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• Generate a collision free motion plan to the world origin and zero 
joint angle configuration

Assignment 6: Motion Planning

http://autorob.org
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Assignment 6: Motion Planning
Start: random 
non-colliding 
configuration
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Assignment 6: Motion Planning
Start: random 
non-colliding 
configuration

Goal: zero 
configuration at 

world origin
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Assignment 6: Motion Planning
Start: random 
non-colliding 
configuration

Goal: zero 
configuration at 

world origin

Generate 
collision-free 
motion plan

http://autorob.org
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home.html?world=worlds/world_barrier.js?robot=robots/robot_urdf_example.js

http://autorob.org
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home.html?world=worlds/world_barrier.js?robot=robots/robot_crawler.js

http://autorob.org
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home.html

<script src="worlds/world_basic.js"></script>
...

function my_animate() {
    ...
    // detect robot collisions
    kineval.robotIsCollision();
    ...
    // if requested, perform configuration space 
motion planning to home pose
    kineval.planMotionRRTConnect();
}

http://autorob.org


Michigan Robotics 367/320 - autorob.org

home.html
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home.html

<script src="worlds/world_basic.js"></script>
...

function my_animate() {
    ...
    // detect robot collisions
    kineval.robotIsCollision();
    ...
    // if requested, perform configuration space 
motion planning to home pose
    kineval.planMotionRRTConnect();

}

detect if current 
configuration is in collision

(colliding link turns red)

iterate motion planner

world file can be alternatively loaded 
by a script tag (avoid doing this) 

kineval.robotIsCollision();

kineval.planMotionRRTConnect();

http://autorob.org


Michigan Robotics 367/320 - autorob.org

Update collision detection with your
forward kinematics

Implement RRT-Connect planner

kineval.robotIsCollision();

kineval.planMotionRRTConnect();

http://autorob.org
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Assignment 6 collision detection
Boundary Collision


(provided by default)
Link Collision


(requires your FK)

kineval.robotIsCollision();

http://autorob.org
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kineval_collision.js

kineval.poseIsCollision = function robot_collision_test(q) {
    // perform collision test of robot geometry against planning world 

    // test base origin (not extents) against world boundary extents
    if ((q[0]<robot_boundary[0][0])||(q[0]>robot_boundary[1][0])||
        (q[2]<robot_boundary[0][2])||(q[2]>robot_boundary[1][2]))
        return robot.base;

    // traverse robot kinematics to test each body for collision
    // STENCIL: implement forward kinematics for collision detection
    return robot_collision_forward_kinematics(q);

}

world 
boundary 

detection is 
provided

Uncomment this call; 

Implement this function with FK transforms to test for collisions;


Use provided link collision function to test bounding box of each link

input: q (robot configuration)

output: false (for no collision) or name of link in collision

    // test base origin (not extents) against world boundary extents
    if ((q[0]<robot_boundary[0][0])||(q[0]>robot_boundary[1][0])||
        (q[2]<robot_boundary[0][2])||(q[2]>robot_boundary[1][2]))
        return robot.base;

    // traverse robot kinematics to test each body for collision
    // STENCIL: implement forward kinematics for collision detection
    return robot_collision_forward_kinematics(q);

http://autorob.org
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    // test base origin (not extents) against world boundary extents
    if ((q[0]<robot_boundary[0][0])||(q[0]>robot_boundary[1][0])||
        (q[2]<robot_boundary[0][2])||(q[2]>robot_boundary[1][2]))
        return robot.base;

    // traverse robot kinematics to test each body for collision
    // STENCIL: implement forward kinematics for collision detection
    return robot_collision_forward_kinematics(q);

http://autorob.org
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Link Geometry

Each link has a geometry specified as

3D vertices in the frame of the link 

connected into faces of its surface

Remember:

http://autorob.org
http://csc.lsu.edu/~kooima/courses/csc4356/
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Individual link geometries…

http://autorob.org
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Individual link geometries…
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Individual link geometries…
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Individual link geometries
are meshes of triangles

http://autorob.org


Michigan Robotics 367/320 - autorob.org

http://autorob.org


Michigan Robotics 367/320 - autorob.org

http://autorob.org


Michigan Robotics 367/320 - autorob.org

http://autorob.org


Michigan Robotics 367/320 - autorob.org

Vertices: robot.links[robot.base].geom.children[1].children[0].geometry.vertices

Faces:    robot.links[robot.base].geom.children[1].children[0].geometry.faces

Vertices: robot.links[robot.base].geom.children[1].children[0].geometry.vertices

http://autorob.org


Michigan Robotics 367/320 - autorob.org

Vertices: robot.links[robot.base].geom.children[1].children[0].geometry.vertices

.geom: threejs objects for a robot link 
(or joint) loaded from Collada 
(base_link.dae) scene file

threejs Object3D is the base prototype/
class for all scene objects and second 
element of base_link.dae 
(first element is a light, in this case)

threejs Mesh object is consists of: 
.material (appearance properties) 
.geometry (vertices, faces, normals)

