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Lecture 13 
Planning - V - 
Collision 
Detection

Fishman, Adam, Adithyavairavan Murali, Clemens Eppner, Bryan Peele, Byron Boots, and Dieter Fox. "Motion policy networks." In Conference on Robot Learning 2023.
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Course Logistics

• Quiz 6 was posted yesterday and was due at noon today.  

• Points will be normalized to 1 and not 2.  

• Project 4 is due tonight. 

• Project 5 will be posted today 02/28 and will be due on 03/13.
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• Generate a collision free motion plan to the world origin and zero 
joint angle configuration

Project 5: Motion Planning
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Project 5: Motion Planning
Start: random 
non-colliding 
configuration
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Project 5: Motion Planning
Start: random 
non-colliding 
configuration

Goal: zero 
configuration at 

world origin

Slide borrowed from Michigan Robotics autorob.orgCSCI 5551 - Spring 2024

http://autorob.org


Michigan EECS 398/567 ROB 510 - autorob.org

Project 5: Motion Planning
Start: random 
non-colliding 
configuration

Goal: zero 
configuration at 

world origin

Generate 
collision-free 
motion plan
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home.html?world=worlds/world_barrier.js?robot=robots/robot_urdf_example.js
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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();
}
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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();
}

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();

}
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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();
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Update collision detection with your
forward kinematics

Implement RRT-Connect planner

kineval.robotIsCollision();

kineval.planMotionRRTConnect();
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Project 5 collision detection
Boundary Collision 

(provided by default)
Link Collision 

(requires your FK)

kineval.robotIsCollision();
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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);
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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);
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What item is not real  
in this picture?
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Link geometries are represented as  
triangular geometric meshes 

https://www.cgtrader.com/3d-models/sports/game/pool-table--3
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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:

Slide borrowed from Michigan Robotics autorob.orgCSCI 5551 - Spring 2024
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Individual link geometries…
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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
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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
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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
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Vertices: robot.links[robot.base].geom.geometry.vertices 
Faces:    robot.links[robot.base].geom.geometry.faces 
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Collision detection: ensure triangles of robot links 
do not intersect triangles of scene objects
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Collision detection: ensure triangles of robot links 
do not intersect triangles of scene objects
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Collision detection: ensure triangles of robot links 
do not intersect triangles of scene objects
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Collision detection: ensure triangles of robot links 
do not intersect triangles of scene objects
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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
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3D Triangle-Triangle Test

v0
v1

v2

vʹ0 vʹ1

vʹ2

Möller 1997 Slide borrowed from Michigan Robotics autorob.orgCSCI 5551 - Spring 2024
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3D Triangle-Triangle Test

Möller 1997

v0
v1

v2

vʹ0 vʹ1

vʹ2
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plane
normal  
vectorr

r0

3D Triangle-Triangle Test
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plane
normal  
vector

3D Plane Definition
• General form 

• ax + by + cz + d = 0 
• d = - (ax0 + by0 + cz0) 

• Point-normal form (equivalently) 
• n · (r - r0) = 0 

• Normal vector n = [a,b,c] orthogonal to 
plane rooted at location r0 = [x0,y0,z0] 

• Any point r = [x,y,z] lying within this 
plane will evaluate to zero

r

r0
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plane
normal  
vector

3D Plane Definition
• Scalar projection with normal gives 

signed distance of point from plane 

• dr = (r - r0) · n / |n| = (n · r - d) / |n| 

• Any point r = [x,y,z] lying within this 
plane will have distance dr = 0 

• Any point below plane: dr  < 0 

• Any point above plane: dr  > 0

r

r0

r

dr  < 0

r

dr > 0

dr  = 0

Slide borrowed from Michigan Robotics autorob.orgCSCI 5551 - Spring 2024

http://autorob.org


Michigan EECS 398/567 ROB 510 - autorob.org

(v1-v0) ⨉ (v2-v0)

v0
v1

v2

3D Plane Definition

• Plane coefficients can be computed 
from points of triangle 

• n = [a,b,c] = (v1-v0) ⨉ (v2-v0) 
• d = - v2 · n

ax + by + cz + d = 0
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vʹ0 vʹ1

3D Triangle-Triangle Test

Möller 1997

v0
v1

v2

vʹ2

ax + by + cz + d = 0
vʹ0 vʹ1

vʹ2

vʹ0 vʹ1

vʹ2
Input points into plane equation. 

