
import numpy as np
from scipy.linalg import expm, logm
from ikin_api import IKinSpace, IKinBody

Trajectory Generation
t = 0.9

s = 0.25*t + 0.125*t**2
s_dot = 0.25 + 0.25*t
s_ddot = 0.25

x = np.cos(2*np.pi*s)
x_dot = -2*np.pi*s_dot*np.sin(2*np.pi*s)
x_ddot = -2*np.pi*s_ddot*np.sin(2*np.pi*s) - (2*np.pi)**2*s_dot**2*np.cos(2*np.pi*s)

y = np.sin(2*np.pi*s)
y_dot = 2*np.pi*s_dot*np.cos(2*np.pi*s)
y_ddot = 2*np.pi*s_ddot*np.cos(2*np.pi*s) - (2*np.pi)**2*s_dot**2*np.sin(2*np.pi*s)

z = 2*s
z_dot = 2*s_dot
z_ddot = 2*s_ddot

print('x: ', x)
print('y: ', y)
print('z: ', z)

print('x dot: ', x_dot)
print('y dot: ', y_dot)
print('z dot: ', z_dot)

print('x ddot: ', x_ddot)
print('y ddot: ', y_ddot)
print('z ddot: ', z_ddot)

x:  -0.46097437453546264
y:  0.887413447059283
z:  0.6525000000000001
x dot:  -2.6484969876793265
y dot:  -1.3757840231070713
z dot:  0.95
x ddot:  2.7120995479342964
y ddot:  -8.628570599837545
z ddot:  0.5

Motion Planning
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def is_in_collision(p_1, r_1, p_2, r_2):
    d = np.sqrt((p_1[0,0]-p_2[0,0])**2 + (p_1[1,0]-p_2[1,0])**2 + (p_1[2,0]-p_2[2,0])**2)
    return d <= r_1 + r_2

import numpy as np

p_1 = np.array([[-1.9706], [-1.2766], [-4.7440]])
p_2 = np.array([[-1.3391], [-2.0459], [-1.9077]])
r_1 = 1.9808
r_2 = 1.7493

print('is in collision: ', is_in_collision(p_1, r_1, p_2, r_2))

is in collision:  True

import numpy as np

N_robot = 20.00000000
N_obstacles = 40.00000000
robot_spheres = np.array([[0.00000000, 0.00000000, 1.09776243], [0.46914896, -0.17291401, 1.09776243], [0.93829791, -0.34582803, 1.09776243], [1.40744687, -0.51874204, 1.0977624
obstacle_spheres = np.array([[4.88022208, 8.63180587, 0.17393494], [4.19093438, 7.02163727, 0.41332998], [3.86070811, 6.60822070, 1.17836124], [3.68861808, 7.66321964, 1.0672173

# Check for robot-obstacle collisions
for r_x, r_y, r_r in robot_spheres:
    for o_x, o_y, o_r in obstacle_spheres:
        if is_in_collision(np.array([[r_x], [r_y], [0]]), r_r, np.array([[o_x], [o_y], [0]]), o_r):
            print('collision detected between robot sphere at ({}, {}) with radius {} and obstacle sphere at ({}, {}) with radius {}'.format(r_x, r_y, r_r, o_x, o_y, o_r))

