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Introduction to Nvector
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Nvector is a suite of tools written in Python to solve geographical position
calculations like:


	Calculate the surface distance between two geographical positions.

	Convert positions given in one reference frame into another reference frame.

	Find the destination point given start point, azimuth/bearing and distance.

	Find the mean position (center/midpoint) of several geographical positions.

	Find the intersection between two paths.

	Find the cross track distance between a path and a position.






Description

In this library, we represent position with an “n-vector”,  which
is the normal vector to the Earth model (the same reference ellipsoid that is
used for latitude and longitude). When using n-vector, all Earth-positions are
treated equally, and there is no need to worry about singularities or
discontinuities. An additional benefit with using n-vector is that many
position calculations can be solved with simple vector algebra
(e.g. dot product and cross product).

Converting between n-vector and latitude/longitude is unambiguous and easy
using the provided functions.

n_E is n-vector in the program code, while in documents we use nE. E denotes
an Earth-fixed coordinate frame, and it indicates that the three components of
n-vector are along the three axes of E. More details about the notation and
reference frames can be found here:




Documentation and code

Official documentation: http://www.navlab.net/nvector/


	Kenneth Gade (2010):

	A Nonsingular Horizontal Position Representation,
The Journal of Navigation, Volume 63, Issue 03, pp 395-417, July 2010. [http://www.navlab.net/Publications/A_Nonsingular_Horizontal_Position_Representation.pdf]



Bleeding edge: https://github.com/pbrod/nvector.

Official releases available at: http://pypi.python.org/pypi/nvector.




Installation and upgrade:

with pip


$ pip install nvector


with easy_install


$ easy_install nvector


or


$ easy_install upgrade nvector


to upgrade to the newest version




Unit tests

To test if the toolbox is working paste the following in an interactive
python session:

import nvector as nv
nv.test(coverage=True, doctests=True)








Acknowledgement

The nvector package [http://pypi.python.org/pypi/nvector/] for
Python [https://www.python.org/] was written by Per A. Brodtkorb at
FFI (The Norwegian Defence Research Establishment) [http://www.ffi.no/en]
based on the nvector toolbox [http://www.navlab.net/nvector/#download] for
Matlab [http://www.mathworks.com] written by the navigation group at
FFI [http://www.ffi.no/en].

Most of the content is based on the following article:


	Kenneth Gade (2010):

	A Nonsingular Horizontal Position Representation,
The Journal of Navigation, Volume 63, Issue 03, pp 395-417, July 2010. [http://www.navlab.net/Publications/A_Nonsingular_Horizontal_Position_Representation.pdf]



Thus this article should be cited in publications using this page or the
downloaded program code.




Getting Started

Below the object-oriented solution to some common geodesic problems are given.
In the first example the functional solution is also given.
The functional solutions to the remaining problems can be found
here [https://github.com/pbrod/nvector/blob/master/nvector/tests/test_nvector.py].

Example 1: “A and B to delta”

[image: http://www.navlab.net/images/ex1img.png]
Given two positions, A and B as latitudes, longitudes and depths relative to
Earth, E.

Find the exact vector between the two positions, given in meters north, east,
and down, and find the direction (azimuth) to B, relative to north.
Assume WGS-84 ellipsoid. The given depths are from the ellipsoid surface.
Use position A to define north, east, and down directions.
(Due to the curvature of Earth and different directions to the North Pole,
the north, east, and down directions will change (relative to Earth) for
different places.  A must be outside the poles for the north and east
directions to be defined.)


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> wgs84 = nv.FrameE(name='WGS84')
>>> pointA = wgs84.GeoPoint(latitude=1, longitude=2, z=3, degrees=True)
>>> pointB = wgs84.GeoPoint(latitude=4, longitude=5, z=6, degrees=True)







	Step 1: Find p_AB_E (delta decomposed in E).

	>>> p_AB_E = nv.diff_positions(pointA, pointB)







	Step 2: Find p_AB_N (delta decomposed in N).

	>>> frame_N = nv.FrameN(pointA)
>>> p_AB_N = p_AB_E.change_frame(frame_N)
>>> p_AB_N = p_AB_N.pvector.ravel()
>>> valtxt = '{0:8.2f}, {1:8.2f}, {2:8.2f}'.format(*p_AB_N)
>>> 'Ex1: delta north, east, down = {}'.format(valtxt)
'Ex1: delta north, east, down = 331730.23, 332997.87, 17404.27'







	Step3: Also find the direction (azimuth) to B, relative to north:

	>>> azimuth = np.arctan2(p_AB_N[1], p_AB_N[0])
>>> 'azimuth = {0:4.2f} deg'.format(np.rad2deg(azimuth))
'azimuth = 45.11 deg'







	Functional Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import rad, deg





>>> lat_EA, lon_EA, z_EA = rad(1), rad(2), 3
>>> lat_EB, lon_EB, z_EB = rad(4), rad(5), 6







	Step1: Convert to n-vectors:

	>>> n_EA_E = nv.lat_lon2n_E(lat_EA, lon_EA)
>>> n_EB_E = nv.lat_lon2n_E(lat_EB, lon_EB)







	Step2: Find p_AB_E (delta decomposed in E).WGS-84 ellipsoid is default:

	>>> p_AB_E = nv.n_EA_E_and_n_EB_E2p_AB_E(n_EA_E, n_EB_E, z_EA, z_EB)







	Step3: Find R_EN for position A:

	>>> R_EN = nv.n_E2R_EN(n_EA_E)







	Step4: Find p_AB_N (delta decomposed in N).

	>>> p_AB_N = np.dot(R_EN.T, p_AB_E).ravel()
>>> valtxt = '{0:8.2f}, {1:8.2f}, {2:8.2f}'.format(*p_AB_N)
>>> 'Ex1: delta north, east, down = {}'.format(valtxt)
'Ex1: delta north, east, down = 331730.23, 332997.87, 17404.27'







	Step5: Also find the direction (azimuth) to B, relative to north:

	>>> azimuth = np.arctan2(p_AB_N[1], p_AB_N[0])
>>> 'azimuth = {0:4.2f} deg'.format(deg(azimuth))
'azimuth = 45.11 deg'







	See also

	Example 1 at www.navlab.net [http://www.navlab.net/nvector/#example_1]



Example 2: “B and delta to C”

[image: http://www.navlab.net/images/ex2img.png]
A radar or sonar attached to a vehicle B (Body coordinate frame) measures the
distance and direction to an object C. We assume that the distance and two
angles (typically bearing and elevation relative to B) are already combined to
the vector p_BC_B (i.e. the vector from B to C, decomposed in B). The position
of B is given as n_EB_E and z_EB, and the orientation (attitude) of B is given
as R_NB (this rotation matrix can be found from roll/pitch/yaw by using zyx2R).

Find the exact position of object C as n-vector and depth ( n_EC_E and z_EC ),
assuming Earth ellipsoid with semi-major axis a and flattening f. For WGS-72,
use a = 6 378 135 m and f = 1/298.26.


	Solution:

	>>> import nvector as nv
>>> wgs72 = nv.FrameE(name='WGS72')
>>> wgs72 = nv.FrameE(a=6378135, f=1.0/298.26)







	Step 1: Position and orientation of B is given 400m above E:

	>>> n_EB_E = wgs72.Nvector(nv.unit([[1], [2], [3]]), z=-400)







	Step 2: Delta BC decomposed in B

	>>> frame_B = nv.FrameB(n_EB_E, yaw=10, pitch=20, roll=30, degrees=True)
>>> p_BC_B = frame_B.Pvector(np.r_[3000, 2000, 100].reshape((-1, 1)))







	Step 3: Decompose delta BC in E

	>>> p_BC_E = p_BC_B.to_ecef_vector()







	Step 4: Find point C by adding delta BC to EB

	>>> p_EB_E = n_EB_E.to_ecef_vector()
>>> p_EC_E = p_EB_E + p_BC_E
>>> pointC = p_EC_E.to_geo_point()





>>> lat, lon, z = pointC.latitude_deg, pointC.longitude_deg, pointC.z
>>> msg = 'Ex2: PosC: lat, lon = {:4.2f}, {:4.2f} deg,  height = {:4.2f} m'
>>> msg.format(lat[0], lon[0], -z[0])
'Ex2: PosC: lat, lon = 53.33, 63.47 deg,  height = 406.01 m'







	See also

	Example 2 at www.navlab.net [http://www.navlab.net/nvector/#example_2]



Example 3: “ECEF-vector to geodetic latitude”

[image: http://www.navlab.net/images/ex3img.png]
Position B is given as an “ECEF-vector” p_EB_E (i.e. a vector from E, the
center of the Earth, to B, decomposed in E).
Find the geodetic latitude, longitude and height (latEB, lonEB and hEB),
assuming WGS-84 ellipsoid.


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> wgs84 = nv.FrameE(name='WGS84')
>>> position_B = 6371e3 * np.vstack((0.9, -1, 1.1))  # m
>>> p_EB_E = wgs84.ECEFvector(position_B)
>>> pointB = p_EB_E.to_geo_point()





>>> lat, lon, h = pointB.latitude_deg, pointB.longitude_deg, -pointB.z
>>> msg = 'Ex3: Pos B: lat, lon = {:4.2f}, {:4.2f} deg, height = {:9.2f} m'
>>> msg.format(lat[0], lon[0], h[0])
'Ex3: Pos B: lat, lon = 39.38, -48.01 deg, height = 4702059.83 m'







	See also

	Example 3 at www.navlab.net [http://www.navlab.net/nvector/#example_3]



Example 4: “Geodetic latitude to ECEF-vector”

[image: http://www.navlab.net/images/ex4img.png]
Geodetic latitude, longitude and height are given for position B as latEB,
longEB and hEB, find the ECEF-vector for this position, p_EB_E.


	Solution:

	>>> import nvector as nv
>>> wgs84 = nv.FrameE(name='WGS84')
>>> pointB = wgs84.GeoPoint(latitude=1, longitude=2, z=-3, degrees=True)
>>> p_EB_E = pointB.to_ecef_vector()





>>> 'Ex4: p_EB_E = {} m'.format(p_EB_E.pvector.ravel())
'Ex4: p_EB_E = [ 6373290.27721828   222560.20067474   110568.82718179] m'







	See also

	Example 4 at www.navlab.net [http://www.navlab.net/nvector/#example_4]



Example 5: “Surface distance”

[image: http://www.navlab.net/images/ex5img.png]
Find the surface distance sAB (i.e. great circle distance) between two
positions A and B. The heights of A and B are ignored, i.e. if they don’t have
zero height, we seek the distance between the points that are at the surface of
the Earth, directly above/below A and B. The Euclidean distance (chord length)
dAB should also be found. Use Earth radius 6371e3 m.
Compare the results with exact calculations for the WGS-84 ellipsoid.


	Solution for a sphere:

	>>> import numpy as np
>>> import nvector as nv
>>> frame_E = nv.FrameE(a=6371e3, f=0)
>>> positionA = frame_E.GeoPoint(latitude=88, longitude=0, degrees=True)
>>> positionB = frame_E.GeoPoint(latitude=89, longitude=-170, degrees=True)





>>> s_AB, _azia, _azib = positionA.distance_and_azimuth(positionB)
>>> p_AB_E = positionB.to_ecef_vector() - positionA.to_ecef_vector()
>>> d_AB = np.linalg.norm(p_AB_E.pvector, axis=0)[0]





>>> msg = 'Ex5: Great circle and Euclidean distance = {}'
>>> msg = msg.format('{:5.2f} km, {:5.2f} km')
>>> msg.format(s_AB / 1000, d_AB / 1000)
'Ex5: Great circle and Euclidean distance = 332.46 km, 332.42 km'







	Alternative sphere solution:

	>>> path = nv.GeoPath(positionA, positionB)
>>> s_AB2 = path.track_distance(method='greatcircle').ravel()
>>> d_AB2 = path.track_distance(method='euclidean').ravel()
>>> msg.format(s_AB2[0] / 1000, d_AB2[0] / 1000)
'Ex5: Great circle and Euclidean distance = 332.46 km, 332.42 km'







	Exact solution for the WGS84 ellipsoid:

	>>> wgs84 = nv.FrameE(name='WGS84')
>>> point1 = wgs84.GeoPoint(latitude=88, longitude=0, degrees=True)
>>> point2 = wgs84.GeoPoint(latitude=89, longitude=-170, degrees=True)
>>> s_12, _azi1, _azi2 = point1.distance_and_azimuth(point2)





>>> p_12_E = point2.to_ecef_vector() - point1.to_ecef_vector()
>>> d_12 = np.linalg.norm(p_12_E.pvector, axis=0)[0]
>>> msg = 'Ellipsoidal and Euclidean distance = {:5.2f} km, {:5.2f} km'
>>> msg.format(s_12 / 1000, d_12 / 1000)
'Ellipsoidal and Euclidean distance = 333.95 km, 333.91 km'







	See also

	Example 5 at www.navlab.net [http://www.navlab.net/nvector/#example_5]



Example 6 “Interpolated position”

[image: http://www.navlab.net/images/ex6img.png]
Given the position of B at time t0 and t1, n_EB_E(t0) and n_EB_E(t1).

Find an interpolated position at time ti, n_EB_E(ti). All positions are given
as n-vectors.


	Solution:

	>>> import nvector as nv
>>> wgs84 = nv.FrameE(name='WGS84')
>>> n_EB_E_t0 = wgs84.GeoPoint(89, 0, degrees=True).to_nvector()
>>> n_EB_E_t1 = wgs84.GeoPoint(89, 180, degrees=True).to_nvector()
>>> path = nv.GeoPath(n_EB_E_t0, n_EB_E_t1)





>>> t0 = 10.
>>> t1 = 20.
>>> ti = 16.  # time of interpolation
>>> ti_n = (ti - t0) / (t1 - t0) # normalized time of interpolation





>>> g_EB_E_ti = path.interpolate(ti_n).to_geo_point()





>>> lat_ti, lon_ti = g_EB_E_ti.latitude_deg, g_EB_E_ti.longitude_deg
>>> msg = 'Ex6, Interpolated position: lat, long = {} deg, {} deg'
>>> msg.format(lat_ti, lon_ti)
'Ex6, Interpolated position: lat, long = [ 89.7999805] deg, [ 180.] deg'







	See also

	Example 6 at www.navlab.net [http://www.navlab.net/nvector/#example_6]



Example 7: “Mean position”

[image: http://www.navlab.net/images/ex7img.png]
Three positions A, B, and C are given as n-vectors n_EA_E, n_EB_E, and n_EC_E.
Find the mean position, M, given as n_EM_E.
Note that the calculation is independent of the depths of the positions.


	Solution:

	>>> import nvector as nv
>>> points = nv.GeoPoint(latitude=[90, 60, 50],
...                      longitude=[0, 10, -20], degrees=True)
>>> nvectors = points.to_nvector()
>>> n_EM_E = nvectors.mean_horizontal_position()
>>> g_EM_E = n_EM_E.to_geo_point()
>>> lat, lon = g_EM_E.latitude_deg, g_EM_E.longitude_deg
>>> msg = 'Ex7: Pos M: lat, lon = {:4.2f}, {:4.2f} deg'
>>> msg.format(lat[0], lon[0])
'Ex7: Pos M: lat, lon = 67.24, -6.92 deg'







	See also

	Example 7 at www.navlab.net [http://www.navlab.net/nvector/#example_7]



Example 8: “A and azimuth/distance to B”

[image: http://www.navlab.net/images/ex8img.png]
We have an initial position A, direction of travel given as an azimuth
(bearing) relative to north (clockwise), and finally the
distance to travel along a great circle given as sAB.
Use Earth radius 6371e3 m to find the destination point B.

In geodesy this is known as “The first geodetic problem” or
“The direct geodetic problem” for a sphere, and we see that this is similar to
Example 2 [http://www.navlab.net/nvector/#example_2], but now the delta is
given as an azimuth and a great circle distance. (“The second/inverse geodetic
problem” for a sphere is already solved in Examples
1 [http://www.navlab.net/nvector/#example_1] and
5 [http://www.navlab.net/nvector/#example_5].)


	Solution:

	>>> import nvector as nv
>>> frame = nv.FrameE(a=6371e3, f=0)
>>> pointA = frame.GeoPoint(latitude=80, longitude=-90, degrees=True)
>>> pointB, _azimuthb = pointA.geo_point(distance=1000, azimuth=200,
...                                      degrees=True)
>>> lat, lon = pointB.latitude_deg, pointB.longitude_deg





>>> msg = 'Ex8, Destination: lat, lon = {:4.2f} deg, {:4.2f} deg'
>>> msg.format(lat, lon)
'Ex8, Destination: lat, lon = 79.99 deg, -90.02 deg'







	See also

	Example 8 at www.navlab.net [http://www.navlab.net/nvector/#example_8]



Example 9: “Intersection of two paths”

[image: http://www.navlab.net/images/ex9img.png]
Define a path from two given positions (at the surface of a spherical Earth),
as the great circle that goes through the two points.

Path A is given by A1 and A2, while path B is given by B1 and B2.

Find the position C where the two paths intersect.


	Solution:

	>>> import nvector as nv
>>> pointA1 = nv.GeoPoint(10, 20, degrees=True)
>>> pointA2 = nv.GeoPoint(30, 40, degrees=True)
>>> pointB1 = nv.GeoPoint(50, 60, degrees=True)
>>> pointB2 = nv.GeoPoint(70, 80, degrees=True)
>>> pathA = nv.GeoPath(pointA1, pointA2)
>>> pathB = nv.GeoPath(pointB1, pointB2)





>>> pointC = pathA.intersection(pathB)





>>> lat, lon = pointC.latitude_deg, pointC.longitude_deg
>>> msg = 'Ex9, Intersection: lat, long = {:4.2f}, {:4.2f} deg'
>>> msg.format(lat[0], lon[0])
'Ex9, Intersection: lat, long = 40.32, 55.90 deg'







	See also

	Example 9 at www.navlab.net [http://www.navlab.net/nvector/#example_9]



Example 10: “Cross track distance”

[image: http://www.navlab.net/images/ex10img.png]
Path A is given by the two positions A1 and A2 (similar to the previous
example).

Find the cross track distance sxt between the path A (i.e. the great circle
through A1 and A2) and the position B (i.e. the shortest distance at the
surface, between the great circle and B).

Also find the Euclidean distance dxt between B and the plane defined by the
great circle. Use Earth radius 6371e3.


	Solution:

	>>> import nvector as nv
>>> frame = nv.FrameE(a=6371e3, f=0)
>>> pointA1 = frame.GeoPoint(0, 0, degrees=True)
>>> pointA2 = frame.GeoPoint(10, 0, degrees=True)
>>> pointB = frame.GeoPoint(1, 0.1, degrees=True)





>>> pathA = nv.GeoPath(pointA1, pointA2)





>>> s_xt = pathA.cross_track_distance(pointB, method='greatcircle').ravel()
>>> d_xt = pathA.cross_track_distance(pointB, method='euclidean').ravel()
>>> val_txt = '{:4.2f} km, {:4.2f} km'.format(s_xt[0]/1000, d_xt[0]/1000)
>>> 'Ex10: Cross track distance: s_xt, d_xt = {}'.format(val_txt)
'Ex10: Cross track distance: s_xt, d_xt = 11.12 km, 11.12 km'







	See also

	Example 10 at www.navlab.net [http://www.navlab.net/nvector/#example_10]






See also

geographiclib [https://pypi.python.org/pypi/geographiclib]
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Functional examples

Below the functional solution to some common geodesic problems are given.
In the first example the object-oriented solution is also given.
The object-oriented solutions to the remaining problems can be found
here [https://github.com/pbrod/nvector/blob/master/nvector/tests/test_frames.py].

Example 1: “A and B to delta”

[image: http://www.navlab.net/images/ex1img.png]
Given two positions, A and B as latitudes, longitudes and depths relative to
Earth, E.

Find the exact vector between the two positions, given in meters north, east,
and down, and find the direction (azimuth) to B, relative to north.
Assume WGS-84 ellipsoid. The given depths are from the ellipsoid surface.
Use position A to define north, east, and down directions.
(Due to the curvature of Earth and different directions to the North Pole,
the north, east, and down directions will change (relative to Earth) for
different places.  A must be outside the poles for the north and east
directions to be defined.)


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import rad, deg





>>> lat_EA, lon_EA, z_EA = rad(1), rad(2), 3
>>> lat_EB, lon_EB, z_EB = rad(4), rad(5), 6







	Step1: Convert to n-vectors:

	>>> n_EA_E = nv.lat_lon2n_E(lat_EA, lon_EA)
>>> n_EB_E = nv.lat_lon2n_E(lat_EB, lon_EB)







	Step2: Find p_AB_E (delta decomposed in E).WGS-84 ellipsoid is default:

	>>> p_AB_E = nv.n_EA_E_and_n_EB_E2p_AB_E(n_EA_E, n_EB_E, z_EA, z_EB)







	Step3: Find R_EN for position A:

	>>> R_EN = nv.n_E2R_EN(n_EA_E)







	Step4: Find p_AB_N (delta decomposed in N).

	>>> p_AB_N = np.dot(R_EN.T, p_AB_E).ravel()
>>> valtxt = '{0:8.2f}, {1:8.2f}, {2:8.2f}'.format(*p_AB_N)
>>> 'Ex1: delta north, east, down = {}'.format(valtxt)
'Ex1: delta north, east, down = 331730.23, 332997.87, 17404.27'







	Step5: Also find the direction (azimuth) to B, relative to north:

	>>> azimuth = np.arctan2(p_AB_N[1], p_AB_N[0])
>>> 'azimuth = {0:4.2f} deg'.format(deg(azimuth))
'azimuth = 45.11 deg'







	OO-Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> wgs84 = nv.FrameE(name='WGS84')
>>> pointA = wgs84.GeoPoint(latitude=1, longitude=2, z=3, degrees=True)
>>> pointB = wgs84.GeoPoint(latitude=4, longitude=5, z=6, degrees=True)







	Step 1: Find p_AB_E (delta decomposed in E).

	>>> p_AB_E = nv.diff_positions(pointA, pointB)







	Step 2: Find p_AB_N (delta decomposed in N).

	>>> frame_N = nv.FrameN(pointA)
>>> p_AB_N = p_AB_E.change_frame(frame_N)
>>> p_AB_N = p_AB_N.pvector.ravel()
>>> valtxt = '{0:8.2f}, {1:8.2f}, {2:8.2f}'.format(*p_AB_N)
>>> 'Ex1: delta north, east, down = {}'.format(valtxt)
'Ex1: delta north, east, down = 331730.23, 332997.87, 17404.27'







	Step3: Also find the direction (azimuth) to B, relative to north:

	>>> azimuth = np.arctan2(p_AB_N[1], p_AB_N[0])
>>> 'azimuth = {0:4.2f} deg'.format(np.rad2deg(azimuth))
'azimuth = 45.11 deg'







	See also

	Example 1 at www.navlab.net [http://www.navlab.net/nvector/#example_1]



Example 2: “B and delta to C”

[image: http://www.navlab.net/images/ex2img.png]
A radar or sonar attached to a vehicle B (Body coordinate frame) measures the
distance and direction to an object C. We assume that the distance and two
angles (typically bearing and elevation relative to B) are already combined to
the vector p_BC_B (i.e. the vector from B to C, decomposed in B). The position
of B is given as n_EB_E and z_EB, and the orientation (attitude) of B is given
as R_NB (this rotation matrix can be found from roll/pitch/yaw by using zyx2R).

Find the exact position of object C as n-vector and depth ( n_EC_E and z_EC ),
assuming Earth ellipsoid with semi-major axis a and flattening f. For WGS-72,
use a = 6 378 135 m and f = 1/298.26.


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import rad, deg







	A custom reference ellipsoid is given (replacing WGS-84):

	>>> wgs72 = dict(a=6378135, f=1.0/298.26)







	Step 1 Position and orientation of B is 400m above E:

	>>> n_EB_E = nv.unit([[1], [2], [3]])  # unit to get unit length of vector
>>> z_EB = -400







	Step 2: Delta BC decomposed in B

	>>> p_BC_B = np.r_[3000, 2000, 100].reshape((-1, 1))





>>> yaw, pitch, roll = rad(10), rad(20), rad(30)
>>> R_NB = nv.zyx2R(yaw, pitch, roll)







	Step 3: Find R_EN:

	>>> R_EN = nv.n_E2R_EN(n_EB_E)







	Step 4: Find R_EB, from R_EN and R_NB:

	R_EB = np.dot(R_EN, R_NB)  # Note: closest frames cancel

	Step 5: Decompose the delta BC vector in E:

	p_BC_E = np.dot(R_EB, p_BC_B)

	Step 6: Find the position of C, using the functions that goes from one

	>>> n_EC_E, z_EC = n_EA_E_and_p_AB_E2n_EB_E(n_EB_E, p_BC_E, z_EB, **wgs72)





>>> lat_EC, long_EC = n_E2lat_lon(n_EC_E)
>>> lat, lon = deg(lat_EC), deg(lon_EC)
>>> msg = 'Ex2: PosC: lat, lon = {:4.2f}, {:4.2f} deg,  height = {:4.2f} m'
>>> msg.format(lat[0], lon[0], -z[0])
'Ex2: PosC: lat, lon = 53.33, 63.47 deg,  height = 406.01 m'







	See also

	Example 2 at www.navlab.net [http://www.navlab.net/nvector/#example_2]



Example 3: “ECEF-vector to geodetic latitude”

[image: http://www.navlab.net/images/ex3img.png]
Position B is given as an “ECEF-vector” p_EB_E (i.e. a vector from E, the
center of the Earth, to B, decomposed in E).
Find the geodetic latitude, longitude and height (latEB, lonEB and hEB),
assuming WGS-84 ellipsoid.


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import deg
>>> wgs84 = dict(a=6378137.0, f=1.0/298.257223563)
>>> p_EB_E = 6371e3 * np.vstack((0.9, -1, 1.1))  # m





>>> n_EB_E, z_EB = nv.p_EB_E2n_EB_E(p_EB_E, **wgs84)





>>> lat_EB, lon_EB = nv.n_E2lat_lon(n_EB_E)
>>> h = -z_EB
>>> lat, lon = deg(lat_EB), deg(lon_EB)





>>> msg = 'Ex3: Pos B: lat, lon = {:4.2f}, {:4.2f} deg, height = {:9.2f} m'
>>> msg.format(lat[0], lon[0], h[0])
'Ex3: Pos B: lat, lon = 39.38, -48.01 deg, height = 4702059.83 m'







	See also

	Example 3 at www.navlab.net [http://www.navlab.net/nvector/#example_3]



Example 4: “Geodetic latitude to ECEF-vector”

[image: http://www.navlab.net/images/ex4img.png]
Geodetic latitude, longitude and height are given for position B as latEB,
longEB and hEB, find the ECEF-vector for this position, p_EB_E.


	Solution:

	>>> import nvector as nv
>>> from nvector import rad
>>> wgs84 = dict(a=6378137.0, f=1.0/298.257223563)
>>> lat_EB, lon_EB = rad(1), rad(2)
>>> h_EB = 3
>>> n_EB_E = lat_lon2n_E(lat_EB, lon_EB)
>>> p_EB_E = n_EB_E2p_EB_E(n_EB_E, -h_EB, **wgs84)





>>> 'Ex4: p_EB_E = {} m'.format(p_EB_E.ravel())
'Ex4: p_EB_E = [ 6373290.27721828   222560.20067474   110568.82718179] m'







	See also

	Example 4 at www.navlab.net [http://www.navlab.net/nvector/#example_4]



Example 5: “Surface distance”

[image: http://www.navlab.net/images/ex5img.png]
Find the surface distance sAB (i.e. great circle distance) between two
positions A and B. The heights of A and B are ignored, i.e. if they don’t have
zero height, we seek the distance between the points that are at the surface of
the Earth, directly above/below A and B. The Euclidean distance (chord length)
dAB should also be found. Use Earth radius 6371e3 m.
Compare the results with exact calculations for the WGS-84 ellipsoid.