If all have the same sign, planes of triangles do not intersect

all negative

all positive

intersecting

dr  < 0

dr  > 0
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3D Triangle-Triangle Test
aʹx + bʹy + cʹz + dʹ = 0

Repeat for other plane of other triangle 
If all evaluations are zero, triangles are co-planar (special case)

vʹ0 vʹ1

vʹ2

v0
v1

v2v0
v1

v2

all negative

v0
v1

v2

all positive

dr  < 0

dr  > 0

intersecting
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vʹ0 vʹ1

vʹ2

v0
v1

v2

Three possible cases can occur based on  
evaluation of vertices of one triangle against the plane of the other triangle

v0

v1

v2 vʹ0

vʹ1

vʹ2

2. Triangles are coplanar 
(all evaluations are zero)

3. Triangles are not coplanar 
(positive and negative evaluations)

1. Triangle does not intersect plane 
(all positive or all negative evaluations) 

return non-collision
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v0

v1

v2 vʹ0

vʹ1

vʹ2

v0

v1

v2

vʹ0

vʹ1

vʹ2

Suppose triangles are 
coplanar
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v0

v1

v2

vʹ0

vʹ1

vʹ2

Suppose triangles are 
coplanar

Compare each pair of 
line segments

v0

v1

v2 vʹ0

vʹ1

vʹ2
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v0

v1

v2

vʹ0

vʹ1

vʹ2

Suppose triangles are 
coplanar

Compare each pair of 
line segments

Find intersection point as 
solution to linear system

v0

v1

v2 vʹ0

vʹ1

vʹ2
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vʹ0 vʹ1

vʹ2

v0
v1

v2

Three possible cases can occur based on  
evaluation of vertices of one triangle against the plane of the other triangle

v0

v1

v2 vʹ0

vʹ1

vʹ2

2. Triangles are coplanar 
(all evaluations are zero)

3. Triangles are not coplanar 
(positive and negative evaluations)

1. Triangle does not intersect plane 
(all positive or all negative evaluations) 

return non-collision

return whether  
line segments intersect
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vʹ0 vʹ1

vʹ2

v0
v1

v2

3D Triangle-Triangle Test
nʹ

nD = n ⨉ nʹ

L = Dt + O

O

Intersection Line L parameterized by t
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Two possible cases can occur based on  
interval spans ([t1,t2], [tʹ1,tʹ2]) of triangle intersections with L

Collision, if intervals overlap No Collision, if intervals do not overlap

L = Dt + O

t1 t2

tʹ2tʹ1

t1 t2

tʹ2
tʹ1
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3D Triangle-Triangle Test

Collision Non-collision
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be performed?
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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
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obstacles with bounding spheres and the robot?
KinEval approximates  
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obstacles with bounding spheres robot as bounding boxes
KinEval approximates  
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KinEval approximates  
link geometries  

with bounding boxes
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Bounding Boxes

Axis-aligned Bounding Box 
(AABB) Oriented Bounding Box 

(OBB)

world frame

object frame

Gottschalk et al. 1996
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Only a “separating axis” needs to be found

Slide borrowed from Michigan Robotics autorob.orgCSCI 5551 - Spring 2024

http://autorob.org


Michigan EECS 398/567 ROB 510 - autorob.org

Separating Axis Theorem
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Consider AABB link tested against spherical 
obstacles in link frame 
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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
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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 
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x_min x_max

y_max

y_min

Separating planes
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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
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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?

Slide borrowed from Michigan Robotics autorob.orgCSCI 5551 - Spring 2024

http://autorob.org


Michigan EECS 398/567 ROB 510 - autorob.org

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
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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
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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??????????
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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
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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
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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
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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

Slide borrowed from Michigan Robotics autorob.orgCSCI 5551 - Spring 2024

http://autorob.org


Michigan EECS 398/567 ROB 510 - autorob.org

make sure to test 
against all provided 

worlds!

Slide borrowed from Michigan Robotics autorob.orgCSCI 5551 - Spring 2024

http://autorob.org


Michigan EECS 398/567 ROB 510 - autorob.org

make sure to test 
against all provided 

worlds!

Slide borrowed from Michigan Robotics autorob.orgCSCI 5551 - Spring 2024

http://autorob.org


CSCI 5551 - Spring 2024

Thanks to all the robot dance 
videos
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Brown University - https://www.youtube.com/watch?v=8VNlgN58hbg

https://www.youtube.com/watch?v=8VNlgN58hbg
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Hachi 
Dances 
Too!
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Next Lecture 
Planning - VI - Potential Fields


