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<latexit sha1_base64="Qq7CV3gxYNWKPNJvYTySLRh6q88=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgpREirosuNFdhb6gjWEynbRDJ5MwMxFr6NKNv+LGhSJu/QR3/o2TNoK2Hhg495x7mXuPFzEqlWV9GbmFxaXllfxqYW19Y3PL3N5pyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXqR+65YISUNeV6OIOAHqc+pTjJSWXHO/XuoGSA08P7kfu+qGHsOf+k7XR65ZtMrWBHCe2Bkpggw11/zs9kIcB4QrzJCUHduKlJMgoShmZFzoxpJECA9Rn3Q05Sgg0kkmh4zhoVZ60A+FflzBifp7IkGBlKPA053pknLWS8X/vE6s/HMnoTyKFeF4+pEfM6hCmKYCe1QQrNhIE4QF1btCPEACYaWzK+gQ7NmT50nzpGyflivXlWL1KosjD/bAASgBG5yBKrgENdAAGDyAJ/ACXo1H49l4M96nrTkjm9kFf2B8fAOv05nN</latexit>

T (zit,xt)

<latexit sha1_base64="ifPZRM4pUE1b+HB8Jw1+9e4F33g="></latexit>

zLIDAR
t = argmax

xt

p(zt|xt,m)

<latexit sha1_base64="YKo8GZHg076Hk+npw8RI9xgGNyY="></latexit>

= arg max
xt,j(i)

Y

i

(
K · exp

⇣
� kT (zit,xt)�mj(i)k22

⌘
j(i) 2 [1, N ]

poutlier j(i) = N + 1

outlier

     … Known absolute orientation problem2.
<latexit sha1_base64="0ICGe/Igxr8j80BM1HY3etTfoZM="></latexit>

argmin
xt

X

i

kT (zit,xt)�mj(i)k22

ICP: Gradiently optimized pose from unknown correspondences with outlier rejection



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

scan point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

i 1 2 3 4 5 6 7 8

j(i) 7map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

<latexit sha1_base64="Qq7CV3gxYNWKPNJvYTySLRh6q88=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgpREirosuNFdhb6gjWEynbRDJ5MwMxFr6NKNv+LGhSJu/QR3/o2TNoK2Hhg495x7mXuPFzEqlWV9GbmFxaXllfxqYW19Y3PL3N5pyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXqR+65YISUNeV6OIOAHqc+pTjJSWXHO/XuoGSA08P7kfu+qGHsOf+k7XR65ZtMrWBHCe2Bkpggw11/zs9kIcB4QrzJCUHduKlJMgoShmZFzoxpJECA9Rn3Q05Sgg0kkmh4zhoVZ60A+FflzBifp7IkGBlKPA053pknLWS8X/vE6s/HMnoTyKFeF4+pEfM6hCmKYCe1QQrNhIE4QF1btCPEACYaWzK+gQ7NmT50nzpGyflivXlWL1KosjD/bAASgBG5yBKrgENdAAGDyAJ/ACXo1H49l4M96nrTkjm9kFf2B8fAOv05nN</latexit>

T (zit,xt)

outlier 1

2
3 4

5
6

7

8

1.
<latexit sha1_base64="/NiWbkjYg5ighIl3oOPNrEnn3Do="></latexit>

= argmin
j(i)

kT (zit,xt)�mj(i)k22 + (xt � µt)
>⌃

�1
t (xt � µt)… Nearest neighbour problem

     … Absolute orientation problem2.
<latexit sha1_base64="0ICGe/Igxr8j80BM1HY3etTfoZM="></latexit>

argmin
xt

X

i

kT (zit,xt)�mj(i)k22

ICP: Gradiently optimized pose from unknown correspondences with outlier rejection

<latexit sha1_base64="ifPZRM4pUE1b+HB8Jw1+9e4F33g="></latexit>

zLIDAR
t = argmax

xt

p(zt|xt,m)

<latexit sha1_base64="YKo8GZHg076Hk+npw8RI9xgGNyY="></latexit>

= arg max
xt,j(i)

Y

i

(
K · exp

⇣
� kT (zit,xt)�mj(i)k22

⌘
j(i) 2 [1, N ]

poutlier j(i) = N + 1

?????????