	Solution for a sphere:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import rad





>>> n_EA_E = nv.lat_lon2n_E(rad(88), rad(0))
>>> n_EB_E = nv.lat_lon2n_E(rad(89), rad(-170))





>>> r_Earth = 6371e3  # m, mean Earth radius
>>> s_AB = nv.great_circle_distance(n_EA_E, n_EB_E, radius=r_Earth)[0]
>>> d_AB = nv.euclidean_distance(n_EA_E, n_EB_E, radius=r_Earth)[0]





>>> msg = 'Ex5: Great circle and Euclidean distance = {}'
>>> msg = msg.format('{:5.2f} km, {:5.2f} km')
>>> msg.format(s_AB / 1000, d_AB / 1000)
'Ex5: Great circle and Euclidean distance = 332.46 km, 332.42 km'







	Exact solution for the WGS84 ellipsoid:

	>>> wgs84 = nv.FrameE(name='WGS84')
>>> point1 = wgs84.GeoPoint(latitude=88, longitude=0, degrees=True)
>>> point2 = wgs84.GeoPoint(latitude=89, longitude=-170, degrees=True)
>>> s_12, _azi1, _azi2 = point1.distance_and_azimuth(point2)





>>> p_12_E = point2.to_ecef_vector() - point1.to_ecef_vector()
>>> d_12 = np.linalg.norm(p_12_E.pvector, axis=0)[0]
>>> msg = 'Ellipsoidal and Euclidean distance = {:5.2f} km, {:5.2f} km'
>>> msg.format(s_12 / 1000, d_12 / 1000)
'Ellipsoidal and Euclidean distance = 333.95 km, 333.91 km'







	See also

	Example 5 at www.navlab.net [http://www.navlab.net/nvector/#example_5]



Example 6 “Interpolated position”

[image: http://www.navlab.net/images/ex6img.png]
Given the position of B at time t0 and t1, n_EB_E(t0) and n_EB_E(t1).

Find an interpolated position at time ti, n_EB_E(ti). All positions are given
as n-vectors.


	Solution:

	>>> import nvector as nv
>>> from nvector import rad, deg
>>> n_EB_E_t0 = nv.lat_lon2n_E(rad(89), rad(0))
>>> n_EB_E_t1 = nv.lat_lon2n_E(rad(89), rad(180))





>>> t0 = 10.
>>> t1 = 20.
>>> ti = 16.  # time of interpolation
>>> ti_n = (ti - t0) / (t1 - t0) # normalized time of interpolation





>>> n_EB_E_ti = nv.unit(n_EB_E_t0 + ti_n * (n_EB_E_t1 - n_EB_E_t0))
>>> lat_EB_ti, lon_EB_ti = n_E2lat_lon(n_EB_E_ti)





>>> lat_ti, lon_ti = deg(lat_EB_ti), deg(lon_EB_ti)
>>> msg = 'Ex6, Interpolated position: lat, long = {} deg, {} deg'
>>> msg.format(lat_ti, lon_ti)
'Ex6, Interpolated position: lat, long = [ 89.7999805] deg, [ 180.] deg'







	See also

	Example 6 at www.navlab.net [http://www.navlab.net/nvector/#example_6]



Example 7: “Mean position”

[image: http://www.navlab.net/images/ex7img.png]
Three positions A, B, and C are given as n-vectors n_EA_E, n_EB_E, and n_EC_E.
Find the mean position, M, given as n_EM_E.
Note that the calculation is independent of the depths of the positions.


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import rad, deg





>>> n_EA_E = lat_lon2n_E(rad(90), rad(0))
>>> n_EB_E = lat_lon2n_E(rad(60), rad(10))
>>> n_EC_E = lat_lon2n_E(rad(50), rad(-20))





>>> n_EM_E = unit(n_EA_E + n_EB_E + n_EC_E)







	or

	>>> n_EM_E = nv.mean_horizontal_position(np.hstack((n_EA_E, n_EB_E, n_EC_E)))





>>> lat, lon = nv.n_E2lat_lon(n_EM_E)
>>> lat, lon = deg(lat), deg(lon)
>>> msg = 'Ex7: Pos M: lat, lon = {:4.2f}, {:4.2f} deg'
>>> msg.format(lat[0], lon[0])
'Ex7: Pos M: lat, lon = 67.24, -6.92 deg'







	See also

	Example 7 at www.navlab.net [http://www.navlab.net/nvector/#example_7]



Example 8: “A and azimuth/distance to B”

[image: http://www.navlab.net/images/ex8img.png]
We have an initial position A, direction of travel given as an azimuth
(bearing) relative to north (clockwise), and finally the
distance to travel along a great circle given as sAB.
Use Earth radius 6371e3 m to find the destination point B.

In geodesy this is known as “The first geodetic problem” or
“The direct geodetic problem” for a sphere, and we see that this is similar to
Example 2 [http://www.navlab.net/nvector/#example_2], but now the delta is
given as an azimuth and a great circle distance. (“The second/inverse geodetic
problem” for a sphere is already solved in Examples
1 [http://www.navlab.net/nvector/#example_1] and
5 [http://www.navlab.net/nvector/#example_5].)


	Solution:

	>>> import nvector as nv
>>> from nvector import rad, deg
>>> lat, lon = rad(80), rad(-90)





>>> n_EA_E = nv.lat_lon2n_E(lat, lon)
>>> azimuth = rad(200)
>>> s_AB = 1000.0  # m
>>> r_Earth = 6371e3  # m, mean Earth radius





>>> distance_rad = s_AB / r_Earth
>>> n_EB_E = nv.n_EA_E_distance_and_azimuth2n_EB_E(n_EA_E, distance_rad,
...                                                azimuth)
>>> lat_EB, lon_EB = nv.n_E2lat_lon(n_EB_E)
>>> lat, lon = deg(lat_EB), deg(lon_EB)
>>> msg = 'Ex8, Destination: lat, lon = {:4.2f} deg, {:4.2f} deg'
>>> msg.format(lat[0], lon[0])
'Ex8, Destination: lat, lon = 79.99 deg, -90.02 deg'







	See also

	Example 8 at www.navlab.net [http://www.navlab.net/nvector/#example_8]



Example 9: “Intersection of two paths”

[image: http://www.navlab.net/images/ex9img.png]
Define a path from two given positions (at the surface of a spherical Earth),
as the great circle that goes through the two points.

Path A is given by A1 and A2, while path B is given by B1 and B2.

Find the position C where the two paths intersect.


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import rad, deg





>>> n_EA1_E = lat_lon2n_E(rad(10), rad(20))
>>> n_EA2_E = lat_lon2n_E(rad(30), rad(40))
>>> n_EB1_E = lat_lon2n_E(rad(50), rad(60))
>>> n_EB2_E = lat_lon2n_E(rad(70), rad(80))





>>> n_EC_E_tmp = unit(np.cross(np.cross(n_EA1_E, n_EA2_E, axis=0),
...                            np.cross(n_EB1_E, n_EB2_E, axis=0), axis=0))





>>> n_EC_E = np.sign(np.dot(n_EC_E_tmp.T, n_EA1_E)) * n_EC_E_tmp
>>> lat_EC, lon_EC = n_E2lat_lon(n_EC_E)





>>> lat, lon = deg(lat_EC), deg(lon_EC)
>>> msg = 'Ex9, Intersection: lat, lon = {:4.2f}, {:4.2f} deg'
>>> msg.format(lat[0], lon[0])
'Ex9, Intersection: lat, lon = 40.32, 55.90 deg'







	See also

	Example 9 at www.navlab.net [http://www.navlab.net/nvector/#example_9]



Example 10: “Cross track distance”

[image: http://www.navlab.net/images/ex10img.png]
Path A is given by the two positions A1 and A2 (similar to the previous
example).

Find the cross track distance sxt between the path A (i.e. the great circle
through A1 and A2) and the position B (i.e. the shortest distance at the
surface, between the great circle and B).

Also find the Euclidean distance dxt between B and the plane defined by the
great circle. Use Earth radius 6371e3.


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> n_EA1_E = lat_lon2n_E(rad(0), rad(0))
>>> n_EA2_E = lat_lon2n_E(rad(10), rad(0))
>>> n_EB_E = lat_lon2n_E(rad(1), rad(0.1))





>>> r_Earth = 6371e3  # m, mean Earth radius







	Find the unit normal to the great circle:

	>>> c_E = unit(np.cross(n_EA1_E, n_EA2_E, axis=0))







	Find the great circle cross track distance:

	>>> s_xt = (np.arccos(np.dot(c_E.T, n_EB_E)) - np.pi / 2) * r_Earth







	Find the Euclidean cross track distance:

	>>> d_xt = -np.dot(c_E.T, n_EB_E) * r_Earth





>>> val_txt = '{:4.2f} km, {:4.2f} km'.format(s_xt[0]/1000, d_xt[0]/1000)
>>> 'Ex10: Cross track distance: s_xt, d_xt = {}'.format(val_txt)
'Ex10: Cross track distance: s_xt, d_xt = 11.12 km, 11.12 km'







	See also

	Example 10 at www.navlab.net [http://www.navlab.net/nvector/#example_10]
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License

The content of this library is based on the following publication:

Gade, K. (2010). A Nonsingular Horizontal Position Representation, The Journal
of Navigation, Volume 63, Issue 03, pp 395-417, July 2010.
(www.navlab.net/Publications/A_Nonsingular_Horizontal_Position_Representation.pdf)

This paper should be cited in publications using this library.

Copyright (c) 2015, Norwegian Defence Research Establishment (FFI)
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above publication
information, copyright notice, this list of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above publication
information, copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided with the
distribution.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS
BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF
THE POSSIBILITY OF SUCH DAMAGE.
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Changelog

Created with gitcommand: git shortlog v0.1.3..v0.4.1


Version 0.4.1, Januar 19, 2016

pbrod (46):



	Cosmetic updates



	Updated README.rst



	updated docs and removed unused code



	updated README.rst and .coveragerc



	Refactored out _check_frames



	Refactored out _default_frame



	Updated .coveragerc



	Added link to geographiclib



	Updated external link



	Updated documentation



	Added figures to examples



	Added GeoPath.interpolate + interpolation example 6



	Added links to FFI homepage.



	
	Updated documentation:

	
	Added link to nvector toolbox for matlab

	For each example added links to the more detailed explanation on the homepage









	Updated link to nvector toolbox for matlab



	Added link to nvector on  pypi



	Updated documentation fro FrameB, FrameE, FrameL and FrameN.



	updated __all__ variable



	Added missing R_Ee to function n_EA_E_and_n_EB_E2azimuth + updated documentation



	Updated CHANGES.rst



	Updated conf.py



	Renamed info.py to _info.py



	All examples are now generated from _examples.py.











Version 0.1.3, Januar 1, 2016

pbrod (31):



	Refactored

	Updated tests

	Updated docs

	Moved tests to nvector/tests

	Updated .coverage     Added travis.yml, .landscape.yml

	Deleted obsolete LICENSE

	Updated README.rst

	Removed ngs version

	Fixed bug in .travis.yml

	Updated .travis.yml

	Removed dependence on navigator.py

	Updated README.rst

	Updated examples

	Deleted skeleton.py and added tox.ini

	Small refactoring     Renamed distance_rad_bearing_rad2point to n_EA_E_distance_and_azimuth2n_EB_E     updated tests

	Renamed azimuth to n_EA_E_and_n_EB_E2azimuth     Added tests for R2xyz as well as R2zyx

	Removed backward compatibility     Added test_n_E_and_wa2R_EL

	Refactored tests

	Commented out failing tests on python 3+

	updated CHANGES.rst

	Removed bug in setup.py









Version 0.1.1, Januar 1, 2016


	pbrod (31):

	
	Initial commit: Translated code from Matlab to Python.

	Added object oriented interface to nvector library

	Added tests for object oriented interface

	Added geodesic tests.
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Modules





	Release:	0.4


	Date:	January 19, 2016





This reference manual details functions, modules, and objects
included in nvector, describing what they are and what they do.



	nvector package
	Geodesic functions
	nvector._core.lat_lon2n_E

	nvector._core.n_E2lat_lon

	nvector._core.n_EB_E2p_EB_E

	nvector._core.p_EB_E2n_EB_E

	nvector._core.n_EA_E_and_n_EB_E2p_AB_E

	nvector._core.n_EA_E_and_p_AB_E2n_EB_E

	nvector._core.n_EA_E_and_n_EB_E2azimuth

	nvector._core.n_EA_E_distance_and_azimuth2n_EB_E

	nvector._core.great_circle_distance

	nvector._core.euclidean_distance

	nvector._core.mean_horizontal_position





	Rotation matrices and angles
	nvector._core.n_E2R_EN

	nvector._core.n_E_and_wa2R_EL

	nvector._core.R_EL2n_E

	nvector._core.R_EN2n_E

	nvector._core.R2xyz

	nvector._core.R2zyx

	nvector._core.xyz2R

	nvector._core.zyx2R





	Misc functions
	nvector._core.nthroot

	nvector._core.deg

	nvector._core.rad

	nvector._core.unit





	OO interface to Geodesic functions
	nvector.objects.FrameE

	nvector.objects.FrameN

	nvector.objects.FrameL

	nvector.objects.FrameB

	nvector.objects.ECEFvector

	nvector.objects.GeoPoint

	nvector.objects.Nvector

	nvector.objects.GeoPath

	nvector.objects.Pvector

	nvector.objects.diff_positions
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nvector package


Geodesic functions







	lat_lon2n_E(latitude,longitude[,R_Ee])
	Converts latitude and longitude to n-vector.


	n_E2lat_lon(n_E[,R_Ee])
	Converts n-vector to latitude and longitude.


	n_EB_E2p_EB_E(n_EB_E[,depth,a,f,R_Ee])
	Converts n-vector to Cartesian position vector in meters.


	p_EB_E2n_EB_E(p_EB_E[,a,f,R_Ee])
	Converts Cartesian position vector in meters to n-vector.


	n_EA_E_and_n_EB_E2p_AB_E(n_EA_E,n_EB_E[,...])
	Return the delta vector from position A to B.


	n_EA_E_and_p_AB_E2n_EB_E(n_EA_E,p_AB_E[,...])
	Return position B from position A and delta.


	n_EA_E_and_n_EB_E2azimuth(n_EA_E,n_EB_E[,...])
	Return azimuth from A to B, relative to North:


	n_EA_E_distance_and_azimuth2n_EB_E(n_EA_E,...)
	Return position B from azimuth and distance from position A


	great_circle_distance(n_EA_E,n_EB_E[,radius])
	Return great circle distance between two positions


	euclidean_distance(n_EA_E,n_EB_E[,radius])
	Return Euclidean distance between two positions


	mean_horizontal_position(n_EB_E)
	Return the n-vector of the horizontal mean position.








Rotation matrices and angles







	n_E2R_EN(n_E[,R_Ee])
	Returns the rotation matrix R_EN from n-vector.


	n_E_and_wa2R_EL(n_E,wander_azimuth[,R_Ee])
	Returns rotation matrix R_EL from n-vector and wander azimuth angle.


	R_EL2n_E(R_EL)
	Returns n-vector from the rotation matrix R_EL.


	R_EN2n_E(R_EN)
	Returns n-vector from the rotation matrix R_EN.


	R2xyz(R_AB)
	Returns the angles about new axes in the xyz-order from a rotation matrix.


	R2zyx(R_AB)
	Returns the angles about new axes in the zxy-order from a rotation matrix.


	xyz2R(x,y,z)
	Returns rotation matrix from 3 angles about new axes in the xyz-order.


	zyx2R(z,y,x)
	Returns rotation matrix from 3 angles about new axes in the zyx-order.








Misc functions







	nthroot(x,n)
	Return the n’th root of x to machine precision


	deg(rad_angle)
	Converts angle in radians to degrees.


	rad(deg_angle)
	Converts angle in degrees to radians.


	unit(vector[,norm_zero_vector])
	Convert input vector to a vector of unit length.








OO interface to Geodesic functions







	FrameE([a,f,name,axes])
	Earth-fixed frame


	FrameN(position)
	North-East-Down frame


	FrameL(position[,wander_azimuth])
	Local level, Wander azimuth frame


	FrameB(position[,yaw,pitch,roll,degrees])
	Body frame


	ECEFvector(pvector[,frame])
	Geographical position given as Cartesian position vector in frame E


	GeoPoint(latitude,longitude[,z,frame,...])
	Geographical position given as latitude, longitude, depth in frame E


	Nvector(normal[,z,frame])
	Geographical position given as n-vector and depth in frame E


	GeoPath(positionA,positionB)
	Geographical path between two positions in Frame E


	Pvector(pvector,frame)
	


	diff_positions(positionA,positionB)
	Return delta vector from positions A to B.
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nvector._core.lat_lon2n_E


	
nvector._core.lat_lon2n_E(latitude, longitude, R_Ee=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L301-L328]

	Converts latitude and longitude to n-vector.





	Parameters:	latitude, longitude: real scalars or vectors of length n.


Geodetic latitude and longitude given in [rad]




R_Ee : 2d array


rotation matrix defining the axes of the coordinate frame E.







	Returns:	n_E: 3 x n array


n-vector(s) [no unit] decomposed in E.











See also

n_E2lat_lon
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nvector._core.n_E2lat_lon


	
nvector._core.n_E2lat_lon(n_E, R_Ee=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L331-L368]

	Converts n-vector to latitude and longitude.





	Parameters:	n_E: 3 x n array


n-vector [no unit] decomposed in E.




R_Ee : 2d array


rotation matrix defining the axes of the coordinate frame E.







	Returns:	latitude, longitude: real scalars or vectors of lengt n.


Geodetic latitude and longitude given in [rad]











See also

lat_lon2n_E











          

      

      

    


    
         Copyright 2015, Norwegian Defence Research Establishment (FFI).
      Created using Sphinx 1.3.1.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	nvector 0.4.1 documentation 

          	Modules 

          	nvector package 
 
      

    


    
      
          
            
  
nvector._core.n_EB_E2p_EB_E


	
nvector._core.n_EB_E2p_EB_E(n_EB_E, depth=0, a=6378137, f=0.0033528106647474805, R_Ee=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L521-L546]

	
Converts n-vector to Cartesian position vector in meters.






	Parameters:	n_EB_E:  3 x n array



n-vector(s) [no unit] of position B, decomposed in E.





	depth:  1 x n array

	Depth(s) [m] of system B, relative to the ellipsoid (depth = -height)



	a: real scalar, default WGS-84 ellipsoid.

	Semi-major axis of the Earth ellipsoid given in [m].



	f: real scalar, default WGS-84 ellipsoid.

	Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
Earth with radius a is used in stead of WGS-84.



	R_Ee : 2d array

	rotation matrix defining the axes of the coordinate frame E.











	Returns:	p_EB_E:  3 x n array


Cartesian position vector(s) from E to B, decomposed in E.










Notes

The position of B (typically body) relative to E (typically Earth) is
given into this function as n-vector, n_EB_E. The function converts
to cartesian position vector (“ECEF-vector”), p_EB_E, in meters.
The calculation is excact, taking the ellipsity of the Earth into account.
It is also non-singular as both n-vector and p-vector are non-singular
(except for the center of the Earth).
The default ellipsoid model used is WGS-84, but other ellipsoids/spheres
might be specified.

Examples

Example 4: “Geodetic latitude to ECEF-vector”

[image: http://www.navlab.net/images/ex4img.png]
Geodetic latitude, longitude and height are given for position B as latEB,
longEB and hEB, find the ECEF-vector for this position, p_EB_E.


	Solution:

	>>> import nvector as nv
>>> from nvector import rad
>>> wgs84 = dict(a=6378137.0, f=1.0/298.257223563)
>>> lat_EB, lon_EB = rad(1), rad(2)
>>> h_EB = 3
>>> n_EB_E = lat_lon2n_E(lat_EB, lon_EB)
>>> p_EB_E = n_EB_E2p_EB_E(n_EB_E, -h_EB, **wgs84)





>>> 'Ex4: p_EB_E = {} m'.format(p_EB_E.ravel())
'Ex4: p_EB_E = [ 6373290.27721828   222560.20067474   110568.82718179] m'







	See also

	Example 4 at www.navlab.net [http://www.navlab.net/nvector/#example_4]
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nvector._core.p_EB_E2n_EB_E


	
nvector._core.p_EB_E2n_EB_E(p_EB_E, a=6378137, f=0.0033528106647474805, R_Ee=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L597-L638]

	
Converts Cartesian position vector in meters to n-vector.






	Parameters:	p_EB_E:  3 x n array



Cartesian position vector(s) from E to B, decomposed in E.





	a: real scalar, default WGS-84 ellipsoid.

	Semi-major axis of the Earth ellipsoid given in [m].



	f: real scalar, default WGS-84 ellipsoid.

	Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
Earth with radius a is used in stead of WGS-84.



	R_Ee : 2d array

	rotation matrix defining the axes of the coordinate frame E.











	Returns:	n_EB_E:  3 x n array



n-vector(s) [no unit] of position B, decomposed in E.





	depth:  1 x n array

	Depth(s) [m] of system B, relative to the ellipsoid (depth = -height)














Notes

The position of B (typically body) relative to E (typically Earth) is
given into this function as cartesian position vector p_EB_E, in meters.
(“ECEF-vector”). The function converts to n-vector, n_EB_E and its
depth, depth.
The calculation is excact, taking the ellipsity of the Earth into account.
It is also non-singular as both n-vector and p-vector are non-singular
(except for the center of the Earth).
The default ellipsoid model used is WGS-84, but other ellipsoids/spheres
might be specified.

Examples

Example 3: “ECEF-vector to geodetic latitude”

[image: http://www.navlab.net/images/ex3img.png]
Position B is given as an “ECEF-vector” p_EB_E (i.e. a vector from E, the
center of the Earth, to B, decomposed in E).
Find the geodetic latitude, longitude and height (latEB, lonEB and hEB),
assuming WGS-84 ellipsoid.


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import deg
>>> wgs84 = dict(a=6378137.0, f=1.0/298.257223563)
>>> p_EB_E = 6371e3 * np.vstack((0.9, -1, 1.1))  # m





>>> n_EB_E, z_EB = nv.p_EB_E2n_EB_E(p_EB_E, **wgs84)





>>> lat_EB, lon_EB = nv.n_E2lat_lon(n_EB_E)
>>> h = -z_EB
>>> lat, lon = deg(lat_EB), deg(lon_EB)





>>> msg = 'Ex3: Pos B: lat, lon = {:4.2f}, {:4.2f} deg, height = {:9.2f} m'
>>> msg.format(lat[0], lon[0], h[0])
'Ex3: Pos B: lat, lon = 39.38, -48.01 deg, height = 4702059.83 m'







	See also

	Example 3 at www.navlab.net [http://www.navlab.net/nvector/#example_3]
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nvector._core.n_EA_E_and_n_EB_E2p_AB_E


	
nvector._core.n_EA_E_and_n_EB_E2p_AB_E(n_EA_E, n_EB_E, z_EA=0, z_EB=0, a=6378137, f=0.0033528106647474805, R_Ee=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L689-L697]

	
Return the delta vector from position A to B.






	Parameters:	n_EA_E, n_EB_E:  3 x n array



n-vector(s) [no unit] of position A and B, decomposed in E.





	z_EA, z_EB:  1 x n array

	Depth(s) [m] of system A and B, relative to the ellipsoid.
(z_EA = -height, z_EB = -height)



	a: real scalar, default WGS-84 ellipsoid.

	Semi-major axis of the Earth ellipsoid given in [m].



	f: real scalar, default WGS-84 ellipsoid.

	Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
Earth with radius a is used in stead of WGS-84.



	R_Ee : 2d array

	rotation matrix defining the axes of the coordinate frame E.











	Returns:	p_AB_E:  3 x n array


Cartesian position vector(s) from A to B, decomposed in E.










Notes

The n-vectors for positions A (n_EA_E) and B (n_EB_E) are given. The
output is the delta vector from A to B (p_AB_E).
The calculation is excact, taking the ellipsity of the Earth into account.
It is also non-singular as both n-vector and p-vector are non-singular
(except for the center of the Earth).
The default ellipsoid model used is WGS-84, but other ellipsoids/spheres
might be specified.

Examples

Example 1: “A and B to delta”

[image: http://www.navlab.net/images/ex1img.png]
Given two positions, A and B as latitudes, longitudes and depths relative to
Earth, E.

Find the exact vector between the two positions, given in meters north, east,
and down, and find the direction (azimuth) to B, relative to north.
Assume WGS-84 ellipsoid. The given depths are from the ellipsoid surface.
Use position A to define north, east, and down directions.
(Due to the curvature of Earth and different directions to the North Pole,
the north, east, and down directions will change (relative to Earth) for
different places.  A must be outside the poles for the north and east
directions to be defined.)


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import rad, deg





>>> lat_EA, lon_EA, z_EA = rad(1), rad(2), 3
>>> lat_EB, lon_EB, z_EB = rad(4), rad(5), 6







	Step1: Convert to n-vectors:

	>>> n_EA_E = nv.lat_lon2n_E(lat_EA, lon_EA)
>>> n_EB_E = nv.lat_lon2n_E(lat_EB, lon_EB)







	Step2: Find p_AB_E (delta decomposed in E).WGS-84 ellipsoid is default:

	>>> p_AB_E = nv.n_EA_E_and_n_EB_E2p_AB_E(n_EA_E, n_EB_E, z_EA, z_EB)







	Step3: Find R_EN for position A:

	>>> R_EN = nv.n_E2R_EN(n_EA_E)







	Step4: Find p_AB_N (delta decomposed in N).

	>>> p_AB_N = np.dot(R_EN.T, p_AB_E).ravel()
>>> valtxt = '{0:8.2f}, {1:8.2f}, {2:8.2f}'.format(*p_AB_N)
>>> 'Ex1: delta north, east, down = {}'.format(valtxt)
'Ex1: delta north, east, down = 331730.23, 332997.87, 17404.27'







	Step5: Also find the direction (azimuth) to B, relative to north:

	>>> azimuth = np.arctan2(p_AB_N[1], p_AB_N[0])
>>> 'azimuth = {0:4.2f} deg'.format(deg(azimuth))
'azimuth = 45.11 deg'







	See also

	Example 1 at www.navlab.net [http://www.navlab.net/nvector/#example_1]
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nvector._core.n_EA_E_and_p_AB_E2n_EB_E


	
nvector._core.n_EA_E_and_p_AB_E2n_EB_E(n_EA_E, p_AB_E, z_EA=0, a=6378137, f=0.0033528106647474805, R_Ee=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L700-L751]

	Return position B from position A and delta.





	Parameters:	n_EA_E:  3 x n array


n-vector(s) [no unit] of position A, decomposed in E.




p_AB_E:  3 x n array


Cartesian position vector(s) from A to B, decomposed in E.




z_EA:  1 x n array


Depth(s) [m] of system A, relative to the ellipsoid. (z_EA = -height)




a: real scalar, default WGS-84 ellipsoid.


Semi-major axis of the Earth ellipsoid given in [m].




f: real scalar, default WGS-84 ellipsoid.


Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
Earth with radius a is used in stead of WGS-84.




R_Ee : 2d array


rotation matrix defining the axes of the coordinate frame E.







	Returns:	n_EB_E:  3 x n array


n-vector(s) [no unit] of position B, decomposed in E.




z_EB:  1 x n array


Depth(s) [m] of system B, relative to the ellipsoid.
(z_EB = -height)











See also

n_EA_E_and_n_EB_E2p_AB_E, p_EB_E2n_EB_E, n_EB_E2p_EB_E



Notes

The n-vector for position A (n_EA_E) and the position-vector from position
A to position B (p_AB_E) are given. The output is the n-vector of position
B (n_EB_E) and depth of B (z_EB).
The calculation is excact, taking the ellipsity of the Earth into account.
It is also non-singular as both n-vector and p-vector are non-singular
(except for the center of the Earth).
The default ellipsoid model used is WGS-84, but other ellipsoids/spheres
might be specified.
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nvector._core.n_EA_E_and_n_EB_E2azimuth


	
nvector._core.n_EA_E_and_n_EB_E2azimuth(n_EA_E, n_EB_E, a=6378137, f=0.0033528106647474805, R_Ee=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L1060-L1103]

	Return azimuth from A to B, relative to North:





	Parameters:	n_EA_E, n_EB_E:  3 x n array


n-vector(s) [no unit] of position A and B, respectively,
decomposed in E.




a: real scalar, default WGS-84 ellipsoid.


Semi-major axis of the Earth ellipsoid given in [m].




f: real scalar, default WGS-84 ellipsoid.


Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
Earth with radius a is used in stead of WGS-84.




R_Ee : 2d array


rotation matrix defining the axes of the coordinate frame E.







	Returns:	azimuth: n, array


Angle [rad] the line makes with a meridian, taken clockwise from north.
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nvector._core.n_EA_E_distance_and_azimuth2n_EB_E


	
nvector._core.n_EA_E_distance_and_azimuth2n_EB_E(n_EA_E, distance_rad, azimuth, R_Ee=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L1133-L1148]

	
Return position B from azimuth and distance from position A






	Parameters:	n_EA_E:  3 x n array



n-vector(s) [no unit] of position A decomposed in E.





	distance_rad: n, array

	great circle distance [rad] from position A to B



	azimuth: n, array

	Angle [rad] the line makes with a meridian, taken clockwise from north.











