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Parameterization – Definition
● Parameterization mapping P : 2D domain Ω→ 3D mesh S
● Flattening mapping U : 3D mesh S → 2D domain Ω
● Inverse(P) = flattening U.
● (sometimes we also call U as the “parameterization” of input mesh S)
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P S � R3⌦ ⇢ R2

U

U(vi) = (ui, vi)

Olga Sorkine-Hornung, Jing Ren
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Parameterization – Definition
● Flatting mapping U : 3D mesh S → 2D domain Ω
● Each mesh vertex has a corresponding 2D position:
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S � R3⌦ ⇢ R2
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U(vi) = (ui, vi)
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Parameterization – Definition
● Flatting mapping U : 3D mesh S → 2D domain Ω
● Each mesh vertex has a corresponding 2D position:

● Inside each triangle, the mappings P and U are affine (barycentric 
coordinates)

09.04.25 5

!!

!"

!#"(!!)

"(!")
"(!#) !

! = &!!! + &"!" + &#!#
( = &!"(!!) + &""(!") + &#"(!#)

"

U(vi) = (ui, vi)
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Parameterization – quality

● Minimize distortion E
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minimize angular/conformal distortion free boundary helps distortion minimization

● Minimize/hide cuts

Olga Sorkine-Hornung, Jing Ren
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Distortion on Triangle Meshes?

● Triangle in 3D         triangle in 2D
● Unique affine mapping
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Distortion Minimization
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Kent et al ‘92 Floater 97 Sander et al ‘01

Texture map

argmin
(u1,v1),...,(un,vn)

X

T

AT E(T )

<latexit sha1_base64="1PKX+E1I7m4KWNCHIoZvKb1xvL8="></latexit>

triangle area in 3D

Olga Sorkine-Hornung, Jing Ren
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Recap: Harmonic mapping
● Minimize linearized spring energy
● Boundary vertices must be fixed a priori

è Less freedom, more distortion
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Today: free boundary param.
● Boundary vertices are free in optimization

è “Good” boundary positions automatically obtained J
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Fixed vs. free boundary
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Fixed vs. free boundary
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Literature for today
1. Angle-preserving parameterization(LSCM)

§ “Least Squares Conformal Maps”, Lévy et al., SIGGRAPH 2002

2. Isometric parameterization (ARAP)
§ “A Local/Global Approach to Mesh Parameterization ”,Liu et al., SGP 2008
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LSCM : “Conformal” ARAP : “Isometric”

Olga Sorkine-Hornung, Jing Ren
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Literature for today
3. length-preserving along yarn directions

§ “Chebyshev Parameterization for Woven fabric Modeling”, Oehri et al., 
SIGGRAPH Asia 2024
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Preserve yarn lengths

Olga Sorkine-Hornung, Jing Ren



Discrete distortion energies
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Notations
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per-triangle distortion measure, value dependent on X

T

Flattening U

<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )

Variables:

Distortion 
energy:

<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

Olga Sorkine-Hornung, Jing Ren
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Local triangle basis
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<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

<latexit sha1_base64="HkEyxFPO20UI98eYXhcJyTmgw+I=">AAACI3icbVDLSsNAFJ34rPXV6tJNsAiuSiKiLotuXLZgH9CEMpnc2KEzkzAzqZSQL3Crn+DXuBM3LvwXJ20W2npg4HDuuZw7J0gYVdpxvqy19Y3Nre3KTnV3b//gsFY/6qk4lQS6JGaxHARYAaMCuppqBoNEAuYBg34wuSvm/SlIRWPxoGcJ+Bw/ChpRgrWROumo1nCazhz2KnFL0kAl2qO6teeFMUk5CE0YVmroOon2Myw1JQzyqpcqSDCZ4EcYGiowB+Vn80tz+8wooR3F0jyh7bn6eyPDXKkZD4yTYz1Wy7NC/G82THV042dUJKkGQRZBUcpsHdvFt+2QSiCazQzBRFJzq03GWGKiTTl/UkJVnJZXq54EAU8k5hyLMPOmQPKh62deER5EWcPNjcn05y63tUp6F033qnnZuWy0bssmK+gEnaJz5KJr1EL3qI26iCBAz+gFvVpv1rv1YX0urGtWuXOM/sD6/gGbsKNx</latexit>u

