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Some materials borrowed from Florian Shkurti, Kris Hauser, Vijay Kumar, Shuran Song, Kris Kitani



Today’s Agenda

● Coordinates and Rigid Transforms

● Coordinate Frame Composition

● 3D Rotation Representations

● Lie Group and Lie Algebra



Prerequisite

● Vector

● Matrix

● Linear Transforms

● Norm

● Dot Product

● Cross Product



Motivation

Robotics is ALL about management of reference frames 
● Perception is about estimation of reference frames
● Planning is how to move reference frames
● Control is the implementation of trajectories for reference frames

The relation between references frames (described by transformations or poses) 
is essential to a successful system (..and where you likely spend efforts to debug). 



Rigid Object
● How would you represent the state of the vehicle quantatitively?



Rigid Body Representation
● How would you represent the state of the vehicle?



Rigid Body Representation
● How would you represent the state of the vehicle?

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>



Rigid Body Representation
● How would you represent the state of the vehicle?

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

x = (tx, ty)

<latexit sha1_base64="efurwWHRcJNgAaF9fLujGM2rJrM=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksQgUpiVT0IhS9eKxgP6AtYbPdtEs3m7A7kZbQi3/FiwdFvPozvPlv3LQ9aPXBwOO9GWbm+bHgGhzny8otLa+sruXXCxubW9s79u5eQ0eJoqxOIxGplk80E1yyOnAQrBUrRkJfsKY/vMn85gNTmkfyHsYx64akL3nAKQEjefZBJyQw8IN0NMFXuATe6BSDNz7x7KJTdqbAf4k7J0U0R82zPzu9iCYhk0AF0brtOjF0U6KAU8EmhU6iWUzokPRZ21BJQqa76fSBCT42Sg8HkTIlAU/VnxMpCbUeh77pzM7Vi14m/ue1EwguuymXcQJM0tmiIBEYIpylgXtcMQpibAihiptbMR0QRSiYzAomBHfx5b+kcVZ2K+Xzu0qxej2PI48O0REqIRddoCq6RTVURxRN0BN6Qa/Wo/VsvVnvs9acNZ/ZR79gfXwDPUiViA==</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>



Rigid Body Representation
● How would you represent the state of the vehicle?

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>



Rigid Body Representation
● How would you represent the state of the vehicle?

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

x = (tx, ty, ✓)

<latexit sha1_base64="cm43tmZV/JvQ/hJkET0Rdks2qT8=">AAACCHicbVDLSgNBEJz1GeMr6tGDg0GIEMKuRPQiBL14jGAekF2W2clsMmT2wUyvJCw5evFXvHhQxKuf4M2/cZLsQRMLGoqqbrq7vFhwBab5bSwtr6yurec28ptb2zu7hb39pooSSVmDRiKSbY8oJnjIGsBBsHYsGQk8wVre4Gbitx6YVDwK72EUMycgvZD7nBLQkls4sgMCfc9Ph2N8hUvgDssY3FEZ29BnQE7dQtGsmFPgRWJlpIgy1N3Cl92NaBKwEKggSnUsMwYnJRI4FWyctxPFYkIHpMc6moYkYMpJp4+M8YlWutiPpK4Q8FT9PZGSQKlR4OnOydlq3puI/3mdBPxLJ+VhnAAL6WyRnwgMEZ6kgrtcMgpipAmhkutbMe0TSSjo7PI6BGv+5UXSPKtY1cr5XbVYu87iyKFDdIxKyEIXqIZuUR01EEWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A2C+Ylg==</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>



Rigid Body Representation
● How would you represent the state of the vehicle?

○ State of a static rigid body = (Position, Orientation)

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

x = (px, py, ✓)

<latexit sha1_base64="KAkpjdfb4ayqxWAsNqYOGAalues=">AAACCHicbVDLSgNBEJz1GeMr6tGDg0GIEMKuRPQiBL14jGAekF2W2clsMmT2wUyvJCw5evFXvHhQxKuf4M2/cZLsQRMLGoqqbrq7vFhwBab5bSwtr6yurec28ptb2zu7hb39pooSSVmDRiKSbY8oJnjIGsBBsHYsGQk8wVre4Gbitx6YVDwK72EUMycgvZD7nBLQkls4sgMCfc9Ph2N8hUuxOyzj2B2VsQ19BuTULRTNijkFXiRWRoooQ90tfNndiCYBC4EKolTHMmNwUiKBU8HGeTtRLCZ0QHqso2lIAqacdPrIGJ9opYv9SOoKAU/V3xMpCZQaBZ7unJyt5r2J+J/XScC/dFIexgmwkM4W+YnAEOFJKrjLJaMgRpoQKrm+FdM+kYSCzi6vQ7DmX14kzbOKVa2c31WLtessjhw6RMeohCx0gWroFtVRA1H0iJ7RK3oznowX4934mLUuGdnMAfoD4/MHy6OYjg==</latexit>

x = (tx, ty, ✓)

<latexit sha1_base64="cm43tmZV/JvQ/hJkET0Rdks2qT8=">AAACCHicbVDLSgNBEJz1GeMr6tGDg0GIEMKuRPQiBL14jGAekF2W2clsMmT2wUyvJCw5evFXvHhQxKuf4M2/cZLsQRMLGoqqbrq7vFhwBab5bSwtr6yurec28ptb2zu7hb39pooSSVmDRiKSbY8oJnjIGsBBsHYsGQk8wVre4Gbitx6YVDwK72EUMycgvZD7nBLQkls4sgMCfc9Ph2N8hUvgDssY3FEZ29BnQE7dQtGsmFPgRWJlpIgy1N3Cl92NaBKwEKggSnUsMwYnJRI4FWyctxPFYkIHpMc6moYkYMpJp4+M8YlWutiPpK4Q8FT9PZGSQKlR4OnOydlq3puI/3mdBPxLJ+VhnAAL6WyRnwgMEZ6kgrtcMgpipAmhkutbMe0TSSjo7PI6BGv+5UXSPKtY1cr5XbVYu87iyKFDdIxKyEIXqIZuUR01EEWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A2C+Ylg==</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

2 [0, 2⇡)

<latexit sha1_base64="Qtn15XabYuuLw/nMqkaR0COVdsw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBQUpSKnosevFYwX5AEspmu2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwtr6xuVXcLu3s7u0flA+P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRnczvzOmUrFYPOpJQv0IDwQLGcHaSL7HBHLtS1TzEnbRK1fsqj0HWiVOTiqQo9krf3n9mKQRFZpwrJTr2In2Myw1I5xOS16qaILJCA+oa6jAEVV+Nj96is6M0kdhLE0Jjebq74kMR0pNosB0RlgP1bI3E//z3FSHN37GRJJqKshiUZhypGM0SwD1maRE84khmEhmbkVkiCUm2uRUMiE4yy+vknat6tSrVw/1SuM2j6MIJ3AK5+DANTTgHprQAgJP8Ayv8GaNrRfr3fpYtBasfOYY/sD6/AGrqpC+</latexit>



Body Frame
● Parameters of the states also defines a local coordinate frame

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x = (tx, ty, ✓)

<latexit sha1_base64="cm43tmZV/JvQ/hJkET0Rdks2qT8=">AAACCHicbVDLSgNBEJz1GeMr6tGDg0GIEMKuRPQiBL14jGAekF2W2clsMmT2wUyvJCw5evFXvHhQxKuf4M2/cZLsQRMLGoqqbrq7vFhwBab5bSwtr6yurec28ptb2zu7hb39pooSSVmDRiKSbY8oJnjIGsBBsHYsGQk8wVre4Gbitx6YVDwK72EUMycgvZD7nBLQkls4sgMCfc9Ph2N8hUvgDssY3FEZ29BnQE7dQtGsmFPgRWJlpIgy1N3Cl92NaBKwEKggSnUsMwYnJRI4FWyctxPFYkIHpMc6moYkYMpJp4+M8YlWutiPpK4Q8FT9PZGSQKlR4OnOydlq3puI/3mdBPxLJ+VhnAAL6WyRnwgMEZ6kgrtcMgpipAmhkutbMe0TSSjo7PI6BGv+5UXSPKtY1cr5XbVYu87iyKFDdIxKyEIXqIZuUR01EEWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A2C+Ylg==</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>



Body Frame

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x = (tx, ty, ✓)

<latexit sha1_base64="cm43tmZV/JvQ/hJkET0Rdks2qT8=">AAACCHicbVDLSgNBEJz1GeMr6tGDg0GIEMKuRPQiBL14jGAekF2W2clsMmT2wUyvJCw5evFXvHhQxKuf4M2/cZLsQRMLGoqqbrq7vFhwBab5bSwtr6yurec28ptb2zu7hb39pooSSVmDRiKSbY8oJnjIGsBBsHYsGQk8wVre4Gbitx6YVDwK72EUMycgvZD7nBLQkls4sgMCfc9Ph2N8hUvgDssY3FEZ29BnQE7dQtGsmFPgRWJlpIgy1N3Cl92NaBKwEKggSnUsMwYnJRI4FWyctxPFYkIHpMc6moYkYMpJp4+M8YlWutiPpK4Q8FT9PZGSQKlR4OnOydlq3puI/3mdBPxLJ+VhnAAL6WyRnwgMEZ6kgrtcMgpipAmhkutbMe0TSSjo7PI6BGv+5UXSPKtY1cr5XbVYu87iyKFDdIxKyEIXqIZuUR01EEWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A2C+Ylg==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>



Body Frame
● Could you calculate the pedestrian’s position in the world frame?