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

scan point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

Sampling correspondences at random

i 1 2 3 4 5 6 7 8

j(i) 2 1 3 4 2 1 7 4map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

<latexit sha1_base64="Qq7CV3gxYNWKPNJvYTySLRh6q88=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgpREirosuNFdhb6gjWEynbRDJ5MwMxFr6NKNv+LGhSJu/QR3/o2TNoK2Hhg495x7mXuPFzEqlWV9GbmFxaXllfxqYW19Y3PL3N5pyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXqR+65YISUNeV6OIOAHqc+pTjJSWXHO/XuoGSA08P7kfu+qGHsOf+k7XR65ZtMrWBHCe2Bkpggw11/zs9kIcB4QrzJCUHduKlJMgoShmZFzoxpJECA9Rn3Q05Sgg0kkmh4zhoVZ60A+FflzBifp7IkGBlKPA053pknLWS8X/vE6s/HMnoTyKFeF4+pEfM6hCmKYCe1QQrNhIE4QF1btCPEACYaWzK+gQ7NmT50nzpGyflivXlWL1KosjD/bAASgBG5yBKrgENdAAGDyAJ/ACXo1H49l4M96nrTkjm9kFf2B8fAOv05nN</latexit>

T (zit,xt)

outlier 1

2
3 4

5
6

7

8

<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

     … Known absolute orientation problem2.
<latexit sha1_base64="0ICGe/Igxr8j80BM1HY3etTfoZM="></latexit>

argmin
xt

X

i

kT (zit,xt)�mj(i)k22

1. Sample           at random.

v1.0

<latexit sha1_base64="ifPZRM4pUE1b+HB8Jw1+9e4F33g="></latexit>

zLIDAR
t = argmax

xt

p(zt|xt,m)

<latexit sha1_base64="YKo8GZHg076Hk+npw8RI9xgGNyY="></latexit>

= arg max
xt,j(i)

Y

i

(
K · exp

⇣
� kT (zit,xt)�mj(i)k22

⌘
j(i) 2 [1, N ]

poutlier j(i) = N + 1



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

scan point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

1. Sample           at random.

i 1 2 3 4 5 6 7 8

j(i) 1 4 3 4 4 6 7 5map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

<latexit sha1_base64="Qq7CV3gxYNWKPNJvYTySLRh6q88=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgpREirosuNFdhb6gjWEynbRDJ5MwMxFr6NKNv+LGhSJu/QR3/o2TNoK2Hhg495x7mXuPFzEqlWV9GbmFxaXllfxqYW19Y3PL3N5pyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXqR+65YISUNeV6OIOAHqc+pTjJSWXHO/XuoGSA08P7kfu+qGHsOf+k7XR65ZtMrWBHCe2Bkpggw11/zs9kIcB4QrzJCUHduKlJMgoShmZFzoxpJECA9Rn3Q05Sgg0kkmh4zhoVZ60A+FflzBifp7IkGBlKPA053pknLWS8X/vE6s/HMnoTyKFeF4+pEfM6hCmKYCe1QQrNhIE4QF1btCPEACYaWzK+gQ7NmT50nzpGyflivXlWL1KosjD/bAASgBG5yBKrgENdAAGDyAJ/ACXo1H49l4M96nrTkjm9kFf2B8fAOv05nN</latexit>

T (zit,xt)

outlier 1

2
3 4

5
6

7

8

<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

     … Known absolute orientation problem2.
<latexit sha1_base64="0ICGe/Igxr8j80BM1HY3etTfoZM="></latexit>

argmin
xt

X

i

kT (zit,xt)�mj(i)k22

Sampling correspondences at randomv1.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

scan point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

1. Sample           at random.

i 1 2 3 4 5 6 7 8

j(i) 3 4 2 1 4map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

<latexit sha1_base64="Qq7CV3gxYNWKPNJvYTySLRh6q88=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgpREirosuNFdhb6gjWEynbRDJ5MwMxFr6NKNv+LGhSJu/QR3/o2TNoK2Hhg495x7mXuPFzEqlWV9GbmFxaXllfxqYW19Y3PL3N5pyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXqR+65YISUNeV6OIOAHqc+pTjJSWXHO/XuoGSA08P7kfu+qGHsOf+k7XR65ZtMrWBHCe2Bkpggw11/zs9kIcB4QrzJCUHduKlJMgoShmZFzoxpJECA9Rn3Q05Sgg0kkmh4zhoVZ60A+FflzBifp7IkGBlKPA053pknLWS8X/vE6s/HMnoTyKFeF4+pEfM6hCmKYCe1QQrNhIE4QF1btCPEACYaWzK+gQ7NmT50nzpGyflivXlWL1KosjD/bAASgBG5yBKrgENdAAGDyAJ/ACXo1H49l4M96nrTkjm9kFf2B8fAOv05nN</latexit>