	Returns:	n_EB_E:  3 x n array


n-vector(s) [no unit] of position B decomposed in E.










Examples

Example 8: “A and azimuth/distance to B”

[image: http://www.navlab.net/images/ex8img.png]
We have an initial position A, direction of travel given as an azimuth
(bearing) relative to north (clockwise), and finally the
distance to travel along a great circle given as sAB.
Use Earth radius 6371e3 m to find the destination point B.

In geodesy this is known as “The first geodetic problem” or
“The direct geodetic problem” for a sphere, and we see that this is similar to
Example 2 [http://www.navlab.net/nvector/#example_2], but now the delta is
given as an azimuth and a great circle distance. (“The second/inverse geodetic
problem” for a sphere is already solved in Examples
1 [http://www.navlab.net/nvector/#example_1] and
5 [http://www.navlab.net/nvector/#example_5].)


	Solution:

	>>> import nvector as nv
>>> from nvector import rad, deg
>>> lat, lon = rad(80), rad(-90)





>>> n_EA_E = nv.lat_lon2n_E(lat, lon)
>>> azimuth = rad(200)
>>> s_AB = 1000.0  # m
>>> r_Earth = 6371e3  # m, mean Earth radius





>>> distance_rad = s_AB / r_Earth
>>> n_EB_E = nv.n_EA_E_distance_and_azimuth2n_EB_E(n_EA_E, distance_rad,
...                                                azimuth)
>>> lat_EB, lon_EB = nv.n_E2lat_lon(n_EB_E)
>>> lat, lon = deg(lat_EB), deg(lon_EB)
>>> msg = 'Ex8, Destination: lat, lon = {:4.2f} deg, {:4.2f} deg'
>>> msg.format(lat[0], lon[0])
'Ex8, Destination: lat, lon = 79.99 deg, -90.02 deg'







	See also

	Example 8 at www.navlab.net [http://www.navlab.net/nvector/#example_8]
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nvector._core.great_circle_distance


	
nvector._core.great_circle_distance(n_EA_E, n_EB_E, radius=6371009.0)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L1023-L1034]

	Return great circle distance between two positions





	Parameters:	n_EA_E, n_EB_E:  3 x n array



n-vector(s) [no unit] of position A and B, decomposed in E.





	radius: real scalar

	radius of sphere.





Formulae is given by equation (16) in Gade (2010) and is well
conditioned for all angles.










Examples

Example 5: “Surface distance”

[image: http://www.navlab.net/images/ex5img.png]
Find the surface distance sAB (i.e. great circle distance) between two
positions A and B. The heights of A and B are ignored, i.e. if they don’t have
zero height, we seek the distance between the points that are at the surface of
the Earth, directly above/below A and B. The Euclidean distance (chord length)
dAB should also be found. Use Earth radius 6371e3 m.
Compare the results with exact calculations for the WGS-84 ellipsoid.


	Solution for a sphere:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import rad





>>> n_EA_E = nv.lat_lon2n_E(rad(88), rad(0))
>>> n_EB_E = nv.lat_lon2n_E(rad(89), rad(-170))





>>> r_Earth = 6371e3  # m, mean Earth radius
>>> s_AB = nv.great_circle_distance(n_EA_E, n_EB_E, radius=r_Earth)[0]
>>> d_AB = nv.euclidean_distance(n_EA_E, n_EB_E, radius=r_Earth)[0]





>>> msg = 'Ex5: Great circle and Euclidean distance = {}'
>>> msg = msg.format('{:5.2f} km, {:5.2f} km')
>>> msg.format(s_AB / 1000, d_AB / 1000)
'Ex5: Great circle and Euclidean distance = 332.46 km, 332.42 km'







	Exact solution for the WGS84 ellipsoid:

	>>> wgs84 = nv.FrameE(name='WGS84')
>>> point1 = wgs84.GeoPoint(latitude=88, longitude=0, degrees=True)
>>> point2 = wgs84.GeoPoint(latitude=89, longitude=-170, degrees=True)
>>> s_12, _azi1, _azi2 = point1.distance_and_azimuth(point2)





>>> p_12_E = point2.to_ecef_vector() - point1.to_ecef_vector()
>>> d_12 = np.linalg.norm(p_12_E.pvector, axis=0)[0]
>>> msg = 'Ellipsoidal and Euclidean distance = {:5.2f} km, {:5.2f} km'
>>> msg.format(s_12 / 1000, d_12 / 1000)
'Ellipsoidal and Euclidean distance = 333.95 km, 333.91 km'







	See also

	Example 5 at www.navlab.net [http://www.navlab.net/nvector/#example_5]
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nvector._core.euclidean_distance


	
nvector._core.euclidean_distance(n_EA_E, n_EB_E, radius=6371009.0)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L1054-L1057]

	Return Euclidean distance between two positions





	Parameters:	n_EA_E, n_EB_E:  3 x n array



n-vector(s) [no unit] of position A and B, decomposed in E.





	radius: real scalar

	radius of sphere.














Examples

Example 5: “Surface distance”

[image: http://www.navlab.net/images/ex5img.png]
Find the surface distance sAB (i.e. great circle distance) between two
positions A and B. The heights of A and B are ignored, i.e. if they don’t have
zero height, we seek the distance between the points that are at the surface of
the Earth, directly above/below A and B. The Euclidean distance (chord length)
dAB should also be found. Use Earth radius 6371e3 m.
Compare the results with exact calculations for the WGS-84 ellipsoid.


	Solution for a sphere:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import rad





>>> n_EA_E = nv.lat_lon2n_E(rad(88), rad(0))
>>> n_EB_E = nv.lat_lon2n_E(rad(89), rad(-170))





>>> r_Earth = 6371e3  # m, mean Earth radius
>>> s_AB = nv.great_circle_distance(n_EA_E, n_EB_E, radius=r_Earth)[0]
>>> d_AB = nv.euclidean_distance(n_EA_E, n_EB_E, radius=r_Earth)[0]





>>> msg = 'Ex5: Great circle and Euclidean distance = {}'
>>> msg = msg.format('{:5.2f} km, {:5.2f} km')
>>> msg.format(s_AB / 1000, d_AB / 1000)
'Ex5: Great circle and Euclidean distance = 332.46 km, 332.42 km'







	Exact solution for the WGS84 ellipsoid:

	>>> wgs84 = nv.FrameE(name='WGS84')
>>> point1 = wgs84.GeoPoint(latitude=88, longitude=0, degrees=True)
>>> point2 = wgs84.GeoPoint(latitude=89, longitude=-170, degrees=True)
>>> s_12, _azi1, _azi2 = point1.distance_and_azimuth(point2)





>>> p_12_E = point2.to_ecef_vector() - point1.to_ecef_vector()
>>> d_12 = np.linalg.norm(p_12_E.pvector, axis=0)[0]
>>> msg = 'Ellipsoidal and Euclidean distance = {:5.2f} km, {:5.2f} km'
>>> msg.format(s_12 / 1000, d_12 / 1000)
'Ellipsoidal and Euclidean distance = 333.95 km, 333.91 km'







	See also

	Example 5 at www.navlab.net [http://www.navlab.net/nvector/#example_5]
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nvector._core.mean_horizontal_position


	
nvector._core.mean_horizontal_position(n_EB_E)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L1173-L1176]

	
Return the n-vector of the horizontal mean position.






	Parameters:	n_EB_E:  3 x n array


n-vectors [no unit] of positions Bi, decomposed in E.







	Returns:	p_EM_E:  3 x 1 array


n-vector [no unit] of the mean positions of all Bi, decomposed in E.










Examples

Example 7: “Mean position”

[image: http://www.navlab.net/images/ex7img.png]
Three positions A, B, and C are given as n-vectors n_EA_E, n_EB_E, and n_EC_E.
Find the mean position, M, given as n_EM_E.
Note that the calculation is independent of the depths of the positions.


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> from nvector import rad, deg





>>> n_EA_E = lat_lon2n_E(rad(90), rad(0))
>>> n_EB_E = lat_lon2n_E(rad(60), rad(10))
>>> n_EC_E = lat_lon2n_E(rad(50), rad(-20))





>>> n_EM_E = unit(n_EA_E + n_EB_E + n_EC_E)







	or

	>>> n_EM_E = nv.mean_horizontal_position(np.hstack((n_EA_E, n_EB_E, n_EC_E)))





>>> lat, lon = nv.n_E2lat_lon(n_EM_E)
>>> lat, lon = deg(lat), deg(lon)
>>> msg = 'Ex7: Pos M: lat, lon = {:4.2f}, {:4.2f} deg'
>>> msg.format(lat[0], lon[0])
'Ex7: Pos M: lat, lon = 67.24, -6.92 deg'







	See also

	Example 7 at www.navlab.net [http://www.navlab.net/nvector/#example_7]
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nvector._core.n_E2R_EN


	
nvector._core.n_E2R_EN(n_E, R_Ee=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L389-L435]

	Returns the rotation matrix R_EN from n-vector.





	Parameters:	n_E: 3 x 1 array


n-vector [no unit] decomposed in E




R_Ee : 2d array


rotation matrix defining the axes of the coordinate frame E.







	Returns:	R_EN:  3 x 3 array


The resulting rotation matrix [no unit] (direction cosine matrix).











See also

R_EN2n_E, n_E_and_wa2R_EL, R_EL2n_E
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nvector._core.n_E_and_wa2R_EL


	
nvector._core.n_E_and_wa2R_EL(n_E, wander_azimuth, R_Ee=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L438-L472]

	Returns rotation matrix R_EL from n-vector and wander azimuth angle.

R_EL = n_E_and_wa2R_EL(n_E,wander_azimuth) Calculates the rotation matrix
(direction cosine matrix) R_EL using n-vector (n_E) and the wander
azimuth angle.
When wander_azimuth=0, we have that N=L (See Table 2 in Gade (2010) for
details)





	Parameters:	n_E: 3 x 1 array


n-vector [no unit] decomposed in E




wander_azimuth: real scalar


Angle [rad] between L’s x-axis and north, positive about L’s z-axis.




R_Ee : 2d array


rotation matrix defining the axes of the coordinate frame E.







	Returns:	R_EL: 3 x 3 array


The resulting rotation matrix.       [no unit]











See also

R_EL2n_E, R_EN2n_E, n_E2R_EN
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nvector._core.R_EL2n_E


	
nvector._core.R_EL2n_E(R_EL)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L856-L877]

	Returns n-vector from the rotation matrix R_EL.





	Parameters:	R_EL: 3 x 3 array


Rotation matrix (direction cosine matrix) [no unit]







	Returns:	n_E: 3 x 1 array


n-vector [no unit] decomposed in E.











See also

R_EN2n_E, n_E_and_wa2R_EL, n_E2R_EN
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nvector._core.R_EN2n_E


	
nvector._core.R_EN2n_E(R_EN)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L880-L901]

	Returns n-vector from the rotation matrix R_EN.





	Parameters:	R_EN: 3 x 3 array


Rotation matrix (direction cosine matrix) [no unit]







	Returns:	n_E: 3 x 1 array


n-vector [no unit] decomposed in E.











See also

n_E2R_EN, R_EL2n_E, n_E_and_wa2R_EL
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nvector._core.R2xyz


	
nvector._core.R2xyz(R_AB)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L754-L800]

	Returns the angles about new axes in the xyz-order from a rotation matrix.





	Parameters:	R_AB: 3x3 array


rotation matrix [no unit] (direction cosine matrix) such that the
relation between a vector v decomposed in A and B is given by:
v_A = np.dot(R_AB, v_B)







	Returns:	x, y, z: real scalars


Angles [rad] of rotation about new axes.











See also

xyz2R, R2zyx, xyz2R



Notes

The x, y, z angles are called Euler angles or Tait-Bryan angles and are
defined by the following procedure of successive rotations:
Given two arbitrary coordinate frames A and B. Consider a temporary frame
T that initially coincides with A. In order to make T align with B, we
first rotate T an angle x about its x-axis (common axis for both A and T).
Secondly, T is rotated an angle y about the NEW y-axis of T. Finally, T
is rotated an angle z about its NEWEST z-axis. The final orientation of
T now coincides with the orientation of B.

The signs of the angles are given by the directions of the axes and the
right hand rule.
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nvector._core.R2zyx


	
nvector._core.R2zyx(R_AB)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L803-L853]

	Returns the angles about new axes in the zxy-order from a rotation matrix.





	Parameters:	R_AB:  3x3 array


rotation matrix [no unit] (direction cosine matrix) such that the
relation between a vector v decomposed in A and B is given by:
v_A = np.dot(R_AB, v_B)







	Returns:	z, y, x: real scalars


Angles [rad] of rotation about new axes.











See also

zyx2R, xyz2R, R2xyz



Notes

The z, x, y angles are called Euler angles or Tait-Bryan angles and are
defined by the following procedure of successive rotations:
Given two arbitrary coordinate frames A and B. Consider a temporary frame
T that initially coincides with A. In order to make T align with B, we
first rotate T an angle z about its z-axis (common axis for both A and T).
Secondly, T is rotated an angle y about the NEW y-axis of T. Finally, T
is rotated an angle x about its NEWEST x-axis. The final orientation of
T now coincides with the orientation of B.

The signs of the angles are given by the directions of the axes and the
right hand rule.

Note that if A is a north-east-down frame and B is a body frame, we
have that z=yaw, y=pitch and x=roll.
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nvector._core.xyz2R


	
nvector._core.xyz2R(x, y, z)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L904-L948]

	Returns rotation matrix from 3 angles about new axes in the xyz-order.





	Parameters:	x,y,z: real scalars


Angles [rad] of rotation about new axes.







	Returns:	R_AB: 3 x 3 array


rotation matrix [no unit] (direction cosine matrix) such that the
relation between a vector v decomposed in A and B is given by:
v_A = np.dot(R_AB, v_B)











See also

R2xyz, zyx2R, R2zyx



Notes

The rotation matrix R_AB is created based on 3 angles x,y,z about new axes
(intrinsic) in the order x-y-z. The angles are called Euler angles or
Tait-Bryan angles and are defined by the following procedure of successive
rotations:
Given two arbitrary coordinate frames A and B. Consider a temporary frame
T that initially coincides with A. In order to make T align with B, we
first rotate T an angle x about its x-axis (common axis for both A and T).
Secondly, T is rotated an angle y about the NEW y-axis of T. Finally, T
is rotated an angle z about its NEWEST z-axis. The final orientation of
T now coincides with the orientation of B.

The signs of the angles are given by the directions of the axes and the
right hand rule.
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nvector._core.zyx2R


	
nvector._core.zyx2R(z, y, x)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L951-L998]

	Returns rotation matrix from 3 angles about new axes in the zyx-order.





	Parameters:	z, y, x: real scalars


Angles [rad] of rotation about new axes.







	Returns:	R_AB: 3 x 3 array


rotation matrix [no unit] (direction cosine matrix) such that the
relation between a vector v decomposed in A and B is given by:
v_A = np.dot(R_AB, v_B)











See also

R2zyx, xyz2R, R2xyz



Notes

The rotation matrix R_AB is created based on 3 angles
z,y,x about new axes (intrinsic) in the order z-y-x. The angles are called
Euler angles or Tait-Bryan angles and are defined by the following
procedure of successive rotations:
Given two arbitrary coordinate frames A and B. Consider a temporary frame
T that initially coincides with A. In order to make T align with B, we
first rotate T an angle z about its z-axis (common axis for both A and T).
Secondly, T is rotated an angle y about the NEW y-axis of T. Finally, T
is rotated an angle x about its NEWEST x-axis. The final orientation of
T now coincides with the orientation of B.

The signs of the angles are given by the directions of the axes and the
right hand rule.

Note that if A is a north-east-down frame and B is a body frame, we
have that z=yaw, y=pitch and x=roll.
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nvector._core.nthroot


	
nvector._core.nthroot(x, n)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L208-L224]

	Return the n’th root of x to machine precision

Parameters
x, n

Examples

>>> import nvector as nv
>>> nv.nthroot(27.0, 3)
array(3.0)
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nvector._core.deg


	
nvector._core.deg(rad_angle)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L227-L245]

	Converts angle in radians to degrees.





	Parameters:	rad_angle:


angle in radians







	Returns:	deg_angle:


angle in degrees











See also

rad
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nvector._core.rad


	
nvector._core.rad(deg_angle)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L248-L266]

	Converts angle in degrees to radians.





	Parameters:	deg_angle:


angle in degrees







	Returns:	rad_angle:


angle in radians











See also

deg
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nvector._core.unit


	
nvector._core.unit(vector, norm_zero_vector=1)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/_core.py#L269-L298]

	Convert input vector to a vector of unit length.





	Parameters:	vector : 3 x m array


m column vectors







	Returns:	unitvector : 3 x m array


normalized unitvector(s) along axis==0.










Examples

>>> import nvector as nv
>>> nv.unit([[1],[1],[1]])
array([[ 0.57735027],
       [ 0.57735027],
       [ 0.57735027]])













          

      

      

    


    
         Copyright 2015, Norwegian Defence Research Establishment (FFI).
      Created using Sphinx 1.3.1.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	nvector 0.4.1 documentation 

          	Modules 

          	nvector package 
 
      

    


    
      
          
            
  
nvector.objects.FrameE


	
class nvector.objects.FrameE(a=None, f=None, name='WGS84', axes='e')[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L630-L773]

	Earth-fixed frame





	Parameters:	a: real scalar, default WGS-84 ellipsoid.


Semi-major axis of the Earth ellipsoid given in [m].




f: real scalar, default WGS-84 ellipsoid.


Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
Earth with radius a is used in stead of WGS-84.




name: string


defining the default ellipsoid.




axes: ‘e’ or ‘E’


defines axes orientation of E frame. Default is axes=’e’ which means
that the orientation of the axis is such that:
z-axis -> North Pole, x-axis -> Latitude=Longitude=0.











See also

FrameN, FrameL, FrameB



Notes

The frame is Earth-fixed (rotates and moves with the Earth) where the
origin coincides with Earth’s centre (geometrical centre of ellipsoid
model).


	
__init__(a=None, f=None, name='WGS84', axes='e')[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L659-L665]

	



Methods







	ECEFvector(*args,**kwds)
	Geographical position given as Cartesian position vector in frame E


	GeoPoint(*args,**kwds)
	Geographical position given as latitude, longitude, depth in frame E


	Nvector(*args,**kwds)
	Geographical position given as n-vector and depth in frame E


	__init__([a,f,name,axes])
	


	direct(lat_a,lon_a,azimuth,distance[,z,...])
	Return position B computed from position A, distance and azimuth.


	inverse(lat_a,lon_a,lat_b,lon_b[,z,...])
	Return ellipsoidal distance between positions as well as the direction.
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nvector.objects.FrameN


	
class nvector.objects.FrameN(position)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L776-L821]

	
North-East-Down frame






	Parameters:	position: ECEFvector, GeoPoint or Nvector object


position of the vehicle (B) which also defines the origin of the local
frame N. The origin is directly beneath or above the vehicle (B), at
Earth’s surface (surface of ellipsoid model).










Notes

The Cartesian frame is local and oriented North-East-Down, i.e.,
the x-axis points towards north, the y-axis points towards east (both are
horizontal), and the z-axis is pointing down.

When moving relative to the Earth, the frame rotates about its z-axis
to allow the x-axis to always point towards north. When getting close
to the poles this rotation rate will increase, being infinite at the
poles. The poles are thus singularities and the direction of the
x- and y-axes are not defined here. Hence, this coordinate frame is
NOT SUITABLE for general calculations.

Examples

Example 1: “A and B to delta”

[image: http://www.navlab.net/images/ex1img.png]
Given two positions, A and B as latitudes, longitudes and depths relative to
Earth, E.

Find the exact vector between the two positions, given in meters north, east,
and down, and find the direction (azimuth) to B, relative to north.
Assume WGS-84 ellipsoid. The given depths are from the ellipsoid surface.
Use position A to define north, east, and down directions.
(Due to the curvature of Earth and different directions to the North Pole,
the north, east, and down directions will change (relative to Earth) for
different places.  A must be outside the poles for the north and east
directions to be defined.)


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> wgs84 = nv.FrameE(name='WGS84')
>>> pointA = wgs84.GeoPoint(latitude=1, longitude=2, z=3, degrees=True)
>>> pointB = wgs84.GeoPoint(latitude=4, longitude=5, z=6, degrees=True)







	Step 1: Find p_AB_E (delta decomposed in E).

	>>> p_AB_E = nv.diff_positions(pointA, pointB)







	Step 2: Find p_AB_N (delta decomposed in N).

	>>> frame_N = nv.FrameN(pointA)
>>> p_AB_N = p_AB_E.change_frame(frame_N)
>>> p_AB_N = p_AB_N.pvector.ravel()
>>> valtxt = '{0:8.2f}, {1:8.2f}, {2:8.2f}'.format(*p_AB_N)
>>> 'Ex1: delta north, east, down = {}'.format(valtxt)
'Ex1: delta north, east, down = 331730.23, 332997.87, 17404.27'







	Step3: Also find the direction (azimuth) to B, relative to north:

	>>> azimuth = np.arctan2(p_AB_N[1], p_AB_N[0])
>>> 'azimuth = {0:4.2f} deg'.format(np.rad2deg(azimuth))
'azimuth = 45.11 deg'







	See also

	Example 1 at www.navlab.net [http://www.navlab.net/nvector/#example_1]




	
__init__(position)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L810-L814]

	



Methods







	Pvector(pvector)
	


	__init__(position)
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nvector.objects.FrameL


	
class nvector.objects.FrameL(position, wander_azimuth=0)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L824-L866]

	Local level, Wander azimuth frame





	Parameters:	position: ECEFvector, GeoPoint or Nvector object


position of the vehicle (B) which also defines the origin of the local
frame L. The origin is directly beneath or above the vehicle (B), at
Earth’s surface (surface of ellipsoid model).




wander_azimuth: real scalar


Angle between the x-axis of L and the north direction.











See also

FrameE, FrameN, FrameB



Notes

The Cartesian frame is local and oriented Wander-azimuth-Down. This means
that the z-axis is pointing down. Initially, the x-axis points towards
north, and the y-axis points towards east, but as the vehicle moves they
are not rotating about the z-axis (their angular velocity relative to the
Earth has zero component along the z-axis).

(Note: Any initial horizontal direction of the x- and y-axes is valid
for L, but if the initial position is outside the poles, north and east
are usually chosen for convenience.)

The L-frame is equal to the N-frame except for the rotation about the
z-axis, which is always zero for this frame (relative to E). Hence, at
a given time, the only difference between the frames is an angle
between the x-axis of L and the north direction; this angle is called
the wander azimuth angle. The L-frame is well suited for general
calculations, as it is non-singular.


	
__init__(position, wander_azimuth=0)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L861-L866]

	



Methods







	Pvector(pvector)
	


	__init__(position[,wander_azimuth])
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nvector.objects.FrameB


	
class nvector.objects.FrameB(position, yaw=0, pitch=0, roll=0, degrees=False)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L869-L920]

	
Body frame






	Parameters:	position: ECEFvector, GeoPoint or Nvector object



position of the vehicle’s reference point which also coincides with
the origin of the frame B.





	yaw, pitch, roll: real scalars

	defining the orientation of frame B in [deg] or [rad].



	degrees : bool

	if True yaw, pitch, roll are given in degrees otherwise in radians














Notes

The frame is fixed to the vehicle where the x-axis points forward, the
y-axis to the right (starboard) and the z-axis in the vehicle’s down
direction.

Examples

Example 2: “B and delta to C”

[image: http://www.navlab.net/images/ex2img.png]
A radar or sonar attached to a vehicle B (Body coordinate frame) measures the
distance and direction to an object C. We assume that the distance and two
angles (typically bearing and elevation relative to B) are already combined to
the vector p_BC_B (i.e. the vector from B to C, decomposed in B). The position
of B is given as n_EB_E and z_EB, and the orientation (attitude) of B is given
as R_NB (this rotation matrix can be found from roll/pitch/yaw by using zyx2R).

Find the exact position of object C as n-vector and depth ( n_EC_E and z_EC ),
assuming Earth ellipsoid with semi-major axis a and flattening f. For WGS-72,
use a = 6 378 135 m and f = 1/298.26.


	Solution:

	>>> import nvector as nv
>>> wgs72 = nv.FrameE(name='WGS72')
>>> wgs72 = nv.FrameE(a=6378135, f=1.0/298.26)







	Step 1: Position and orientation of B is given 400m above E:

	>>> n_EB_E = wgs72.Nvector(nv.unit([[1], [2], [3]]), z=-400)







	Step 2: Delta BC decomposed in B

	>>> frame_B = nv.FrameB(n_EB_E, yaw=10, pitch=20, roll=30, degrees=True)
>>> p_BC_B = frame_B.Pvector(np.r_[3000, 2000, 100].reshape((-1, 1)))







	Step 3: Decompose delta BC in E

	>>> p_BC_E = p_BC_B.to_ecef_vector()







	Step 4: Find point C by adding delta BC to EB

	>>> p_EB_E = n_EB_E.to_ecef_vector()
>>> p_EC_E = p_EB_E + p_BC_E
>>> pointC = p_EC_E.to_geo_point()





>>> lat, lon, z = pointC.latitude_deg, pointC.longitude_deg, pointC.z
>>> msg = 'Ex2: PosC: lat, lon = {:4.2f}, {:4.2f} deg,  height = {:4.2f} m'
>>> msg.format(lat[0], lon[0], -z[0])
'Ex2: PosC: lat, lon = 53.33, 63.47 deg,  height = 406.01 m'







	See also

	Example 2 at www.navlab.net [http://www.navlab.net/nvector/#example_2]




	
__init__(position, yaw=0, pitch=0, roll=0, degrees=False)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L899-L906]

	



Methods







	Pvector(pvector)
	


	__init__(position[,yaw,pitch,roll,degrees])
	





Attributes







	R_EN
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nvector.objects.ECEFvector


	
class nvector.objects.ECEFvector(pvector, frame=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L360-L464]

	Geographical position given as Cartesian position vector in frame E





	Parameters:	pvector: 3 x n array


Cartesian position vector(s) [m] from E to B, decomposed in E.




frame: FrameE object


reference ellipsoid. The default ellipsoid model used is WGS84, but
other ellipsoids/spheres might be specified.











See also

GeoPoint, ECEFvector, Pvector



Notes

The position of B (typically body) relative to E (typically Earth) is
given into this function as p-vector, p_EB_E relative to the center of the
frame.


	
__init__(pvector, frame=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L386-L388]

	



Methods







	__init__(pvector[,frame])
	


	change_frame(frame)
	Converts to Cartesian position vector in another frame


	to_geo_point()
	Converts ECEF-vector to geo-point.


	to_nvector()
	Converts ECEF-vector to n-vector.
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nvector.objects.GeoPoint


	
class nvector.objects.GeoPoint(latitude, longitude, z=0, frame=None, degrees=False)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L24-L174]

	Geographical position given as latitude, longitude, depth in frame E





	Parameters:	latitude, longitude: real scalars or vectors of length n.


Geodetic latitude and longitude given in [rad or deg]




z: real scalar or vector of length n.


Depth(s) [m]  relative to the ellipsoid (depth = -height)




frame: FrameE object


reference ellipsoid. The default ellipsoid model used is WGS84, but
other ellipsoids/spheres might be specified.




degrees: bool


True if input are given in degrees otherwise radians are assumed.










Examples

Solve geodesic problems.

The following illustrates its use

>>> import nvector as nv
>>> wgs84 = nv.FrameE(name='WGS84')





The geodesic inverse problem

>>> positionA = wgs84.GeoPoint(-41.32, 174.81, degrees=True))
>>> positionB = wgs84.GeoPoint(40.96, -5.50, degrees=True)
>>> s12, az1, az2 = positionA.distance_and_azimuth(positionB, degrees=True)
>>> 's12 = {:5.2f}, az1 = {:5.2f}, az2 = {:5.2f}'.format(s12, az1, az2)
's12 = 19959679.27, az1 = 161.07, az2 = 18.83'





The geodesic direct problem

>>> positionA = wgs84.GeoPoint(40.6, -73.8, degrees=True)
>>> az1, distance = 45, 10000e3
>>> positionB, az2 = positionA.geo_point(distance, az1, degrees=True)
>>> lat2, lon2 = positionB.latitude_deg, positionB.longitude_deg
>>> msg = 'lat2 = {:5.2f}, lon2 = {:5.2f}, az2 = {:5.2f}'
>>> msg.format(lat2, lon2, az2)
'lat2 = 32.64, lon2 = 49.01, az2 = 140.37'






	
__init__(latitude, longitude, z=0, frame=None, degrees=False)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L69-L75]

	



Methods







	__init__(latitude,longitude[,z,frame,...])
	


	distance_and_azimuth(point[,long_unroll,...])
	Return ellipsoidal distance between positions as well as the direction.


	geo_point(distance,azimuth[,long_unroll,...])
	Return position B computed from current position, distance and azimuth.


	to_ecef_vector()
	Converts latitude and longitude to ECEF-vector.


	to_nvector()
	Converts latitude and longitude to n-vector.