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x = (tx, ty, ✓)

<latexit sha1_base64="cm43tmZV/JvQ/hJkET0Rdks2qT8=">AAACCHicbVDLSgNBEJz1GeMr6tGDg0GIEMKuRPQiBL14jGAekF2W2clsMmT2wUyvJCw5evFXvHhQxKuf4M2/cZLsQRMLGoqqbrq7vFhwBab5bSwtr6yurec28ptb2zu7hb39pooSSVmDRiKSbY8oJnjIGsBBsHYsGQk8wVre4Gbitx6YVDwK72EUMycgvZD7nBLQkls4sgMCfc9Ph2N8hUvgDssY3FEZ29BnQE7dQtGsmFPgRWJlpIgy1N3Cl92NaBKwEKggSnUsMwYnJRI4FWyctxPFYkIHpMc6moYkYMpJp4+M8YlWutiPpK4Q8FT9PZGSQKlR4OnOydlq3puI/3mdBPxLJ+VhnAAL6WyRnwgMEZ6kgrtcMgpipAmhkutbMe0TSSjo7PI6BGv+5UXSPKtY1cr5XbVYu87iyKFDdIxKyEIXqIZuUR01EEWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A2C+Ylg==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

p = Rp0 + t =


cos ✓ � sin ✓
sin ✓ cos ✓

� 
p0x
p0y

�
+


tx
ty

�

<latexit sha1_base64="6ljP5IcMCzPIOCEho/A4TeMKwQM="></latexit>



Rigid Transform from Body to World

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x = (tx, ty, ✓)

<latexit sha1_base64="cm43tmZV/JvQ/hJkET0Rdks2qT8=">AAACCHicbVDLSgNBEJz1GeMr6tGDg0GIEMKuRPQiBL14jGAekF2W2clsMmT2wUyvJCw5evFXvHhQxKuf4M2/cZLsQRMLGoqqbrq7vFhwBab5bSwtr6yurec28ptb2zu7hb39pooSSVmDRiKSbY8oJnjIGsBBsHYsGQk8wVre4Gbitx6YVDwK72EUMycgvZD7nBLQkls4sgMCfc9Ph2N8hUvgDssY3FEZ29BnQE7dQtGsmFPgRWJlpIgy1N3Cl92NaBKwEKggSnUsMwYnJRI4FWyctxPFYkIHpMc6moYkYMpJp4+M8YlWutiPpK4Q8FT9PZGSQKlR4OnOydlq3puI/3mdBPxLJ+VhnAAL6WyRnwgMEZ6kgrtcMgpipAmhkutbMe0TSSjo7PI6BGv+5UXSPKtY1cr5XbVYu87iyKFDdIxKyEIXqIZuUR01EEWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A2C+Ylg==</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

p = Rp0 + t =


cos ✓ � sin ✓
sin ✓ cos ✓

� 
p0x
p0y

�
+


tx
ty

�

<latexit sha1_base64="6ljP5IcMCzPIOCEho/A4TeMKwQM="></latexit>

Step 1: rotate by theta Step 2: translate

p = Rp0 + t =


cos ✓ � sin ✓
sin ✓ cos ✓

� 
p0x
p0y

�
+


tx
ty

�

<latexit sha1_base64="6ljP5IcMCzPIOCEho/A4TeMKwQM="></latexit>



Properties of Rigid Transform

p = Rp0 + t =


cos ✓ � sin ✓
sin ✓ cos ✓

� 
p0x
p0y

�
+


tx
ty

�

<latexit sha1_base64="6ljP5IcMCzPIOCEho/A4TeMKwQM="></latexit>

Step 1: rotate by theta Step 2: translate

p = Rp0 + t =


cos ✓ � sin ✓
sin ✓ cos ✓

� 
p0x
p0y

�
+


tx
ty

�

<latexit sha1_base64="6ljP5IcMCzPIOCEho/A4TeMKwQM="></latexit>



Properties of Rigid Transform

● Distance between any pair of two points is preserved:

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

(a� b)T (a� b) = (a0 � b0)T (a0 � b0)

<latexit sha1_base64="szrfF6kznDidyFg2+i2TkcRBvms=">AAACcHicfVHLSgMxFM2Mr1pf1W4EFaNFqIJlRiq6EYpuXFboCzptyaSZNjTzIMkIZZi1/+fOj3DjF5hpR+hDvRA4Oefc5ObEDhgV0jA+NH1ldW19I7OZ3dre2d3L7R80hB9yTOrYZz5v2UgQRj1Sl1Qy0go4Qa7NSNMePSV685VwQX2vJscB6bho4FGHYiQV1cu9FS0XyaHtRCiG1/BnY8eX3dqfEnyAM1rXCjh1yZwl5eYP+c/YyxWMkjEpuAzMFBRAWtVe7t3q+zh0iScxQ0K0TSOQnQhxSTEjcdYKBQkQHqEBaSvoIZeITjQJLIYXiulDx+dqeRJO2NmOCLlCjF1bOZNJxaKWkL9p7VA6952IekEoiYenFzkhg9KHSfqwTznBko0VQJhTNSvEQ8QRluqPsioEc/HJy6BxUzLLpduXcqHymMaRAUfgHBSBCe5ABTyDKqgDDD61vHasnWhf+qF+qp9NrbqW9uTBXOlX3xtsvHE=</latexit>

a,b, c

<latexit sha1_base64="uSK9dcMcINmvwNmEkbb61K74DoE=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QILqQkUtFl0Y3LCvYCbSiT6aQdOpmEmYlQQvdufBU3LhRx6wu4822ctBFq6w8DH/85hznn92POlHacb2tldW19Y7OwVdze2d3btw8OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryRzdZvfVApWKRuNfjmHohHggWMIK1sXp2qRtiPfSDFE/O0C/7c0wmPbvsVJyp0DK4OZQhV71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXYTRWNMRnhAOwYFDqny0uktE3RinD4KImme0Gjqzk+kOFRqHPqmM9tQLdYy879aJ9HBlZcyESeaCjL7KEg40hHKgkF9JinRfGwAE8nMrogMscREm/iKJgR38eRlaJ5X3Grl4q5arl3ncRTgGEpwCi5cQg1uoQ4NIPAIz/AKb9aT9WK9Wx+z1hUrnzmCP7I+fwAV9JsX</latexit>

a0,b0, c0

<latexit sha1_base64="0iBWHAPsPfheIwR5avC96lpCozA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZkUpdFt24rGAv0BlLJs20oUlmSDJCGfoobnwVNy4U0Z0+jZl2Ctr6Q+DnO+eQc/4gZlRpx/myCiura+sbxc3S1vbO7p69f9BSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZ/X2A5GKRuJOj2PiczQQNKQYaYN6ds3jSA+DMEWTey+WlJMzOEfBMsJz1LPLTsWZCi4bNzdlkKvRsz+9foQTToTGDCnVdZ1Y+ymSmmJGJiUvUSRGeIQGpGusQJwoP50eOIEnhvRhGEnzhIZT+nsiRVypMQ9MZ7aoWqxl8L9aN9HhpZ9SESeaCDz7KEwY1BHM0oJ9KgnWbGwMwpKaXSEeIomwNpmWTAju4snLpnVecauVi9tquX6Vx1EER+AYnAIX1EAd3IAGaAIMHsEzeAVv1pP1Yr1bH7PWgpXPHII/sr5/AIBwpG4=</latexit>

a0,b0, c0

<latexit sha1_base64="0iBWHAPsPfheIwR5avC96lpCozA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZkUpdFt24rGAv0BlLJs20oUlmSDJCGfoobnwVNy4U0Z0+jZl2Ctr6Q+DnO+eQc/4gZlRpx/myCiura+sbxc3S1vbO7p69f9BSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZ/X2A5GKRuJOj2PiczQQNKQYaYN6ds3jSA+DMEWTey+WlJMzOEfBMsJz1LPLTsWZCi4bNzdlkKvRsz+9foQTToTGDCnVdZ1Y+ymSmmJGJiUvUSRGeIQGpGusQJwoP50eOIEnhvRhGEnzhIZT+nsiRVypMQ9MZ7aoWqxl8L9aN9HhpZ9SESeaCDz7KEwY1BHM0oJ9KgnWbGwMwpKaXSEeIomwNpmWTAju4snLpnVecauVi9tquX6Vx1EER+AYnAIX1EAd3IAGaAIMHsEzeAVv1pP1Yr1bH7PWgpXPHII/sr5/AIBwpG4=</latexit>

a0,b0, c0

<latexit sha1_base64="0iBWHAPsPfheIwR5avC96lpCozA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZkUpdFt24rGAv0BlLJs20oUlmSDJCGfoobnwVNy4U0Z0+jZl2Ctr6Q+DnO+eQc/4gZlRpx/myCiura+sbxc3S1vbO7p69f9BSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZ/X2A5GKRuJOj2PiczQQNKQYaYN6ds3jSA+DMEWTey+WlJMzOEfBMsJz1LPLTsWZCi4bNzdlkKvRsz+9foQTToTGDCnVdZ1Y+ymSmmJGJiUvUSRGeIQGpGusQJwoP50eOIEnhvRhGEnzhIZT+nsiRVypMQ9MZ7aoWqxl8L9aN9HhpZ9SESeaCDz7KEwY1BHM0oJ9KgnWbGwMwpKaXSEeIomwNpmWTAju4snLpnVecauVi9tquX6Vx1EER+AYnAIX1EAd3IAGaAIMHsEzeAVv1pP1Yr1bH7PWgpXPHII/sr5/AIBwpG4=</latexit>

a,b, c

<latexit sha1_base64="uSK9dcMcINmvwNmEkbb61K74DoE=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QILqQkUtFl0Y3LCvYCbSiT6aQdOpmEmYlQQvdufBU3LhRx6wu4822ctBFq6w8DH/85hznn92POlHacb2tldW19Y7OwVdze2d3btw8OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryRzdZvfVApWKRuNfjmHohHggWMIK1sXp2qRtiPfSDFE/O0C/7c0wmPbvsVJyp0DK4OZQhV71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXYTRWNMRnhAOwYFDqny0uktE3RinD4KImme0Gjqzk+kOFRqHPqmM9tQLdYy879aJ9HBlZcyESeaCjL7KEg40hHKgkF9JinRfGwAE8nMrogMscREm/iKJgR38eRlaJ5X3Grl4q5arl3ncRTgGEpwCi5cQg1uoQ4NIPAIz/AKb9aT9WK9Wx+z1hUrnzmCP7I+fwAV9JsX</latexit>

a,b, c

<latexit sha1_base64="uSK9dcMcINmvwNmEkbb61K74DoE=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QILqQkUtFl0Y3LCvYCbSiT6aQdOpmEmYlQQvdufBU3LhRx6wu4822ctBFq6w8DH/85hznn92POlHacb2tldW19Y7OwVdze2d3btw8OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryRzdZvfVApWKRuNfjmHohHggWMIK1sXp2qRtiPfSDFE/O0C/7c0wmPbvsVJyp0DK4OZQhV71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXYTRWNMRnhAOwYFDqny0uktE3RinD4KImme0Gjqzk+kOFRqHPqmM9tQLdYy879aJ9HBlZcyESeaCjL7KEg40hHKgkF9JinRfGwAE8nMrogMscREm/iKJgR38eRlaJ5X3Grl4q5arl3ncRTgGEpwCi5cQg1uoQ4NIPAIz/AKb9aT9WK9Wx+z1hUrnzmCP7I+fwAV9JsX</latexit>



