CoS 4204 Animation Project

(with Bezier curves & Quaternion rotations)

By Gregory Wainer
and Danny Spatz



Libraries



OpenGL
o Cross-Platform API for GPU’s
GLEW3
o Cross-Platform API for creating windows, contexts and
surfaces, receiving input and events.
GLEW
o OpenGL Extension Wrangler Library, loads OpenGL
extensions
GLM
o OpenGL Mathematics, OpenGL/GPU optimized math
operations, handles things like quaternion to euler

angles
o Similar to C’s Eigen Library
ImGUI

o Immediate Mode GUI for use with OpenGL



Bezier Curves



Po, P1, P2 and P3

glm::vec3 controlPoints[4] = {
glm::vec3(0.0f, 0.0f, 0.1f),
glm: :vec3(0.1F, ©.1f, 9.2f),

glm::vec3( 0.2f, @0.2f, 0.3f),
glm::vec3( 0.3f, 0.3f, 0.4f)




B(t) = (1-t)°Py + 3(1 — t)*tP; + 3(1 — t)t’Py + t°P3, 0 < t < 1.

glm::vec3 bezier(float scaler, const glm::vec3* controlPoints) {
float scaler_coeff = 1.0f - scaler;
float scaler_squared = scaler * scaler;
float scaler_coeff_squared = scaler_coeff * scaler_coefTf;
float scaler_coeff_cubed = scaler_coeff_squared * scaler_coeff;
float scaler_cubed = scaler_squared * scaler;

glm::vec3 point = scaler_coeff_cubed * controlPoints[@]; // (1-t)”~3 * P@

point += 3 * scaler_coeff_squared * scaler * controlPoints[1]; ff3* (1=E)22 * t * p1
point += 3 * scaler_coeff * scaler_squared * controlPoints[2]; ff 3% (1-%v) * ©°2 * P2
point += scaler_cubed * controlPoints[3]; [/ t*3 * P3

return point;




std::vector<glm::vec3> generateBezierCurve(const glm::vec3* controlPoints, int numPoints) {
std: :vector<glm::vec3> curvePoints;
for (int i = @; i <= numPoints; ++1) {
float t = (float)i / (float)numPoints;

curvePoints.push_back(bezier(t, controlPoints));

}

return curvePoints;




void showBezierControlPoints() {
ImGui: :Begin("Bezier Control Points");

for (int i =0; i < 4; ++i) {
ImGui::SliderFloat3(("Control Point " + std::to_string(i)).c_str(), &controlPoints[i].x, ©.0f, 4.0f);

ImGui::End();
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Quaternions



1 ToQuaternion( rolil;

Euler to Quaternion conversion {

Grh=Ncos(rollFsRgTh5 )=
sr = sin(roll * 0.5);
cos(10/2) ] [cos(8/2) 7 [ cos(¢/2) cp = cos(pitch * @.5);
o | [Co i s - s - 6.
. sin(6/2) 0 sy = sin(yaw * @:5 j
sin(/2) 0 0
cos(4/2) cos(0/2) cos(9/2) + sin(¢/2) sin(0/2) sin(p/2) Juaternion gq;
sin(¢/2) cos(6/2) cos(¢/2) — cos(¢/2) sin(0/2) sin(p/2) q.w = cr * cp * cy + sr * sp * sy;
cos(¢/2) sin(8/2) cos(1/2) + sin(¢/2) cos(6/2) sin(1)/2) SRS R g ey S S
cos(#/2) cos(8/2) sin(1h/2) — sin(¢/2) sin(6/2) cos(1h/2) 1 i B - : s
a;



W, X, Y, Z;
{
roll, pitch, yaw;
ToEulerAngles( a) {

s angles;

sinr_cosp = 2 * (g.w * q.Xx + q.y * q.2);

Quaternion to Euler conversion e e

sinp = std::sqrt(1 + 2 * (q.w * g.y - q.X * q.2));
cosp = sisgrt(l - 2 * (q.Ww * q.y - g.x * g.2));
angles.pitch = 2 * std::atan2(sinp, cosp) - 2

siny_cosp = 2 * (q.w * 9.z + q.X * q.y);
cosy cosp =1 - 2 * (q.y * q.y + 9.z * q.2);
angles.yaw = std::atan2(siny_cosp, cosy_cosp

angles;

—7/2 + 2 atan2 ( 1+ 2(quwqy — 9292),1/1 — 2(quway — CIxC_Iz))
atan2 (2(quq: + ¢ qy),1 — 2(q5 + q%))




Quaternion Slerp



Provides a way to linear interpolate between two quaternion
states based on time.

slerp(qo,q1,t) = qo(gy "q1)"*

=q1(q; " q0)" "

= (QOql_l)l_tfh

= (q19,")" q0
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https://docs.google.com/file/d/1fdvLiOLHF_5WUv_cIXUiByVQ89fpEVIC/preview

Any Questions”?