T (zit,xt)

outlier 1

2
3 4

5
6

7

8

<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

     … Known absolute orientation problem2.
<latexit sha1_base64="0ICGe/Igxr8j80BM1HY3etTfoZM="></latexit>

argmin
xt

X

i

kT (zit,xt)�mj(i)k22

Sampling correspondences at randomv1.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

scan point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

1. Sample           at random.

i 1 2 3 4 5 6 7 8

j(i) 1 4 3 4 4 6 7 5map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

<latexit sha1_base64="Qq7CV3gxYNWKPNJvYTySLRh6q88=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgpREirosuNFdhb6gjWEynbRDJ5MwMxFr6NKNv+LGhSJu/QR3/o2TNoK2Hhg495x7mXuPFzEqlWV9GbmFxaXllfxqYW19Y3PL3N5pyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXqR+65YISUNeV6OIOAHqc+pTjJSWXHO/XuoGSA08P7kfu+qGHsOf+k7XR65ZtMrWBHCe2Bkpggw11/zs9kIcB4QrzJCUHduKlJMgoShmZFzoxpJECA9Rn3Q05Sgg0kkmh4zhoVZ60A+FflzBifp7IkGBlKPA053pknLWS8X/vE6s/HMnoTyKFeF4+pEfM6hCmKYCe1QQrNhIE4QF1btCPEACYaWzK+gQ7NmT50nzpGyflivXlWL1KosjD/bAASgBG5yBKrgENdAAGDyAJ/ACXo1H49l4M96nrTkjm9kFf2B8fAOv05nN</latexit>

T (zit,xt)

outlier 1

2
3 4

5
6

7

8

<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

     … Known absolute orientation problem2.
<latexit sha1_base64="0ICGe/Igxr8j80BM1HY3etTfoZM="></latexit>

argmin
xt

X

i

kT (zit,xt)�mj(i)k22

Sampling correspondences at randomv1.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

scan point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

i 1 2 3 4 5 6 7 8

j(i) 1 4 3 4 4 6 7 5map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

<latexit sha1_base64="Qq7CV3gxYNWKPNJvYTySLRh6q88=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgpREirosuNFdhb6gjWEynbRDJ5MwMxFr6NKNv+LGhSJu/QR3/o2TNoK2Hhg495x7mXuPFzEqlWV9GbmFxaXllfxqYW19Y3PL3N5pyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXqR+65YISUNeV6OIOAHqc+pTjJSWXHO/XuoGSA08P7kfu+qGHsOf+k7XR65ZtMrWBHCe2Bkpggw11/zs9kIcB4QrzJCUHduKlJMgoShmZFzoxpJECA9Rn3Q05Sgg0kkmh4zhoVZ60A+FflzBifp7IkGBlKPA053pknLWS8X/vE6s/HMnoTyKFeF4+pEfM6hCmKYCe1QQrNhIE4QF1btCPEACYaWzK+gQ7NmT50nzpGyflivXlWL1KosjD/bAASgBG5yBKrgENdAAGDyAJ/ACXo1H49l4M96nrTkjm9kFf2B8fAOv05nN</latexit>

T (zit,xt)

outlier 1

2
3 4

5
6

7

8

1.
<latexit sha1_base64="/NiWbkjYg5ighIl3oOPNrEnn3Do="></latexit>

= argmin
j(i)

kT (zit,xt)�mj(i)k22 + (xt � µt)
>⌃

�1
t (xt � µt)… Nearest neighbour problem

Sample initial pose       at random.0. <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

     … Known absolute orientation problem2.
<latexit sha1_base64="0ICGe/Igxr8j80BM1HY3etTfoZM="></latexit>

argmin
xt

X

i

kT (zit,xt)�mj(i)k22

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

Sampling initial poses at randomv2.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

i 1 2 3 4 5 6 7 8

j(i) 1 4 3 4 4 6 7 5map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier

1.
<latexit sha1_base64="/NiWbkjYg5ighIl3oOPNrEnn3Do="></latexit>

= argmin
j(i)

kT (zit,xt)�mj(i)k22 + (xt � µt)
>⌃

�1
t (xt � µt)… Nearest neighbour problem

Sample initial pose       at random.0. <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

     … Known absolute orientation problem2.
<latexit sha1_base64="0ICGe/Igxr8j80BM1HY3etTfoZM="></latexit>

argmin
xt

X

i

kT (zit,xt)�mj(i)k22

1
2

3

4
5

6
7

8

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

Sampling initial poses at randomv2.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

i 1 2 3 4 5 6 7 8

j(i) 1 4 3 4 4 6 7 5map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier 1

2
3 4

5
6

7

8

1.
<latexit sha1_base64="/NiWbkjYg5ighIl3oOPNrEnn3Do="></latexit>

= argmin
j(i)

kT (zit,xt)�mj(i)k22 + (xt � µt)
>⌃

�1
t (xt � µt)… Nearest neighbour problem

Sample initial pose       at random.0. <latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

     … Known absolute orientation problem2.
<latexit sha1_base64="0ICGe/Igxr8j80BM1HY3etTfoZM="></latexit>

argmin
xt

X

i

kT (zit,xt)�mj(i)k22

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

Sampling initial poses at randomv2.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