Attributes







	latitude_deg
	


	longitude_deg
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nvector.objects.Nvector


	
class nvector.objects.Nvector(normal, z=0, frame=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L177-L298]

	Geographical position given as n-vector and depth in frame E





	Parameters:	normal: 3 x n array


n-vector(s) [no unit] decomposed in E.




z: real scalar or vector of length n.


Depth(s) [m]  relative to the ellipsoid (depth = -height)




frame: FrameE object


reference ellipsoid. The default ellipsoid model used is WGS84, but
other ellipsoids/spheres might be specified.











See also

GeoPoint, ECEFvector, Pvector



Notes

The position of B (typically body) relative to E (typically Earth) is
given into this function as n-vector, n_EB_E and a depth, z relative to the
ellipsiod.


	
__init__(normal, z=0, frame=None)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L202-L205]

	



Methods







	__init__(normal[,z,frame])
	


	mean_horizontal_position()
	Return horizontal mean position of the n-vectors.


	to_ecef_vector()
	Converts n-vector to Cartesian position vector (“ECEF-vector”)


	to_geo_point()
	Converts n-vector to geo-point.


	to_nvector()
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nvector.objects.GeoPath


	
class nvector.objects.GeoPath(positionA, positionB)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L467-L618]

	
Geographical path between two positions in Frame E






	Parameters:	positionA, positionB: Nvector, GeoPoint or ECEFvector objects


The path is defined by the line between position A and B, decomposed
in E.










Examples

Example 5: “Surface distance”

[image: http://www.navlab.net/images/ex5img.png]
Find the surface distance sAB (i.e. great circle distance) between two
positions A and B. The heights of A and B are ignored, i.e. if they don’t have
zero height, we seek the distance between the points that are at the surface of
the Earth, directly above/below A and B. The Euclidean distance (chord length)
dAB should also be found. Use Earth radius 6371e3 m.
Compare the results with exact calculations for the WGS-84 ellipsoid.


	Solution for a sphere:

	>>> import numpy as np
>>> import nvector as nv
>>> frame_E = nv.FrameE(a=6371e3, f=0)
>>> positionA = frame_E.GeoPoint(latitude=88, longitude=0, degrees=True)
>>> positionB = frame_E.GeoPoint(latitude=89, longitude=-170, degrees=True)





>>> s_AB, _azia, _azib = positionA.distance_and_azimuth(positionB)
>>> p_AB_E = positionB.to_ecef_vector() - positionA.to_ecef_vector()
>>> d_AB = np.linalg.norm(p_AB_E.pvector, axis=0)[0]





>>> msg = 'Ex5: Great circle and Euclidean distance = {}'
>>> msg = msg.format('{:5.2f} km, {:5.2f} km')
>>> msg.format(s_AB / 1000, d_AB / 1000)
'Ex5: Great circle and Euclidean distance = 332.46 km, 332.42 km'







	Alternative sphere solution:

	>>> path = nv.GeoPath(positionA, positionB)
>>> s_AB2 = path.track_distance(method='greatcircle').ravel()
>>> d_AB2 = path.track_distance(method='euclidean').ravel()
>>> msg.format(s_AB2[0] / 1000, d_AB2[0] / 1000)
'Ex5: Great circle and Euclidean distance = 332.46 km, 332.42 km'







	Exact solution for the WGS84 ellipsoid:

	>>> wgs84 = nv.FrameE(name='WGS84')
>>> point1 = wgs84.GeoPoint(latitude=88, longitude=0, degrees=True)
>>> point2 = wgs84.GeoPoint(latitude=89, longitude=-170, degrees=True)
>>> s_12, _azi1, _azi2 = point1.distance_and_azimuth(point2)





>>> p_12_E = point2.to_ecef_vector() - point1.to_ecef_vector()
>>> d_12 = np.linalg.norm(p_12_E.pvector, axis=0)[0]
>>> msg = 'Ellipsoidal and Euclidean distance = {:5.2f} km, {:5.2f} km'
>>> msg.format(s_12 / 1000, d_12 / 1000)
'Ellipsoidal and Euclidean distance = 333.95 km, 333.91 km'







	See also

	Example 5 at www.navlab.net [http://www.navlab.net/nvector/#example_5]



Example 6 “Interpolated position”

[image: http://www.navlab.net/images/ex6img.png]
Given the position of B at time t0 and t1, n_EB_E(t0) and n_EB_E(t1).

Find an interpolated position at time ti, n_EB_E(ti). All positions are given
as n-vectors.


	Solution:

	>>> import nvector as nv
>>> wgs84 = nv.FrameE(name='WGS84')
>>> n_EB_E_t0 = wgs84.GeoPoint(89, 0, degrees=True).to_nvector()
>>> n_EB_E_t1 = wgs84.GeoPoint(89, 180, degrees=True).to_nvector()
>>> path = nv.GeoPath(n_EB_E_t0, n_EB_E_t1)





>>> t0 = 10.
>>> t1 = 20.
>>> ti = 16.  # time of interpolation
>>> ti_n = (ti - t0) / (t1 - t0) # normalized time of interpolation





>>> g_EB_E_ti = path.interpolate(ti_n).to_geo_point()





>>> lat_ti, lon_ti = g_EB_E_ti.latitude_deg, g_EB_E_ti.longitude_deg
>>> msg = 'Ex6, Interpolated position: lat, long = {} deg, {} deg'
>>> msg.format(lat_ti, lon_ti)
'Ex6, Interpolated position: lat, long = [ 89.7999805] deg, [ 180.] deg'







	See also

	Example 6 at www.navlab.net [http://www.navlab.net/nvector/#example_6]



Example 9: “Intersection of two paths”

[image: http://www.navlab.net/images/ex9img.png]
Define a path from two given positions (at the surface of a spherical Earth),
as the great circle that goes through the two points.

Path A is given by A1 and A2, while path B is given by B1 and B2.

Find the position C where the two paths intersect.


	Solution:

	>>> import nvector as nv
>>> pointA1 = nv.GeoPoint(10, 20, degrees=True)
>>> pointA2 = nv.GeoPoint(30, 40, degrees=True)
>>> pointB1 = nv.GeoPoint(50, 60, degrees=True)
>>> pointB2 = nv.GeoPoint(70, 80, degrees=True)
>>> pathA = nv.GeoPath(pointA1, pointA2)
>>> pathB = nv.GeoPath(pointB1, pointB2)





>>> pointC = pathA.intersection(pathB)





>>> lat, lon = pointC.latitude_deg, pointC.longitude_deg
>>> msg = 'Ex9, Intersection: lat, long = {:4.2f}, {:4.2f} deg'
>>> msg.format(lat[0], lon[0])
'Ex9, Intersection: lat, long = 40.32, 55.90 deg'







	See also

	Example 9 at www.navlab.net [http://www.navlab.net/nvector/#example_9]



Example 10: “Cross track distance”

[image: http://www.navlab.net/images/ex10img.png]
Path A is given by the two positions A1 and A2 (similar to the previous
example).

Find the cross track distance sxt between the path A (i.e. the great circle
through A1 and A2) and the position B (i.e. the shortest distance at the
surface, between the great circle and B).

Also find the Euclidean distance dxt between B and the plane defined by the
great circle. Use Earth radius 6371e3.


	Solution:

	>>> import nvector as nv
>>> frame = nv.FrameE(a=6371e3, f=0)
>>> pointA1 = frame.GeoPoint(0, 0, degrees=True)
>>> pointA2 = frame.GeoPoint(10, 0, degrees=True)
>>> pointB = frame.GeoPoint(1, 0.1, degrees=True)





>>> pathA = nv.GeoPath(pointA1, pointA2)





>>> s_xt = pathA.cross_track_distance(pointB, method='greatcircle').ravel()
>>> d_xt = pathA.cross_track_distance(pointB, method='euclidean').ravel()
>>> val_txt = '{:4.2f} km, {:4.2f} km'.format(s_xt[0]/1000, d_xt[0]/1000)
>>> 'Ex10: Cross track distance: s_xt, d_xt = {}'.format(val_txt)
'Ex10: Cross track distance: s_xt, d_xt = 11.12 km, 11.12 km'







	See also

	Example 10 at www.navlab.net [http://www.navlab.net/nvector/#example_10]




	
__init__(positionA, positionB)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L481-L483]

	



Methods







	__init__(positionA,positionB)
	


	cross_track_distance(point[,method,radius])
	Return cross track distance from the path to a point.


	interpolate(ti)
	Return the interpolated point along the path


	intersection(path)
	Return the intersection between the paths


	nvectors()
	Return positionA and positionB as n-vectors


	track_distance([method,radius])
	Return the distance of the path.
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nvector.objects.Pvector


	
class nvector.objects.Pvector(pvector, frame)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L342-L357]

	
	
__init__(pvector, frame)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L343-L345]

	



Methods







	__init__(pvector,frame)
	


	to_ecef_vector()
	


	to_geo_point()
	


	to_nvector()
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nvector.objects.diff_positions


	
nvector.objects.diff_positions(positionA, positionB)[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/objects.py#L333-L339]

	
Return delta vector from positions A to B.






	Parameters:	positionA, positionB: Nvector, GeoPoint or ECEFvector objects


position A and B, decomposed in E.







	Returns:	p_AB_E:  ECEFvector


Cartesian position vector(s) from A to B, decomposed in E.










Notes

The calculation is excact, taking the ellipsity of the Earth into account.
It is also non-singular as both n-vector and p-vector are non-singular
(except for the center of the Earth).

Examples

Example 1: “A and B to delta”

[image: http://www.navlab.net/images/ex1img.png]
Given two positions, A and B as latitudes, longitudes and depths relative to
Earth, E.

Find the exact vector between the two positions, given in meters north, east,
and down, and find the direction (azimuth) to B, relative to north.
Assume WGS-84 ellipsoid. The given depths are from the ellipsoid surface.
Use position A to define north, east, and down directions.
(Due to the curvature of Earth and different directions to the North Pole,
the north, east, and down directions will change (relative to Earth) for
different places.  A must be outside the poles for the north and east
directions to be defined.)


	Solution:

	>>> import numpy as np
>>> import nvector as nv
>>> wgs84 = nv.FrameE(name='WGS84')
>>> pointA = wgs84.GeoPoint(latitude=1, longitude=2, z=3, degrees=True)
>>> pointB = wgs84.GeoPoint(latitude=4, longitude=5, z=6, degrees=True)







	Step 1: Find p_AB_E (delta decomposed in E).

	>>> p_AB_E = nv.diff_positions(pointA, pointB)







	Step 2: Find p_AB_N (delta decomposed in N).

	>>> frame_N = nv.FrameN(pointA)
>>> p_AB_N = p_AB_E.change_frame(frame_N)
>>> p_AB_N = p_AB_N.pvector.ravel()
>>> valtxt = '{0:8.2f}, {1:8.2f}, {2:8.2f}'.format(*p_AB_N)
>>> 'Ex1: delta north, east, down = {}'.format(valtxt)
'Ex1: delta north, east, down = 331730.23, 332997.87, 17404.27'







	Step3: Also find the direction (azimuth) to B, relative to north:

	>>> azimuth = np.arctan2(p_AB_N[1], p_AB_N[0])
>>> 'azimuth = {0:4.2f} deg'.format(np.rad2deg(azimuth))
'azimuth = 45.11 deg'







	See also

	Example 1 at www.navlab.net [http://www.navlab.net/nvector/#example_1]
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  Source code for nvector.tests.test_geodesic

import unittest

import numpy as np
from nvector import GeoPoint, FrameE

wgs84 = FrameE(name='WGS84')


[docs]class GeodesicTest(unittest.TestCase):

    testcases = [
        [35.60777, -139.44815, 111.098748429560326,
         -11.17491, -69.95921, 129.289270889708762,
         8935244.5604818305, 80.50729714281974, 6273170.2055303837,
         0.16606318447386067, 0.16479116945612937, 12841384694976.432],
        [55.52454, 106.05087, 22.020059880982801,
         77.03196, 197.18234, 109.112041110671519,
         4105086.1713924406, 36.892740690445894, 3828869.3344387607,
         0.80076349608092607, 0.80101006984201008, 61674961290615.615],
        [-21.97856, 142.59065, -32.44456876433189,
         41.84138, 98.56635, -41.84359951440466,
         8394328.894657671, 75.62930491011522, 6161154.5773110616,
         0.24816339233950381, 0.24930251203627892, -6637997720646.717],
        [-66.99028, 112.2363, 173.73491240878403,
         -12.70631, 285.90344, 2.512956620913668,
         11150344.2312080241, 100.278634181155759, 6289939.5670446687,
         -0.17199490274700385, -0.17722569526345708, -121287239862139.744],
        [-17.42761, 173.34268, -159.033557661192928,
         -15.84784, 5.93557, -20.787484651536988,
         16076603.1631180673, 144.640108810286253, 3732902.1583877189,
         -0.81273638700070476, -0.81299800519154474, 97825992354058.708],
        [32.84994, 48.28919, 150.492927788121982,
         -56.28556, 202.29132, 48.113449399816759,
         16727068.9438164461, 150.565799985466607, 3147838.1910180939,
         -0.87334918086923126, -0.86505036767110637, -72445258525585.010],
        [6.96833, 52.74123, 92.581585386317712,
         -7.39675, 206.17291, 90.721692165923907,
         17102477.2496958388, 154.147366239113561, 2772035.6169917581,
         -0.89991282520302447, -0.89986892177110739, -1311796973197.995],
        [-50.56724, -16.30485, -105.439679907590164,
         -33.56571, -94.97412, -47.348547835650331,
         6455670.5118668696, 58.083719495371259, 5409150.7979815838,
         0.53053508035997263, 0.52988722644436602, 41071447902810.047],
        [-58.93002, -8.90775, 140.965397902500679,
         -8.91104, 133.13503, 19.255429433416599,
         11756066.0219864627, 105.755691241406877, 6151101.2270708536,
         -0.26548622269867183, -0.27068483874510741, -86143460552774.735],
        [-68.82867, -74.28391, 93.774347763114881,
         -50.63005, -8.36685, 34.65564085411343,
         3956936.926063544, 35.572254987389284, 3708890.9544062657,
         0.81443963736383502, 0.81420859815358342, -41845309450093.787],
        [-10.62672, -32.0898, -86.426713286747751,
         5.883, -134.31681, -80.473780971034875,
         11470869.3864563009, 103.387395634504061, 6184411.6622659713,
         -0.23138683500430237, -0.23155097622286792, 4198803992123.548],
        [-21.76221, 166.90563, 29.319421206936428,
         48.72884, 213.97627, 43.508671946410168,
         9098627.3986554915, 81.963476716121964, 6299240.9166992283,
         0.13965943368590333, 0.14152969707656796, 10024709850277.476],
        [-19.79938, -174.47484, 71.167275780171533,
         -11.99349, -154.35109, 65.589099775199228,
         2319004.8601169389, 20.896611684802389, 2267960.8703918325,
         0.93427001867125849, 0.93424887135032789, -3935477535005.785],
        [-11.95887, -116.94513, 92.712619830452549,
         4.57352, 7.16501, 78.64960934409585,
         13834722.5801401374, 124.688684161089762, 5228093.177931598,
         -0.56879356755666463, -0.56918731952397221, -9919582785894.853],
        [-87.85331, 85.66836, -65.120313040242748,
         66.48646, 16.09921, -4.888658719272296,
         17286615.3147144645, 155.58592449699137, 2635887.4729110181,
         -0.90697975771398578, -0.91095608883042767, 42667211366919.534],
        [1.74708, 128.32011, -101.584843631173858,
         -11.16617, 11.87109, -86.325793296437476,
         12942901.1241347408, 116.650512484301857, 5682744.8413270572,
         -0.44857868222697644, -0.44824490340007729, 10763055294345.653],
        [-25.72959, -144.90758, -153.647468693117198,
         -57.70581, -269.17879, -48.343983158876487,
         9413446.7452453107, 84.664533838404295, 6356176.6898881281,
         0.09492245755254703, 0.09737058264766572, 74515122850712.444],
        [-41.22777, 122.32875, 14.285113402275739,
         -7.57291, 130.37946, 10.805303085187369,
         3812686.035106021, 34.34330804743883, 3588703.8812128856,
         0.82605222593217889, 0.82572158200920196, -2456961531057.857],
        [11.01307, 138.25278, 79.43682622782374,
         6.62726, 247.05981, 103.708090215522657,
         11911190.819018408, 107.341669954114577, 6070904.722786735,
         -0.29767608923657404, -0.29785143390252321, 17121631423099.696],
        [-29.47124, 95.14681, -163.779130441688382,
         -27.46601, -69.15955, -15.909335945554969,
         13487015.8381145492, 121.294026715742277, 5481428.9945736388,
         -0.51527225545373252, -0.51556587964721788, 104679964020340.318]]

[docs]    def test_inverse(self):
        options = dict(frame=wgs84, degrees=True)
        for l in GeodesicTest.testcases:
            (lat1, lon1, azi1, lat2, lon2, azi2, s12) = l[:7]
            point1 = GeoPoint(lat1, lon1, **options)
            point2 = GeoPoint(lat2, lon2, **options)
            s_ab, az_a, az_b = point1.distance_and_azimuth(point2,
                                                           long_unroll=True,
                                                           degrees=True)

            self.assertAlmostEqual(azi1, az_a, delta=1e-13)
            self.assertAlmostEqual(azi2, az_b, delta=1e-13)
            self.assertAlmostEqual(s12, s_ab, delta=1e-8)


[docs]    def test_direct(self):
        options = dict(frame=wgs84, degrees=True)
        for l in GeodesicTest.testcases:
            (lat1, lon1, azi1, lat2, lon2, azi2, s12) = l[:7]
            point1 = GeoPoint(lat1, lon1, **options)
            point2, az_b = point1.geo_point(s12, azi1, long_unroll=True,
                                            degrees=True)

            lat_b, lon_b = point2.latitude_deg, point2.longitude_deg
            self.assertAlmostEqual(lat2, lat_b, delta=1e-13)
            self.assertAlmostEqual(lon2, lon_b, delta=1e-13)
            self.assertAlmostEqual(azi2, az_b, delta=1e-13)




[docs]class GeodSolveTest(unittest.TestCase):

[docs]    def test_GeodSolve0(self):
        point1 = GeoPoint(40.6, -73.8, frame=wgs84, degrees=True)
        point2 = GeoPoint(49.01666667, 2.55, frame=wgs84, degrees=True)
        s_ab, az_a, az_b = point1.distance_and_azimuth(point2, degrees=True)
        self.assertAlmostEqual(az_a, 53.47022, delta=0.5e-5)
        self.assertAlmostEqual(az_b, 111.59367, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 5853226, delta=0.5)


[docs]    def test_GeodSolve1(self):
        lat1, lon1, az1 = np.deg2rad((40.63972222, -73.77888889, 53.5,))
        lat_b, lon_b, az_b = wgs84.direct(lat1, lon1, az1, 5850e3)
        lat_b, lon_b, az_b = np.rad2deg((lat_b, lon_b, az_b))
        self.assertAlmostEqual(lat_b, 49.01467, delta=0.5e-5)
        self.assertAlmostEqual(lon_b, 2.56106, delta=0.5e-5)
        self.assertAlmostEqual(az_b, 111.62947, delta=0.5e-5)


[docs]    def test_GeodSolve2(self):
        # Check fix for antipodal prolate bug found 2010-09-04
        geod = FrameE(6.4e6, -1/150.0)
        lat1, lon1, lat2, lon2 = np.deg2rad((0.07476, 0, -0.07476, 180))
        s_ab, az_a, az_b = geod.inverse(lat1, lon1, lat2, lon2)
        az_a, az_b = np.rad2deg((az_a, az_b))
        self.assertAlmostEqual(az_a, 90.00078, delta=0.5e-5)
        self.assertAlmostEqual(az_b, 90.00078, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 20106193, delta=0.5)
        lat1, lon1, lat2, lon2 = np.deg2rad((0.1, 0, -0.1, 180))
        s_ab, az_a, az_b = geod.inverse(lat1, lon1, lat2, lon2)
        az_a, az_b = np.rad2deg((az_a, az_b))
        self.assertAlmostEqual(az_a, 90.00105, delta=0.5e-5)
        self.assertAlmostEqual(az_b, 90.00105, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 20106193, delta=0.5)


[docs]    def test_GeodSolve4(self):
        # Check fix for short line bug found 2010-05-21
        lat1, lon1, lat2, lon2 = np.deg2rad((36.493349428792, 0,
                                             36.49334942879201, .0000008))
        s_ab, _az_a, _az_b = wgs84.inverse(lat1, lon1, lat2, lon2)

        self.assertAlmostEqual(s_ab, 0.072, delta=0.5e-3)


[docs]    def test_GeodSolve5(self):
        # Check fix for point2=pole bug found 2010-05-03
        lat1, lon1, az1 = np.deg2rad((0.01777745589997, 30, 0))
        lat_b, lon_b, az_b = wgs84.direct(lat1, lon1, az1, 10e6)
        lat_b, lon_b, az_b = np.rad2deg((lat_b, lon_b, az_b))
        self.assertAlmostEqual(lat_b, 90, delta=0.5e-5)
        if lon_b < 0:
            self.assertAlmostEqual(lon_b, -150, delta=0.5e-5)
            self.assertAlmostEqual(az_b, -180, delta=0.5e-5)
        else:
            self.assertAlmostEqual(lon_b, 30, delta=0.5e-5)
            self.assertAlmostEqual(az_b, 0, delta=0.5e-5)


[docs]    def test_GeodSolve6(self):
        # Check fix for volatile sbet12a bug found 2011-06-25 (gcc 4.4.4
        # x86 -O3).  Found again on 2012-03-27 with tdm-mingw32 (g++ 4.6.1).

        lat1, lon1, lat2, lon2 = np.deg2rad((88.202499451857, 0,
                                             -88.202499451857,
                                             179.981022032992859592))
        s_ab, _az_a, _az_b = wgs84.inverse(lat1, lon1, lat2, lon2)
        self.assertAlmostEqual(s_ab, 20003898.214, delta=0.5e-3)

        lat1, lon1, lat2, lon2 = np.deg2rad((89.262080389218, 0,
                                             -89.262080389218,
                                             179.992207982775375662))
        s_ab, _az_a, _az_b = wgs84.inverse(lat1, lon1, lat2, lon2)
        self.assertAlmostEqual(s_ab, 20003925.854, delta=0.5e-3)

        lat1, lon1, lat2, lon2 = np.deg2rad((89.333123580033, 0,
                                             -89.333123580032997687,
                                             179.99295812360148422))
        s_ab, _az_a, _az_b = wgs84.inverse(lat1, lon1, lat2, lon2)
        self.assertAlmostEqual(s_ab, 20003926.881, delta=0.5e-3)


[docs]    def test_GeodSolve9(self):
        # Check fix for volatile x bug found 2011-06-25 (gcc 4.4.4 x86 -O3)
        lat1, lon1, lat2, lon2 = np.deg2rad((56.320923501171, 0,
                                             -56.320923501171,
                                             179.664747671772880215))
        s_ab, _az_a, _az_b = wgs84.inverse(lat1, lon1, lat2, lon2)
        self.assertAlmostEqual(s_ab, 19993558.287, delta=0.5e-3)


[docs]    def test_GeodSolve10(self):
        # Check fix for adjust tol1_ bug found 2011-06-25 (Visual Studio
        # 10 rel + debug)
        lat1, lon1, lat2, lon2 = np.deg2rad((52.784459512564, 0,
                                             -52.784459512563990912,
                                             179.634407464943777557))
        s_ab, _az_a, _az_b = wgs84.inverse(lat1, lon1, lat2, lon2)
        self.assertAlmostEqual(s_ab, 19991596.095, delta=0.5e-3)


[docs]    def test_GeodSolve11(self):
        # Check fix for bet2 = -bet1 bug found 2011-06-25 (Visual Studio
        # 10 rel + debug)
        lat1, lon1, lat2, lon2 = np.deg2rad((48.522876735459, 0,
                                             -48.52287673545898293,
                                             179.599720456223079643))
        s_ab, _az_a, _az_b = wgs84.inverse(lat1, lon1, lat2, lon2)
        self.assertAlmostEqual(s_ab, 19989144.774, delta=0.5e-3)


[docs]    def test_GeodSolve12(self):
        # Check fix for inverse geodesics on extreme prolate/oblate
        # ellipsoids Reported 2012-08-29 Stefan Guenther
        # <stefan.gunther@embl.de>; fixed 2012-10-07
        geod = FrameE(89.8, -1.83)
        lat1, lon1, lat2, lon2 = np.deg2rad((0, 0, -10, 160))
        s_ab, az_a, az_b = geod.inverse(lat1, lon1, lat2, lon2)
        az_a, az_b = np.rad2deg((az_a, az_b))
        self.assertAlmostEqual(az_a, 120.27, delta=1e-2)
        self.assertAlmostEqual(az_b, 105.15, delta=1e-2)
        self.assertAlmostEqual(s_ab, 266.7, delta=1e-1)


[docs]    def test_GeodSolve14(self):
        # Check fix for inverse ignoring lon12 = nan
        s_ab, az_a, az_b = wgs84.inverse(0, 0, 1, np.nan, degrees=True)
        self.assertTrue(np.isnan(az_a))
        self.assertTrue(np.isnan(az_b))
        self.assertTrue(np.isnan(s_ab))


[docs]    def test_GeodSolve17(self):
        # Check fix for LONG_UNROLL bug found on 2015-05-07
        lat_b, lon_b, az_b = wgs84.direct(40, -75, -10, 2e7, long_unroll=True,
                                          degrees=True)

        self.assertAlmostEqual(lat_b, -39, delta=1)
        self.assertAlmostEqual(lon_b, -254, delta=1)
        self.assertAlmostEqual(az_b, -170, delta=1)

        lat_b, lon_b, az_b = wgs84.direct(40, -75, -10, 2e7, degrees=True)
        self.assertAlmostEqual(lat_b, -39, delta=1)
        self.assertAlmostEqual(lon_b, 105, delta=1)
        self.assertAlmostEqual(az_b, -170, delta=1)


[docs]    def test_GeodSolve29(self):
        # Check longitude unrolling with inverse calculation 2015-09-16
        s_ab, _az_a, _az_b = wgs84.inverse(0, 539, 0, 181, degrees=True)

        self.assertAlmostEqual(s_ab, 222639, delta=0.5)
        s_ab, _az_a, _az_b = wgs84.inverse(0, 539, 0, 181, degrees=True)
        self.assertAlmostEqual(s_ab, 222639, delta=0.5)


[docs]    def test_GeodSolve33(self):
        # Check max(-0.0,+0.0) issues 2015-08-22 (triggered by bugs in
        # Octave -- sind(-0.0) = +0.0 -- and in some version of Visual
        # Studio -- fmod(-0.0, 360.0) = +0.0.
        s_ab, az_a, az_b = wgs84.inverse(0, 0, 0, 179, degrees=True)
        self.assertAlmostEqual(az_a, 90.00000, delta=0.5e-5)
        self.assertAlmostEqual(az_b, 90.00000, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 19926189, delta=0.5)

        s_ab, az_a, az_b = wgs84.inverse(0, 0, 0, 179.5, degrees=True)
        self.assertAlmostEqual(az_a, 55.96650, delta=0.5e-5)
        self.assertAlmostEqual(az_b, 124.03350, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 19980862, delta=0.5)

        s_ab, az_a, az_b = wgs84.inverse(0, 0, 0, 180, degrees=True)
        self.assertAlmostEqual(az_a, 0.00000, delta=0.5e-5)
        self.assertAlmostEqual(az_b, -180.00000, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 20003931, delta=0.5)

        s_ab, az_a, az_b = wgs84.inverse(0, 0, 1, 180, degrees=True)
        self.assertAlmostEqual(az_a, 0.00000, delta=0.5e-5)
        self.assertAlmostEqual(az_b, -180.00000, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 19893357, delta=0.5)

        geod = FrameE(6.4e6, 0)
        s_ab, az_a, az_b = geod.inverse(0, 0, 0, 179, degrees=True)
        self.assertAlmostEqual(az_a, 90.00000, delta=0.5e-5)
        self.assertAlmostEqual(az_b, 90.00000, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 19994492, delta=0.5)
        s_ab, az_a, az_b = geod.inverse(0, 0, 0, 180, degrees=True)
        self.assertAlmostEqual(az_a, 0.00000, delta=0.5e-5)
        self.assertAlmostEqual(az_b, -180.00000, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 20106193, delta=0.5)
        s_ab, az_a, az_b = geod.inverse(0, 0, 1, 180, degrees=True)
        self.assertAlmostEqual(az_a, 0.00000, delta=0.5e-5)
        self.assertAlmostEqual(az_b, -180.00000, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 19994492, delta=0.5)
        geod = FrameE(6.4e6, -1/300.0)
        s_ab, az_a, az_b = geod.inverse(0, 0, 0, 179, degrees=True)
        self.assertAlmostEqual(az_a, 90.00000, delta=0.5e-5)
        self.assertAlmostEqual(az_b, 90.00000, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 19994492, delta=0.5)
        s_ab, az_a, az_b = geod.inverse(0, 0, 0, 180, degrees=True)
        self.assertAlmostEqual(az_a, 90.00000, delta=0.5e-5)
        self.assertAlmostEqual(az_b, 90.00000, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 20106193, delta=0.5)
        s_ab, az_a, az_b = geod.inverse(0, 0, 0.5, 180, degrees=True)
        self.assertAlmostEqual(az_a, 33.02493, delta=0.5e-5)
        self.assertAlmostEqual(az_b, 146.97364, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 20082617, delta=0.5)
        s_ab, az_a, az_b = geod.inverse(0, 0, 1, 180, degrees=True)
        self.assertAlmostEqual(az_a, 0.00000, delta=0.5e-5)
        self.assertAlmostEqual(az_b, -180.00000, delta=0.5e-5)
        self.assertAlmostEqual(s_ab, 20027270, delta=0.5)