KinEval robot base link

http://autorob.org
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Vertices: robot.links[robot.base].geom.geometry.vertices

Faces:    robot.links[robot.base].geom.geometry.faces


http://autorob.org
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Collision detection: ensure triangles of robot links 
do not intersect triangles of scene objects

http://autorob.org


Michigan Robotics 367/320 - autorob.org

Collision detection: ensure triangles of robot links 
do not intersect triangles of scene objects

http://autorob.org


How do we test whether two 
triangles intersect?
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3D Triangle-Triangle Test

v0
v1

v2
vʹ0 vʹ1

vʹ2

• Given two triangles each with three 
vertices


• T = {v0,v1,v2}


• Tʹ = {vʹ0,vʹ1,vʹ2}


• Return true if T and Tʹ intersect

http://autorob.org
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3D Triangle-Triangle Test

v0
v1

v2
vʹ0 vʹ1

vʹ2

Möller 1997

http://autorob.org


How many triangle tests must 
be performed?



Can we reduce the number of 
tests to evaluate?

How many triangle tests must 
be performed?
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KinEval approximates 

obstacles with bounding spheres

http://autorob.org
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obstacles with bounding spheres and the robot?
KinEval approximates 


http://autorob.org
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obstacles with bounding spheres robot as bounding boxes
KinEval approximates 


http://autorob.org
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KinEval approximates 

link geometries 


with bounding boxes

http://autorob.org
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Bounding Boxes

Axis-aligned Bounding Box

(AABB) Oriented Bounding Box


(OBB)

world frame

object frame

Gottschalk et al. 1996

http://autorob.org
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Only a “separating axis” needs to be found

http://autorob.org
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Separating Axis Theorem

http://autorob.org
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Consider AABB link tested against spherical 
obstacles in link frame 

http://autorob.org
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robot.links[x].bbox = [[x_min,y_min,z_min], [x_max,y_max,z_max]]

Axis Aligned Bounding Box
in coordinates of link

Sphere obstacles with 
location and radius

in world coordinates

robot_obstacles[i]Sphere-bbox test 
2D example readily
generalizes to 3D

http://autorob.org
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If sphere separable from 
AABB in any dimension,

return no collision

If sphere collides on all tests,
return collision loc_x+radius<x_min? loc_x-radius>x_max?

loc_y-radius>y_max?

loc_y+radius<y_min?

Sphere-bbox test 

http://autorob.org
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x_min x_max

y_max

y_min

Separating planes

http://autorob.org
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x_min x_max

y_max

y_min

Transform centers of 
sphere obstacles into link 

coordinates

(Remember inverse of 
homogeneous 
transform?)

world frame

link frame

http://autorob.org
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If sphere separable from 
AABB in any dimension,

return no collision

no collision

loc_x+radius<x_min? loc_x-radius>x_max?

loc_y-radius>y_max?

loc_y+radius<y_min?

http://autorob.org
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loc_x+radius<x_min? loc_x-radius>x_max?

loc_y-radius>y_max?

loc_y+radius<y_min?

If sphere collides on all tests,
return collision

no collision collision

http://autorob.org
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loc_x+radius<x_min? loc_x-radius>x_max?

loc_y-radius>y_max?

loc_y+radius<y_min?

no collision collision

collision

If sphere collides on all tests,
return collision

http://autorob.org
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loc_x+radius<x_min? loc_x-radius>x_max?

loc_y-radius>y_max?

loc_y+radius<y_min?

Is this obstacle in collision?

no collision collision

collision??????????

http://autorob.org
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loc_x+radius<x_min? loc_x-radius>x_max?

loc_y-radius>y_max?

loc_y+radius<y_min?

True separating axis 
not tested

no collision collision

collision

http://autorob.org
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loc_x+radius<x_min? loc_x-radius>x_max?

loc_y-radius>y_max?

loc_y+radius<y_min?

no collision collision

collisioncollision

http://autorob.org
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Last notes about 

planning visualization
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kineval_rrt_connect.js

function tree_init(q) {

    // create tree object
    var tree = {};

    // initialize with vertex for given configuration
    tree.vertices = [];
    tree.vertices[0] = {};
    tree.vertices[0].vertex = q;
    tree.vertices[0].edges = [];

    // create rendering geometry for base location of vertex configuration
    add_config_origin_indicator_geom(tree.vertices[0]);

    // maintain index of newest vertex added to tree
    tree.newest = 0;

    return tree;
}

creates “geom” property of tree 
vertex with cube at base location 
for explored tree configuration

http://autorob.org
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kineval_rrt_connect.js

   for (i=0;i<robot_path.length;i++) {
        robot_path[i].geom.material.color = {r:1,g:0,b:0};
    }

found motion path highlighted 
in red with this code

http://autorob.org
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make sure to test 
against all provided 

worlds!
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make sure to test 
against all provided 

worlds!
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