Properties of Rigid Transform

● Orientation-preserving or no reflection: any rotation between vectors is 
preserved:

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

a,b, c

<latexit sha1_base64="uSK9dcMcINmvwNmEkbb61K74DoE=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QILqQkUtFl0Y3LCvYCbSiT6aQdOpmEmYlQQvdufBU3LhRx6wu4822ctBFq6w8DH/85hznn92POlHacb2tldW19Y7OwVdze2d3btw8OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryRzdZvfVApWKRuNfjmHohHggWMIK1sXp2qRtiPfSDFE/O0C/7c0wmPbvsVJyp0DK4OZQhV71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXYTRWNMRnhAOwYFDqny0uktE3RinD4KImme0Gjqzk+kOFRqHPqmM9tQLdYy879aJ9HBlZcyESeaCjL7KEg40hHKgkF9JinRfGwAE8nMrogMscREm/iKJgR38eRlaJ5X3Grl4q5arl3ncRTgGEpwCi5cQg1uoQ4NIPAIz/AKb9aT9WK9Wx+z1hUrnzmCP7I+fwAV9JsX</latexit>

a0,b0, c0

<latexit sha1_base64="0iBWHAPsPfheIwR5avC96lpCozA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZkUpdFt24rGAv0BlLJs20oUlmSDJCGfoobnwVNy4U0Z0+jZl2Ctr6Q+DnO+eQc/4gZlRpx/myCiura+sbxc3S1vbO7p69f9BSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZ/X2A5GKRuJOj2PiczQQNKQYaYN6ds3jSA+DMEWTey+WlJMzOEfBMsJz1LPLTsWZCi4bNzdlkKvRsz+9foQTToTGDCnVdZ1Y+ymSmmJGJiUvUSRGeIQGpGusQJwoP50eOIEnhvRhGEnzhIZT+nsiRVypMQ9MZ7aoWqxl8L9aN9HhpZ9SESeaCDz7KEwY1BHM0oJ9KgnWbGwMwpKaXSEeIomwNpmWTAju4snLpnVecauVi9tquX6Vx1EER+AYnAIX1EAd3IAGaAIMHsEzeAVv1pP1Yr1bH7PWgpXPHII/sr5/AIBwpG4=</latexit>

a0,b0, c0

<latexit sha1_base64="0iBWHAPsPfheIwR5avC96lpCozA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZkUpdFt24rGAv0BlLJs20oUlmSDJCGfoobnwVNy4U0Z0+jZl2Ctr6Q+DnO+eQc/4gZlRpx/myCiura+sbxc3S1vbO7p69f9BSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZ/X2A5GKRuJOj2PiczQQNKQYaYN6ds3jSA+DMEWTey+WlJMzOEfBMsJz1LPLTsWZCi4bNzdlkKvRsz+9foQTToTGDCnVdZ1Y+ymSmmJGJiUvUSRGeIQGpGusQJwoP50eOIEnhvRhGEnzhIZT+nsiRVypMQ9MZ7aoWqxl8L9aN9HhpZ9SESeaCDz7KEwY1BHM0oJ9KgnWbGwMwpKaXSEeIomwNpmWTAju4snLpnVecauVi9tquX6Vx1EER+AYnAIX1EAd3IAGaAIMHsEzeAVv1pP1Yr1bH7PWgpXPHII/sr5/AIBwpG4=</latexit>

a0,b0, c0

<latexit sha1_base64="0iBWHAPsPfheIwR5avC96lpCozA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZkUpdFt24rGAv0BlLJs20oUlmSDJCGfoobnwVNy4U0Z0+jZl2Ctr6Q+DnO+eQc/4gZlRpx/myCiura+sbxc3S1vbO7p69f9BSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZ/X2A5GKRuJOj2PiczQQNKQYaYN6ds3jSA+DMEWTey+WlJMzOEfBMsJz1LPLTsWZCi4bNzdlkKvRsz+9foQTToTGDCnVdZ1Y+ymSmmJGJiUvUSRGeIQGpGusQJwoP50eOIEnhvRhGEnzhIZT+nsiRVypMQ9MZ7aoWqxl8L9aN9HhpZ9SESeaCDz7KEwY1BHM0oJ9KgnWbGwMwpKaXSEeIomwNpmWTAju4snLpnVecauVi9tquX6Vx1EER+AYnAIX1EAd3IAGaAIMHsEzeAVv1pP1Yr1bH7PWgpXPHII/sr5/AIBwpG4=</latexit>

a,b, c

<latexit sha1_base64="uSK9dcMcINmvwNmEkbb61K74DoE=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QILqQkUtFl0Y3LCvYCbSiT6aQdOpmEmYlQQvdufBU3LhRx6wu4822ctBFq6w8DH/85hznn92POlHacb2tldW19Y7OwVdze2d3btw8OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryRzdZvfVApWKRuNfjmHohHggWMIK1sXp2qRtiPfSDFE/O0C/7c0wmPbvsVJyp0DK4OZQhV71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXYTRWNMRnhAOwYFDqny0uktE3RinD4KImme0Gjqzk+kOFRqHPqmM9tQLdYy879aJ9HBlZcyESeaCjL7KEg40hHKgkF9JinRfGwAE8nMrogMscREm/iKJgR38eRlaJ5X3Grl4q5arl3ncRTgGEpwCi5cQg1uoQ4NIPAIz/AKb9aT9WK9Wx+z1hUrnzmCP7I+fwAV9JsX</latexit>

a,b, c

<latexit sha1_base64="uSK9dcMcINmvwNmEkbb61K74DoE=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QILqQkUtFl0Y3LCvYCbSiT6aQdOpmEmYlQQvdufBU3LhRx6wu4822ctBFq6w8DH/85hznn92POlHacb2tldW19Y7OwVdze2d3btw8OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryRzdZvfVApWKRuNfjmHohHggWMIK1sXp2qRtiPfSDFE/O0C/7c0wmPbvsVJyp0DK4OZQhV71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXYTRWNMRnhAOwYFDqny0uktE3RinD4KImme0Gjqzk+kOFRqHPqmM9tQLdYy879aJ9HBlZcyESeaCjL7KEg40hHKgkF9JinRfGwAE8nMrogMscREm/iKJgR38eRlaJ5X3Grl4q5arl3ncRTgGEpwCi5cQg1uoQ4NIPAIz/AKb9aT9WK9Wx+z1hUrnzmCP7I+fwAV9JsX</latexit>
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<latexit sha1_base64="XmI0VMsFp3rzkWQp+Dc5sgo25HI="></latexit>


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<latexit sha1_base64="F4gzoJix7SkDwyL2N5h21MJq6Z0="></latexit>
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<latexit sha1_base64="XmI0VMsFp3rzkWQp+Dc5sgo25HI="></latexit>


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<latexit sha1_base64="F4gzoJix7SkDwyL2N5h21MJq6Z0="></latexit>
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<latexit sha1_base64="ZSy3Ch2QNnci9Oefpp7P11aFJ8A="></latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

x 0, y 0

<latexit sha1_base64="ZBfB+pQRR+5f7nszLFn7yNVslSg=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuJCSSEWXRTcuK9gLtLFMpift0MkkzEzEUOqruHGhiFsfxJ1v46TNQlt/GPj4zzmcM78fc6a043xbhZXVtfWN4mZpa3tnd8/eP2ipKJEUmjTikez4RAFnApqaaQ6dWAIJfQ5tf3yd1dsPIBWLxJ1OY/BCMhQsYJRoY/Xt8uN9L5YshFOc5lTq2xWn6syEl8HNoYJyNfr2V28Q0SQEoSknSnVdJ9behEjNKIdpqZcoiAkdkyF0DQoSgvIms+On+Ng4AxxE0jyh8cz9PTEhoVJp6JvOkOiRWqxl5n+1bqKDS2/CRJxoEHS+KEg41hHOksADJoFqnhogVDJzK6YjIgnVJq8sBHfxy8vQOqu6ter5ba1Sv8rjKKJDdIROkIsuUB3doAZqIopS9Ixe0Zv1ZL1Y79bHvLVg5TNl9EfW5w8SUJRm</latexit>

a,b, c

<latexit sha1_base64="uSK9dcMcINmvwNmEkbb61K74DoE=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QILqQkUtFl0Y3LCvYCbSiT6aQdOpmEmYlQQvdufBU3LhRx6wu4822ctBFq6w8DH/85hznn92POlHacb2tldW19Y7OwVdze2d3btw8OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryRzdZvfVApWKRuNfjmHohHggWMIK1sXp2qRtiPfSDFE/O0C/7c0wmPbvsVJyp0DK4OZQhV71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXYTRWNMRnhAOwYFDqny0uktE3RinD4KImme0Gjqzk+kOFRqHPqmM9tQLdYy879aJ9HBlZcyESeaCjL7KEg40hHKgkF9JinRfGwAE8nMrogMscREm/iKJgR38eRlaJ5X3Grl4q5arl3ncRTgGEpwCi5cQg1uoQ4NIPAIz/AKb9aT9WK9Wx+z1hUrnzmCP7I+fwAV9JsX</latexit>

a0,b0, c0

<latexit sha1_base64="0iBWHAPsPfheIwR5avC96lpCozA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZkUpdFt24rGAv0BlLJs20oUlmSDJCGfoobnwVNy4U0Z0+jZl2Ctr6Q+DnO+eQc/4gZlRpx/myCiura+sbxc3S1vbO7p69f9BSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZ/X2A5GKRuJOj2PiczQQNKQYaYN6ds3jSA+DMEWTey+WlJMzOEfBMsJz1LPLTsWZCi4bNzdlkKvRsz+9foQTToTGDCnVdZ1Y+ymSmmJGJiUvUSRGeIQGpGusQJwoP50eOIEnhvRhGEnzhIZT+nsiRVypMQ9MZ7aoWqxl8L9aN9HhpZ9SESeaCDz7KEwY1BHM0oJ9KgnWbGwMwpKaXSEeIomwNpmWTAju4snLpnVecauVi9tquX6Vx1EER+AYnAIX1EAd3IAGaAIMHsEzeAVv1pP1Yr1bH7PWgpXPHII/sr5/AIBwpG4=</latexit>