[docs]    def test_GeodSolve55(self):
        # Check fix for nan + point on equator or pole not returning all nans
        # Geodesic::Inverse, found 2015-09-23.
        s_ab, az_a, az_b = wgs84.inverse(np.nan, 0, 0, 90, degrees=True)
        self.assertTrue(np.isnan(az_a))
        self.assertTrue(np.isnan(az_b))
        self.assertTrue(np.isnan(s_ab))
        s_ab, az_a, az_b = wgs84.inverse(np.nan, 0, 90, 9, degrees=True)
        self.assertTrue(np.isnan(az_a))
        self.assertTrue(np.isnan(az_b))
        self.assertTrue(np.isnan(s_ab))




if __name__ == "__main__":
    # import syssys.argv = ['', 'Test.testName']
    unittest.main()
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  Source code for nvector.tests.test_frames

'''
Created on 18. des. 2015

@author: pab
'''
import unittest
import numpy as np
from numpy.testing import assert_array_almost_equal  # @UnresolvedImport
from nvector import (FrameB, FrameE, FrameN, FrameL, GeoPoint, GeoPath, unit,
                     diff_positions)

EARTH_RADIUS_M = 6371009.0


[docs]class TestFrames(unittest.TestCase):
[docs]    def test_compare_E_frames(self):
        E = FrameE(name='WGS84')
        E2 = FrameE(a=E.a, f=E.f)
        self.assertEqual(E, E2)
        self.assertEqual(E, E)
        E3 = FrameE(a=E.a, f=0)
        self.assertNotEqual(E, E3)


[docs]    def test_compare_B_frames(self):
        E = FrameE(name='WGS84')
        E2 = FrameE(name='WGS72')

        n_EB_E = E.Nvector(unit([[1], [2], [3]]), z=-400)
        B = FrameB(n_EB_E, yaw=10, pitch=20, roll=30, degrees=True)
        self.assertEqual(B, B)
        self.assertNotEqual(B, E)

        B2 = FrameB(n_EB_E, yaw=1, pitch=20, roll=30, degrees=True)
        self.assertNotEqual(B, B2)

        B3 = FrameB(n_EB_E, yaw=10, pitch=20, roll=30, degrees=True)
        self.assertEqual(B, B3)

        n_EC_E = E.Nvector(unit([[1], [2], [2]]), z=-400)
        B4 = FrameB(n_EC_E, yaw=10, pitch=20, roll=30, degrees=True)
        self.assertNotEqual(B, B4)

        n_ED_E = E2.Nvector(unit([[1], [2], [3]]), z=-400)
        B5 = FrameB(n_ED_E, yaw=10, pitch=20, roll=30, degrees=True)
        # self.assertTrue(B != B5)


[docs]    def test_compare_N_frames(self):
        wgs84 = FrameE(name='WGS84')
        wgs72 = FrameE(name='WGS72')
        pointA = wgs84.GeoPoint(latitude=1, longitude=2, z=3, degrees=True)
        pointB = wgs72.GeoPoint(latitude=1, longitude=2, z=6, degrees=True)

        frame_N = FrameN(pointA)
        frame_N1 = FrameL(pointA, wander_azimuth=0)
        frame_N2 = FrameL(pointB, wander_azimuth=0)

        self.assertEqual(frame_N, frame_N)

        self.assertEqual(frame_N, frame_N1)
        # self.assertTrue(frame_N != frame_N2)
        # self.assertTrue(frame_N1 != frame_N2)


[docs]    def test_compare_L_frames(self):
        wgs84 = FrameE(name='WGS84')
        wgs72 = FrameE(name='WGS72')
        pointA = wgs84.GeoPoint(latitude=1, longitude=2, z=3, degrees=True)
        pointB = wgs72.GeoPoint(latitude=1, longitude=2, z=6, degrees=True)

        frame_N = FrameL(pointA)
        frame_N1 = FrameL(pointA, wander_azimuth=10)
        frame_N2 = FrameL(pointB, wander_azimuth=10)

        self.assertEqual(frame_N, frame_N)
        self.assertNotEqual(frame_N, frame_N1)
        # self.assertNotEqual(frame_N, frame_N2)
        # self.assertNotEqual(frame_N1, frame_N2)




[docs]class TestExamples(unittest.TestCase):
[docs]    def test_Ex1_A_and_B_to_delta_in_frame_N(self):
        wgs84 = FrameE(name='WGS84')
        pointA = wgs84.GeoPoint(latitude=1, longitude=2, z=3, degrees=True)
        pointB = wgs84.GeoPoint(latitude=4, longitude=5, z=6, degrees=True)

        # Find the exact vector between the two positions, given in meters
        # north, east, and down, i.e. find p_AB_N.

        # SOLUTION:
        p_AB_E = diff_positions(pointA, pointB)  # (delta decomposed in E).

        frame_N = FrameN(pointA)
        p_AB_N = p_AB_E.change_frame(frame_N)
        p_AB_N = p_AB_N.pvector
        # Step5: Also find the direction (azimuth) to B, relative to north:
        azimuth = np.rad2deg(np.arctan2(p_AB_N[1], p_AB_N[0]))
        # positive angle about down-axis

        print('Ex1, delta north, east, down = {}, {}, {}'.format(p_AB_N[0],
                                                                 p_AB_N[1],
                                                                 p_AB_N[2]))

        print('Ex1, azimuth = {} deg'.format(azimuth))

        assert_array_almost_equal(p_AB_N[0], 331730.23478089)
        assert_array_almost_equal(p_AB_N[1], 332997.87498927)
        assert_array_almost_equal(p_AB_N[2], 17404.27136194)
        assert_array_almost_equal(azimuth, 45.10926324)


[docs]    def test_Ex2_B_and_delta_in_frame_B_to_C_in_frame_E(self):
        # delta vector from B to C, decomposed in B is given:

        # A custom reference ellipsoid is given (replacing WGS-84):
        wgs72 = FrameE(name='WGS72')

        # Position and orientation of B is given 400m above E:
        n_EB_E = wgs72.Nvector(unit([[1], [2], [3]]), z=-400)

        frame_B = FrameB(n_EB_E, yaw=10, pitch=20, roll=30, degrees=True)
        p_BC_B = frame_B.Pvector(np.r_[3000, 2000, 100].reshape((-1, 1)))

        p_BC_E = p_BC_B.to_ecef_vector()

        p_EB_E = n_EB_E.to_ecef_vector()
        p_EC_E = p_EB_E + p_BC_E
        pointC = p_EC_E.to_geo_point()

        lat_EC, long_EC = pointC.latitude_deg, pointC.longitude_deg
        z_EC = pointC.z
        # Here we also assume that the user wants output height (= - depth):
        msg = 'Ex2, Pos C: lat, long = {},{} deg,  height = {} m'
        print(msg.format(lat_EC, long_EC, -z_EC))

        assert_array_almost_equal(lat_EC, 53.32637826)
        assert_array_almost_equal(long_EC, 63.46812344)
        assert_array_almost_equal(z_EC, -406.00719607)


[docs]    def test_Ex3_ECEF_vector_to_geodetic_latitude(self):

        wgs84 = FrameE(name='WGS84')
        # Position B is given as p_EB_E ("ECEF-vector")
        position_B = 6371e3 * np.vstack((0.9, -1, 1.1))  # m
        p_EB_E = wgs84.ECEFvector(position_B)

        # Find position B as geodetic latitude, longitude and height
        pointB = p_EB_E.to_geo_point()
        lat, lon, h = pointB.latitude_deg, pointB.longitude_deg, -pointB.z

        msg = 'Ex3, Pos B: lat, lon = {} {} deg, height = {} m'
        print(msg.format(lat, lon, h))
        assert_array_almost_equal(lat, 39.37874867)
        assert_array_almost_equal(lon, -48.0127875)
        assert_array_almost_equal(h, 4702059.83429485)


[docs]    def test_Ex4_geodetic_latitude_to_ECEF_vector(self):
        wgs84 = FrameE(name='WGS84')
        pointB = wgs84.GeoPoint(latitude=1, longitude=2, z=-3, degrees=True)

        p_EB_E = pointB.to_ecef_vector()
        print('Ex4: p_EB_E = {} m'.format(p_EB_E.pvector.ravel()))

        assert_array_almost_equal(p_EB_E.pvector.ravel(),
                                  [6373290.27721828, 222560.20067474,
                                   110568.82718179])


[docs]    def test_Ex5_great_circle_distance(self):
        frame_E = FrameE(a=6371e3, f=0)
        positionA = frame_E.GeoPoint(latitude=88, longitude=0, degrees=True)
        positionB = frame_E.GeoPoint(latitude=89, longitude=-170, degrees=True)
        s_AB, _azia, _azib = positionA.distance_and_azimuth(positionB)

        p_AB_E = positionB.to_ecef_vector() - positionA.to_ecef_vector()
        # The Euclidean distance is given by:
        d_AB = np.linalg.norm(p_AB_E.pvector, axis=0)

        msg = 'Ex5, Great circle distance = {} km, Euclidean distance = {} km'
        print(msg.format(s_AB / 1000, d_AB / 1000))

        assert_array_almost_equal(s_AB / 1000, 332.45644411)
        assert_array_almost_equal(d_AB / 1000, 332.41872486)


[docs]    def test_alternative_great_circle_distance(self):
        frame_E = FrameE(a=6371e3, f=0)
        positionA = frame_E.GeoPoint(latitude=88, longitude=0, degrees=True)
        positionB = frame_E.GeoPoint(latitude=89, longitude=-170, degrees=True)
        path = GeoPath(positionA, positionB)

        s_AB = path.track_distance(method='greatcircle')
        d_AB = path.track_distance(method='euclidean')

        msg = 'Ex5, Great circle distance = {} km, Euclidean distance = {} km'
        print(msg.format(s_AB / 1000, d_AB / 1000))

        assert_array_almost_equal(s_AB / 1000, 332.45644411)
        assert_array_almost_equal(d_AB / 1000, 332.41872486)


[docs]    def test_exact_ellipsoidal_distance(self):
        wgs84 = FrameE(name='WGS84')
        pointA = wgs84.GeoPoint(latitude=88, longitude=0, degrees=True)
        pointB = wgs84.GeoPoint(latitude=89, longitude=-170, degrees=True)
        s_AB, _azia, _azib = pointA.distance_and_azimuth(pointB)

        p_AB_E = pointB.to_ecef_vector() - pointA.to_ecef_vector()
        # The Euclidean distance is given by:
        d_AB = np.linalg.norm(p_AB_E.pvector, axis=0)

        msg = 'Ex5, Great circle distance = {} km, Euclidean distance = {} km'
        print(msg.format(s_AB / 1000, d_AB / 1000))

        assert_array_almost_equal(s_AB / 1000, 333.94750946834665)
        assert_array_almost_equal(d_AB / 1000, 333.90962112)


[docs]    def test_Ex6_interpolated_position(self):

        # Position B at time t0 and t2 is given as n_EB_E_t0 and n_EB_E_t1:
        # Enter elements as lat/long in deg:
        wgs84 = FrameE(name='WGS84')
        n_EB_E_t0 = wgs84.GeoPoint(89, 0, degrees=True).to_nvector()
        n_EB_E_t1 = wgs84.GeoPoint(89, 180, degrees=True).to_nvector()

        # The times are given as:
        t0 = 10.
        t1 = 20.
        ti = 16.  # time of interpolation

        # Find the interpolated position at time ti, n_EB_E_ti

        # SOLUTION:
        # Using standard interpolation:
        ti_n = (ti - t0) / (t1 - t0)
        n_EB_E_ti = n_EB_E_t0 + ti_n * (n_EB_E_t1 - n_EB_E_t0)

        # When displaying the resulting position for humans, it is more
        # convenient to see lat, long:
        g_EB_E_ti = n_EB_E_ti.to_geo_point()
        lat_ti, lon_ti = g_EB_E_ti.latitude_deg, g_EB_E_ti.longitude_deg
        msg = 'Ex6, Interpolated position: lat, long = {} deg, {} deg'
        print(msg.format(lat_ti, lon_ti))

        assert_array_almost_equal(lat_ti, 89.7999805)
        assert_array_almost_equal(lon_ti, 180.)

        # Alternative solution
        path = GeoPath(n_EB_E_t0, n_EB_E_t1)

        g_EB_E_ti = path.interpolate(ti_n).to_geo_point()
        lat_ti, lon_ti = g_EB_E_ti.latitude_deg, g_EB_E_ti.longitude_deg
        msg = 'Ex6, Interpolated position: lat, long = {} deg, {} deg'
        print(msg.format(lat_ti, lon_ti))

        assert_array_almost_equal(lat_ti, 89.7999805)
        assert_array_almost_equal(lon_ti, 180.)


[docs]    def test_Ex7_mean_position(self):

        # Three positions A, B and C are given:
        # Enter elements directly:
        # n_EA_E=unit(np.vstack((1, 0, -2)))
        # n_EB_E=unit(np.vstack((-1, -2, 0)))
        # n_EC_E=unit(np.vstack((0, -2, 3)))

        # or input as lat/long in deg:
        points = GeoPoint(latitude=[90, 60, 50], longitude=[0, 10, -20],
                          degrees=True)
        nvectors = points.to_nvector()
        nmean = nvectors.mean_horizontal_position()
        n_EM_E = nmean.normal
        assert_array_almost_equal(n_EM_E.ravel(),
                                  [0.384117, -0.046602, 0.922107])


[docs]    def test_Ex8_position_A_and_azimuth_and_distance_to_B(self):
        frame = FrameE(a=EARTH_RADIUS_M, f=0)
        pointA = frame.GeoPoint(latitude=80, longitude=-90, degrees=True)
        pointB, _azimuthb = pointA.geo_point(distance=1000, azimuth=200,
                                             degrees=True)

        lat_B, lon_B = pointB.latitude_deg, pointB.longitude_deg

        print('Ex8, Destination: lat, long = {} {} deg'.format(lat_B, lon_B))
        assert_array_almost_equal(lat_B, 79.99154867)
        assert_array_almost_equal(lon_B, -90.01769837)


[docs]    def test_Ex9_intersection(self):

        # Two paths A and B are given by two pairs of positions:
        pointA1 = GeoPoint(10, 20, degrees=True)
        pointA2 = GeoPoint(30, 40, degrees=True)
        pointB1 = GeoPoint(50, 60, degrees=True)
        pointB2 = GeoPoint(70, 80, degrees=True)
        pathA = GeoPath(pointA1, pointA2)
        pathB = GeoPath(pointB1, pointB2)

        pointC = pathA.intersection(pathB)

        lat, lon = pointC.latitude_deg, pointC.longitude_deg
        msg = 'Ex9, Intersection: lat, long = {} {} deg'
        print(msg.format(lat, lon))
        assert_array_almost_equal(lat, 40.31864307)
        assert_array_almost_equal(lon, 55.90186788)


[docs]    def test_intersection_of_parallell_paths(self):

        # Two paths A and B are given by two pairs of positions:
        pointA1 = GeoPoint(10, 20, degrees=True)
        pointA2 = GeoPoint(30, 40, degrees=True)
        pointB1 = GeoPoint(10, 20, degrees=True)
        pointB2 = GeoPoint(30, 40, degrees=True)
        pathA = GeoPath(pointA1, pointA2)
        pathB = GeoPath(pointB1, pointB2)

        pointC = pathA.intersection(pathB)

        lat, lon = pointC.latitude_deg, pointC.longitude_deg
        msg = 'Ex9, Intersection: lat, long = {} {} deg'
        print(msg.format(lat, lon))
        self.assertTrue(np.isnan(lat))
        self.assertTrue(np.isnan(lon))


[docs]    def test_Ex10_cross_track_distance(self):

        frame = FrameE(a=6371e3, f=0)
        # Position A1 and A2 and B as lat/long in deg:
        pointA1 = frame.GeoPoint(0, 0, degrees=True)
        pointA2 = frame.GeoPoint(10, 0, degrees=True)
        pointB = frame.GeoPoint(1, 0.1, degrees=True)

        pathA = GeoPath(pointA1, pointA2)

        # Find the cross track distance from path A to position B.
        s_xt = pathA.cross_track_distance(pointB, method='greatcircle')
        d_xt = pathA.cross_track_distance(pointB, method='euclidean')
        msg = 'Ex10, Cross track distance = {} m, Euclidean = {} m'
        print(msg.format(s_xt, d_xt))

        assert_array_almost_equal(s_xt, 11117.79911015)
        assert_array_almost_equal(d_xt, 11117.79346741)




if __name__ == "__main__":
    # import sys;sys.argv = ['', 'Test.testName']
    unittest.main()
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  Source code for nvector.tests.test_nvector

'''
This file contains solutions to the examples given at
www.navlab.net/nvector

The content of this file is based on the following publication:

Gade, K. (2010). A Nonsingular Horizontal Position Representation, The Journal
of Navigation, Volume 63, Issue 03, pp 395-417, July 2010.
(www.navlab.net/Publications/A_Nonsingular_Horizontal_Position_Representation.pdf)

Copyright (c) 2015, Norwegian Defence Research Establishment (FFI)
All rights reserved.

Originated: 2015.03.26 Kenneth Gade, FFI

NOTES:
- All angles are by default assumed to be in radians, if an angle is
in degrees, the variable name has the following ending: _deg

- The dot product (inner product) of vectors x and y is written dot(x,y)
here to make the code more readable for those unfamiliar with
Matlab. In Matlab one would normally write x'*y (i.e. x transposed
times y)
'''
import numpy as np

import unittest
from nvector import (unit, deg, rad, lat_lon2n_E, n_E2lat_lon,
                     R2xyz, xyz2R, R2zyx, zyx2R,
                     n_EA_E_and_n_EB_E2p_AB_E, n_EA_E_and_p_AB_E2n_EB_E,
                     p_EB_E2n_EB_E, n_EB_E2p_EB_E,
                     mean_horizontal_position,
                     great_circle_distance, euclidean_distance,
                     n_EA_E_distance_and_azimuth2n_EB_E,
                     n_EA_E_and_n_EB_E2azimuth,
                     n_E_and_wa2R_EL, n_E2R_EN, R_EL2n_E, R_EN2n_E)
from numpy.testing import assert_array_almost_equal


[docs]class TestNvector(unittest.TestCase):

[docs]    def test_Ex1_A_and_B_to_delta_in_frame_N(self):

        # Positions A and B are given in (decimal) degrees and depths:
        lat_EA, lon_EA, z_EA = rad(1), rad(2), 3
        lat_EB, lon_EB, z_EB = rad(4), rad(5), 6

        # Find the exact vector between the two positions, given in meters
        # north, east, and down, i.e. find p_AB_N.

        # SOLUTION:
        # Step1: Convert to n-vectors (rad() converts to radians):
        n_EA_E = lat_lon2n_E(lat_EA, lon_EA)
        n_EB_E = lat_lon2n_E(lat_EB, lon_EB)

        # Step2: Find p_AB_E (delta decomposed in E).
        # WGS-84 ellipsoid is default:
        p_AB_E = n_EA_E_and_n_EB_E2p_AB_E(n_EA_E, n_EB_E, z_EA, z_EB)

        # Step3: Find R_EN for position A:
        R_EN = n_E2R_EN(n_EA_E)

        # Step4: Find p_AB_N
        p_AB_N = np.dot(R_EN.T, p_AB_E)
        # (Note the transpose of R_EN: The "closest-rule" says that when
        # decomposing, the frame in the subscript of the rotation matrix that
        # is closest to the vector, should equal the frame where the vector is
        # decomposed. Thus the calculation np.dot(R_NE, p_AB_E) is correct,
        # since the vector is decomposed in E, and E is closest to the vector.
        # In the example we only had R_EN, and thus we must transpose it:
        # R_EN'=R_NE)

        # Step5: Also find the direction (azimuth) to B, relative to north:
        azimuth = np.arctan2(p_AB_N[1], p_AB_N[0])
        # positive angle about down-axis

        print('Ex1, delta north, east, down = {}, {}, {}'.format(p_AB_N[0],
                                                                 p_AB_N[1],
                                                                 p_AB_N[2]))
        print('Ex1, azimuth = {} deg'.format(deg(azimuth)))

        assert_array_almost_equal(p_AB_N[0], 331730.23478089)
        assert_array_almost_equal(p_AB_N[1], 332997.87498927)
        assert_array_almost_equal(p_AB_N[2], 17404.27136194)
        assert_array_almost_equal(deg(azimuth), 45.10926324)


[docs]    def test_Ex2_B_and_delta_in_frame_B_to_C_in_frame_E(self):
        # delta vector from B to C, decomposed in B is given:
        p_BC_B = np.r_[3000, 2000, 100].reshape((-1, 1))

        # Position and orientation of B is given:
        n_EB_E = unit([[1], [2], [3]])  # unit to get unit length of vector
        z_EB = -400
        R_NB = zyx2R(rad(10), rad(20), rad(30))
        # the three angles are yaw, pitch, and roll

        # A custom reference ellipsoid is given (replacing WGS-84):
        a, f = 6378135, 1.0 / 298.26  # (WGS-72)

        # Find the position of C.
        # SOLUTION:
        # Step1: Find R_EN:
        R_EN = n_E2R_EN(n_EB_E)

        # Step2: Find R_EB, from R_EN and R_NB:
        R_EB = np.dot(R_EN, R_NB)  # Note: closest frames cancel

        # Step3: Decompose the delta vector in E:
        p_BC_E = np.dot(R_EB, p_BC_B)
        # no transpose of R_EB, since the vector is in B

        # Step4: Find the position of C, using the functions that goes from one
        # position and a delta, to a new position:
        n_EC_E, z_EC = n_EA_E_and_p_AB_E2n_EB_E(n_EB_E, p_BC_E, z_EB, a, f)

        # When displaying the resulting position for humans, it is more
        # convenient to see lat, long:
        lat_EC, long_EC = n_E2lat_lon(n_EC_E)
        # Here we also assume that the user wants output height (= - depth):
        msg = 'Ex2, Pos C: lat, long = {},{} deg,  height = {} m'
        print(msg.format(deg(lat_EC), deg(long_EC), -z_EC))

        assert_array_almost_equal(deg(lat_EC), 53.32637826)
        assert_array_almost_equal(deg(long_EC), 63.46812344)
        assert_array_almost_equal(z_EC, -406.00719607)


[docs]    def test_Ex3_ECEF_vector_to_geodetic_latitude(self):

        # Position B is given as p_EB_E ("ECEF-vector")

        p_EB_E = 6371e3 * np.vstack((0.9, -1, 1.1))  # m

        # Find position B as geodetic latitude, longitude and height

        # SOLUTION:
        # Find n-vector from the p-vector:
        n_EB_E, z_EB = p_EB_E2n_EB_E(p_EB_E)

        # Convert to lat, long and height:
        lat_EB, long_EB = n_E2lat_lon(n_EB_E)
        h_EB = -z_EB
        msg = 'Ex3, Pos B: lat, long = {} {} deg, height = {} m'
        print(msg.format(deg(lat_EB), deg(long_EB), h_EB))

        assert_array_almost_equal(deg(lat_EB), 39.37874867)
        assert_array_almost_equal(deg(long_EB), -48.0127875)
        assert_array_almost_equal(h_EB, 4702059.83429485)


[docs]    def test_Ex4_geodetic_latitude_to_ECEF_vector(self):

        # Position B is given with lat, long and height:
        lat_EB_deg = 1
        long_EB_deg = 2
        h_EB = 3

        # Find the vector p_EB_E ("ECEF-vector")

        # SOLUTION:
        # Step1: Convert to n-vector:
        n_EB_E = lat_lon2n_E(rad(lat_EB_deg), rad(long_EB_deg))

        # Step2: Find the ECEF-vector p_EB_E:
        p_EB_E = n_EB_E2p_EB_E(n_EB_E, -h_EB)

        print('Ex4: p_EB_E = {} m'.format(p_EB_E.ravel()))

        assert_array_almost_equal(p_EB_E.ravel(),
                                  [6373290.27721828, 222560.20067474,
                                   110568.82718179])


[docs]    def test_Ex5_great_circle_distance(self):

        # Position A and B are given as n_EA_E and n_EB_E:
        # Enter elements as lat/long in deg:
        n_EA_E = lat_lon2n_E(rad(88), rad(0))
        n_EB_E = lat_lon2n_E(rad(89), rad(-170))

        r_Earth = 6371e3  # m, mean Earth radius

        # SOLUTION:
        s_AB = great_circle_distance(n_EA_E, n_EB_E, radius=r_Earth)
        d_AB = euclidean_distance(n_EA_E, n_EB_E, radius=r_Earth)

        msg = 'Ex5, Great circle distance = {} km, Euclidean distance = {} km'
        print(msg.format(s_AB / 1000, d_AB / 1000))

        assert_array_almost_equal(s_AB / 1000, 332.45644411)
        assert_array_almost_equal(d_AB / 1000, 332.41872486)


[docs]    def test_Ex6_interpolated_position(self):

        # Position B at time t0 and t2 is given as n_EB_E_t0 and n_EB_E_t1:
        # Enter elements as lat/long in deg:
        n_EB_E_t0 = lat_lon2n_E(rad(89), rad(0))
        n_EB_E_t1 = lat_lon2n_E(rad(89), rad(180))

        # The times are given as:
        t0 = 10
        t1 = 20
        ti = 16  # time of interpolation

        # Find the interpolated position at time ti, n_EB_E_ti

        # SOLUTION:
        # Using standard interpolation:
        n_EB_E_ti = unit(n_EB_E_t0 +
                         (ti - t0) * (n_EB_E_t1 - n_EB_E_t0) / (t1 - t0))

        # When displaying the resulting position for humans, it is more
        # convenient to see lat, long:
        lat_EB_ti, long_EB_ti = n_E2lat_lon(n_EB_E_ti)
        msg = 'Ex6, Interpolated position: lat, long = {} {} deg'
        print(msg.format(deg(lat_EB_ti), deg(long_EB_ti)))

        assert_array_almost_equal(deg(lat_EB_ti), 89.7999805)
        assert_array_almost_equal(deg(long_EB_ti), 180.)