…  Get pose hypothesis        from S.2.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

i 1 2 3 4 5 6 7 8

j(i) 2 5map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier 1

2
3 4

5
6

7

8

3.
<latexit sha1_base64="/NiWbkjYg5ighIl3oOPNrEnn3Do="></latexit>

= argmin
j(i)

kT (zit,xt)�mj(i)k22 + (xt � µt)
>⌃

�1
t (xt � µt)… Nearest neighbour problem for all

1. Sample minimum subset S of correspondences          at random.
<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

… Known absolute orientation problem for all4.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

Getting initial poses from minimum correspondences sampled at randomv3.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

…  Get pose hypothesis        from S.2.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier

1
2

3

4

5
6

7

8

3.
<latexit sha1_base64="/NiWbkjYg5ighIl3oOPNrEnn3Do="></latexit>

= argmin
j(i)

kT (zit,xt)�mj(i)k22 + (xt � µt)
>⌃

�1
t (xt � µt)… Nearest neighbour problem for all

1. Sample minimum subset S of correspondences          at random.
<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

… Known absolute orientation problem for all4.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

i 1 2 3 4 5 6 7 8

j(i) 2 5

Getting initial poses from minimum correspondences sampled at randomv3.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

…  Get pose hypothesis        from S.2.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier 1

2
3 4
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7

8

3.
<latexit sha1_base64="/NiWbkjYg5ighIl3oOPNrEnn3Do="></latexit>

= argmin
j(i)

kT (zit,xt)�mj(i)k22 + (xt � µt)
>⌃

�1
t (xt � µt)… Nearest neighbour problem for all

1. Sample minimum subset S of correspondences          at random.
<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

… Known absolute orientation problem for all4.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

clean sample

i 1 2 3 4 5 6 7 8

j(i) 2 5

Getting initial poses from minimum correspondences sampled at randomv3.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

…  Get pose hypothesis        from S.2.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

i 1 2 3 4 5 6 7 8

j(i) 1 4 3 4 4 6 7 5map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier

1

2 3
4

5 6

7

8

3.
<latexit sha1_base64="/NiWbkjYg5ighIl3oOPNrEnn3Do="></latexit>

= argmin
j(i)

kT (zit,xt)�mj(i)k22 + (xt � µt)
>⌃

�1
t (xt � µt)… Nearest neighbour problem for all

1. Sample minimum subset S of correspondences          at random.
<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

… Known absolute orientation problem for all4.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

clean sample

Getting initial poses from minimum correspondences sampled at randomv3.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

…  Get pose hypothesis        from S.2.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier 1

2
3 4

5
6

7

8

3.
<latexit sha1_base64="/NiWbkjYg5ighIl3oOPNrEnn3Do="></latexit>

= argmin
j(i)

kT (zit,xt)�mj(i)k22 + (xt � µt)
>⌃

�1
t (xt � µt)… Nearest neighbour problem for all

1. Sample minimum subset S of correspondences          at random.
<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

… Known absolute orientation problem for all4.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

speed up

i 1 2 3 4 5 6 7 8

j(i) 2 5

Getting initial poses from minimum correspondences sampled at random

SLOW   SLOW    SLOW   SLOW   SLOW

v3.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

…  Get pose hypothesis        from S.2.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier 1

2
3 4

5
6

7

8

1. Sample minimum subset S of correspondences          at random.
<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

simplified probability distr.

i 1 2 3 4 5 6 7 8

j(i) 2 5

Getting initial poses from minimum correspondences sampled at randomv4.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

…  Get pose hypothesis        from S.2.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier

3. Prob. of pose being correct ~ number of scan points within map point neigh

1. Sample minimum subset S of correspondences          at random.
<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
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=2

i 1 2 3 4 5 6 7 8

j(i) 2 5

Getting initial poses from minimum correspondences sampled at randomv4.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

…  Get pose hypothesis        from S.2.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier 1

2
3 4

5
6

7

8

1. Sample minimum subset S of correspondences          at random.
<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

3. Prob. of pose being correct ~ number of scan points within map point neigh

i 1 2 3 4 5 6 7 8

j(i) 1 4

Getting initial poses from minimum correspondences sampled at randomv4.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

…  Get pose hypothesis        from S.2.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier

1. Sample minimum subset S of correspondences          at random.
<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
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8