# The question specifically asked for robot-obstacle collisions only.
# For practice, we will also check for robot-robot collisions.
for i in range(len(robot_spheres)):
    for j in range(i+1, len(robot_spheres)):
        r1_x, r1_y, r1_r = robot_spheres[i]
        r2_x, r2_y, r2_r = robot_spheres[j]
        if is_in_collision(np.array([[r1_x], [r1_y], [0]]), r1_r, np.array([[r2_x], [r2_y], [0]]), r2_r):
            print('collision detected between robot sphere at ({}, {}) with radius {} and robot sphere at ({}, {}) with radius {}'.format(r1_x, r1_y, r1_r, r2_x, r2_y, r2_r))
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collision detected between robot sphere at (0.0, 0.0) with radius 1.09776243 and robot sphere at (0.46914896, -0.17291401) with radius 1.09776243
collision detected between robot sphere at (0.0, 0.0) with radius 1.09776243 and robot sphere at (0.93829791, -0.34582803) with radius 1.09776243
collision detected between robot sphere at (0.0, 0.0) with radius 1.09776243 and robot sphere at (1.40744687, -0.51874204) with radius 1.09776243
collision detected between robot sphere at (0.0, 0.0) with radius 1.09776243 and robot sphere at (1.87659583, -0.69165606) with radius 1.09776243
collision detected between robot sphere at (0.46914896, -0.17291401) with radius 1.09776243 and robot sphere at (0.93829791, -0.34582803) with radius 1.09776243
collision detected between robot sphere at (0.46914896, -0.17291401) with radius 1.09776243 and robot sphere at (1.40744687, -0.51874204) with radius 1.09776243
collision detected between robot sphere at (0.46914896, -0.17291401) with radius 1.09776243 and robot sphere at (1.87659583, -0.69165606) with radius 1.09776243
collision detected between robot sphere at (0.46914896, -0.17291401) with radius 1.09776243 and robot sphere at (2.34574478, -0.86457007) with radius 1.09776243
collision detected between robot sphere at (0.93829791, -0.34582803) with radius 1.09776243 and robot sphere at (1.40744687, -0.51874204) with radius 1.09776243
collision detected between robot sphere at (0.93829791, -0.34582803) with radius 1.09776243 and robot sphere at (1.87659583, -0.69165606) with radius 1.09776243
collision detected between robot sphere at (0.93829791, -0.34582803) with radius 1.09776243 and robot sphere at (2.34574478, -0.86457007) with radius 1.09776243
collision detected between robot sphere at (0.93829791, -0.34582803) with radius 1.09776243 and robot sphere at (2.81489374, -1.03748409) with radius 1.09776243
collision detected between robot sphere at (1.40744687, -0.51874204) with radius 1.09776243 and robot sphere at (1.87659583, -0.69165606) with radius 1.09776243
collision detected between robot sphere at (1.40744687, -0.51874204) with radius 1.09776243 and robot sphere at (2.34574478, -0.86457007) with radius 1.09776243
collision detected between robot sphere at (1.40744687, -0.51874204) with radius 1.09776243 and robot sphere at (2.81489374, -1.03748409) with radius 1.09776243
collision detected between robot sphere at (1.40744687, -0.51874204) with radius 1.09776243 and robot sphere at (3.2840427, -1.2103981) with radius 1.09776243
collision detected between robot sphere at (1.87659583, -0.69165606) with radius 1.09776243 and robot sphere at (2.34574478, -0.86457007) with radius 1.09776243
collision detected between robot sphere at (1.87659583, -0.69165606) with radius 1.09776243 and robot sphere at (2.81489374, -1.03748409) with radius 1.09776243
collision detected between robot sphere at (1.87659583, -0.69165606) with radius 1.09776243 and robot sphere at (3.2840427, -1.2103981) with radius 1.09776243
collision detected between robot sphere at (1.87659583, -0.69165606) with radius 1.09776243 and robot sphere at (3.75319165, -1.38331212) with radius 1.09776243
collision detected between robot sphere at (2.34574478, -0.86457007) with radius 1.09776243 and robot sphere at (2.81489374, -1.03748409) with radius 1.09776243
collision detected between robot sphere at (2.34574478, -0.86457007) with radius 1.09776243 and robot sphere at (3.2840427, -1.2103981) with radius 1.09776243
collision detected between robot sphere at (2.34574478, -0.86457007) with radius 1.09776243 and robot sphere at (3.75319165, -1.38331212) with radius 1.09776243
collision detected between robot sphere at (2.34574478, -0.86457007) with radius 1.09776243 and robot sphere at (4.22234061, -1.55622613) with radius 1.09776243
collision detected between robot sphere at (2.81489374, -1.03748409) with radius 1.09776243 and robot sphere at (3.2840427, -1.2103981) with radius 1.09776243
collision detected between robot sphere at (2.81489374, -1.03748409) with radius 1.09776243 and robot sphere at (3.75319165, -1.38331212) with radius 1.09776243
collision detected between robot sphere at (2.81489374, -1.03748409) with radius 1.09776243 and robot sphere at (4.22234061, -1.55622613) with radius 1.09776243
collision detected between robot sphere at (2.81489374, -1.03748409) with radius 1.09776243 and robot sphere at (4.69148957, -1.72914015) with radius 1.09776243
collision detected between robot sphere at (3.2840427, -1.2103981) with radius 1.09776243 and robot sphere at (3.75319165, -1.38331212) with radius 1.09776243
collision detected between robot sphere at (3.2840427, -1.2103981) with radius 1.09776243 and robot sphere at (4.22234061, -1.55622613) with radius 1.09776243
collision detected between robot sphere at (3.2840427, -1.2103981) with radius 1.09776243 and robot sphere at (4.69148957, -1.72914015) with radius 1.09776243
collision detected between robot sphere at (3.2840427, -1.2103981) with radius 1.09776243 and robot sphere at (5.16063852, -1.90205416) with radius 1.09776243
collision detected between robot sphere at (3.75319165, -1.38331212) with radius 1.09776243 and robot sphere at (4.22234061, -1.55622613) with radius 1.09776243
collision detected between robot sphere at (3.75319165, -1.38331212) with radius 1.09776243 and robot sphere at (4.69148957, -1.72914015) with radius 1.09776243
collision detected between robot sphere at (3.75319165, -1.38331212) with radius 1.09776243 and robot sphere at (5.16063852, -1.90205416) with radius 1.09776243
collision detected between robot sphere at (3.75319165, -1.38331212) with radius 1.09776243 and robot sphere at (5.62978748, -2.07496818) with radius 1.09776243
collision detected between robot sphere at (4.22234061, -1.55622613) with radius 1.09776243 and robot sphere at (4.69148957, -1.72914015) with radius 1.09776243
collision detected between robot sphere at (4.22234061, -1.55622613) with radius 1.09776243 and robot sphere at (5.16063852, -1.90205416) with radius 1.09776243
collision detected between robot sphere at (4.22234061, -1.55622613) with radius 1.09776243 and robot sphere at (5.62978748, -2.07496818) with radius 1.09776243
collision detected between robot sphere at (4.22234061, -1.55622613) with radius 1.09776243 and robot sphere at (5.62978748, -2.07496818) with radius 0.65768694
collision detected between robot sphere at (4.69148957, -1.72914015) with radius 1.09776243 and robot sphere at (5.16063852, -1.90205416) with radius 1.09776243
collision detected between robot sphere at (4.69148957, -1.72914015) with radius 1.09776243 and robot sphere at (5.62978748, -2.07496818) with radius 1.09776243
collision detected between robot sphere at (4.69148957, -1.72914015) with radius 1.09776243 and robot sphere at (5.62978748, -2.07496818) with radius 0.65768694
collision detected between robot sphere at (4.69148957, -1.72914015) with radius 1.09776243 and robot sphere at (6.09279488, -1.88622458) with radius 0.65768694
collision detected between robot sphere at (5.16063852, -1.90205416) with radius 1.09776243 and robot sphere at (5.62978748, -2.07496818) with radius 1.09776243
collision detected between robot sphere at (5.16063852, -1.90205416) with radius 1.09776243 and robot sphere at (5.62978748, -2.07496818) with radius 0.65768694
collision detected between robot sphere at (5.16063852, -1.90205416) with radius 1.09776243 and robot sphere at (6.09279488, -1.88622458) with radius 0.65768694
collision detected between robot sphere at (5.16063852, -1.90205416) with radius 1.09776243 and robot sphere at (6.55580228, -1.69748098) with radius 0.65768694
collision detected between robot sphere at (5.62978748, -2.07496818) with radius 1.09776243 and robot sphere at (5.62978748, -2.07496818) with radius 0.65768694
collision detected between robot sphere at (5.62978748, -2.07496818) with radius 1.09776243 and robot sphere at (6.09279488, -1.88622458) with radius 0.65768694
collision detected between robot sphere at (5.62978748, -2.07496818) with radius 1.09776243 and robot sphere at (6.55580228, -1.69748098) with radius 0.65768694
collision detected between robot sphere at (5.62978748, -2.07496818) with radius 1.09776243 and robot sphere at (7.01880968, -1.50873738) with radius 0.65768694
collision detected between robot sphere at (5.62978748, -2.07496818) with radius 0.65768694 and robot sphere at (6.09279488, -1.88622458) with radius 0.65768694
collision detected between robot sphere at (5.62978748, -2.07496818) with radius 0.65768694 and robot sphere at (6.55580228, -1.69748098) with radius 0.65768694
collision detected between robot sphere at (6.09279488, -1.88622458) with radius 0.65768694 and robot sphere at (6.55580228, -1.69748098) with radius 0.65768694