a0,b0, c0

<latexit sha1_base64="0iBWHAPsPfheIwR5avC96lpCozA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZkUpdFt24rGAv0BlLJs20oUlmSDJCGfoobnwVNy4U0Z0+jZl2Ctr6Q+DnO+eQc/4gZlRpx/myCiura+sbxc3S1vbO7p69f9BSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZ/X2A5GKRuJOj2PiczQQNKQYaYN6ds3jSA+DMEWTey+WlJMzOEfBMsJz1LPLTsWZCi4bNzdlkKvRsz+9foQTToTGDCnVdZ1Y+ymSmmJGJiUvUSRGeIQGpGusQJwoP50eOIEnhvRhGEnzhIZT+nsiRVypMQ9MZ7aoWqxl8L9aN9HhpZ9SESeaCDz7KEwY1BHM0oJ9KgnWbGwMwpKaXSEeIomwNpmWTAju4snLpnVecauVi9tquX6Vx1EER+AYnAIX1EAd3IAGaAIMHsEzeAVv1pP1Yr1bH7PWgpXPHII/sr5/AIBwpG4=</latexit>

a0,b0, c0

<latexit sha1_base64="0iBWHAPsPfheIwR5avC96lpCozA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZkUpdFt24rGAv0BlLJs20oUlmSDJCGfoobnwVNy4U0Z0+jZl2Ctr6Q+DnO+eQc/4gZlRpx/myCiura+sbxc3S1vbO7p69f9BSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZ/X2A5GKRuJOj2PiczQQNKQYaYN6ds3jSA+DMEWTey+WlJMzOEfBMsJz1LPLTsWZCi4bNzdlkKvRsz+9foQTToTGDCnVdZ1Y+ymSmmJGJiUvUSRGeIQGpGusQJwoP50eOIEnhvRhGEnzhIZT+nsiRVypMQ9MZ7aoWqxl8L9aN9HhpZ9SESeaCDz7KEwY1BHM0oJ9KgnWbGwMwpKaXSEeIomwNpmWTAju4snLpnVecauVi9tquX6Vx1EER+AYnAIX1EAd3IAGaAIMHsEzeAVv1pP1Yr1bH7PWgpXPHII/sr5/AIBwpG4=</latexit>

a,b, c

<latexit sha1_base64="uSK9dcMcINmvwNmEkbb61K74DoE=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QILqQkUtFl0Y3LCvYCbSiT6aQdOpmEmYlQQvdufBU3LhRx6wu4822ctBFq6w8DH/85hznn92POlHacb2tldW19Y7OwVdze2d3btw8OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryRzdZvfVApWKRuNfjmHohHggWMIK1sXp2qRtiPfSDFE/O0C/7c0wmPbvsVJyp0DK4OZQhV71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXYTRWNMRnhAOwYFDqny0uktE3RinD4KImme0Gjqzk+kOFRqHPqmM9tQLdYy879aJ9HBlZcyESeaCjL7KEg40hHKgkF9JinRfGwAE8nMrogMscREm/iKJgR38eRlaJ5X3Grl4q5arl3ncRTgGEpwCi5cQg1uoQ4NIPAIz/AKb9aT9WK9Wx+z1hUrnzmCP7I+fwAV9JsX</latexit>

a,b, c

<latexit sha1_base64="uSK9dcMcINmvwNmEkbb61K74DoE=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QILqQkUtFl0Y3LCvYCbSiT6aQdOpmEmYlQQvdufBU3LhRx6wu4822ctBFq6w8DH/85hznn92POlHacb2tldW19Y7OwVdze2d3btw8OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryRzdZvfVApWKRuNfjmHohHggWMIK1sXp2qRtiPfSDFE/O0C/7c0wmPbvsVJyp0DK4OZQhV71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXYTRWNMRnhAOwYFDqny0uktE3RinD4KImme0Gjqzk+kOFRqHPqmM9tQLdYy879aJ9HBlZcyESeaCjL7KEg40hHKgkF9JinRfGwAE8nMrogMscREm/iKJgR38eRlaJ5X3Grl4q5arl3ncRTgGEpwCi5cQg1uoQ4NIPAIz/AKb9aT9WK9Wx+z1hUrnzmCP7I+fwAV9JsX</latexit>



3D Rigid Transform

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>



3D Rigid Transform

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>



3D Rigid Transform

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Which direction for z?



3D Rigid Transform

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Roboticists and CVers mostly use right hand



3D Rigid Transform

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>



3D Rigid Transform

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>



3D Rigid Transform

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

yaw : �, roll : ↵, pitch : �

<latexit sha1_base64="L9MgQKB4Si4ncC//UvF/dlKZASg=">AAACEHicbVA7SwNBEN7zGeMrammzGEQLCXcSUayCNpYRzAOSEOY2m2TJ7t2xO6ccIT/Bxr9iY6GIraWd/8ZNcoUmDix8jxlm5/MjKQy67rezsLi0vLKaWcuub2xubed2dqsmjDXjFRbKUNd9MFyKgFdQoOT1SHNQvuQ1f3A99mv3XBsRBneYRLyloBeIrmCAVmrnjhJ4uKTNHigFJ1SHUloGMupbFglkfUt9jtDO5d2COyk6D7wU5Ela5Xbuq9kJWax4gEyCMQ3PjbA1BI2CST7KNmPDI2AD6PGGhQEoblrDyUEjemiVDu2G2r4A6UT9PTEEZUyifNupAPtm1huL/3mNGLsXraEIohh5wKaLurGkGNJxOrQjNGcoEwuAaWH/SlkfNDC0GWZtCN7syfOgelrwioWz22K+dJXGkSH75IAcE4+ckxK5IWVSIYw8kmfySt6cJ+fFeXc+pq0LTjqzR/6U8/kDpnabug==</latexit>

yaw : �, roll : ↵, pitch : �

<latexit sha1_base64="L9MgQKB4Si4ncC//UvF/dlKZASg=">AAACEHicbVA7SwNBEN7zGeMrammzGEQLCXcSUayCNpYRzAOSEOY2m2TJ7t2xO6ccIT/Bxr9iY6GIraWd/8ZNcoUmDix8jxlm5/MjKQy67rezsLi0vLKaWcuub2xubed2dqsmjDXjFRbKUNd9MFyKgFdQoOT1SHNQvuQ1f3A99mv3XBsRBneYRLyloBeIrmCAVmrnjhJ4uKTNHigFJ1SHUloGMupbFglkfUt9jtDO5d2COyk6D7wU5Ela5Xbuq9kJWax4gEyCMQ3PjbA1BI2CST7KNmPDI2AD6PGGhQEoblrDyUEjemiVDu2G2r4A6UT9PTEEZUyifNupAPtm1huL/3mNGLsXraEIohh5wKaLurGkGNJxOrQjNGcoEwuAaWH/SlkfNDC0GWZtCN7syfOgelrwioWz22K+dJXGkSH75IAcE4+ckxK5IWVSIYw8kmfySt6cJ+fFeXc+pq0LTjqzR/6U8/kDpnabug==</latexit>

yaw : �, roll : ↵, pitch : �

<latexit sha1_base64="L9MgQKB4Si4ncC//UvF/dlKZASg=">AAACEHicbVA7SwNBEN7zGeMrammzGEQLCXcSUayCNpYRzAOSEOY2m2TJ7t2xO6ccIT/Bxr9iY6GIraWd/8ZNcoUmDix8jxlm5/MjKQy67rezsLi0vLKaWcuub2xubed2dqsmjDXjFRbKUNd9MFyKgFdQoOT1SHNQvuQ1f3A99mv3XBsRBneYRLyloBeIrmCAVmrnjhJ4uKTNHigFJ1SHUloGMupbFglkfUt9jtDO5d2COyk6D7wU5Ela5Xbuq9kJWax4gEyCMQ3PjbA1BI2CST7KNmPDI2AD6PGGhQEoblrDyUEjemiVDu2G2r4A6UT9PTEEZUyifNupAPtm1huL/3mNGLsXraEIohh5wKaLurGkGNJxOrQjNGcoEwuAaWH/SlkfNDC0GWZtCN7syfOgelrwioWz22K+dJXGkSH75IAcE4+ckxK5IWVSIYw8kmfySt6cJ+fFeXc+pq0LTjqzR/6U8/kDpnabug==</latexit>



3D Rigid Transform

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

yaw : �, roll : ↵, pitch : �

<latexit sha1_base64="L9MgQKB4Si4ncC//UvF/dlKZASg=">AAACEHicbVA7SwNBEN7zGeMrammzGEQLCXcSUayCNpYRzAOSEOY2m2TJ7t2xO6ccIT/Bxr9iY6GIraWd/8ZNcoUmDix8jxlm5/MjKQy67rezsLi0vLKaWcuub2xubed2dqsmjDXjFRbKUNd9MFyKgFdQoOT1SHNQvuQ1f3A99mv3XBsRBneYRLyloBeIrmCAVmrnjhJ4uKTNHigFJ1SHUloGMupbFglkfUt9jtDO5d2COyk6D7wU5Ela5Xbuq9kJWax4gEyCMQ3PjbA1BI2CST7KNmPDI2AD6PGGhQEoblrDyUEjemiVDu2G2r4A6UT9PTEEZUyifNupAPtm1huL/3mNGLsXraEIohh5wKaLurGkGNJxOrQjNGcoEwuAaWH/SlkfNDC0GWZtCN7syfOgelrwioWz22K+dJXGkSH75IAcE4+ckxK5IWVSIYw8kmfySt6cJ+fFeXc+pq0LTjqzR/6U8/kDpnabug==</latexit>

yaw : �, roll : ↵, pitch : �

<latexit sha1_base64="L9MgQKB4Si4ncC//UvF/dlKZASg=">AAACEHicbVA7SwNBEN7zGeMrammzGEQLCXcSUayCNpYRzAOSEOY2m2TJ7t2xO6ccIT/Bxr9iY6GIraWd/8ZNcoUmDix8jxlm5/MjKQy67rezsLi0vLKaWcuub2xubed2dqsmjDXjFRbKUNd9MFyKgFdQoOT1SHNQvuQ1f3A99mv3XBsRBneYRLyloBeIrmCAVmrnjhJ4uKTNHigFJ1SHUloGMupbFglkfUt9jtDO5d2COyk6D7wU5Ela5Xbuq9kJWax4gEyCMQ3PjbA1BI2CST7KNmPDI2AD6PGGhQEoblrDyUEjemiVDu2G2r4A6UT9PTEEZUyifNupAPtm1huL/3mNGLsXraEIohh5wKaLurGkGNJxOrQjNGcoEwuAaWH/SlkfNDC0GWZtCN7syfOgelrwioWz22K+dJXGkSH75IAcE4+ckxK5IWVSIYw8kmfySt6cJ+fFeXc+pq0LTjqzR/6U8/kDpnabug==</latexit>