3. Prob. of pose being correct ~ number of scan points within map point neigh =5

i 1 2 3 4 5 6 7 8

j(i) 1 4

Getting initial poses from minimum correspondences sampled at randomv4.0



<latexit sha1_base64="Q9qLU2MroDRjFHlu8581WxQPxtY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXBje4q2Ae0aZhMJ+3YySTMTIQasnfjr7hxoYhbf8Cdf+OkjaCtBy4czrmXe+/xIkalsqwvY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vbGF5nfviNC0pDfqElEnAANOfUpRkpLrlmCvQCpkecnQdpPbiv0OIVHP9J96qo+dc2yVbWmgIvEzkkZ5Gi45mdvEOI4IFxhhqTs2laknAQJRTEjabEXSxIhPEZD0tWUo4BIJ5n+opdrZQD9UOjiCk7V3xMJCqScBJ7uzK6U814m/ud1Y+WfOwnlUawIx7NFfsygCmEWDBxQQbBiE00QFlTfCvEICYSVjq+oQ7DnX14krZOqfVqtXdfK9as8jgI4BCVQATY4A3VwCRqgCTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyB8fEN28Ca+w==</latexit>

mj(i)map point

<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)
<latexit sha1_base64="YsiNsD3oXpX9Nbm31IMHTBAzsts="></latexit>

p(zt|xt,m) =
Y

i

p(zit|xt,m
j(i)) =

Y

i

NT (zi
t,xt,)(m

j(i),Qt)

…  Get pose hypothesis        from S.2.
<latexit sha1_base64="Thf1tRCvhqYjgvkhULvkIlMSc0U="></latexit>

argmin
xt

X

i2S

kT (zit,xt)�mj(i)k22

map
scan

risk minimizing 8-class 
classification problem

1

2 3

4

5 6

7

outlier

1. Sample minimum subset S of correspondences          at random.
<latexit sha1_base64="FyMg/eM7K2nSNnaZp5zXyko57bU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbm2SXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPphpTH2BR5KFjGCTSY9Vdj4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPYLmN1g==</latexit>

j(i)

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

1

2
3

4

5 6

7

8

3. Prob. of pose being correct ~ number of scan points within map point neigh =5

i 1 2 3 4 5 6 7 8

j(i) 1 2 3 4 7

     … Solve absolute orientation from inliers4.
<latexit sha1_base64="0ICGe/Igxr8j80BM1HY3etTfoZM="></latexit>

argmin
xt

X

i

kT (zit,xt)�mj(i)k22

RANSAC (RAndom SAmple Consensus)v4.0



26

N

<latexit sha1_base64="i3syENft+ZgmiAkn9Z6v0HbrdW0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF0/Sgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWat71yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhlZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV9UvVq11qxV6td5HEU4gVM4Bw8uoQ630IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AajXjNk=</latexit>

… total number of correspondences (N=5)
w

<latexit sha1_base64="6c/8fTK4W7sdm8fSmyKso/eCY58=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsbpQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f5vuNAg==</latexit>

… fraction of inliers (w = 3/5 = 0.6)
s

<latexit sha1_base64="t5Z8j6uw1dDrul9BiPoeucvIxm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6perVpr1ir12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A4OuM/g==</latexit>

… size of |S| (s=2)

K

<latexit sha1_base64="d1fBaUyRwxgBUpMwE90AdlYZ6bo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF8FLC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEV37GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9WrVWrNWqV/ncRThBE7hHDy4hDrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RLjNY=</latexit>

… number of trials/iterations

probability, that we have selected a clean 
sample at least once out of K trials.

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

…

K =
log(1� p)

log(1� ws)

<latexit sha1_base64="1eQi9s4NRLkz4R0CavUJCI4qcZw=">AAACC3icbZDLSsNAFIYnXmu9RV26GVqEdmFJpFA3QtGN4KaCvUAby2Q6aYdOMmFmopSQvRtfxY0LRdz6Au58GydtBG39YeDjP+dw5vxuyKhUlvVlLC2vrK6t5zbym1vbO7vm3n5L8khg0sSccdFxkSSMBqSpqGKkEwqCfJeRtju+SOvtOyIk5cGNmoTE8dEwoB7FSGmrbxau4BnseQLhuMf4sGQfh+XkB+9vZTnJ982iVbGmgotgZ1AEmRp987M34DjySaAwQ1J2bStUToyEopiRJN+LJAkRHqMh6WoMkE+kE09vSeCRdgbQ40K/QMGp+3siRr6UE9/VnT5SIzlfS83/at1IeadOTIMwUiTAs0VexKDiMA0GDqggWLGJBoQF1X+FeIR0MErHl4Zgz5+8CK2Til2t1K6rxfp5FkcOHIICKAEb1EAdXIIGaAIMHsATeAGvxqPxbLwZ77PWJSObOQB/ZHx8A+khmRU=</latexit>

RANSAC (RAndom SAmple Consensus)v4.0
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<latexit sha1_base64="v1KMuZRTz8MEzmu4+BIQ9HkDSF4="></latexit>

p(zt|xt,m) = Nzt(h(xt,m), Qt)

