole of deformation unit vector

q – position unit vector for a point on earth

The cross product of n and q is a unit vector that is perpendicular to the plane formed by n-o-q.  The cross product of q and p is perpendicular to the plane formed by q-o-p.  The angle between these two unit vectors is the angle of rotation 
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.   The formula for sin of this angle is
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and for the cosine of this angle is 
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.  Combining these equations will provide the full 
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 range of angles.
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Stress Tensor Rotation

As in the case of transforming the velocity vector, we will rotate the stress tensor about the vertical axis by an angle 
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.  Given the stress tensor 
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we would like to rotate it into a new primed system 
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 as given by the following equation


[image: image29.emf]T’ = RTR”









¢

T

=

RTR

T


where the rotation matrix is given by
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In practice these transformations can be done with a program.

trans_pole dir dim lonp latp lonc latc < indata > outdata


dir – 
(1) forward (-1) inverse (lon, lat) (-2) inverse (y, x)


dim – 
(0) lon, lat – coastline file or fault segment file (out of bounds lon or lat



signifies a line gap) 

(1) lon, lat, scalar – point values of topography or some other scalar

(2) lon, lat, ve, vn, se, sn, ren


lonp – 
longitude of pole

latp – 
latitude of pole


lonc – 
longitude of center of Cartesian space


latc – 
latitude of center of Cartesian space


indata – ascii file of 2 (dim-0), 3 (dim=1), or 7 (dim=2) columns to be 

transformed


outdata – ascii output file with additional columns added

Table of input and output data columns.

	type
	dim
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	line
	0
	lon

x
	lat

y
	0.
	lon’
	lat’
	x
	y
	
	
	
	
	
	
	
	
	

	scalar
	1
	lon

x
	lat

y
	t
	lon’
	lat’
	x
	y
	
	
	
	
	
	
	
	
	

	velocity
	2
	lon

x
	lat

y
	ve
	vn
	se
	sn
	r
	lon’
	lat’
	ve’

vy
	vn’

vx
	se’
	sn’
	r’
	x
	y

	tensor
	3
	lon

x
	lat

y
	Txx
	Txy
	Tyy
	lon’
	lat’
	T'xx
	T'xy
	T’yy
	x
	y
	
	
	
	


Shaded boxes are required for input. 

x and y are input fields for inverse transformation.
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