yaw : �, roll : ↵, pitch : �

<latexit sha1_base64="L9MgQKB4Si4ncC//UvF/dlKZASg=">AAACEHicbVA7SwNBEN7zGeMrammzGEQLCXcSUayCNpYRzAOSEOY2m2TJ7t2xO6ccIT/Bxr9iY6GIraWd/8ZNcoUmDix8jxlm5/MjKQy67rezsLi0vLKaWcuub2xubed2dqsmjDXjFRbKUNd9MFyKgFdQoOT1SHNQvuQ1f3A99mv3XBsRBneYRLyloBeIrmCAVmrnjhJ4uKTNHigFJ1SHUloGMupbFglkfUt9jtDO5d2COyk6D7wU5Ela5Xbuq9kJWax4gEyCMQ3PjbA1BI2CST7KNmPDI2AD6PGGhQEoblrDyUEjemiVDu2G2r4A6UT9PTEEZUyifNupAPtm1huL/3mNGLsXraEIohh5wKaLurGkGNJxOrQjNGcoEwuAaWH/SlkfNDC0GWZtCN7syfOgelrwioWz22K+dJXGkSH75IAcE4+ckxK5IWVSIYw8kmfySt6cJ+fFeXc+pq0LTjqzR/6U8/kDpnabug==</latexit>

x = [tx, ty, tz,↵,�, �]

<latexit sha1_base64="XqNV/Y71HSBwqoE8FZkYYnnlXYU=">AAACHHicbVDLSgMxFM3Ud31VXboJFsFFKTM+0I0gunGpYFVoh+FOmmlDk5khuSPWoR/ixl9x40IRNy4E/8ZM7UKrF5J7OOdeknPCVAqDrvvplCYmp6ZnZufK8wuLS8uVldVLk2Sa8QZLZKKvQzBcipg3UKDk16nmoELJr8LeSaFf3XBtRBJfYD/lvoJOLCLBAC0VVHZaCrAbRvntgB7SJga3NYpBv7juarQFMu2C7SHHonVAKfCDStWtu8Oif4E3AlUyqrOg8t5qJyxTPEYmwZim56bo56BRMMkH5VZmeAqsBx3etDAGxY2fD80N6KZl2jRKtD0x0iH7cyMHZUxfhXaysGLGtYL8T2tmGB34uYjTDHnMvh+KMkkxoUVStC00Zyj7FgDTwv6Vsi5oYGjzLNsQvHHLf8Hldt3bre+d71aPjkdxzJJ1skG2iEf2yRE5JWekQRi5J4/kmbw4D86T8+q8fY+WnNHOGvlVzscXRTegPQ==</latexit>



3D Rigid Transform

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

p̂ = Tp̂0 =


R t
0T 1

�
p̂0

<latexit sha1_base64="ZSy3Ch2QNnci9Oefpp7P11aFJ8A="></latexit>



3D Rigid Transform

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

p̂ = Tp̂0 =


R t
0T 1

�
p̂0

<latexit sha1_base64="ZSy3Ch2QNnci9Oefpp7P11aFJ8A="></latexit>

World to Body?



Inverse of Rigid Transform

Try to verify the correctness! 



Coordinate Frames

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>



Coordinate Frames

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Sensor

<latexit sha1_base64="NyK2iSuYklxV9oMgi7fq8hyfHEo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWNF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5upn7rCZVmUjyYcYJBTAaCRYwSY6XmPQotVa9c8areDO4y8XNSgRz1Xvmr25c0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrfjaSyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTXQVZEwkqUFB54uilLtGutPX3T5TSA0fW0KoYvZWlw6JItTYgEo2BH/x5WXSPKv659WLu/NK7TqPowhHcAyn4MMl1OAW6tAACo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/ALJvjzg=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>



3D Rigid Transform
● Now LiDAR detects a person in its frame… (perception)

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Sensor

<latexit sha1_base64="NyK2iSuYklxV9oMgi7fq8hyfHEo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWNF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5upn7rCZVmUjyYcYJBTAaCRYwSY6XmPQotVa9c8areDO4y8XNSgRz1Xvmr25c0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrfjaSyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTXQVZEwkqUFB54uilLtGutPX3T5TSA0fW0KoYvZWlw6JItTYgEo2BH/x5WXSPKv659WLu/NK7TqPowhHcAyn4MMl1OAW6tAACo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/ALJvjzg=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>



3D Rigid Transform: Composition

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Sensor

<latexit sha1_base64="NyK2iSuYklxV9oMgi7fq8hyfHEo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWNF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5upn7rCZVmUjyYcYJBTAaCRYwSY6XmPQotVa9c8areDO4y8XNSgRz1Xvmr25c0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrfjaSyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTXQVZEwkqUFB54uilLtGutPX3T5TSA0fW0KoYvZWlw6JItTYgEo2BH/x5WXSPKv659WLu/NK7TqPowhHcAyn4MMl1OAW6tAACo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/ALJvjzg=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

● Now LiDAR detects a person in its frame… (perception)
● We know the rigid transform between sensor to body (calibration)



3D Rigid Transform: Composition
● Now LiDAR detects a person in its frame… (perception)
● We know the rigid transform between sensor to body (calibration)
● We estimate the rigid transform between body to world (localization)

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Sensor

<latexit sha1_base64="NyK2iSuYklxV9oMgi7fq8hyfHEo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWNF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5upn7rCZVmUjyYcYJBTAaCRYwSY6XmPQotVa9c8areDO4y8XNSgRz1Xvmr25c0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrfjaSyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTXQVZEwkqUFB54uilLtGutPX3T5TSA0fW0KoYvZWlw6JItTYgEo2BH/x5WXSPKv659WLu/NK7TqPowhHcAyn4MMl1OAW6tAACo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/ALJvjzg=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>



3D Rigid Transform: Composition
● Now LiDAR detects a person in its frame… (perception)
● We know the rigid transform between sensor to body (calibration)
● We estimate the rigid transform between body to world (localization)

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Sensor

<latexit sha1_base64="NyK2iSuYklxV9oMgi7fq8hyfHEo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWNF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5upn7rCZVmUjyYcYJBTAaCRYwSY6XmPQotVa9c8areDO4y8XNSgRz1Xvmr25c0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrfjaSyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTXQVZEwkqUFB54uilLtGutPX3T5TSA0fW0KoYvZWlw6JItTYgEo2BH/x5WXSPKv659WLu/NK7TqPowhHcAyn4MMl1OAW6tAACo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/ALJvjzg=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

?



3D Rigid Transform: Composition

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

Sensor

<latexit sha1_base64="NyK2iSuYklxV9oMgi7fq8hyfHEo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWNF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5upn7rCZVmUjyYcYJBTAaCRYwSY6XmPQotVa9c8areDO4y8XNSgRz1Xvmr25c0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrfjaSyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTXQVZEwkqUFB54uilLtGutPX3T5TSA0fW0KoYvZWlw6JItTYgEo2BH/x5WXSPKv659WLu/NK7TqPowhHcAyn4MMl1OAW6tAACo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/ALJvjzg=</latexit>

World

<latexit sha1_base64="K72Zt567b+s2UuGAsvSqIw3VRKw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4rmLbQhrLZbNqlm92wuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwpQzbVz32yltbG5t75R3K3v7B4dH1eOTjpaZItQnkkvVC7GmnAnqG2Y47aWK4iTktBtO7uZ+94kqzaR4NNOUBgkeCRYzgo2V/K5UPBpWa27dXQCtE68gNSjQHla/BpEkWUKFIRxr3ffc1AQ5VoYRTmeVQaZpiskEj2jfUoETqoN8cewMXVglQrFUtoRBC/X3RI4TradJaDsTbMZ61ZuL/3n9zMQ3Qc5EmhkqyHJRnHFkJJp/jiKmKDF8agkmitlbERljhYmx+VRsCN7qy+ukc1X3GvXmQ6PWui3iKMMZnMMleHANLbiHNvhAgMEzvMKbI5wX5935WLaWnGLmFP7A+fwB3tOOvA==</latexit>

Body

<latexit sha1_base64="4J87J1z0YngLyjcFp3RktApscWc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdSLx4r2A9oQ9lstu3S3U3Y3Qgh9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf7vSeqNIvko0lj6gs8kWzMCDa51IrCdFStuXV3AbROvILUoEB7VP0ahhFJBJWGcKz1wHNj42dYGUY4nVeGiaYxJjM8oQNLJRZU+9ni1jm6sEqIxpGyJQ1aqL8nMiy0TkVgOwU2U73q5eJ/3iAx41s/YzJODJVkuWiccGQilD+OQqYoMTy1BBPF7K2ITLHCxNh4KjYEb/XlddK9qnuN+vVDo9ZsFXGU4QzO4RI8uIEm3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wf/AY44</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>

p̂W = TBWTSBp̂S

<latexit sha1_base64="TWpzhTZ7pKLa7WX6kspR0nYY2eA=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVRKp6EYodSOuKn2k0MQymU7aoZMHMxOhhPyTG3/EhSAuFHHrPzhpI9TWAwNnzr2He+9xI0aFNIxXrbCyura+UdwsbW3v7O7p+wcdEcYckzYOWci7LhKE0YC0JZWMdCNOkO8yYrnj66xuPRAuaBi05CQijo+GAfUoRlJJff3WHiGZ2D6SI9dLojS9T6wUXsFfpaWEupXOf5v1FC67mmlfLxsVYwq4TMyclEGORl9/tgchjn0SSMyQED3TiKSTIC4pZiQt2bEgEcJjNCQ9RQPkE+Ek05tTeKKUAfRCrl4g4VSddyTIF2Liu6ozW1Ms1jLxv1ovlt6lk9AgiiUJ8GyQFzMoQ5gFCAeUEyzZRBGEOVW7QjxCHGGpYi6pEMzFk5dJ56xiVivnd9VyrZ7HUQRH4BicAhNcgBq4AQ3QBhg8ghfwDj60J+1N+9S+Zq0FLfccgj/Qvn8ASY+tJg==</latexit>



Rotation Matrix

Orthogonal Right hand coordinate system



Rotation Matrix

Orthogonal Right hand coordinate system

● Preserving Length: 