<latexit sha1_base64="2fNBjiwY4jLZdETqStwrerM2Bd8="></latexit>Y

j

K · exp
⇣
� kxt �mjk22

⌘

<latexit sha1_base64="ZvPSSzHCeOtDDa9TFWCjVDW/YuY="></latexit>

K · exp
⇣
� kxt �mjk22

⌘
<latexit sha1_base64="jTIKxFGEAP82HYWD3VDZTJmG5BE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF71FMA9JljA7mU3GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0PfVbT1QbpuS9HSc0FHggWcwItk566MZKY857j71yxa/6M6BlEuSkAjnqvfJXt69IKqi0hGNjOoGf2DDD2jLC6aTUTQ1NMBnhAe04KrGgJsxmB0/QiVP6yO12JS2aqb8nMiyMGYvIdQpsh2bRm4r/eZ3UxldhxmSSWirJfFGccmQVmn6P+kxTYvnYEUw0c7ciMsQaE+syKrkQgsWXl0nzrBpcVM/vziu12zyOIhzBMZxCAJdQgxuoQwMICHiGV3jztPfivXsf89aCl88cwh94nz/xpZCJ</latexit>

8j

<latexit sha1_base64="YGsi5EKKf2QcmjdznmtkktdWAdg="></latexit>Y

j

U +K 0 · exp
⇣
� kxt �mjk22

⌘
<latexit sha1_base64="jTIKxFGEAP82HYWD3VDZTJmG5BE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF71FMA9JljA7mU3GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0PfVbT1QbpuS9HSc0FHggWcwItk566MZKY857j71yxa/6M6BlEuSkAjnqvfJXt69IKqi0hGNjOoGf2DDD2jLC6aTUTQ1NMBnhAe04KrGgJsxmB0/QiVP6yO12JS2aqb8nMiyMGYvIdQpsh2bRm4r/eZ3UxldhxmSSWirJfFGccmQVmn6P+kxTYvnYEUw0c7ciMsQaE+syKrkQgsWXl0nzrBpcVM/vziu12zyOIhzBMZxCAJdQgxuoQwMICHiGV3jztPfivXsf89aCl88cwh94nz/xpZCJ</latexit>

8j

<latexit sha1_base64="OK/XV8RDmWBJrWPc5QNuTMfIthQ="></latexit>Y

j

⇣
U +K 0 · exp

�
� kxt �mjk22

�⌘

<latexit sha1_base64="iZsn8eSx+tuHoDg+e0awU1UvDAw="></latexit>X

j

� log
⇣
U +K 0 · exp

�
� kxt �mjk22

�⌘

Use all possible correspondences simultaneously?
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RANSAC vs robust regression

Corresponding losses

L2

Welsch

Gaussian

Gaussian 
+ 

Uniform

<latexit sha1_base64="eDpDZgQr10FC9sELKIrrt1ZW+No=">AAACFHicbVDLSsNAFJ3UV62vqks3wSJUlJJIUZcFN7qrYB/QxjCZTtqxkwczN2KN+Qg3/oobF4q4deHOv3HapqCtBwbOPede5t7jhJxJMIxvLTM3v7C4lF3OrayurW/kN7fqMogEoTUS8EA0HSwpZz6tAQNOm6Gg2HM4bTj9s6HfuKVCssC/gkFILQ93feYygkFJdv4gLLY9DD3Hje8TGx4mxV1ix5AcTkovub7Zt/MFo2SMoM8SMyUFlKJq57/anYBEHvWBcCxlyzRCsGIsgBFOk1w7kjTEpI+7tKWojz0qrXh0VKLvKaWju4FQzwd9pP6eiLEn5cBzVOdwSTntDcX/vFYE7qkVMz+MgPpk/JEbcR0CfZiQ3mGCEuADRTARTO2qkx4WmIDKMadCMKdPniX1o5J5XCpflguVizSOLNpBu6iITHSCKugcVVENEfSIntEretOetBftXfsYt2a0dGYb/YH2+QO9gZ/p</latexit>

p(zt|xt,m
j)

<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt
<latexit sha1_base64="F/rrYznJ3b9tgGmqZTGvDucUKL8=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLgRncV7AOaUCbTSTt0MgkzN2IJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cIBFco+N8W6W19Y3NrfJ2ZWd3b/+genjU0XGqKGvTWMSqFxDNBJesjRwF6yWKkSgQrBtMbnK/+8iU5rF8wGnC/IiMJA85JWgkz4sIjoMwe5oNcFCtOXVnDnuVuAWpQYHWoPrlDWOaRkwiFUTrvusk6GdEIaeCzSpeqllC6ISMWN9QSSKm/WyeeWafGWVoh7EyT6I9V39vZCTSehoFZjLPqJe9XPzP66cYXvsZl0mKTNLFoTAVNsZ2XoA95IpRFFNDCFXcZLXpmChC0dRUMSW4y19eJZ2LuntZb9w3as27oo4ynMApnIMLV9CEW2hBGygk8Ayv8Gal1ov1bn0sRktWsXMMf2B9/gCU9ZIT</latexit>xt