[docs]    def test_Ex7_mean_position(self):

        # Three positions A, B and C are given:
        # Enter elements as lat/long in deg:
        n_EA_E = lat_lon2n_E(rad(90), rad(0))
        n_EB_E = lat_lon2n_E(rad(60), rad(10))
        n_EC_E = lat_lon2n_E(rad(50), rad(-20))

        # Find the horizontal mean position:
        n_EM_E = unit(n_EA_E + n_EB_E + n_EC_E)

        # The result is best viewed with a figure that shows the n-vectors
        # relative to an Earth-model:
        print('Ex7, See figure')
        # plot_Earth_figure(n_EA_E,n_EB_E,n_EC_E,n_EM_E)
        assert_array_almost_equal(n_EM_E.ravel(),
                                  [0.384117, -0.046602, 0.922107])
        # Alternatively:
        n_EM_E = mean_horizontal_position(np.hstack((n_EA_E, n_EB_E, n_EC_E)))
        assert_array_almost_equal(n_EM_E.ravel(),
                                  [0.384117, -0.046602, 0.922107])


[docs]    def test_Ex8_position_A_and_azimuth_and_distance_to_B(self):

        # Position A is given as n_EA_E:
        # Enter elements as lat/long in deg:
        lat, lon = rad(80), rad(-90)

        n_EA_E = lat_lon2n_E(lat, lon)

        # The initial azimuth and great circle distance (s_AB), and Earth
        # radius (r_Earth) are also given:
        azimuth = rad(200)
        s_AB = 1000  # m
        r_Earth = 6371e3  # m, mean Earth radius

        # Find the destination point B, as n_EB_E ("The direct/first geodetic
        # problem" for a sphere)

        # SOLUTION:
        # Step1: Convert distance in meter into distance in [rad]:
        distance_rad = s_AB / r_Earth
        # Step2: Find n_EB_E:
        n_EB_E = n_EA_E_distance_and_azimuth2n_EB_E(n_EA_E, distance_rad,
                                                    azimuth)

        # When displaying the resulting position for humans, it is more
        # convenient to see lat, long:
        lat_EB, long_EB = n_E2lat_lon(n_EB_E)
        print('Ex8, Destination: lat, long = {} {} deg'.format(deg(lat_EB),
                                                               deg(long_EB)))

        assert_array_almost_equal(deg(lat_EB), 79.99154867)
        assert_array_almost_equal(deg(long_EB), -90.01769837)
        azimuth1 = n_EA_E_and_n_EB_E2azimuth(n_EA_E, n_EB_E, a=r_Earth, f=0)
        assert_array_almost_equal(azimuth, azimuth1+2*np.pi)


[docs]    def test_Ex9_intersection(self):

        # Two paths A and B are given by two pairs of positions:
        # Enter elements as lat/long in deg:
        n_EA1_E = lat_lon2n_E(rad(10), rad(20))
        n_EA2_E = lat_lon2n_E(rad(30), rad(40))
        n_EB1_E = lat_lon2n_E(rad(50), rad(60))
        n_EB2_E = lat_lon2n_E(rad(70), rad(80))

        # Find the intersection between the two paths, n_EC_E:
        n_EC_E_tmp = unit(np.cross(np.cross(n_EA1_E, n_EA2_E, axis=0),
                                   np.cross(n_EB1_E, n_EB2_E, axis=0), axis=0))

        # n_EC_E_tmp is one of two solutions, the other is -n_EC_E_tmp. Select
        # the one that is closet to n_EA1_E, by selecting sign from the dot
        # product between n_EC_E_tmp and n_EA1_E:
        n_EC_E = np.sign(np.dot(n_EC_E_tmp.T, n_EA1_E)) * n_EC_E_tmp

        # When displaying the resulting position for humans, it is more
        # convenient to see lat, long:
        lat_EC, long_EC = n_E2lat_lon(n_EC_E)
        msg = 'Ex9, Intersection: lat, long = {} {} deg'
        print(msg.format(deg(lat_EC), deg(long_EC)))
        assert_array_almost_equal(deg(lat_EC), 40.31864307)
        assert_array_almost_equal(deg(long_EC), 55.90186788)


[docs]    def test_Ex10_cross_track_distance(self):

        # Position A1 and A2 and B are given as n_EA1_E, n_EA2_E, and n_EB_E:
        # Enter elements as lat/long in deg:
        n_EA1_E = lat_lon2n_E(rad(0), rad(0))
        n_EA2_E = lat_lon2n_E(rad(10), rad(0))
        n_EB_E = lat_lon2n_E(rad(1), rad(0.1))

        r_Earth = 6371e3  # m, mean Earth radius

        # Find the cross track distance from path A to position B.

        # SOLUTION:
        # Find the unit normal to the great circle:
        c_E = unit(np.cross(n_EA1_E, n_EA2_E, axis=0))

        # Find the great circle cross track distance:
        s_xt = (np.arccos(np.dot(c_E.T, n_EB_E)) - np.pi / 2) * r_Earth

        # Find the Euclidean cross track distance:
        d_xt = -np.dot(c_E.T, n_EB_E) * r_Earth
        msg = 'Ex10, Cross track distance = {} m, Euclidean = {} m'
        print(msg.format(s_xt, d_xt))

        assert_array_almost_equal(s_xt, 11117.79911015)
        assert_array_almost_equal(d_xt, 11117.79346741)


[docs]    def test_R2xyz(self):
        x, y, z = rad((10, 20, 30))
        R_AB1 = xyz2R(x, y, z)
        R_AB = [[0.81379768, -0.46984631,  0.34202014],
                [0.54383814,  0.82317294, -0.16317591],
                [-0.20487413,  0.31879578,  0.92541658]]
        assert_array_almost_equal(R_AB, R_AB1)
        x1, y1, z1 = R2xyz(R_AB1)
        assert_array_almost_equal((x, y, z), (x1, y1, z1))


[docs]    def test_R2zxy(self):
        x, y, z = rad((10, 20, 30))
        R_AB1 = zyx2R(z, y, x)
        R_AB = [[0.813798, -0.44097, 0.378522],
                [0.469846, 0.882564, 0.018028],
                [-0.34202, 0.163176, 0.925417]]

        assert_array_almost_equal(R_AB, R_AB1)
        z1, y1, x1 = R2zyx(R_AB1)
        assert_array_almost_equal((x, y, z), (x1, y1, z1))


[docs]    def test_n_E_and_wa2R_EL(self):
        n_E = np.array([[0], [0], [1]])
        R_EL = n_E_and_wa2R_EL(n_E, wander_azimuth=np.pi/2)
        R_EL1 = [[0, 1.0, 0],
                 [1.0, 0, 0],
                 [0,  0, -1.0]]
        assert_array_almost_equal(R_EL, R_EL1)

        R_EN = n_E2R_EN(n_E)
        assert_array_almost_equal(R_EN, np.diag([-1, 1, -1]))

        n_E1 = R_EL2n_E(R_EN)
        n_E2 = R_EN2n_E(R_EN)
        assert_array_almost_equal(n_E, n_E1)
        assert_array_almost_equal(n_E, n_E2)



if __name__ == "__main__":
    # import syssys.argv = ['', 'Test.testName']
    unittest.main()
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  Source code for nvector.objects

"""
Created on 29. des. 2015

@author: pab
"""
from __future__ import division, print_function
import numpy as np
from numpy import pi, arccos, cross, dot
from numpy.linalg import norm
from geographiclib.geodesic import Geodesic as _Geodesic
from nvector._core import (select_ellipsoid, rad, deg, zyx2R,
                           lat_lon2n_E, n_E2lat_lon, n_E2R_EN, n_E_and_wa2R_EL,
                           n_EB_E2p_EB_E, p_EB_E2n_EB_E, unit,
                           great_circle_distance, mean_horizontal_position,
                           E_rotation)
from nvector import _examples
from nvector._examples import use_docstring_from
import warnings

__all__ = ['FrameE', 'FrameB', 'FrameL', 'FrameN', 'GeoPoint', 'GeoPath',
           'Nvector', 'ECEFvector', 'Pvector', 'diff_positions']


[docs]class GeoPoint(object):
    """
    Geographical position given as latitude, longitude, depth in frame E

    Parameters
    ----------
    latitude, longitude: real scalars or vectors of length n.
        Geodetic latitude and longitude given in [rad or deg]
    z: real scalar or vector of length n.
        Depth(s) [m]  relative to the ellipsoid (depth = -height)
    frame: FrameE object
        reference ellipsoid. The default ellipsoid model used is WGS84, but
        other ellipsoids/spheres might be specified.
    degrees: bool
        True if input are given in degrees otherwise radians are assumed.

    Examples
    --------
    Solve geodesic problems.

    The following illustrates its use

        >>> import nvector as nv
        >>> wgs84 = nv.FrameE(name='WGS84')

    The geodesic inverse problem

        >>> positionA = wgs84.GeoPoint(-41.32, 174.81, degrees=True))
        >>> positionB = wgs84.GeoPoint(40.96, -5.50, degrees=True)
        >>> s12, az1, az2 = positionA.distance_and_azimuth(positionB, degrees=True)
        >>> 's12 = {:5.2f}, az1 = {:5.2f}, az2 = {:5.2f}'.format(s12, az1, az2)
        's12 = 19959679.27, az1 = 161.07, az2 = 18.83'

    The geodesic direct problem

        >>> positionA = wgs84.GeoPoint(40.6, -73.8, degrees=True)
        >>> az1, distance = 45, 10000e3
        >>> positionB, az2 = positionA.geo_point(distance, az1, degrees=True)
        >>> lat2, lon2 = positionB.latitude_deg, positionB.longitude_deg
        >>> msg = 'lat2 = {:5.2f}, lon2 = {:5.2f}, az2 = {:5.2f}'
        >>> msg.format(lat2, lon2, az2)
        'lat2 = 32.64, lon2 = 49.01, az2 = 140.37'

    """

[docs]    def __init__(self, latitude, longitude, z=0, frame=None, degrees=False):
        if degrees:
            latitude, longitude = rad(latitude), rad(longitude)
        self.latitude = latitude
        self.longitude = longitude
        self.z = z
        self.frame = _default_frame(frame)


    @property
    def latitude_deg(self):
        return deg(self.latitude)

    @property
    def longitude_deg(self):
        return deg(self.longitude)

    def to_nvector(self):
        """
        Converts latitude and longitude to n-vector.

        Parameters
        ----------
        latitude, longitude: real scalars or vectors of length n.
            Geodetic latitude and longitude given in [rad]

        Returns
        -------
        n_E: 3 x n array
            n-vector(s) [no unit] decomposed in E.

        See also
        --------
        n_E2lat_lon.
        """
        latitude, longitude = self.latitude, self.longitude
        n_E = lat_lon2n_E(latitude, longitude, self.frame.R_Ee)
        return Nvector(n_E, self.z, self.frame)

    def to_ecef_vector(self):
        """
        Converts latitude and longitude to ECEF-vector.
        """
        return self.to_nvector().to_ecef_vector()

    def geo_point(self, distance, azimuth, long_unroll=False, degrees=False):
        """
        Return position B computed from current position, distance and azimuth.

        Parameters
        ----------
        distance: real scalar
            ellipsoidal distance [m] between position A and B.
        azimuth_a:
            azimuth [rad or deg] of line at position A.
        degrees: bool
            azimuths are given in degrees if True otherwise in radians.

        Returns
        -------
        point_b:  GeoPoint object
            latitude and longitude of position B.
        azimuth_b
            azimuth [rad or deg] of line at position B.

        """
        E = self.frame
        z = self.z
        if not degrees:
            azimuth = deg(azimuth)
        lat_a, lon_a = self.latitude_deg, self.longitude_deg
        latb, lonb, azimuth_b = E.direct(lat_a, lon_a, azimuth, distance, z=z,
                                         long_unroll=long_unroll, degrees=True)
        if not degrees:
            azimuth_b = rad(azimuth_b)
        point_b = GeoPoint(latitude=latb, longitude=lonb, z=z,
                           frame=E, degrees=True)
        return point_b, azimuth_b

    def distance_and_azimuth(self, point, long_unroll=False, degrees=False):
        """
        Return ellipsoidal distance between positions as well as the direction.

        Parameters
        ----------
        point:  GeoPoint object
            Latitude and longitude of position B.
        degrees: bool
            azimuths are returned in degrees if True otherwise in radians.

        Returns
        -------
        s_ab: real scalar
            ellipsoidal distance [m] between position A and B.
        azimuth_a, azimuth_b
            direction [rad or deg] of line at position A and B relative to
            North, respectively.

        """
        _check_frames(self, point)

        lat_a, lon_a = self.latitude, self.longitude
        lat_b, lon_b = point.latitude, point.longitude
        if degrees:
            lat_a, lon_a, lat_b, lon_b = deg((lat_a, lon_a, lat_b, lon_b))
        return self.frame.inverse(lat_a, lon_a, lat_b, lon_b, z=self.z,
                                  long_unroll=long_unroll, degrees=degrees)



[docs]class Nvector(object):
    """
    Geographical position given as n-vector and depth in frame E

    Parameters
    ----------
    normal: 3 x n array
        n-vector(s) [no unit] decomposed in E.
    z: real scalar or vector of length n.
        Depth(s) [m]  relative to the ellipsoid (depth = -height)
    frame: FrameE object
        reference ellipsoid. The default ellipsoid model used is WGS84, but
        other ellipsoids/spheres might be specified.

    Notes
    -----
    The position of B (typically body) relative to E (typically Earth) is
    given into this function as n-vector, n_EB_E and a depth, z relative to the
    ellipsiod.

    See also
    --------
    GeoPoint, ECEFvector, Pvector
    """

[docs]    def __init__(self, normal, z=0, frame=None):
        self.normal = normal
        self.z = z
        self.frame = _default_frame(frame)


    def to_geo_point(self):
        """
        Converts n-vector to geo-point.

        See also
        --------
        n_E2lat_lon, GeoPoint, ECEFvector, Pvector
        """
        n_E = self.normal
        latitude, longitude = n_E2lat_lon(n_E, R_Ee=self.frame.R_Ee)
        return GeoPoint(latitude, longitude, self.z, self.frame)

    def to_ecef_vector(self):
        """
        Converts n-vector to Cartesian position vector ("ECEF-vector")

        Returns
        -------
        p_EB_E:  ECEFvector object
            Cartesian position vector(s) from E to B, decomposed in E.

        The calculation is excact, taking the ellipsity of the Earth into
        account. It is also non-singular as both n-vector and p-vector are
        non-singular (except for the center of the Earth).

        See also
        --------
        n_EB_E2p_EB_E, ECEFvector, Pvector, GeoPoint
        """
        frame = self.frame
        n_EB_E = self.normal
        a, f, R_Ee = frame.a, frame.f, frame.R_Ee
        p_EB_E = n_EB_E2p_EB_E(n_EB_E, depth=self.z, a=a, f=f, R_Ee=R_Ee)
        return ECEFvector(p_EB_E, self.frame)

    def to_nvector(self):
        return self

    def mean_horizontal_position(self):
        """
        Return horizontal mean position of the n-vectors.

        Returns
        -------
        p_EM_E:  3 x 1 array
            n-vector [no unit] of the mean position, decomposed in E.
        """
        n_EB_E = self.normal
        n_EM_E = mean_horizontal_position(n_EB_E)
        return self.frame.Nvector(n_EM_E)

    def __eq__(self, other):
        try:
            if self is other:
                return True
            return self._is_equal_to(other)
        except AttributeError:
            return False

    def _is_equal_to(self, other):
        return (np.allclose(self.normal, other.normal) and
                self.frame == other.frame)

    def __add__(self, other):
        _check_frames(self, other)
        return self.frame.Nvector(self.normal + other.normal,
                                  self.z + other.z)

    def __sub__(self, other):
        _check_frames(self, other)
        return self.frame.Nvector(self.normal - other.normal,
                                  self.z - other.z)

    def __neg__(self):
        return self.frame.Nvector(-self.normal, -self.z)

    def __mul__(self, scalar):
        """elementwise multiplication"""

        if not isinstance(scalar, Nvector):
            return self.frame.Nvector(self.normal*scalar, self.z*scalar)
        raise NotImplementedError('Only scalar multiplication is implemented')

    def __div__(self, scalar):
        """elementwise division"""
        if not isinstance(scalar, Nvector):
            return self.frame.Nvector(self.normal/scalar, self.z/scalar)
        raise NotImplementedError('Only scalar division is implemented')

    __truediv__ = __div__
    __radd__ = __add__
    __rmul__ = __mul__



class _DiffPos(object):
    __doc__ = """
    Return delta vector from positions A to B.

    Parameters
    ----------
    positionA, positionB: Nvector, GeoPoint or ECEFvector objects
        position A and B, decomposed in E.

    Returns
    -------
    p_AB_E:  ECEFvector
        Cartesian position vector(s) from A to B, decomposed in E.

    Notes
    -----
    The calculation is excact, taking the ellipsity of the Earth into account.
    It is also non-singular as both n-vector and p-vector are non-singular
    (except for the center of the Earth).

    Examples
    --------

    {}

    See also
    --------
    n_EA_E_and_p_AB_E2n_EB_E, p_EB_E2n_EB_E, n_EB_E2p_EB_E.
    """.format(_examples.get_examples([1]))
    pass


@use_docstring_from(_DiffPos)
[docs]def diff_positions(positionA, positionB):
    # Function 1. in Section 5.4 in Gade (2010):
    p_EA_E = positionA.to_ecef_vector()
    p_EB_E = positionB.to_ecef_vector()
    p_AB_E = -p_EA_E + p_EB_E
    return p_AB_E



[docs]class Pvector(object):
[docs]    def __init__(self, pvector, frame):
        self.pvector = pvector
        self.frame = frame


    def to_ecef_vector(self):
        frame_B = self.frame
        p_AB_N = self.pvector
        p_AB_E = np.dot(frame_B.R_EN, p_AB_N)
        return ECEFvector(p_AB_E, frame=frame_B.nvector.frame)

    def to_nvector(self):
        self.to_ecef_vector().to_nvector()

    def to_geo_point(self):
        self.to_ecef_vector().to_geo_point()



[docs]class ECEFvector(object):
    __doc__ = """
    Geographical position given as Cartesian position vector in frame E

    Parameters
    ----------
    pvector: 3 x n array
        Cartesian position vector(s) [m] from E to B, decomposed in E.
    frame: FrameE object
        reference ellipsoid. The default ellipsoid model used is WGS84, but
        other ellipsoids/spheres might be specified.

    Notes
    -----
    The position of B (typically body) relative to E (typically Earth) is
    given into this function as p-vector, p_EB_E relative to the center of the
    frame.

    Examples
    --------

    See also
    --------
    GeoPoint, ECEFvector, Pvector
    """.format(_examples.get_examples([3, 4]))

[docs]    def __init__(self, pvector, frame=None):
        self.pvector = pvector
        self.frame = _default_frame(frame)


    def change_frame(self, frame):
        """
        Converts to Cartesian position vector in another frame

        Parameters
        ----------
        frame: FrameB, FrameN or frameL object
            Frame N used to convert p_AB_E (position vector from A to B,
            decomposed in E) to p_AB_N.

        Returns
        -------
        p_AB_N:  Pvector object
            position vector from A to B, decomposed in frame N.

        See also
        --------
        n_EB_E2p_EB_E, n_EA_E_and_p_AB_E2n_EB_E, n_EA_E_and_n_EB_E2p_AB_E.
        """
        _check_frames(self, frame.nvector)
        p_AB_E = self.pvector
        p_AB_N = np.dot(frame.R_EN.T, p_AB_E)
        return Pvector(p_AB_N, frame=frame)

    def to_geo_point(self):
        """
        Converts ECEF-vector to geo-point.

        Returns
        -------
        point: GeoPoint object
            containing geodetic latitude and longitude given in [rad or deg]
            and depth, z, relative to the ellipsoid (depth = -height).

        See also
        --------
        n_E2lat_lon, n_EB_E2p_EB_E,  GeoPoint, Nvector, ECEFvector, Pvector
        """
        return self.to_nvector().to_geo_point()

    def to_nvector(self):
        """
        Converts ECEF-vector to n-vector.

        Returns
        -------
        n_EB_E:  Nvector object
            n-vector(s) [no unit] of position B, decomposed in E.

        Notes
        -----
        The calculation is excact, taking the ellipsity of the Earth into
        account. It is also non-singular as both n-vector and p-vector are
        non-singular (except for the center of the Earth).

        See also
        --------
        n_EB_E2p_EB_E, Nvector
        """
        frame = self.frame
        p_EB_E = self.pvector
        R_Ee = frame.R_Ee
        n_EB_E, depth = p_EB_E2n_EB_E(p_EB_E, a=frame.a, f=frame.f, R_Ee=R_Ee)
        return Nvector(n_EB_E, z=depth, frame=frame)

    def __add__(self, other):
        _check_frames(self, other)
        return ECEFvector(self.pvector + other.pvector, self.frame)

    def __sub__(self, other):
        _check_frames(self, other)
        return ECEFvector(self.pvector - other.pvector, self.frame)

    def __neg__(self):
        return ECEFvector(-self.pvector, self.frame)



[docs]class GeoPath(object):
    __doc__ = """
    Geographical path between two positions in Frame E

    Parameters
    ----------
     positionA, positionB: Nvector, GeoPoint or ECEFvector objects
        The path is defined by the line between position A and B, decomposed
        in E.

    Examples
    --------
    """ + _examples.get_examples([5, 6, 9, 10])

[docs]    def __init__(self, positionA, positionB):
        self.positionA = positionA
        self.positionB = positionB


    def _euclidean_cross_track_distance(self, cos_angle, radius=1):
        return -cos_angle * radius

    def _great_circle_cross_track_distance(self, cos_angle, radius=1):
        return (arccos(cos_angle) - pi / 2) * radius

    def nvectors(self):
        """ Return positionA and positionB as n-vectors
        """
        return self.positionA.to_nvector(), self.positionB.to_nvector()

    def _nvectors(self):
        n_EA_E, n_EB_E = self.nvectors()
        return n_EA_E.normal, n_EB_E.normal

    def _normal_to_great_circle(self):
        n_EA1_E, n_EA2_E = self._nvectors()
        return cross(n_EA1_E, n_EA2_E, axis=0)

    def _get_average_radius(self):
        # n1 = self.positionA.to_nvector()
        # n2 = self.positionB.to_nvector()
        # n_EM_E = mean_horizontal_position(np.hstack((n1.normal, n2.normal)))
        # p_EM_E = n1.frame.Nvector(n_EM_E).to_ecef_vector()
        # radius = norm(p_EM_E.pvector, axis=0)
        p_E1_E = self.positionA.to_ecef_vector()
        p_E2_E = self.positionB.to_ecef_vector()
        radius = (norm(p_E1_E.pvector, axis=0) +
                  norm(p_E2_E.pvector, axis=0)) / 2
        return radius

    def cross_track_distance(self, point, method='greatcircle', radius=None):
        """
        Return cross track distance from the path to a point.

        Parameters
        ----------
        point: GeoPoint, Nvector or ECEFvector object
            position to measure the cross track distance to.
        radius: real scalar
            radius of sphere in [m]. Default mean Earth radius
        method: string
            defining distance calculated. Options are:
            'greatcircle' or 'euclidean'

        Returns
        -------
        distance: real scalar
            distance in [m]
        """
        if radius is None:
            radius = self._get_average_radius()
        c_E = unit(self._normal_to_great_circle())
        n_EB_E = point.to_nvector()
        cos_angle = dot(c_E.T, n_EB_E.normal)
        if method[0].lower() == 'e':
            return self._euclidean_cross_track_distance(cos_angle, radius)
        return self._great_circle_cross_track_distance(cos_angle, radius)

    def track_distance(self, method='greatcircle', radius=None):
        """
        Return the distance of the path.

        Parameters
        ----------
        method: string
            'greatcircle':
            'euclidean'
        radius: real scalar
            radius of sphere
        """
        if radius is None:
            radius = self._get_average_radius()
        n_EA_E, n_EB_E = self._nvectors()

        if method[0] == "e":  # Euclidean distance:
            return norm(n_EB_E - n_EA_E, axis=0) * radius
        return great_circle_distance(n_EA_E, n_EB_E, radius)

    def intersection(self, path):
        """
        Return the intersection between the paths

        Parameters
        ----------
        path: GeoPath object
            path to intersect

        Returns
        -------
        point: GeoPoint
            point of intersection between paths
        """
        frame = self.positionA.frame
        n_EA1_E, n_EA2_E = self._nvectors()
        n_EB1_E, n_EB2_E = path._nvectors()

        # Find the intersection between the two paths, n_EC_E:
        n_EC_E_tmp = unit(cross(cross(n_EA1_E, n_EA2_E, axis=0),
                                cross(n_EB1_E, n_EB2_E, axis=0), axis=0),
                          norm_zero_vector=np.nan)

        # n_EC_E_tmp is one of two solutions, the other is -n_EC_E_tmp. Select
        # the one that is closet to n_EA1_E, by selecting sign from the dot
        # product between n_EC_E_tmp and n_EA1_E:
        n_EC_E = np.sign(dot(n_EC_E_tmp.T, n_EA1_E)) * n_EC_E_tmp
        if np.any(np.isnan(n_EC_E)):
            warnings.warn('Paths are Equal. Intersection point undefined. '
                          'NaN returned.')

        lat_EC, long_EC = n_E2lat_lon(n_EC_E, frame.R_Ee)
        return GeoPoint(lat_EC, long_EC, frame=frame)

    def interpolate(self, ti):
        """
        Return the interpolated point along the path

        Parameters
        ----------
        ti: real scalar
            interpolation time assuming position A and B is at t0=0 and t1=1,
            respectively.

        Returns
        -------
        point: Nvector
            point of interpolation along path
        """
        n_EB_E_t0, n_EB_E_t1 = self._nvectors()

        n_EB_E_ti = unit(n_EB_E_t0 + ti * (n_EB_E_t1 - n_EB_E_t0))
        zi = self.positionA.z + ti * (self.positionB.z-self.positionA.z)
        frame = self.positionA.frame
        return frame.Nvector(n_EB_E_ti, zi)


class _BaseFrame(object):
    def __eq__(self, other):
        try:
            if self is other:
                return True
            return self._is_equal_to(other)
        except AttributeError:
            return False


[docs]class FrameE(_BaseFrame):

    """
    Earth-fixed frame

    Parameters
    ----------
    a: real scalar, default WGS-84 ellipsoid.
        Semi-major axis of the Earth ellipsoid given in [m].
    f: real scalar, default WGS-84 ellipsoid.
        Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
        Earth with radius a is used in stead of WGS-84.
    name: string
        defining the default ellipsoid.
    axes: 'e' or 'E'
        defines axes orientation of E frame. Default is axes='e' which means
        that the orientation of the axis is such that:
        z-axis -> North Pole, x-axis -> Latitude=Longitude=0.

    Notes
    -----
    The frame is Earth-fixed (rotates and moves with the Earth) where the
    origin coincides with Earth's centre (geometrical centre of ellipsoid
    model).

    See also
    --------
    FrameN, FrameL, FrameB
    """
[docs]    def __init__(self, a=None, f=None, name='WGS84', axes='e'):
        if a is None or f is None:
            a, f, _full_name = select_ellipsoid(name)
        self.a = a
        self.f = f
        self.name = name
        self.R_Ee = E_rotation(axes)


    def _is_equal_to(self, other):
        return (np.allclose(self.a, other.a) and
                np.allclose(self.f, other.f) and
                np.allclose(self.R_Ee, other.R_Ee))

    def inverse(self, lat_a, lon_a, lat_b, lon_b, z=0, long_unroll=False,
                degrees=False):
        """
        Return ellipsoidal distance between positions as well as the direction.

        Parameters
        ----------
        lat_a, lon_a:  real scalars
            Latitude and longitude of position a.
        lat_b, lon_b:  real scalars
            Latitude and longitude of position b.
        z : real scalar
            depth relative to Earth ellipsoid.
        degrees: bool
            angles are given in degrees if True otherwise in radians.

        Returns
        -------
        s_ab: real scalar
            ellipsoidal distance [m] between position A and B.
        azimuth_a, azimuth_b
            direction [rad or deg] of line at position A and B relative to
            North, respectively.

        References
        ----------
        C. F. F. Karney, Algorithms for geodesics, J. Geodesy 87(1), 43-55

        `geographiclib <https://pypi.python.org/pypi/geographiclib>`_

        """

        outmask = _Geodesic.STANDARD
        if long_unroll:
            outmask = _Geodesic.STANDARD | _Geodesic.LONG_UNROLL

        geo = _Geodesic(self.a-z, self.f)
        if not degrees:
            lat_a, lon_a, lat_b, lon_b = deg((lat_a, lon_a, lat_b, lon_b))
        result = geo.Inverse(lat_a, lon_a, lat_b, lon_b, outmask=outmask)
        azimuth_a = result['azi1'] if degrees else rad(result['azi1'])
        azimuth_b = result['azi2'] if degrees else rad(result['azi2'])
        return result['s12'], azimuth_a, azimuth_b

    def direct(self, lat_a, lon_a, azimuth, distance, z=0, long_unroll=False,
               degrees=False):
        """
        Return position B computed from position A, distance and azimuth.

        Parameters
        ----------
        lat_a, lon_a:  real scalars
            Latitude and longitude [rad or deg] of position a.
        azimuth_a:
            azimuth [rad or deg] of line at position A.
        distance: real scalar
            ellipsoidal distance [m] between position A and B.
        z : real scalar
            depth relative to Earth ellipsoid.
        degrees: bool
            angles are given in degrees if True otherwise in radians.