● Preserving Orientation: 

kRvk = kvk

<latexit sha1_base64="7o7glNvYkGY0WivegeU3X/XjT3c=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCbkoiFd0IRTcuq9gLNKFMppN26GQSZiaFkuYZ3Pgqblwo4taVO9/GSRtRWw8MfPz/Ocw5vxcxKpVlfRoLi0vLK6uFteL6xubWtrmz25BhLDCp45CFouUhSRjlpK6oYqQVCYICj5GmN7jK/OaQCElDfqdGEXED1OPUpxgpLXXMY2fsBEj1PT+5Tb9pmDpjeAF/rEzomCWrbE0KzoOdQwnkVeuYH043xHFAuMIMSdm2rUi5CRKKYkbSohNLEiE8QD3S1shRQKSbTE5K4aFWutAPhX5cwYn6eyJBgZSjwNOd2Y5y1svE/7x2rPxzN6E8ihXhePqRHzOoQpjlA7tUEKzYSAPCgupdIe4jgbDSKRZ1CPbsyfPQOCnblfLpTaVUvczjKIB9cACOgA3OQBVcgxqoAwzuwSN4Bi/Gg/FkvBpv09YFI5/ZA3/KeP8Cps6eug==</latexit>

Ra⇥Rb = R(a⇥ b)

<latexit sha1_base64="tjsNvNOiRgEE+qgN7zA4J4eY4fA=">AAACRHicdVDLSsNAFJ34rPUVdelmsBTqpiRS0Y1QdOOyin1AE8pkOmmHTiZhZiKUkI9z4we48wvcuFDErThpI9RWDwwczpnDvfd4EaNSWdazsbS8srq2Xtgobm5t7+yae/stGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXujq8xv3xMhacjv1DgiboAGnPoUI6Wlntl1AqSGnp/cpj8MpdBRNCASLnpeCi9m5Mr/GS897pklq2pNABeJnZMSyNHomU9OP8RxQLjCDEnZta1IuQkSimJG0qITSxIhPEID0tWUIz3QTSYlpLCslT70Q6EfV3CiziYSFEg5DvQF5WxFOe9l4l9eN1b+uZtQHsWKcDwd5McMqhBmjcI+FQQrNtYEYUH1rhAPkUBY6d6LugR7/uRF0jqp2rXq6U2tVL/M6yiAQ3AEKsAGZ6AOrkEDNAEGD+AFvIF349F4NT6Mz+nXJSPPHIBfML6+AWVDs3E=</latexit>

Could you prove these?



Rotation Matrix
● Rotating a Vector:

● Composition:

● Not compact: 3x3 numbers vs 3-DoF. 

● Optimization/interpolation is not straightforward:

p0 = Rp

<latexit sha1_base64="G0M5wKnNqJYodB6VvbiMrEv+09U=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSi6EYounFZxT6giWUynbRDZyZhZiKUkF9w46+4caGIW3fu/BunbURtPXDhcM693HtPEDOqtON8WoWFxaXlleJqaW19Y3PL3t5pqiiRmDRwxCLZDpAijArS0FQz0o4lQTxgpBUML8Z+645IRSNxo0cx8TnqCxpSjLSRunbF40gPgjCNs1svlpQTeAa/tevsx+3aZafqTADniZuTMshR79ofXi/CCSdCY4aU6rhOrP0USU0xI1nJSxSJER6iPukYKhAnyk8nH2XwwCg9GEbSlNBwov6eSBFXasQD0zm+UM16Y/E/r5Po8NRPqYgTTQSeLgoTBnUEx/HAHpUEazYyBGFJza0QD5BEWJsQSyYEd/bledI8rLpH1eOro3LtPI+jCPbAPqgAF5yAGrgEddAAGNyDR/AMXqwH68l6td6mrQUrn9kFf2C9fwGI8p4b</latexit>

R0 = R1R2

<latexit sha1_base64="z8peyxS6esP1ukn4UpE0OVWllXM=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJSkU3QtGNyyr2Ak0Mk+mkHTqZhJmJUEJfwo2v4saFIm4Fd76NkzZgbf1h4OM/5zDn/H7MqFSW9W0UlpZXVteK66WNza3tHXN3ryWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3iV1dsPREga8Ts1iokboj6nAcVIacszT5wQqYEfpLfjeycWNCTwAv56nj3DVc8sWxVrIrgIdg5lkKvhmV9OL8JJSLjCDEnZta1YuSkSimJGxiUnkSRGeIj6pKuRo5BIN51cNYZH2unBIBL6cQUn7uxEikIpR6GvO7Md5XwtM/+rdRMVnLsp5XGiCMfTj4KEQRXBLCLYo4JgxUYaEBZU7wrxAAmElQ6ypEOw509ehFa1Ytcqpze1cv0yj6MIDsAhOAY2OAN1cA0aoAkweATP4BW8GU/Gi/FufExbC0Y+sw/+yPj8AbNynyg=</latexit>

R1 +R2

<latexit sha1_base64="OvedVsueGqiPGvahhB3T6UOKRRk=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBZBEEpSKrosunFZxT6gDWEynbRDJw9mJkIJXbjxV9y4UMStH+HOv3HSZlFbDwycOede7r3HizmTyrJ+jMLa+sbmVnG7tLO7t39gHh61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccb32R+55EKyaLwQU1i6gR4GDKfEay05JrlfoDVyPPT+6lro3O08K25ZsWqWjOgVWLnpAI5mq753R9EJAloqAjHUvZsK1ZOioVihNNpqZ9IGmMyxkPa0zTEAZVOOjtiik61MkB+JPQLFZqpix0pDqScBJ6uzHaUy14m/uf1EuVfOSkL40TRkMwH+QlHKkJZImjABCWKTzTBRDC9KyIjLDBROreSDsFePnmVtGtVu169uKtXGtd5HEUowwmcgQ2X0IBbaEILCDzBC7zBu/FsvBofxue8tGDkPcfwB8bXL7BYl30=</latexit>

min
R

f(R) s.t.

<latexit sha1_base64="wD15HyrmIw+LdDcLcNk98NDZee8=">AAACGHicbVDLSgMxFM34rPU16tJNsAh1M85IRZdFNy6r2Ad0SsmkmTY0kxmSO2IZ+hlu/BU3LhRx251/Y/oAtfVA4OSce7n3niARXIPrfllLyyura+u5jfzm1vbOrr23X9Nxqiir0ljEqhEQzQSXrAocBGskipEoEKwe9K/Hfv2BKc1jeQ+DhLUi0pU85JSAkdr2qR9x2fYjAr0gzO6GOCz+fE6wD+wRMh9rBxzs4yFu2wXXcSfAi8SbkQKaodK2R34npmnEJFBBtG56bgKtjCjgVLBh3k81Swjtky5rGipJxHQrmxw2xMdG6eAwVuZJwBP1d0dGIq0HUWAqx0vreW8s/uc1UwgvWxmXSQpM0umgMBUYYjxOCXe4YhTEwBBCFTe7YtojilAwWeZNCN78yYukduZ4Jef8tlQoX83iyKFDdISKyEMXqIxuUAVVEUVP6AW9oXfr2Xq1PqzPaemSNes5QH9gjb4BS+ufQw==</latexit>

R2R1

<latexit sha1_base64="nJHQm5SkyK7jNfpQbTI1vgyNWU0=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCK5KUiq6LLpxWcVeoA1hMp20QyeTMDMRSqgbX8WNC0Xc+hbufBsnbRfa+sPAx3/OYc75g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Dqvtx+oVCwW93qcUC/CA8FCRrA2lm8f9SKsh0GY3U386i92fbvsVJyp0DK4cyjDXA3f/ur1Y5JGVGjCsVJd10m0l2GpGeF0UuqliiaYjPCAdg0KHFHlZdMLJujUOH0UxtI8odHU/T2R4UipcRSYznxHtVjLzf9q3VSHl17GRJJqKsjsozDlSMcojwP1maRE87EBTCQzuyIyxBITbUIrmRDcxZOXoVWtuLXK+W2tXL+ax1GEYziBM3DhAupwAw1oAoFHeIZXeLOerBfr3fqYtRas+cwh/JH1+QOLKZb0</latexit>



Euler Angles
● Three elemental rotations sequentially applied on each axes.

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

xyz

<latexit sha1_base64="2FsDgRyguJNFZAHPTMIwMZvpXO4=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkRY9FLx4rmLbQhrLZbtqlm03Y3Ygx9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZXW1jc2t8rb9s7u3v5B5fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Mz8zgOVisXiXmcJ9SM8EixkBGsjeY92Zj8NKlWn5syBVolbkCoUaA0qX/1hTNKICk04VqrnOon2cyw1I5xO7X6qaILJBI9oz1CBI6r8fH7sFJ0ZZYjCWJoSGs3V3xM5jpTKosB0RliP1bI3E//zeqkOr/yciSTVVJDFojDlSMdo9jkaMkmJ5pkhmEhmbkVkjCUm2uRjmxDc5ZdXSfui5tZrjbt6tXldxFGGEziFc3DhEppwCy3wgACDZ3iFN0tYL9a79bFoLVnFzDH8gfX5Aw4wjjM=</latexit>

yaw : �, roll : ↵, pitch : �

<latexit sha1_base64="L9MgQKB4Si4ncC//UvF/dlKZASg=">AAACEHicbVA7SwNBEN7zGeMrammzGEQLCXcSUayCNpYRzAOSEOY2m2TJ7t2xO6ccIT/Bxr9iY6GIraWd/8ZNcoUmDix8jxlm5/MjKQy67rezsLi0vLKaWcuub2xubed2dqsmjDXjFRbKUNd9MFyKgFdQoOT1SHNQvuQ1f3A99mv3XBsRBneYRLyloBeIrmCAVmrnjhJ4uKTNHigFJ1SHUloGMupbFglkfUt9jtDO5d2COyk6D7wU5Ela5Xbuq9kJWax4gEyCMQ3PjbA1BI2CST7KNmPDI2AD6PGGhQEoblrDyUEjemiVDu2G2r4A6UT9PTEEZUyifNupAPtm1huL/3mNGLsXraEIohh5wKaLurGkGNJxOrQjNGcoEwuAaWH/SlkfNDC0GWZtCN7syfOgelrwioWz22K+dJXGkSH75IAcE4+ckxK5IWVSIYw8kmfySt6cJ+fFeXc+pq0LTjqzR/6U8/kDpnabug==</latexit>