<latexit sha1_base64="aapWzy5NwFyt3q1doUmdWoqUK90=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF71FMA9IljA7mc0OmccyMyuEkF/w4kERr/6QN//G2WQPmljQUFR1090VpZwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jco0oS2iuNLdCBvKmaQtyyyn3VRTLCJOO9H4Nvc7T1QbpuSjnaQ0FHgkWcwItrnU14kaVGt+3Z8DrZKgIDUo0BxUv/pDRTJBpSUcG9ML/NSGU6wtI5zOKv3M0BSTMR7RnqMSC2rC6fzWGTpzyhDFSruSFs3V3xNTLIyZiMh1CmwTs+zl4n9eL7PxTThlMs0slWSxKM44sgrlj6Mh05RYPnEEE83crYgkWGNiXTwVF0Kw/PIqaV/Ug6v65cNlrXFfxFGGEziFcwjgGhpwB01oAYEEnuEV3jzhvXjv3seiteQVM8fwB97nDyS1jlc=</latexit>⇢
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R⇤, t⇤ = argmin
R2SO(3),t2R3

X

i

kRpi + t� qik22
<latexit sha1_base64="gU75VV50dQal6+r8h1IxqCvLyL8="></latexit>

\lidar_p

Alignment of two pointclouds

L2 regression

Robust regressionR⇤, t⇤ = argmin
R2SO(3),t2R3

X

i

⇢( Rpi + t� qi )

<latexit sha1_base64="8THKBPLxZHfuNh8z2teMRMHXCWY="></latexit>

<latexit sha1_base64="aapWzy5NwFyt3q1doUmdWoqUK90=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF71FMA9IljA7mc0OmccyMyuEkF/w4kERr/6QN//G2WQPmljQUFR1090VpZwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jco0oS2iuNLdCBvKmaQtyyyn3VRTLCJOO9H4Nvc7T1QbpuSjnaQ0FHgkWcwItrnU14kaVGt+3Z8DrZKgIDUo0BxUv/pDRTJBpSUcG9ML/NSGU6wtI5zOKv3M0BSTMR7RnqMSC2rC6fzWGTpzyhDFSruSFs3V3xNTLIyZiMh1CmwTs+zl4n9eL7PxTThlMs0slWSxKM44sgrlj6Mh05RYPnEEE83crYgkWGNiXTwVF0Kw/PIqaV/Ug6v65cNlrXFfxFGGEziFcwjgGhpwB01oAYEEnuEV3jzhvXjv3seiteQVM8fwB97nDyS1jlc=</latexit>⇢



Gradient optimisation of robust loss

30

L2 landscape

rotation
translation

• Convex in translation space 
• Non-convex but smooth  

in SO3

rotation

Welsch landscape

translation
• Non-convex: Large narrow 

 plateaus with zero gradient 
• Good initialization required  



ICP SLAM - outlier detection procedure

31

L2

Welsch

Gaussian

Gaussian 
+ 

Uniform

• Assume that inliers are uniformly distributed  
within small range (rest are outliers)

inliers

outliers outliers
Corresponding lossesProbability distributions

L2

• Search for R,t which minimize number of outliers 

Box
Welsch

Gaussian

Gaussian 
+ 

Uniform



Box loss landscape

translation

• Zero gradients
• Combinatorial  

optimization

ro
ta

tio
n

ICP SLAM - gradient optimisation of robust loss

32

L2 landscape

rotation
rotation

translation
• Convex in translation space 
• Non-convex but smooth  

in SO3

Welsch landscape

translation
• Non-convex+Large narrow 

 plateaus with zero gradient 
• Any gradient optimization 

requires good initialization
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Shape of robust regression functions [Barron CVPR 2019]
https://arxiv.org/abs/1701.03077

⇢

<latexit sha1_base64="nosVkl4rvv8PRpe0STfhkcGvFZ8=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218E2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf1oFFvPDRqzdsijjKcwTlcQgDX0IR7aEEbCEzgGV7hzRPei/fufSxbS14xcwp/4H3+ACHyjk4=</latexit>

https://arxiv.org/abs/1701.03077


Optimizing box-loss

ro
ta

tio
n

translation

Box loss

1. Sample hypothesis (R,t) at random 
2. Evaluate value of the box-loss function (at this point R,t)

Naive optimization algorithm:



ro
ta

tio
n

translation

Box loss

1. Sample hypothesis (R,t) at random 
2. Evaluate value of the box-loss function (at this point R,t) 
3. Remember the lowest value so far 
4. repeat K times

Naive optimization algorithm:
Optimizing box-loss



ro
ta

tio
n

translation

Box loss

1. Sample hypothesis (R,t) at random 
2. Evaluate value of the box-loss function (at this point R,t) 
3. Remember the lowest value so far 
4. repeat K times