        Returns
        -------
        lat_b, lon_b:  real scalars
            Latitude and longitude of position b.
        azimuth_b
            azimuth [rad or deg] of line at position B.

        References
        ----------
        C. F. F. Karney, Algorithms for geodesics, J. Geodesy 87(1), 43-55

        `geographiclib <https://pypi.python.org/pypi/geographiclib>`_
        """

        geo = _Geodesic(self.a-z, self.f)
        outmask = _Geodesic.STANDARD
        if long_unroll:
            outmask = _Geodesic.STANDARD | _Geodesic.LONG_UNROLL
        if not degrees:
            lat_a, lon_a, azimuth = deg((lat_a, lon_a, azimuth))
        result = geo.Direct(lat_a, lon_a, azimuth, distance, outmask=outmask)
        latb, lonb, azimuth_b = result['lat2'], result['lon2'], result['azi2']
        if not degrees:
            return rad(latb), rad(lonb), rad(azimuth_b)
        return latb, lonb, azimuth_b

    @use_docstring_from(GeoPoint)
    def GeoPoint(self, *args, **kwds):
        kwds.pop('frame', None)
        return GeoPoint(*args, frame=self, **kwds)

    @use_docstring_from(Nvector)
    def Nvector(self, *args, **kwds):
        kwds.pop('frame', None)
        return Nvector(*args, frame=self, **kwds)

    @use_docstring_from(ECEFvector)
    def ECEFvector(self, *args, **kwds):
        kwds.pop('frame', None)
        return ECEFvector(*args, frame=self, **kwds)



[docs]class FrameN(_BaseFrame):
    __doc__ = """
    North-East-Down frame

    Parameters
    ----------
    position: ECEFvector, GeoPoint or Nvector object
        position of the vehicle (B) which also defines the origin of the local
        frame N. The origin is directly beneath or above the vehicle (B), at
        Earth's surface (surface of ellipsoid model).

    Notes
    -----
    The Cartesian frame is local and oriented North-East-Down, i.e.,
    the x-axis points towards north, the y-axis points towards east (both are
    horizontal), and the z-axis is pointing down.

    When moving relative to the Earth, the frame rotates about its z-axis
    to allow the x-axis to always point towards north. When getting close
    to the poles this rotation rate will increase, being infinite at the
    poles. The poles are thus singularities and the direction of the
    x- and y-axes are not defined here. Hence, this coordinate frame is
    NOT SUITABLE for general calculations.

    Examples
    --------

   {}

    See also
    --------
    FrameE, FrameL, FrameB
    """.format(_examples.get_examples([1]))

[docs]    def __init__(self, position):
        nvector = position.to_nvector()
        n_EA_E = nvector.normal
        self.nvector = Nvector(n_EA_E, z=0, frame=nvector.frame)
        self.R_EN = n_E2R_EN(n_EA_E, nvector.frame.R_Ee)


    def _is_equal_to(self, other):
        return (np.allclose(self.R_EN, other.R_EN) and
                self.nvector == other.nvector)

    def Pvector(self, pvector):
        return Pvector(pvector, frame=self)



[docs]class FrameL(FrameN):

    """
    Local level, Wander azimuth frame

    Parameters
    ----------
    position: ECEFvector, GeoPoint or Nvector object
        position of the vehicle (B) which also defines the origin of the local
        frame L. The origin is directly beneath or above the vehicle (B), at
        Earth's surface (surface of ellipsoid model).
    wander_azimuth: real scalar
        Angle between the x-axis of L and the north direction.

    Notes
    -----
    The Cartesian frame is local and oriented Wander-azimuth-Down. This means
    that the z-axis is pointing down. Initially, the x-axis points towards
    north, and the y-axis points towards east, but as the vehicle moves they
    are not rotating about the z-axis (their angular velocity relative to the
    Earth has zero component along the z-axis).

    (Note: Any initial horizontal direction of the x- and y-axes is valid
    for L, but if the initial position is outside the poles, north and east
    are usually chosen for convenience.)

    The L-frame is equal to the N-frame except for the rotation about the
    z-axis, which is always zero for this frame (relative to E). Hence, at
    a given time, the only difference between the frames is an angle
    between the x-axis of L and the north direction; this angle is called
    the wander azimuth angle. The L-frame is well suited for general
    calculations, as it is non-singular.

    See also
    --------
    FrameE, FrameN, FrameB
    """
[docs]    def __init__(self, position, wander_azimuth=0):
        nvector = position.to_nvector()
        n_EA_E = nvector.normal
        R_Ee = nvector.frame.R_Ee
        self.nvector = Nvector(n_EA_E, z=0, frame=nvector.frame)
        self.R_EN = n_E_and_wa2R_EL(n_EA_E, wander_azimuth, R_Ee=R_Ee)




[docs]class FrameB(FrameN):
    __doc__ = """
    Body frame

    Parameters
    ----------
    position: ECEFvector, GeoPoint or Nvector object
        position of the vehicle's reference point which also coincides with
        the origin of the frame B.
    yaw, pitch, roll: real scalars
        defining the orientation of frame B in [deg] or [rad].
    degrees : bool
        if True yaw, pitch, roll are given in degrees otherwise in radians

    Notes
    -----
    The frame is fixed to the vehicle where the x-axis points forward, the
    y-axis to the right (starboard) and the z-axis in the vehicle's down
    direction.

    Examples
    --------

    {}

    See also
    --------
    FrameE, FrameL, FrameN
    """.format(_examples.get_examples([2]))

[docs]    def __init__(self, position, yaw=0, pitch=0, roll=0, degrees=False):
        nvector = position.to_nvector()
        self.nvector = nvector
        if degrees:
            yaw, pitch, roll = rad(yaw), rad(pitch), rad(roll)
        self.yaw = yaw
        self.pitch = pitch
        self.roll = roll


    @property
    def R_EN(self):
        R_NB = zyx2R(self.yaw, self.pitch, self.roll)
        n_EB_E = self.nvector.normal
        R_EN = n_E2R_EN(n_EB_E, self.nvector.frame.R_Ee)
        return np.dot(R_EN, R_NB)  # rotation matrix

    def _is_equal_to(self, other):
        return (np.allclose(self.yaw, other.yaw) and
                np.allclose(self.pitch, other.pitch) and
                np.allclose(self.roll, other.roll) and
                np.allclose(self.R_EN, other.R_EN) and
                self.nvector == other.nvector)



def _check_frames(self, other):
    if not self.frame == other.frame:
        raise ValueError('Frames are unequal')


def _default_frame(frame):
    if frame is None:
        return FrameE()
    return frame


if __name__ == '__main__':
    pass
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  Source code for nvector._core

"""
This file is part of NavLab and is available from www.navlab.net/nvector

The content of this file is based on the following publication:

Gade, K. (2010). A Nonsingular Horizontal Position Representation, The Journal
of Navigation, Volume 63, Issue 03, pp 395-417, July 2010.
(www.navlab.net/Publications/A_Nonsingular_Horizontal_Position_Representation.pdf)

This paper should be cited in publications using this file.

Copyright (c) 2015, Norwegian Defence Research Establishment (FFI)
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above publication
information, copyright notice, this list of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above publication
information, copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided with the
distribution.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS
BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF
THE POSSIBILITY OF SUCH DAMAGE.
"""
from __future__ import division, print_function
import numpy as np
from numpy import rad2deg, deg2rad, arctan2, sin, cos, array, cross, dot, sqrt
from numpy.linalg import norm
import warnings
from nvector import _examples
from nvector._examples import use_docstring_from


__all__ = ['select_ellipsoid', 'E_rotation',
           'unit', 'deg', 'rad', 'nthroot',
           'lat_lon2n_E', 'n_E2lat_lon',
           'n_EA_E_and_n_EB_E2p_AB_E', 'n_EA_E_and_p_AB_E2n_EB_E',
           'p_EB_E2n_EB_E', 'n_EB_E2p_EB_E',
           'n_EA_E_distance_and_azimuth2n_EB_E',
           'n_EA_E_and_n_EB_E2azimuth',
           'great_circle_distance', 'euclidean_distance',
           'mean_horizontal_position',
           'R2xyz', 'xyz2R', 'R2zyx', 'zyx2R',
           'n_E_and_wa2R_EL', 'n_E2R_EN', 'R_EL2n_E', 'R_EN2n_E'
           ]

E_ROTATION_MATRIX = dict(e=array([[0, 0, 1],
                                  [0, 1, 0],
                                  [-1, 0, 0]]),
                         E=np.eye(3))

_EPS = np.finfo(float).eps  # machine precision (machine epsilon)


ELLIPSOID = {1: ({'a': 6377563.3960, 'f': 1.0/299.3249646}, 'Airy 1858'),
             2: ({'a': 6377340.189, 'f': 1.0/299.3249646}, 'Airy Modified'),
             3: ({'a': 6378160, 'f': 1.0/298.25}, 'Australian National'),
             4: ({'a': 6377397.155, 'f': 1.0/299.1528128}, 'Bessel 1841'),
             5: ({'a': 6378249.145, 'f': 1.0/293.465}, 'Clarke 1880'),
             6: ({'a': 6377276.345, 'f': 1.0/300.8017}, 'Everest 1830'),
             7: ({'a': 6377304.063, 'f': 1.0/300.8017}, 'Everest Modified'),
             8: ({'a': 6378166.0, 'f': 1.0/298.3}, 'Fisher 1960'),
             9: ({'a': 6378150.0, 'f': 1.0/298.3}, 'Fisher 1968'),
             10: ({'a': 6378270.0, 'f': 1.0/297}, 'Hough 1956'),
             11: ({'a': 6378388.0, 'f': 1.0/297}, 'International (Hayford)'),
             12: ({'a': 6378245.0, 'f': 1.0/298.3}, 'Krassovsky 1938'),
             13: ({'a': 6378145., 'f': 1.0/298.25}, 'NWL-9D  (WGS 66)'),
             14: ({'a': 6378160., 'f': 1.0/298.25}, 'South American 1969'),
             15: ({'a': 6378136, 'f': 1.0/298.257},
                  'Soviet Geod. System 1985'),
             16: ({'a': 6378135., 'f': 1.0/298.26}, 'WGS 72'),
             17: ({'a': 6378206.4, 'f': 1.0/294.9786982138},
                  'Clarke 1866    (NAD27)'),
             18: ({'a': 6378137.0, 'f': 1.0/298.257223563},
                  'GRS80 / WGS84  (NAD83)')}

ELLIPSOID_IX = {'airy1858': 1, 'airymodified': 2, 'australiannational': 3,
                'everest1830': 6, 'everestmodified': 7, 'krassovsky': 12,
                'krassovsky1938': 12, 'fisher1968': 9, 'fisher1960': 8,
                'international': 11, 'hayford': 11,
                'clarke1866': 17, 'nad27': 17, 'bessel': 4,
                'bessel1841': 4, 'grs80': 18, 'wgs84': 18, 'nad83': 18,
                'sovietgeod.system1985': 15, 'wgs72': 16,
                'hough1956': 10, 'hough': 10, 'nwl-9d': 13, 'wgs66': 13,
                'southamerican1969': 14,  'clarke1880': 5}


def select_ellipsoid(name):
    """
    Return semi-major axis (a), flattening (f) and name of ellipsoid

    Parameters
    ----------
    name : string
        name of ellipsoid. Valid options are:
        'airy1858', 'airymodified', 'australiannational', 'everest1830',
        'everestmodified', 'krassovsky', 'krassovsky1938', 'fisher1968',
        'fisher1960', 'international', 'hayford', 'clarke1866', 'nad27',
        'bessel', 'bessel1841', 'grs80', 'wgs84', 'nad83',
        'sovietgeod.system1985', 'wgs72', 'hough1956', 'hough', 'nwl-9d',
        'wgs66', 'southamerican1969',  'clarke1880'.

    Examples
    --------
    >>> import nvector as nv
    >>> nv.select_ellipsoid(name='wgs84')
    (6378137.0, 0.0033528106647474805, 'GRS80 / WGS84  (NAD83)')
    """
    msg = """
    Other Ellipsoids.'
    -----------------'
    '
    1) Airy 1858
    2) Airy Modified
    3) Australian National
    4) Bessel 1841
    5) Clarke 1880
    6) Everest 1830
    7) Everest Modified
    8) Fisher 1960
    9) Fisher 1968
    10) Hough 1956
    11) International (Hayford)
    12) Krassovsky 1938
    13) NWL-9D (WGS 66)
    14) South American 1969
    15) Soviet Geod. System 1985
    16) WGS 72
    17) Clarke 1866    (NAD27)
    18) GRS80 / WGS84  (NAD83)
    '
    Enter choice :
    """

    if name:
        option = ELLIPSOID_IX.get(name.lower().replace(' ', ''), name)
    else:
        option = input(msg)
    ellipsoid, fullname = ELLIPSOID[option]
    return ellipsoid['a'], ellipsoid['f'], fullname


def E_rotation(axes='e'):
    """
    Return rotation matrix R_Ee defining the axes of the coordinate frame E.

    Parameters
    ----------
    axes : 'e' or 'E'
        defines orientation of the axes of the coordinate frame E. Options are:
        'e': z-axis points to the North Pole along the Earth's rotation axis,
             x-axis points towards the point where latitude = longitude = 0.
             This choice is very common in many fields.
        'E': x-axis points to the North Pole along the Earth's rotation axis,
             y-axis points towards longitude +90deg (east) and latitude = 0.
             (the yz-plane coincides with the equatorial plane).
             This choice of axis ensures that at zero latitude and longitude,
             frame N (North-East-Down) has the same orientation as frame E.
             If roll/pitch/yaw are zero, also frame B (forward-starboard-down)
             has this orientation. In this manner, the axes of frame E is
             chosen to correspond with the axes of frame N and B.
             The functions in this library originally used this option.

    Returns
    -------
    R_Ee : 2d array
        rotation matrix defining the axes of the coordinate frame E as
        described in Table 2 in Gade (2010)

    R_Ee controls the axes of the coordinate frame E (Earth-Centred,
    Earth-Fixed, ECEF) used by the other functions in this library

    Examples
    --------
    >>> import nvector as nv
    >>> nv.E_rotation(axes='e')
    array([[ 0,  0,  1],
           [ 0,  1,  0],
           [-1,  0,  0]])
    >>> nv.E_rotation(axes='E')
    array([[ 1.,  0.,  0.],
           [ 0.,  1.,  0.],
           [ 0.,  0.,  1.]])

    Reference
    ---------
    Gade, K. (2010). `A Nonsingular Horizontal Position Representation,
    The Journal of Navigation, Volume 63, Issue 03, pp 395-417, July 2010.
    <www.navlab.net/Publications/A_Nonsingular_Horizontal_Position_Representation.pdf>`_
    """
    return E_ROTATION_MATRIX[axes]


[docs]def nthroot(x, n):
    """
    Return the n'th root of x to machine precision

    Parameters
    x, n

    Examples
    --------
    >>> import nvector as nv
    >>> nv.nthroot(27.0, 3)
    array(3.0)

    """
    y = x**(1./n)
    return np.where((x != 0) & (_EPS * np.abs(x) < 1),
                    y - (y**n-x)/(n*y**(n-1)), y)



[docs]def deg(rad_angle):
    """
    Converts angle in radians to degrees.

    Parameters
    ----------
    rad_angle:
        angle in radians

    Returns
    -------
    deg_angle:
        angle in degrees

    See also
    --------
    rad
    """
    return rad2deg(rad_angle)



[docs]def rad(deg_angle):
    """
    Converts angle in degrees to radians.

    Parameters
    ----------
    deg_angle:
        angle in degrees

    Returns
    -------
    rad_angle:
        angle in radians

    See also
    --------
    deg
    """
    return deg2rad(deg_angle)



[docs]def unit(vector, norm_zero_vector=1):
    """
    Convert input vector to a vector of unit length.

    Parameters
    ----------
    vector : 3 x m array
        m column vectors

    Returns
    -------
    unitvector : 3 x m array
        normalized unitvector(s) along axis==0.

    Examples
    --------
    >>> import nvector as nv
    >>> nv.unit([[1],[1],[1]])
    array([[ 0.57735027],
           [ 0.57735027],
           [ 0.57735027]])

    """
    current_norm = norm(vector, axis=0)
    unit_vector = vector / current_norm
    idx = np.flatnonzero(current_norm == 0)

    unit_vector[:, idx] = 0 * norm_zero_vector
    unit_vector[0, idx] = 1 * norm_zero_vector
    return unit_vector



[docs]def lat_lon2n_E(latitude, longitude, R_Ee=None):
    """
    Converts latitude and longitude to n-vector.

    Parameters
    ----------
    latitude, longitude: real scalars or vectors of length n.
        Geodetic latitude and longitude given in [rad]
    R_Ee : 2d array
        rotation matrix defining the axes of the coordinate frame E.

    Returns
    -------
    n_E: 3 x n array
        n-vector(s) [no unit] decomposed in E.

    See also
    --------
    n_E2lat_lon
    """
    if R_Ee is None:
        R_Ee = E_rotation()
    # Equation (3) from Gade (2010):
    nvec = np.vstack((sin(latitude),
                      sin(longitude) * cos(latitude),
                      -cos(longitude) * cos(latitude)))
    n_E = np.dot(R_Ee.T, nvec)
    return n_E



[docs]def n_E2lat_lon(n_E, R_Ee=None):
    """
    Converts n-vector to latitude and longitude.

    Parameters
    ----------
    n_E: 3 x n array
        n-vector [no unit] decomposed in E.
    R_Ee : 2d array
        rotation matrix defining the axes of the coordinate frame E.

    Returns
    -------
    latitude, longitude: real scalars or vectors of lengt n.
        Geodetic latitude and longitude given in [rad]

    See also
    --------
    lat_lon2n_E
    """
    if R_Ee is None:
        R_Ee = E_rotation()
    _check_length_deviation(n_E)
    n_E = np.dot(R_Ee, n_E)

    # Equation (5) in Gade (2010):
    longitude = arctan2(n_E[1, :], -n_E[2, :])

    # Equation (6) in Gade (2010) (Robust numerical solution)
    equatorial_component = sqrt(n_E[1, :]**2 + n_E[2, :]**2)
    # vector component in the equatorial plane
    latitude = arctan2(n_E[0, :], equatorial_component)
    # atan() could also be used since latitude is within [-pi/2,pi/2]

    # latitude=asin(n_E[0] is a theoretical solution, but close to the Poles
    # it is ill-conditioned which may lead to numerical inaccuracies (and it
    # will give imaginary results for norm(n_E)>1)
    return latitude, longitude



def _check_length_deviation(n_E, limit=0.1):
    """
    n-vector should have length=1,  i.e. norm(n_E)=1.

    A deviation from 1 exceeding this limit gives a warning.
    This function only depends of the direction of n-vector, thus the warning
    is included only to give a notice in cases where a wrong input is given
    unintentionally (i.e. the input is not even approximately a unit vector).

    If a matrix of n-vectors is input, only first is controlled to save time
    (assuming advanced users input correct n-vectors)
    """
    length_deviation = np.abs(norm(n_E[:, 0]) - 1)
    if length_deviation > limit:
        warnings.warn('n-vector should have unit length: '
                      'norm(n_E)~=1 ! Error is: {}'.format(length_deviation))


[docs]def n_E2R_EN(n_E, R_Ee=None):
    """
    Returns the rotation matrix R_EN from n-vector.

    Parameters
    ----------
    n_E: 3 x 1 array
        n-vector [no unit] decomposed in E
    R_Ee : 2d array
        rotation matrix defining the axes of the coordinate frame E.

    Returns
    -------
    R_EN:  3 x 3 array
        The resulting rotation matrix [no unit] (direction cosine matrix).

    See also
    --------
    R_EN2n_E, n_E_and_wa2R_EL, R_EL2n_E
    """
    if R_Ee is None:
        R_Ee = E_rotation()
    _check_length_deviation(n_E)
    n_E = unit(np.dot(R_Ee, n_E))

    # N coordinate frame (North-East-Down) is defined in Table 2 in Gade (2010)
    # Find z-axis of N (Nz):
    Nz_E = -n_E  # z-axis of N (down) points opposite to n-vector

    # Find y-axis of N (East)(remember that N is singular at Poles)
    # Equation (9) in Gade (2010):
    # Ny points perpendicular to the plane
    Ny_E_direction = cross([[1], [0], [0]], n_E, axis=0)
    # formed by n-vector and Earth's spin axis
    outside_poles = (norm(Ny_E_direction) != 0)
    if outside_poles:
        Ny_E = unit(Ny_E_direction)
    else:  # Pole position:
        Ny_E = array([[0], [1], [0]])  # selected y-axis direction

    # Find x-axis of N (North):
    Nx_E = cross(Ny_E, Nz_E, axis=0)  # Final axis found by right hand rule

    # Form R_EN from the unit vectors:
    R_EN = dot(R_Ee.T, np.hstack((Nx_E, Ny_E, Nz_E)))

    return R_EN



[docs]def n_E_and_wa2R_EL(n_E, wander_azimuth, R_Ee=None):
    """
    Returns rotation matrix R_EL from n-vector and wander azimuth angle.

    R_EL = n_E_and_wa2R_EL(n_E,wander_azimuth) Calculates the rotation matrix
    (direction cosine matrix) R_EL using n-vector (n_E) and the wander
    azimuth angle.
    When wander_azimuth=0, we have that N=L (See Table 2 in Gade (2010) for
    details)

    Parameters
    ----------
    n_E: 3 x 1 array
        n-vector [no unit] decomposed in E
    wander_azimuth: real scalar
        Angle [rad] between L's x-axis and north, positive about L's z-axis.
    R_Ee : 2d array
        rotation matrix defining the axes of the coordinate frame E.

    Returns
    -------
    R_EL: 3 x 3 array
        The resulting rotation matrix.       [no unit]

    See also
    --------
    R_EL2n_E, R_EN2n_E, n_E2R_EN
    """
    if R_Ee is None:
        R_Ee = E_rotation()
    latitude, longitude = n_E2lat_lon(n_E, R_Ee)

    # Reference: See start of Section 5.2 in Gade (2010):
    R_EL = dot(R_Ee.T, xyz2R(longitude, -latitude, wander_azimuth))
    return R_EL



class _Nvector2ECEFvector(object):
    __doc__ = """
    Converts n-vector to Cartesian position vector in meters.

    Parameters
    ----------
    n_EB_E:  3 x n array
        n-vector(s) [no unit] of position B, decomposed in E.
    depth:  1 x n array
        Depth(s) [m] of system B, relative to the ellipsoid (depth = -height)
    a: real scalar, default WGS-84 ellipsoid.
        Semi-major axis of the Earth ellipsoid given in [m].
    f: real scalar, default WGS-84 ellipsoid.
        Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
        Earth with radius a is used in stead of WGS-84.
    R_Ee : 2d array
        rotation matrix defining the axes of the coordinate frame E.

    Returns
    -------
    p_EB_E:  3 x n array
        Cartesian position vector(s) from E to B, decomposed in E.

    Notes
    -----
    The position of B (typically body) relative to E (typically Earth) is
    given into this function as n-vector, n_EB_E. The function converts
    to cartesian position vector ("ECEF-vector"), p_EB_E, in meters.
    The calculation is excact, taking the ellipsity of the Earth into account.
    It is also non-singular as both n-vector and p-vector are non-singular
    (except for the center of the Earth).
    The default ellipsoid model used is WGS-84, but other ellipsoids/spheres
    might be specified.

    Examples
    --------

    {}

    See also
    --------
    p_EB_E2n_EB_E, n_EA_E_and_p_AB_E2n_EB_E, n_EA_E_and_n_EB_E2p_AB_E
    """.format(_examples.get_examples([4], OO=False))
    pass


@use_docstring_from(_Nvector2ECEFvector)
[docs]def n_EB_E2p_EB_E(n_EB_E, depth=0, a=6378137, f=1.0/298.257223563, R_Ee=None):
    if R_Ee is None:
        R_Ee = E_rotation()
    _check_length_deviation(n_EB_E)

    n_EB_E = unit(dot(R_Ee, n_EB_E))
    if depth is None:
        depth = np.zeros((1, np.shape(n_EB_E)[1]))

    b = a * (1 - f)  # semi-minor axis

    # The following code implements equation (22) in Gade (2010):
    scale = np.vstack((1,
                       (1 - f),
                       (1 - f)))
    denominator = norm(n_EB_E / scale, axis=0)

    # We first calculate the position at the origin of coordinate system L,
    # which has the same n-vector as B (n_EL_E = n_EB_E),
    # but lies at the surface of the Earth (z_EL = 0).

    p_EL_E = b / denominator * n_EB_E / scale**2
    p_EB_E = dot(R_Ee.T, p_EL_E - n_EB_E * depth)

    return p_EB_E



class _ECEFvector2Nvector(object):
    __doc__ = """
    Converts Cartesian position vector in meters to n-vector.

    Parameters
    ----------
    p_EB_E:  3 x n array
        Cartesian position vector(s) from E to B, decomposed in E.
    a: real scalar, default WGS-84 ellipsoid.
        Semi-major axis of the Earth ellipsoid given in [m].
    f: real scalar, default WGS-84 ellipsoid.
        Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
        Earth with radius a is used in stead of WGS-84.
    R_Ee : 2d array
        rotation matrix defining the axes of the coordinate frame E.

    Returns
    -------
    n_EB_E:  3 x n array
        n-vector(s) [no unit] of position B, decomposed in E.
    depth:  1 x n array
        Depth(s) [m] of system B, relative to the ellipsoid (depth = -height)


    Notes
    -----
    The position of B (typically body) relative to E (typically Earth) is
    given into this function as cartesian position vector p_EB_E, in meters.
    ("ECEF-vector"). The function converts to n-vector, n_EB_E and its
    depth, depth.
    The calculation is excact, taking the ellipsity of the Earth into account.
    It is also non-singular as both n-vector and p-vector are non-singular
    (except for the center of the Earth).
    The default ellipsoid model used is WGS-84, but other ellipsoids/spheres
    might be specified.

    Examples
    --------

    {}

    See also
    --------
    n_EB_E2p_EB_E, n_EA_E_and_p_AB_E2n_EB_E, n_EA_E_and_n_EB_E2p_AB_E

    """.format(_examples.get_examples([3], OO=False))


@use_docstring_from(_ECEFvector2Nvector)
[docs]def p_EB_E2n_EB_E(p_EB_E, a=6378137, f=1.0/298.257223563, R_Ee=None):
    if R_Ee is None:
        R_Ee = E_rotation()
    p_EB_E = dot(R_Ee, p_EB_E)
    # R_Ee selects correct E-axes, see R_Ee.m for details

    # e_2 = eccentricity**2
    e_2 = 2 * f - f**2  # = 1-b**2/a**2

    # The following code implements equation (23) from Gade (2010):
    R_2 = p_EB_E[1, :]**2 + p_EB_E[2, :]**2
    R = sqrt(R_2)   # R = component of p_EB_E in the equatorial plane

    p = R_2 / a**2
    q = (1 - e_2) / (a**2) * p_EB_E[0, :]**2
    r = (p + q - e_2**2) / 6

    s = e_2**2 * p * q / (4 * r**3)
    t = nthroot((1 + s + sqrt(s*(2+s))), 3)
    # t = (1 + s + sqrt(s * (2 + s)))**(1. / 3)
    u = r * (1 + t + 1. / t)
    v = sqrt(u**2 + e_2**2 * q)

    w = e_2 * (u + v - q) / (2 * v)
    k = sqrt(u + v + w**2) - w
    d = k * R / (k + e_2)

    # Calculate height:
    height = (k + e_2 - 1) / k * sqrt(d**2 + p_EB_E[0, :]**2)

    temp = 1. / sqrt(d**2 + p_EB_E[0, :]**2)

    n_EB_E_x = temp * p_EB_E[0, :]
    n_EB_E_y = temp * k / (k + e_2) * p_EB_E[1, :]
    n_EB_E_z = temp * k / (k + e_2) * p_EB_E[2, :]

    n_EB_E = np.vstack((n_EB_E_x, n_EB_E_y, n_EB_E_z))
    n_EB_E = unit(dot(R_Ee.T, n_EB_E))  # Ensure unit length:

    depth = -height
    return n_EB_E, depth



class _DeltaFromPositionAtoB(object):
    __doc__ = """
    Return the delta vector from position A to B.

    Parameters
    ----------
    n_EA_E, n_EB_E:  3 x n array
        n-vector(s) [no unit] of position A and B, decomposed in E.
    z_EA, z_EB:  1 x n array
        Depth(s) [m] of system A and B, relative to the ellipsoid.
        (z_EA = -height, z_EB = -height)
    a: real scalar, default WGS-84 ellipsoid.
        Semi-major axis of the Earth ellipsoid given in [m].
    f: real scalar, default WGS-84 ellipsoid.
        Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
        Earth with radius a is used in stead of WGS-84.
    R_Ee : 2d array
        rotation matrix defining the axes of the coordinate frame E.