yaw : �, roll : ↵, pitch : �

<latexit sha1_base64="L9MgQKB4Si4ncC//UvF/dlKZASg=">AAACEHicbVA7SwNBEN7zGeMrammzGEQLCXcSUayCNpYRzAOSEOY2m2TJ7t2xO6ccIT/Bxr9iY6GIraWd/8ZNcoUmDix8jxlm5/MjKQy67rezsLi0vLKaWcuub2xubed2dqsmjDXjFRbKUNd9MFyKgFdQoOT1SHNQvuQ1f3A99mv3XBsRBneYRLyloBeIrmCAVmrnjhJ4uKTNHigFJ1SHUloGMupbFglkfUt9jtDO5d2COyk6D7wU5Ela5Xbuq9kJWax4gEyCMQ3PjbA1BI2CST7KNmPDI2AD6PGGhQEoblrDyUEjemiVDu2G2r4A6UT9PTEEZUyifNupAPtm1huL/3mNGLsXraEIohh5wKaLurGkGNJxOrQjNGcoEwuAaWH/SlkfNDC0GWZtCN7syfOgelrwioWz22K+dJXGkSH75IAcE4+ckxK5IWVSIYw8kmfySt6cJ+fFeXc+pq0LTjqzR/6U8/kDpnabug==</latexit>

yaw : �, roll : ↵, pitch : �

<latexit sha1_base64="L9MgQKB4Si4ncC//UvF/dlKZASg=">AAACEHicbVA7SwNBEN7zGeMrammzGEQLCXcSUayCNpYRzAOSEOY2m2TJ7t2xO6ccIT/Bxr9iY6GIraWd/8ZNcoUmDix8jxlm5/MjKQy67rezsLi0vLKaWcuub2xubed2dqsmjDXjFRbKUNd9MFyKgFdQoOT1SHNQvuQ1f3A99mv3XBsRBneYRLyloBeIrmCAVmrnjhJ4uKTNHigFJ1SHUloGMupbFglkfUt9jtDO5d2COyk6D7wU5Ela5Xbuq9kJWax4gEyCMQ3PjbA1BI2CST7KNmPDI2AD6PGGhQEoblrDyUEjemiVDu2G2r4A6UT9PTEEZUyifNupAPtm1huL/3mNGLsXraEIohh5wKaLurGkGNJxOrQjNGcoEwuAaWH/SlkfNDC0GWZtCN7syfOgelrwioWz22K+dJXGkSH75IAcE4+ckxK5IWVSIYw8kmfySt6cJ+fFeXc+pq0LTjqzR/6U8/kDpnabug==</latexit>

[↵,�, �]

<latexit sha1_base64="dF1w79W27ZqBPUewGm6apcaNSfE=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCymJVHRZdOOygn1AEsrNdNIOnUnCzEQopW78FTcuFHHrX7jzb5y0WWjrgcs9nHMvM/eEKWdKO863tbS8srq2Xtoob25t7+zae/stlWSS0CZJeCI7ISjKWUybmmlOO6mkIEJO2+HwJvfbD1QqlsT3epTSQEA/ZhEjoI3UtQ89H3g6gDPsh1TnrQ9CQFDu2hWn6kyBF4lbkAoq0OjaX34vIZmgsSYclPJcJ9XBGKRmhNNJ2c8UTYEMoU89Q2MQVAXj6QUTfGKUHo4SaSrWeKr+3hiDUGokQjMpQA/UvJeL/3lepqOrYMziNNM0JrOHooxjneA8DtxjkhLNR4YAkcz8FZMBSCDahJaH4M6fvEha51W3Vr24q1Xq10UcJXSEjtEpctElqqNb1EBNRNAjekav6M16sl6sd+tjNrpkFTsH6A+szx+cF5W2</latexit>



Euler Angles: Order Matters

● Need to specify the order. In total there are twelve valid combinations. 

● (Roll, Pitch, Yaw) is a special case: 



Euler Angles: Gimbal Lock
● Losses rotation powers

1

23 Pitch Rotates: pi/2



Euler Angles: Gimbal Lock
● Loss of one degree of freedom in a three-dimensional, three-gimbal 

mechanism
Rotation along y and z becomes the same!



Euler Angle: Singularity

0 1

-1 0

Changing alpha and gamma becomes the same! 

When



Axis-angle
● 4-number representation (3d unit vector + 1d angle)
● Ambiguities: (-angle, -axis) is the same as (angle, axis)
● Minimal version: Euler vector (3d arbitrary vector)
● Conversion to rotation (Rodriguez formula):

Could you derive it?



Axis-angle
● Suffer from the “edges”

Actual angular difference is only 2 deg.

● Interpolation and composition is hard. 
● Rotating a vector is not straightforward. We have to convert it back to matrix. 



Unit Quaternions
● Quaternion:

● Conjugate:

● Hamilton Product:

q = q0 + q1i+ q2j+ q3k

<latexit sha1_base64="FUw8db06PRSe2YLwWKbjAews44Y=">AAACLHicbZBLS8NAEMc39VXrK+rRy2IRBKEktaIXodiLxwr2AW0om+2mXbt5dHcjlJAP5MWvIogHi3j1c7hJY9HWgV3+/GaGmfnbAaNCGsZUy62srq1v5DcLW9s7u3v6/kFT+CHHpIF95vO2jQRh1CMNSSUj7YAT5NqMtOxRLcm3HgkX1Pfu5SQglosGHnUoRlKhnl7rukgObScax/AajnsGPFO/CX8wjVNQnoOHGTifg1Hc04tGyUgDLgszE0WQRb2nv3b7Pg5d4knMkBAd0wikFSEuKWYkLnRDQQKER2hAOkp6yCXCitJjY3iiSB86PlfPkzClvzsi5AoxcW1VmWwoFnMJ/C/XCaVzZUXUC0JJPDwb5IQMSh8mzsE+5QRLNlECYU7VrhAPEUdYKn8LygRz8eRl0SyXzErp4q5SrN5kduTBETgGp8AEl6AKbkEdNAAGT+AFvIOp9qy9aR/a56w0p2U9h+BPaF/f61amPA==</latexit>

i2 = j2 = k2 = ijk = �1

<latexit sha1_base64="9bIWMUw/+UU1Z2Rt4J1G/8RI4sQ=">AAACOXicbVDLSsNAFJ3UV62vqEs3g0VwY0lKRTdC0Y3LCvYBbSyT6aQdO5mEmYlQQn7LjX/hTnDjQhG3/oCTNlLbemDg3HPPZe49bsioVJb1YuSWlldW1/LrhY3Nre0dc3evIYNIYFLHAQtEy0WSMMpJXVHFSCsUBPkuI013eJX2mw9ESBrwWzUKieOjPqcexUhpqWvWOj5SA9eLaXJXhhfwt7yfLYezJU2mvqlFG07srlm0StYYcJHYGSmCDLWu+dzpBTjyCVeYISnbthUqJ0ZCUcxIUuhEkoQID1GftDXlyCfSiceXJ/BIKz3oBUI/ruBY/TsRI1/Kke9qZ7qmnO+l4n+9dqS8cyemPIwU4XjykRcxqAKYxgh7VBCs2EgThAXVu0I8QAJhpcMu6BDs+ZMXSaNcsiul05tKsXqZxZEHB+AQHAMbnIEquAY1UAcYPIJX8A4+jCfjzfg0vibWnJHN7IMZGN8/2u6s9Q==</latexit>

i2 = j2 = k2 = ijk = �1

<latexit sha1_base64="9bIWMUw/+UU1Z2Rt4J1G/8RI4sQ=">AAACOXicbVDLSsNAFJ3UV62vqEs3g0VwY0lKRTdC0Y3LCvYBbSyT6aQdO5mEmYlQQn7LjX/hTnDjQhG3/oCTNlLbemDg3HPPZe49bsioVJb1YuSWlldW1/LrhY3Nre0dc3evIYNIYFLHAQtEy0WSMMpJXVHFSCsUBPkuI013eJX2mw9ESBrwWzUKieOjPqcexUhpqWvWOj5SA9eLaXJXhhfwt7yfLYezJU2mvqlFG07srlm0StYYcJHYGSmCDLWu+dzpBTjyCVeYISnbthUqJ0ZCUcxIUuhEkoQID1GftDXlyCfSiceXJ/BIKz3oBUI/ruBY/TsRI1/Kke9qZ7qmnO+l4n+9dqS8cyemPIwU4XjykRcxqAKYxgh7VBCs2EgThAXVu0I8QAJhpcMu6BDs+ZMXSaNcsiul05tKsXqZxZEHB+AQHAMbnIEquAY1UAcYPIJX8A4+jCfjzfg0vibWnJHN7IMZGN8/2u6s9Q==</latexit>

q�1 = q0 � q1i� q2j� q3k

<latexit sha1_base64="ke/rEe3/J1/hkj3O0dFFU7OXIWA=">AAACMHicbZDLSsNAFIYn9VbrLerSzWAR3LQktaIboehClxXsBdoaJtNJO3Zy6cxEKCGP5MZH0Y2CIm59CidtLNp6YODn+89hzvntgFEhDeNVyywsLi2vZFdza+sbm1v69k5d+CHHpIZ95vOmjQRh1CM1SSUjzYAT5NqMNOzBReI37gkX1Pdu5CggHRf1POpQjKRCln7ZdpHs2040jG+jghnDMzi0DFgYWib8sWgMC4qWpuBuAo6mYBBbet4oGuOC88JMRR6kVbX0p3bXx6FLPIkZEqJlGoHsRIhLihmJc+1QkADhAeqRlpIeconoROODY3igSBc6PlfPk3BMf09EyBVi5NqqM9lQzHoJ/M9rhdI57UTUC0JJPDz5yAkZlD5M0oNdygmWbKQEwpyqXSHuI46wVBnnVAjm7Mnzol4qmuXi8XU5XzlP48iCPbAPDoEJTkAFXIEqqAEMHsAzeAPv2qP2on1on5PWjJbO7II/pX19A1vIp/4=</latexit>

https://en.wikipedia.org/wiki/Quaternions_and_spatial_rotation



Unit Quaternions
● Unit Quaternion as Rotation Representation:

https://eater.net/quaternions/

imagery Real

= cos
 

2
+ (uxi + uy j + uzk) sin

 

2

<latexit sha1_base64="BdmOaN69QjkXyFWejMMPnsSt/KQ="></latexit>

||q|| = 1



Unit Quaternions

(1,       0,     0,     0)

= cos
 

2
+ (uxi + uy j + uzk) sin

 

2

<latexit sha1_base64="BdmOaN69QjkXyFWejMMPnsSt/KQ="></latexit>

q = q0 + q1i+ q2j+ q3k

<latexit sha1_base64="FUw8db06PRSe2YLwWKbjAews44Y=">AAACLHicbZBLS8NAEMc39VXrK+rRy2IRBKEktaIXodiLxwr2AW0om+2mXbt5dHcjlJAP5MWvIogHi3j1c7hJY9HWgV3+/GaGmfnbAaNCGsZUy62srq1v5DcLW9s7u3v6/kFT+CHHpIF95vO2jQRh1CMNSSUj7YAT5NqMtOxRLcm3HgkX1Pfu5SQglosGHnUoRlKhnl7rukgObScax/AajnsGPFO/CX8wjVNQnoOHGTifg1Hc04tGyUgDLgszE0WQRb2nv3b7Pg5d4knMkBAd0wikFSEuKWYkLnRDQQKER2hAOkp6yCXCitJjY3iiSB86PlfPkzClvzsi5AoxcW1VmWwoFnMJ/C/XCaVzZUXUC0JJPDwb5IQMSh8mzsE+5QRLNlECYU7VrhAPEUdYKn8LygRz8eRl0SyXzErp4q5SrN5kduTBETgGp8AEl6AKbkEdNAAGT+AFvIOp9qy9aR/a56w0p2U9h+BPaF/f61amPA==</latexit>

(0,       1,     0,     0)

(0,       0,     0,     1)

Rotation along xx by yy?