Naive optimization algorithm:
Optimizing box-loss



ro
ta

tio
n

translation

Box loss

1. Sample hypothesis (R,t) at random 
2. Evaluate value of the box-loss function (at this point R,t) 
3. Remember the lowest value so far 
4. repeat K times

Naive optimization algorithm:
Optimizing box-loss



ro
ta

tio
n

translation

Box loss

1. Sample hypothesis (R,t) at random 
2. Evaluate value of the box-loss function (at this point R,t) 
3. Remember the lowest value so far 
4. repeat K times

Naive optimization algorithm:
Optimizing box-loss



ro
ta

tio
n

translation

Box loss

1. Sample hypothesis (R,t) at random 
2. Evaluate value of the box-loss function (at this point R,t) 
3. Remember the lowest value so far 
4. repeat K times

Naive optimization algorithm:
Optimizing box-loss



ro
ta

tio
n

translation

Box loss

1. Sample hypothesis (R,t) at random 
2. Evaluate value of the box-loss function (at this point R,t) 
3. Remember the lowest value so far 
4. repeat K times

Naive optimization algorithm:

if K is huge and you are lucky

Optimizing box-loss
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map Q

sc
an

 P

RANSAC (RAndom SAmple Consensus)
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map Q

sc
an

 P

1. Sample minimal subset of  
correspondences (p, q).

p1

p2
q1

q2

RANSAC (RAndom SAmple Consensus)



RANSAC (RAndom SAmple Consensus)
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map Q

sc
an

 P

1. Sample minimal subset of  
correspondences (p, q).

2. R,t=align_L2(p, q)

R,t



ro
ta

tio

translatio

RANSAC (RAndom SAmple Consensus)
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map Q

sc
an

 P

1. Sample minimal subset of  
correspondences (p, q).

2. R,t=align_L2(p, q)

R*,t*

3. Estimate loss L=3



ro
ta

tio

translatio

RANSAC (RAndom SAmple Consensus)
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map Q

sc
an

 P

1. Sample minimal subset of  
correspondences (p, q).

2. R,t=align_L2(p, q)

R*,t*

3. Estimate loss L=3
4. If L<Lbest 

Lbest = L 
R*=R 
t*=t
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map Q

sc
an

 P

1. Sample minimal subset of  
correspondences (p, q).

2. R,t=align_L2(p, q)

4. If L<Lbest 
Lbest = L 
R*=R 
t*=t

3. Estimate loss
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map Q

scan P

R,t

1. Sample minimal subset of  
correspondences (p, q).

2. R,t=align_L2(p, q)

4. If L<Lbest 
Lbest = L 
R*=R 
t*=t

3. Estimate loss



4. If L<Lbest 
Lbest = L 
R*=R 
t*=t
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map Q

scan P

R*,t*

1. Sample minimal subset of  
correspondences (p, q).

2. R,t=align_L2(p, q)

3. Estimate loss L=2
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map Q

scan P

R*,t*

1. Sample minimal subset of  
correspondences (p, q).

2. R,t=align_L2(p, q)

3. Estimate loss L=2
4. If L<Lbest 

Lbest = L 
R*=R 
t*=t



RANSAC (RAndom SAmple Consensus)

50

map Q

scan P

R*,t*

1. Sample minimal subset of  
correspondences (p, q).

2. R,t=align_L2(p, q)

repeat K-times

3. Estimate loss L=2
4. If L<Lbest 

Lbest = L 
R*=R 
t*=t
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• Minimizing L2-loss on unclean correspondences (with outliers) yields biased pose 
estimate (and pointcloud alignment). 

• Minimizing robust norms (Welsch) is complicated due to large plateaus with 
almost zero gradients. 

• It can be replaced by inlier detection method (RANSAC), which randomly sample 
reasonable hypothesis (R,t). 

• RANSAC is often used for 2D-2D correspondences and large motion (e.g. 
reconstruction of 3D world from collection of unordered RGB images). 

• When motion between successive frames is sufficiently small and RGBD data are 
available (self-driving cars), gradient minimization of a robust loss by a 
Levenberg-Marquardt is quite OK. 

• Takehome message: When designing the loss function always think about: 
A. Underlying probability distribution 
B. Optimization of the resulting landscape
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• SLAM implementations: 
• Nvidia Issac SLAM: 

https://github.com/NVIDIA-ISAAC-ROS/isaac_ros_visual_slam 
• ORB SLAM: 

https://github.com/alsora/ros2-ORB_SLAM2 
• Datasets, benchmarks and challenges: 

• Waymo 
https://waymo.com/intl/en_us/dataset-download-terms/ 

• Kitti 
http://www.cvlibs.net/datasets/kitti/

https://github.com/NVIDIA-ISAAC-ROS/isaac_ros_visual_slam
https://github.com/alsora/ros2-ORB_SLAM2
https://waymo.com/intl/en_us/dataset-download-terms/
http://www.cvlibs.net/datasets/kitti/