    Returns
    -------
    p_AB_E:  3 x n array
        Cartesian position vector(s) from A to B, decomposed in E.

    Notes
    -----
    The n-vectors for positions A (n_EA_E) and B (n_EB_E) are given. The
    output is the delta vector from A to B (p_AB_E).
    The calculation is excact, taking the ellipsity of the Earth into account.
    It is also non-singular as both n-vector and p-vector are non-singular
    (except for the center of the Earth).
    The default ellipsoid model used is WGS-84, but other ellipsoids/spheres
    might be specified.

    Examples
    --------

    {}


    See also
    --------
    n_EA_E_and_p_AB_E2n_EB_E, p_EB_E2n_EB_E, n_EB_E2p_EB_E

    """.format(_examples.get_examples([1], False))
    pass


@use_docstring_from(_DeltaFromPositionAtoB)
[docs]def n_EA_E_and_n_EB_E2p_AB_E(n_EA_E, n_EB_E, z_EA=0, z_EB=0, a=6378137,
                             f=1.0/298.257223563, R_Ee=None):

    # Function 1. in Section 5.4 in Gade (2010):
    p_EA_E = n_EB_E2p_EB_E(n_EA_E, z_EA, a, f, R_Ee)
    p_EB_E = n_EB_E2p_EB_E(n_EB_E, z_EB, a, f, R_Ee)
    p_AB_E = p_EB_E - p_EA_E
    return p_AB_E



[docs]def n_EA_E_and_p_AB_E2n_EB_E(n_EA_E, p_AB_E, z_EA=0, a=6378137,
                             f=1.0/298.257223563, R_Ee=None):
    """
    Return position B from position A and delta.

    Parameters
    ----------
    n_EA_E:  3 x n array
        n-vector(s) [no unit] of position A, decomposed in E.
    p_AB_E:  3 x n array
        Cartesian position vector(s) from A to B, decomposed in E.
    z_EA:  1 x n array
        Depth(s) [m] of system A, relative to the ellipsoid. (z_EA = -height)
    a: real scalar, default WGS-84 ellipsoid.
        Semi-major axis of the Earth ellipsoid given in [m].
    f: real scalar, default WGS-84 ellipsoid.
        Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
        Earth with radius a is used in stead of WGS-84.
    R_Ee : 2d array
        rotation matrix defining the axes of the coordinate frame E.

    Returns
    -------
    n_EB_E:  3 x n array
        n-vector(s) [no unit] of position B, decomposed in E.
    z_EB:  1 x n array
        Depth(s) [m] of system B, relative to the ellipsoid.
        (z_EB = -height)

    Notes
    -----
    The n-vector for position A (n_EA_E) and the position-vector from position
    A to position B (p_AB_E) are given. The output is the n-vector of position
    B (n_EB_E) and depth of B (z_EB).
    The calculation is excact, taking the ellipsity of the Earth into account.
    It is also non-singular as both n-vector and p-vector are non-singular
    (except for the center of the Earth).
    The default ellipsoid model used is WGS-84, but other ellipsoids/spheres
    might be specified.

    See also
    --------
    n_EA_E_and_n_EB_E2p_AB_E, p_EB_E2n_EB_E, n_EB_E2p_EB_E
    """
    if R_Ee is None:
        R_Ee = E_rotation()

    # Function 2. in Section 5.4 in Gade (2010):
    p_EA_E = n_EB_E2p_EB_E(n_EA_E, z_EA, a, f, R_Ee)
    p_EB_E = p_EA_E + p_AB_E
    n_EB_E, z_EB = p_EB_E2n_EB_E(p_EB_E, a, f, R_Ee)
    return n_EB_E, z_EB



[docs]def R2xyz(R_AB):
    """
    Returns the angles about new axes in the xyz-order from a rotation matrix.

    Parameters
    ----------
    R_AB: 3x3 array
        rotation matrix [no unit] (direction cosine matrix) such that the
        relation between a vector v decomposed in A and B is given by:
        v_A = np.dot(R_AB, v_B)

    Returns
    -------
    x, y, z: real scalars
        Angles [rad] of rotation about new axes.

    Notes
    -----
    The x, y, z angles are called Euler angles or Tait-Bryan angles and are
    defined by the following procedure of successive rotations:
    Given two arbitrary coordinate frames A and B. Consider a temporary frame
    T that initially coincides with A. In order to make T align with B, we
    first rotate T an angle x about its x-axis (common axis for both A and T).
    Secondly, T is rotated an angle y about the NEW y-axis of T. Finally, T
    is rotated an angle z about its NEWEST z-axis. The final orientation of
    T now coincides with the orientation of B.

    The signs of the angles are given by the directions of the axes and the
    right hand rule.

    See also
    --------
    xyz2R, R2zyx, xyz2R
    """
    z = arctan2(-R_AB[0, 1], R_AB[0, 0])  # atan2: [-pi pi]
    x = arctan2(-R_AB[1, 2], R_AB[2, 2])

    sin_y = R_AB[0, 2]

    # cos_y is based on as many elements as possible, to average out
    # numerical errors. It is selected as the positive square root since
    # y: [-pi/2 pi/2]
    cos_y = sqrt((R_AB[0, 0]**2 + R_AB[0, 1]**2 +
                  R_AB[1, 2]**2 + R_AB[2, 2]**2)/2)

    y = arctan2(sin_y, cos_y)
    return x, y, z



[docs]def R2zyx(R_AB):
    """
    Returns the angles about new axes in the zxy-order from a rotation matrix.

    Parameters
    ----------
    R_AB:  3x3 array
        rotation matrix [no unit] (direction cosine matrix) such that the
        relation between a vector v decomposed in A and B is given by:
        v_A = np.dot(R_AB, v_B)

    Returns
    -------
    z, y, x: real scalars
        Angles [rad] of rotation about new axes.

    Notes
    -----
    The z, x, y angles are called Euler angles or Tait-Bryan angles and are
    defined by the following procedure of successive rotations:
    Given two arbitrary coordinate frames A and B. Consider a temporary frame
    T that initially coincides with A. In order to make T align with B, we
    first rotate T an angle z about its z-axis (common axis for both A and T).
    Secondly, T is rotated an angle y about the NEW y-axis of T. Finally, T
    is rotated an angle x about its NEWEST x-axis. The final orientation of
    T now coincides with the orientation of B.

    The signs of the angles are given by the directions of the axes and the
    right hand rule.

    Note that if A is a north-east-down frame and B is a body frame, we
    have that z=yaw, y=pitch and x=roll.

    See also
    --------
    zyx2R, xyz2R, R2xyz
    """

    z = arctan2(R_AB[1, 0], R_AB[0, 0])  # atan2: [-pi pi]
    x = arctan2(R_AB[2, 1], R_AB[2, 2])

    sin_y = -R_AB[2, 0]

    # cos_y is based on as many elements as possible, to average out
    # numerical errors. It is selected as the positive square root since
    # y: [-pi/2 pi/2]
    cos_y = sqrt((R_AB[0, 0]**2 + R_AB[1, 0]**2 +
                  R_AB[2, 1]**2 + R_AB[2, 2]**2)/2)

    y = arctan2(sin_y, cos_y)
    return z, y, x



[docs]def R_EL2n_E(R_EL):
    """
    Returns n-vector from the rotation matrix R_EL.

    Parameters
    ----------
    R_EL: 3 x 3 array
        Rotation matrix (direction cosine matrix) [no unit]

    Returns
    -------
    n_E: 3 x 1 array
        n-vector [no unit] decomposed in E.

    See also
    --------
    R_EN2n_E, n_E_and_wa2R_EL, n_E2R_EN
    """
    # n-vector equals minus the last column of R_EL and R_EN, see Section 5.5
    # in Gade (2010)
    n_E = dot(R_EL, np.vstack((0, 0, -1)))
    return n_E



[docs]def R_EN2n_E(R_EN):
    """
    Returns n-vector from the rotation matrix R_EN.

    Parameters
    ----------
    R_EN: 3 x 3 array
        Rotation matrix (direction cosine matrix) [no unit]

    Returns
    -------
    n_E: 3 x 1 array
        n-vector [no unit] decomposed in E.

    See also
    --------
    n_E2R_EN, R_EL2n_E, n_E_and_wa2R_EL
    """
    # n-vector equals minus the last column of R_EL and R_EN, see Section 5.5
    # in Gade (2010)
    n_E = dot(R_EN, np.vstack((0, 0, -1)))
    return n_E



[docs]def xyz2R(x, y, z):
    """
    Returns rotation matrix from 3 angles about new axes in the xyz-order.

    Parameters
    ----------
    x,y,z: real scalars
        Angles [rad] of rotation about new axes.

    Returns
    -------
    R_AB: 3 x 3 array
        rotation matrix [no unit] (direction cosine matrix) such that the
        relation between a vector v decomposed in A and B is given by:
        v_A = np.dot(R_AB, v_B)

    Notes
    -----
    The rotation matrix R_AB is created based on 3 angles x,y,z about new axes
    (intrinsic) in the order x-y-z. The angles are called Euler angles or
    Tait-Bryan angles and are defined by the following procedure of successive
    rotations:
    Given two arbitrary coordinate frames A and B. Consider a temporary frame
    T that initially coincides with A. In order to make T align with B, we
    first rotate T an angle x about its x-axis (common axis for both A and T).
    Secondly, T is rotated an angle y about the NEW y-axis of T. Finally, T
    is rotated an angle z about its NEWEST z-axis. The final orientation of
    T now coincides with the orientation of B.

    The signs of the angles are given by the directions of the axes and the
    right hand rule.

    See also
    --------
    R2xyz, zyx2R, R2zyx
    """
    cz, sz = cos(z), sin(z)
    cy, sy = cos(y), sin(y)
    cx, sx = cos(x), sin(x)

    R_AB = array([[cy * cz, -cy * sz, sy],
                  [sy*sx*cz + cx*sz, -sy*sx*sz + cx*cz, -cy*sx],
                  [-sy*cx*cz + sx*sz, sy*cx*sz + sx*cz, cy*cx]])

    return np.squeeze(R_AB)



[docs]def zyx2R(z, y, x):
    """
    Returns rotation matrix from 3 angles about new axes in the zyx-order.

    Parameters
    ----------
    z, y, x: real scalars
        Angles [rad] of rotation about new axes.

    Returns
    -------
    R_AB: 3 x 3 array
        rotation matrix [no unit] (direction cosine matrix) such that the
        relation between a vector v decomposed in A and B is given by:
        v_A = np.dot(R_AB, v_B)

    Notes
    -----
    The rotation matrix R_AB is created based on 3 angles
    z,y,x about new axes (intrinsic) in the order z-y-x. The angles are called
    Euler angles or Tait-Bryan angles and are defined by the following
    procedure of successive rotations:
    Given two arbitrary coordinate frames A and B. Consider a temporary frame
    T that initially coincides with A. In order to make T align with B, we
    first rotate T an angle z about its z-axis (common axis for both A and T).
    Secondly, T is rotated an angle y about the NEW y-axis of T. Finally, T
    is rotated an angle x about its NEWEST x-axis. The final orientation of
    T now coincides with the orientation of B.

    The signs of the angles are given by the directions of the axes and the
    right hand rule.

    Note that if A is a north-east-down frame and B is a body frame, we
    have that z=yaw, y=pitch and x=roll.

    See also
    --------
    R2zyx, xyz2R, R2xyz
    """
    cz, sz = cos(z), sin(z)
    cy, sy = cos(y), sin(y)
    cx, sx = cos(x), sin(x)

    R_AB = array([[cz * cy, -sz * cx + cz * sy * sx, sz * sx + cz * sy*cx],
                  [sz * cy,  cz * cx + sz * sy * sx, - cz * sx + sz*sy*cx],
                  [-sy, cy * sx, cy * cx]])

    return np.squeeze(R_AB)



class _GreatCircleDistance(object):
    __doc__ = """ Return great circle distance between two positions

    Parameters
    ----------
    n_EA_E, n_EB_E:  3 x n array
        n-vector(s) [no unit] of position A and B, decomposed in E.
    radius: real scalar
        radius of sphere.

    Formulae is given by equation (16) in Gade (2010) and is well
    conditioned for all angles.

    Examples
    --------

    {}

    """.format(_examples.get_examples([5], OO=False))
    pass


@use_docstring_from(_GreatCircleDistance)
[docs]def great_circle_distance(n_EA_E, n_EB_E, radius=6371009.0):

    s_AB = np.arctan2(norm(np.cross(n_EA_E, n_EB_E, axis=0), axis=0),
                      dot(n_EA_E.T, n_EB_E)) * radius

    # ill conditioned for small angles:
    # s_AB_version1 = arccos(dot(n_EA_E,n_EB_E))*radius

    # ill-conditioned for angles near pi/2 (and not valid above pi/2)
    # s_AB_version2 = arcsin(norm(cross(n_EA_E,n_EB_E)))*radius
    return s_AB.ravel()



class _EuclideanDistance(object):
    __doc__ = """Return Euclidean distance between two positions

    Parameters
    ----------
    n_EA_E, n_EB_E:  3 x n array
        n-vector(s) [no unit] of position A and B, decomposed in E.
    radius: real scalar
        radius of sphere.

    Examples
    --------

    {}
    """.format(_examples.get_examples([5], OO=False))


@use_docstring_from(_EuclideanDistance)
[docs]def euclidean_distance(n_EA_E, n_EB_E, radius=6371009.0):
    d_AB = norm(n_EB_E - n_EA_E, axis=0) * radius
    return d_AB.ravel()



[docs]def n_EA_E_and_n_EB_E2azimuth(n_EA_E, n_EB_E, a=6378137, f=1.0/298.257223563,
                              R_Ee=None):
    """
    Return azimuth from A to B, relative to North:

    Parameters
    ----------
    n_EA_E, n_EB_E:  3 x n array
        n-vector(s) [no unit] of position A and B, respectively,
        decomposed in E.
    a: real scalar, default WGS-84 ellipsoid.
        Semi-major axis of the Earth ellipsoid given in [m].
    f: real scalar, default WGS-84 ellipsoid.
        Flattening [no unit] of the Earth ellipsoid. If f==0 then spherical
        Earth with radius a is used in stead of WGS-84.
    R_Ee : 2d array
        rotation matrix defining the axes of the coordinate frame E.

    Returns
    -------
    azimuth: n, array
        Angle [rad] the line makes with a meridian, taken clockwise from north.
    """
    if R_Ee is None:
        R_Ee = E_rotation()
    # Step2: Find p_AB_E (delta decomposed in E).
    p_AB_E = n_EA_E_and_n_EB_E2p_AB_E(n_EA_E, n_EB_E, z_EA=0, z_EB=0, a=a, f=f,
                                      R_Ee=R_Ee)

    # Step3: Find R_EN for position A:
    R_EN = n_E2R_EN(n_EA_E, R_Ee=R_Ee)

    # Step4: Find p_AB_N
    p_AB_N = dot(R_EN.T, p_AB_E)
    # (Note the transpose of R_EN: The "closest-rule" says that when
    # decomposing, the frame in the subscript of the rotation matrix that
    # is closest to the vector, should equal the frame where the vector is
    # decomposed. Thus the calculation np.dot(R_NE, p_AB_E) is correct,
    # since the vector is decomposed in E, and E is closest to the vector.
    # In the example we only had R_EN, and thus we must transpose it:
    # R_EN'=R_NE)

    # Step5: Also find the direction (azimuth) to B, relative to north:
    return arctan2(p_AB_N[1], p_AB_N[0])



class _PositionBFromAzimuthAndDistanceFromPositionA(object):
    __doc__ = """
    Return position B from azimuth and distance from position A

    Parameters
    ----------
    n_EA_E:  3 x n array
        n-vector(s) [no unit] of position A decomposed in E.
    distance_rad: n, array
        great circle distance [rad] from position A to B
    azimuth: n, array
        Angle [rad] the line makes with a meridian, taken clockwise from north.

    Returns
    -------
    n_EB_E:  3 x n array
        n-vector(s) [no unit] of position B decomposed in E.

    Examples
    --------

    {}

    """.format(_examples.get_examples([8], OO=False))
    pass


@use_docstring_from(_PositionBFromAzimuthAndDistanceFromPositionA)
[docs]def n_EA_E_distance_and_azimuth2n_EB_E(n_EA_E, distance_rad, azimuth,
                                       R_Ee=None):

    if R_Ee is None:
        R_Ee = E_rotation()
    # Step1: Find unit vectors for north and east:
    k_east_E = unit(cross(dot(R_Ee.T, [[1], [0], [0]]), n_EA_E, axis=0))
    k_north_E = cross(n_EA_E, k_east_E, axis=0)

    # Step2: Find the initial direction vector d_E:
    d_E = k_north_E * cos(azimuth) + k_east_E * sin(azimuth)

    # Step3: Find n_EB_E:
    n_EB_E = n_EA_E * cos(distance_rad) + d_E * sin(distance_rad)
    return n_EB_E



class _MeanHorizontalPosition(object):
    __doc__ = """
    Return the n-vector of the horizontal mean position.

    Parameters
    ----------
    n_EB_E:  3 x n array
        n-vectors [no unit] of positions Bi, decomposed in E.

    Returns
    -------
    p_EM_E:  3 x 1 array
        n-vector [no unit] of the mean positions of all Bi, decomposed in E.

    Examples
    --------

    {}

    """.format(_examples.get_examples([7], OO=False))


@use_docstring_from(_MeanHorizontalPosition)
[docs]def mean_horizontal_position(n_EB_E):
    n_EM_E = unit(np.sum(n_EB_E, axis=1).reshape((3, 1)))
    return n_EM_E



def test_docstrings():
    import doctest
    print('Testing docstrings in %s' % __file__)
    doctest.testmod(optionflags=doctest.NORMALIZE_WHITESPACE)
    print('Docstrings tested')


if __name__ == "__main__":
    test_docstrings()





          

      

      

    


    
        © Copyright 2015, Norwegian Defence Research Establishment (FFI).
      Created using Sphinx 1.3.1.
    

  

_static/up.png





_static/plus.png





_static/comment-bright.png





search.html


    
      Navigation


      
        		
          index


        		
          modules |


        		nvector 0.4.1 documentation »

 
      


    


    
      
          
            
  Search


  
  
  
    Please activate JavaScript to enable the search
    functionality.
  


  

  
    From here you can search these documents. Enter your search
    words into the box below and click "search". Note that the search
    function will automatically search for all of the words. Pages
    containing fewer words won't appear in the result list.
  


  
    
    
    
  

  
  
  
  


          

      

      

    


    
        © Copyright 2015, Norwegian Defence Research Establishment (FFI).
      Created using Sphinx 1.3.1.
    

  

_static/down.png





_static/file.png





_static/minus.png





_static/comment-close.png





api/nvector.tests.html


    
      Navigation


      
        		
          index


        		
          modules |


        		nvector 0.4.1 documentation »

 
      


    


    
      
          
            
  
nvector.tests package



Submodules





nvector.tests.test_frames module


Created on 18. des. 2015


@author: pab



		
class nvector.tests.test_frames.TestExamples(methodName='runTest')[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L79-L335]


		Bases: unittest.case.TestCase



		
test_Ex10_cross_track_distance()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L318-L335]


		






		
test_Ex1_A_and_B_to_delta_in_frame_N()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L80-L107]


		






		
test_Ex2_B_and_delta_in_frame_B_to_C_in_frame_E()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L109-L135]


		






		
test_Ex3_ECEF_vector_to_geodetic_latitude()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L137-L152]


		






		
test_Ex4_geodetic_latitude_to_ECEF_vector()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L154-L163]


		






		
test_Ex5_great_circle_distance()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L165-L179]


		






		
test_Ex6_interpolated_position()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L212-L251]


		






		
test_Ex7_mean_position()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L253-L268]


		






		
test_Ex8_position_A_and_azimuth_and_distance_to_B()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L270-L280]


		






		
test_Ex9_intersection()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L282-L298]


		






		
test_alternative_great_circle_distance()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L181-L194]


		






		
test_exact_ellipsoidal_distance()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L196-L210]


		






		
test_intersection_of_parallell_paths()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L300-L316]


		












		
class nvector.tests.test_frames.TestFrames(methodName='runTest')[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L15-L74]


		Bases: unittest.case.TestCase



		
test_compare_B_frames()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L24-L44]


		






		
test_compare_E_frames()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L16-L22]


		






		
test_compare_L_frames()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L63-L74]


		






		
test_compare_N_frames()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_frames.py#L47-L59]


		














nvector.tests.test_geodesic module



		
class nvector.tests.test_geodesic.GeodSolveTest(methodName='runTest')[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L121-L330]


		Bases: unittest.case.TestCase



		
test_GeodSolve0()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L123-L129]


		






		
test_GeodSolve1()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L131-L137]


		






		
test_GeodSolve10()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L206-L213]


		






		
test_GeodSolve11()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L215-L222]


		






		
test_GeodSolve12()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L224-L234]


		






		
test_GeodSolve14()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L236-L241]


		






		
test_GeodSolve17()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L243-L255]


		






		
test_GeodSolve2()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L139-L153]


		






		
test_GeodSolve29()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L257-L263]


		






		
test_GeodSolve33()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L265-L318]


		






		
test_GeodSolve4()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L155-L161]


		






		
test_GeodSolve5()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L163-L174]


		






		
test_GeodSolve55()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L320-L330]


		






		
test_GeodSolve6()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L176-L196]


		






		
test_GeodSolve9()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L198-L204]


		












		
class nvector.tests.test_geodesic.GeodesicTest(methodName='runTest')[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L9-L118]


		Bases: unittest.case.TestCase



		
test_direct()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L107-L118]


		






		
test_inverse()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_geodesic.py#L93-L105]


		






		
testcases = [[35.60777, -139.44815, 111.09874842956033, -11.17491, -69.95921, 129.28927088970877, 8935244.56048183, 80.50729714281974, 6273170.205530384, 0.16606318447386068, 0.16479116945612937, 12841384694976.432], [55.52454, 106.05087, 22.0200598809828, 77.03196, 197.18234, 109.11204111067151, 4105086.171392441, 36.89274069044589, 3828869.3344387608, 0.8007634960809261, 0.8010100698420101, 61674961290615.62], [-21.97856, 142.59065, -32.44456876433189, 41.84138, 98.56635, -41.84359951440466, 8394328.894657671, 75.62930491011522, 6161154.577311061, 0.2481633923395038, 0.24930251203627893, -6637997720646.717], [-66.99028, 112.2363, 173.73491240878403, -12.70631, 285.90344, 2.512956620913668, 11150344.231208025, 100.27863418115575, 6289939.567044669, -0.17199490274700385, -0.17722569526345708, -121287239862139.75], [-17.42761, 173.34268, -159.03355766119293, -15.84784, 5.93557, -20.78748465153699, 16076603.163118068, 144.64010881028625, 3732902.1583877187, -0.8127363870007047, -0.8129980051915447, 97825992354058.7], [32.84994, 48.28919, 150.492927788122, -56.28556, 202.29132, 48.11344939981676, 16727068.943816446, 150.5657999854666, 3147838.191018094, -0.8733491808692313, -0.8650503676711063, -72445258525585.02], [6.96833, 52.74123, 92.58158538631771, -7.39675, 206.17291, 90.72169216592391, 17102477.249695837, 154.14736623911355, 2772035.616991758, -0.8999128252030245, -0.8998689217711074, -1311796973197.995], [-50.56724, -16.30485, -105.43967990759016, -33.56571, -94.97412, -47.34854783565033, 6455670.511866869, 58.083719495371255, 5409150.7979815835, 0.5305350803599727, 0.529887226444366, 41071447902810.05], [-58.93002, -8.90775, 140.96539790250068, -8.91104, 133.13503, 19.255429433416598, 11756066.021986462, 105.75569124140688, 6151101.227070854, -0.26548622269867184, -0.2706848387451074, -86143460552774.73], [-68.82867, -74.28391, 93.77434776311487, -50.63005, -8.36685, 34.65564085411343, 3956936.926063544, 35.572254987389286, 3708890.9544062656, 0.8144396373638351, 0.8142085981535834, -41845309450093.79], [-10.62672, -32.0898, -86.42671328674776, 5.883, -134.31681, -80.47378097103487, 11470869.386456301, 103.38739563450406, 6184411.662265971, -0.23138683500430238, -0.2315509762228679, 4198803992123.548], [-21.76221, 166.90563, 29.31942120693643, 48.72884, 213.97627, 43.50867194641017, 9098627.398655491, 81.96347671612196, 6299240.916699228, 0.13965943368590333, 0.14152969707656796, 10024709850277.477], [-19.79938, -174.47484, 71.16727578017154, -11.99349, -154.35109, 65.58909977519923, 2319004.860116939, 20.896611684802387, 2267960.8703918327, 0.9342700186712585, 0.9342488713503279, -3935477535005.785], [-11.95887, -116.94513, 92.71261983045255, 4.57352, 7.16501, 78.64960934409585, 13834722.580140138, 124.68868416108977, 5228093.177931598, -0.5687935675566647, -0.5691873195239722, -9919582785894.854], [-87.85331, 85.66836, -65.12031304024275, 66.48646, 16.09921, -4.888658719272296, 17286615.314714465, 155.58592449699137, 2635887.472911018, -0.9069797577139858, -0.9109560888304277, 42667211366919.53], [1.74708, 128.32011, -101.58484363117385, -11.16617, 11.87109, -86.32579329643748, 12942901.124134742, 116.65051248430186, 5682744.841327057, -0.44857868222697644, -0.4482449034000773, 10763055294345.652], [-25.72959, -144.90758, -153.6474686931172, -57.70581, -269.17879, -48.34398315887649, 9413446.745245311, 84.6645338384043, 6356176.689888128, 0.09492245755254702, 0.09737058264766572, 74515122850712.44], [-41.22777, 122.32875, 14.285113402275739, -7.57291, 130.37946, 10.805303085187369, 3812686.035106021, 34.34330804743883, 3588703.8812128855, 0.8260522259321789, 0.825721582009202, -2456961531057.857], [11.01307, 138.25278, 79.43682622782374, 6.62726, 247.05981, 103.70809021552266, 11911190.819018409, 107.34166995411458, 6070904.722786735, -0.297676089236574, -0.2978514339025232, 17121631423099.695], [-29.47124, 95.14681, -163.77913044168838, -27.46601, -69.15955, -15.90933594555497, 13487015.838114548, 121.29402671574228, 5481428.994573639, -0.5152722554537326, -0.5155658796472179, 104679964020340.31]]


		














nvector.tests.test_nvector module


This file contains solutions to the examples given at
www.navlab.net/nvector


The content of this file is based on the following publication:


Gade, K. (2010). A Nonsingular Horizontal Position Representation, The Journal
of Navigation, Volume 63, Issue 03, pp 395-417, July 2010.
(www.navlab.net/Publications/A_Nonsingular_Horizontal_Position_Representation.pdf)


Copyright (c) 2015, Norwegian Defence Research Establishment (FFI)
All rights reserved.


Originated: 2015.03.26 Kenneth Gade, FFI


NOTES:
- All angles are by default assumed to be in radians, if an angle is
in degrees, the variable name has the following ending: _deg



		The dot product (inner product) of vectors x and y is written dot(x,y)





here to make the code more readable for those unfamiliar with
Matlab. In Matlab one would normally write x’*y (i.e. x transposed
times y)



		
class nvector.tests.test_nvector.TestNvector(methodName='runTest')[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L40-L363]


		Bases: unittest.case.TestCase



		
test_Ex10_cross_track_distance()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L301-L326]


		






		
test_Ex1_A_and_B_to_delta_in_frame_N()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L42-L85]


		






		
test_Ex2_B_and_delta_in_frame_B_to_C_in_frame_E()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L87-L125]


		






		
test_Ex3_ECEF_vector_to_geodetic_latitude()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L127-L147]


		






		
test_Ex4_geodetic_latitude_to_ECEF_vector()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L149-L169]


		






		
test_Ex5_great_circle_distance()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L171-L188]


		






		
test_Ex6_interpolated_position()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L190-L216]


		






		
test_Ex7_mean_position()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L218-L238]


		






		
test_Ex8_position_A_and_azimuth_and_distance_to_B()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L240-L273]


		






		
test_Ex9_intersection()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L275-L299]


		






		
test_R2xyz()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L328-L336]


		






		
test_R2zxy()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L338-L347]


		






		
test_n_E_and_wa2R_EL()[source][source] [http://github.com/pbrod/nvector/blob/v0.4.1/nvector/tests/test_nvector.py#L349-L363]
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