Unit Quaternions

(1,       0,     0,     0)

= cos
 

2
+ (uxi + uy j + uzk) sin

 

2

<latexit sha1_base64="BdmOaN69QjkXyFWejMMPnsSt/KQ="></latexit>

q = q0 + q1i+ q2j+ q3k

<latexit sha1_base64="FUw8db06PRSe2YLwWKbjAews44Y=">AAACLHicbZBLS8NAEMc39VXrK+rRy2IRBKEktaIXodiLxwr2AW0om+2mXbt5dHcjlJAP5MWvIogHi3j1c7hJY9HWgV3+/GaGmfnbAaNCGsZUy62srq1v5DcLW9s7u3v6/kFT+CHHpIF95vO2jQRh1CMNSSUj7YAT5NqMtOxRLcm3HgkX1Pfu5SQglosGHnUoRlKhnl7rukgObScax/AajnsGPFO/CX8wjVNQnoOHGTifg1Hc04tGyUgDLgszE0WQRb2nv3b7Pg5d4knMkBAd0wikFSEuKWYkLnRDQQKER2hAOkp6yCXCitJjY3iiSB86PlfPkzClvzsi5AoxcW1VmWwoFnMJ/C/XCaVzZUXUC0JJPDwb5IQMSh8mzsE+5QRLNlECYU7VrhAPEUdYKn8LygRz8eRl0SyXzErp4q5SrN5kduTBETgGp8AEl6AKbkEdNAAGT+AFvIOp9qy9aR/a56w0p2U9h+BPaF/f61amPA==</latexit>

Identity

(0,       1,     0,     0) Rotate x axis by pi

(0,       0,     0,     1) Rotate z axis by pi



Unit Quaternions

● Rotating a vector :

https://eater.net/quaternions/

https://eater.net/quaternions/


Unit Quaternions
● Quaternion:

● Unit Quaternion as Rotation Representation:

Pros:
● Continuous 
● Numerically stable
● Relatively compact
● Rotating a vector is efficient

q = q0 + q1i+ q2j+ q3k

<latexit sha1_base64="FUw8db06PRSe2YLwWKbjAews44Y=">AAACLHicbZBLS8NAEMc39VXrK+rRy2IRBKEktaIXodiLxwr2AW0om+2mXbt5dHcjlJAP5MWvIogHi3j1c7hJY9HWgV3+/GaGmfnbAaNCGsZUy62srq1v5DcLW9s7u3v6/kFT+CHHpIF95vO2jQRh1CMNSSUj7YAT5NqMtOxRLcm3HgkX1Pfu5SQglosGHnUoRlKhnl7rukgObScax/AajnsGPFO/CX8wjVNQnoOHGTifg1Hc04tGyUgDLgszE0WQRb2nv3b7Pg5d4knMkBAd0wikFSEuKWYkLnRDQQKER2hAOkp6yCXCitJjY3iiSB86PlfPkzClvzsi5AoxcW1VmWwoFnMJ/C/XCaVzZUXUC0JJPDwb5IQMSh8mzsE+5QRLNlECYU7VrhAPEUdYKn8LygRz8eRl0SyXzErp4q5SrN5kduTBETgGp8AEl6AKbkEdNAAGT+AFvIOp9qy9aR/a56w0p2U9h+BPaF/f61amPA==</latexit>

https://en.wikipedia.org/wiki/Quaternions_and_spatial_rotation

imagery Real



Rotations Cheat Sheet

Parameters Singularities Composition and Action

Matrix 9, orthogonality constraints No Easy

Euler Angle 3, [0, 2pi] or [0, pi] Gimbal lock Hard

Axis-Angle 4, unit axis vector theta = 0 Hard

Rotation Vector 3, || v || < pi Double representation Hard

Quaternions 4, unit quaternion Double representation, q -q Easy

http://motion.cs.illinois.edu/RoboticSystems/3DRotations.html

http://motion.cs.illinois.edu/RoboticSystems/3DRotations.html


IMPORTANT: Be clear about your coordinate 
system and rotation representation. 



The Space of Rotations
Special Orthogonal Matrix Lie Group SO(3):



min
R ! SO(3)

f (R )

<latexit sha1_base64="ngFR8kLM3rDV1xUZdl+bpwWBSk0=">AAACG3icbVDLSsNAFJ3UV62vqks3g0VoNyWpFV0W3bizPvqAJoTJdNIOnUzCzEQoIf/hxl9x40IRV4IL/8ZpG1BbDwycOede7r3HixiVyjS/jNzS8srqWn69sLG5tb1T3N1ryzAWmLRwyELR9ZAkjHLSUlQx0o0EQYHHSMcbXUz8zj0Rkob8To0j4gRowKlPMVJacos1O6DcTewAqaHnJzcptCmHs6+X3F6l5eNKCv3yT0HFLZbMqjkFXCRWRkogQ9Mtftj9EMcB4QozJGXPMiPlJEgoihlJC3YsSYTwCA1IT1OOAiKdZHpbCo+00od+KPTjCk7V3x0JCqQcB56unKwo572J+J/Xi5V/5iSUR7EiHM8G+TGDKoSToGCfCoIVG2uCsKB6V4iHSCCsdJwFHYI1f/IiadeqVr16cl0vNc6zOPLgAByCMrDAKWiAS9AELYDBA3gCL+DVeDSejTfjfVaaM7KeffAHxuc3aBehAA==</latexit>



Gradient Descent?

min
x ! Rn

f (x)

<latexit sha1_base64="dqhN8587xzyfLUs7bWQnDUTN04Y=">AAACGXicbVC7TsMwFL3hWcqrwMhiUSHBUiU8BANDBQtjQbRFakLluA5YdZzIdhBVlN9g4VdYGKgQI0z8ASt/gNNW4nkkS8fn3Kt77/FjzpS27TdrbHxicmq6MFOcnZtfWCwtLTdUlEhC6yTikTz3saKcCVrXTHN6HkuKQ5/Tpt89yv3mNZWKReJM92LqhfhSsIARrI3ULtluyEQ7dUOsr/wgvcmQywQafv30NLsQGQo2vuzNdqlsV+wB0F/ijEi5evC+3YfNj1q79OJ2IpKEVGjCsVItx461l2KpGeE0K7qJojEmXXxJW4YKHFLlpYPLMrRulA4KImme0Gigfu9IcahUL/RNZb6i+u3l4n9eK9HBvpcyESeaCjIcFCQc6QjlMaEOk5Ro3jMEE8nMrohcYYmJNmEWTQjO75P/ksZWxdmp7J6YNA5hiAKswhpsgAN7UIVjqEEdCNzCPTxC37qzHqwn63lYOmaNelbgB6zXTxeHpKM=</latexit>

! x f (x) =
!

! f
! x 0

, ! f
! x 1

, ..., ! f
! x n

"

<latexit sha1_base64="NB4Ea0+rOL2EJ2KMIx5vak66/lU="></latexit>

x ( t +1) = x (t ) ! ! " x f (x ( t ) )

<latexit sha1_base64="0GGzbU7lBobsC5Tdhal1AHxmuxU="></latexit>

min
x ! Rn

f (x)

<latexit sha1_base64="dqhN8587xzyfLUs7bWQnDUTN04Y=">AAACGXicbVC7TsMwFL3hWcqrwMhiUSHBUiU8BANDBQtjQbRFakLluA5YdZzIdhBVlN9g4VdYGKgQI0z8ASt/gNNW4nkkS8fn3Kt77/FjzpS27TdrbHxicmq6MFOcnZtfWCwtLTdUlEhC6yTikTz3saKcCVrXTHN6HkuKQ5/Tpt89yv3mNZWKReJM92LqhfhSsIARrI3ULtluyEQ7dUOsr/wgvcmQywQafv30NLsQGQo2vuzNdqlsV+wB0F/ijEi5evC+3YfNj1q79OJ2IpKEVGjCsVItx461l2KpGeE0K7qJojEmXXxJW4YKHFLlpYPLMrRulA4KImme0Gigfu9IcahUL/RNZb6i+u3l4n9eK9HBvpcyESeaCjIcFCQc6QjlMaEOk5Ro3jMEE8nMrohcYYmJNmEWTQjO75P/ksZWxdmp7J6YNA5hiAKswhpsgAN7UIVjqEEdCNzCPTxC37qzHqwn63lYOmaNelbgB6zXTxeHpKM=</latexit>



Gradient Descent?



so(3) Lie Algebra
● The tangent space of the SO(3) manifold. 
● Coincides with the space of skew-symmetric matrix



so(3) Lie Algebra

● Mapping from so(3) algebra to SO(3) group:

● Mapping from SO(3) group to so(3) algebra:



SE(3) Lie Group and se(3) Lie Algebra
● SE(3) Lie Group group: the group of all rigid poses

● se(3) Lie algebra:



When to Use Lie Algebra?

● Integration
● Smoothing
● Interpolation
● Uncertainty
● Control
● Optimization
● …
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