collision detected between robot sphere at (6.09279488, -1.88622458) with radius 0.65768694 and robot sphere at (7.01880968, -1.50873738) with radius 0.65768694
collision detected between robot sphere at (6.55580228, -1.69748098) with radius 0.65768694 and robot sphere at (7.01880968, -1.50873738) with radius 0.65768694
collision detected between robot sphere at (6.55580228, -1.69748098) with radius 0.65768694 and robot sphere at (7.48181709, -1.31999378) with radius 0.65768694
collision detected between robot sphere at (7.01880968, -1.50873738) with radius 0.65768694 and robot sphere at (7.48181709, -1.31999378) with radius 0.65768694
collision detected between robot sphere at (7.01880968, -1.50873738) with radius 0.65768694 and robot sphere at (7.94482449, -1.13125018) with radius 0.65768694
collision detected between robot sphere at (7.48181709, -1.31999378) with radius 0.65768694 and robot sphere at (7.94482449, -1.13125018) with radius 0.65768694
collision detected between robot sphere at (7.48181709, -1.31999378) with radius 0.65768694 and robot sphere at (8.40783189, -0.94250658) with radius 0.65768694
collision detected between robot sphere at (7.94482449, -1.13125018) with radius 0.65768694 and robot sphere at (8.40783189, -0.94250658) with radius 0.65768694

Manipulation
import numpy as np
import sympy

p = np.array([[ 1, -6, -9]])
n = np.array([[0, 0, 1]])

# Create variables
list_of_variables = "wax, wbx, way, wby, waz, wbz, vax, vbx, vay, vby, vaz, vbz"
wax, wbx, way, wby, waz, wbz, vax, vbx, vay, vby, vaz, vbz = sympy.symbols(list_of_variables)

# Setup symbolic matrix multiplation
p_cross_n = np.cross(p, n)
wrench = np.concatenate([p_cross_n, n], axis=1)
sym_wrench = sympy.Matrix(wrench)
sym_diff_bodies = sympy.Matrix([[wax-wbx],
                                [way-wby],
                                [waz-wbz],
                                [vax-vbx],
                                [vay-vby],
                                [vaz-vbz]])
sym_mat_eq = sym_wrench * sym_diff_bodies

# Get symbolic constraint
sym_eq = sym_mat_eq[0,0]

print(sym_eq)

vaz - vbz - 6*wax - way + 6*wbx + wby
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