
Anima&ng	an	Object	



Represen&ng	Orienta&ons	
Are	these	rota&on	matrices	?	



Represen&ng	Rota&ons	

1.  3x3	Rota&on	matrix	
2.  Euler	Angles	
3.  Angle-Axis	

(exponen&al	map)	
4.  Quaternions	

numbers	 constraints	



Euler	Angles	



Angle-Axis	

•  Euler’s	Rota&on	Theorem	(1776)	

	

Theorema.	Quomodocunque	sphaera	circa	centrum	suum	conuertatur,	semper	
assignari	potest	diameter,	cuius	direc&o	in	situ	translato	conueniat	cum	situ	ini&ali.	
	When	a	sphere	is	moved	around	its	centre	it	is	always	possible	to	find	a	diameter	
whose	direc&on	in	the	displaced	posi&on	is	the	same	as	in	the	ini&al	posi&on.	



Unit	Quaternions	

•  desiderata	

circle	 sphere	



A	bit	more	on	Euler	….	
•  Nota&ons	introduced:	
•  Historical	context	



Euler	and	Complex	Exponen&als	



Mul&plying	Complex	Numbers	



Beyond	complex	numbers…	
•  commuta&ve	

•  associa&ve	

•  distribu&ve	



Quaternion	Defini&ons	

•  form	

•  unit	quaternion	
•  addi&on	

•  mul&plica&on	



Quaternion	Mul&plica&on	



Quaternions	

•  angle-axis	equivalent	

•  composi&on	



Quaternion	rota&on	of	a	point	



Comments	

•  Rota&on	matrices	

•  Euler	angles	

•  Angle-axis	

•  Quaternions	



Conversion	and	Composi.on	



Interpola&on	of	Quaternions	



SLERP	



Interpola.ng	Rota.on	Matrices	

•  Linear	interpola.on	

•  Matrix	exponen.al	