<latexit sha1_base64="i9x9FFs2wepPhR15fXYnjYENvvk=">AAACI3icbVDLSgMxFE181lrfSzfBIrgqMyLqsujGZQtWhc4gmcydNjTJDEmmUob5Arf6CX6NO3Hjwn8x03bh60DgcO65nJsTZYIb63kfeGFxaXlltbZWX29sbG5t7+zemDTXDHosFam+i6gBwRX0LLcC7jINVEYCbqPRZTW/HYM2PFXXdpJBKOlA8YQzap3UHd9vN72WNwX5S/w5aaI5Ovc7uBHEKcslKMsENabve5kNC6otZwLKepAbyCgb0QH0HVVUggmL6aUlOXRKTJJUu6csmarfNwoqjZnIyDkltUPze1aJ/836uU3Ow4KrLLeg2CwoyQWxKam+TWKugVkxcYQyzd2thA2ppsy6cn6kxKY6razXAw0KHlgqJVVxEYyBlX0/LIIqPEqKpl86k+vP/93WX3Jz3PJPWyfdk2b7Yt5kDe2jA3SEfHSG2ugKdVAPMQToET2hZ/yCX/Ebfp9ZF/B8Zw/9AP78Ap1vo3I=</latexit>v

global coordinate system (u, v) local coordinate system (x, y) for 
triangle T in 3D

<latexit sha1_base64="HeeFRHo/AKyjafaUgXJNiTKDaQ8=">AAACI3icbVDLSsNAFJ3UV61VW126CQbBVUmkqMuiG5ctWBWSIJPJTTt0ZhJmJtUS8gVu9RP8GnfixoX/4qR24evAwOHcczl3TpQxqrTrvlu1peWV1bX6emOjubm13WrvXKk0lwSGJGWpvImwAkYFDDXVDG4yCZhHDK6jyXk1v56CVDQVl3qWQcjxSNCEEqyNNLi/bTlux53D/ku8BXHQAv3bttUM4pTkHIQmDCvle26mwwJLTQmDshHkCjJMJngEvqECc1BhMb+0tA+MEttJKs0T2p6r3zcKzJWa8cg4OdZj9XtWif/N/Fwnp2FBRZZrEOQrKMmZrVO7+rYdUwlEs5khmEhqbrXJGEtMtCnnR0qsqtPKRiOQIOCOpJxjERfBFEjpe2ERVOFRUjheaUymP+93W3/J1VHHO+50B12nd7Zoso720D46RB46QT10gfpoiAgC9IAe0ZP1bL1Yr9bbl7VmLXZ20Q9YH5+g7aN0</latexit>x

<latexit sha1_base64="A0ALF9DgaB1LpwQrUNjjRWFkUOE=">AAACI3icbVDLSsQwFE18jvWtSzfFQXA1tCLqctCNyxGcB0yLpOmtBpO0JOlIKf0Ct/oJfo07cePCfzEdu1DHA4HDuedybk6UcaaN533gufmFxaXl1oqzura+sbm1vTPQaa4o9GnKUzWKiAbOJPQNMxxGmQIiIg7D6P6ing8noDRL5bUpMggFuZUsYZQYK10VN1ttr+NN4c4SvyFt1KB3s43XgjiluQBpKCdaj30vM2FJlGGUQ+UEuYaM0HtyC2NLJRGgw3J6aeUeWCV2k1TZJ407VX9ulERoXYjIOgUxd/rvrBb/m41zk5yFJZNZbkDS76Ak565J3frbbswUUMMLSwhVzN7q0juiCDW2nF8psa5PqxwnUCDhgaZCEBmXwQRoNfbDMqjDo6Rs+5U12f78v23NksFRxz/pHF8dt7vnTZMttIf20SHy0SnqokvUQ31EEaBH9ISe8Qt+xW/4/ds6h5udXfQL+PMLoqyjdQ==</latexit>y
Flattening U

<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )

Olga Sorkine-Hornung, Jing Ren
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Local triangle basis
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<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

<latexit sha1_base64="HkEyxFPO20UI98eYXhcJyTmgw+I=">AAACI3icbVDLSsNAFJ34rPXV6tJNsAiuSiKiLotuXLZgH9CEMpnc2KEzkzAzqZSQL3Crn+DXuBM3LvwXJ20W2npg4HDuuZw7J0gYVdpxvqy19Y3Nre3KTnV3b//gsFY/6qk4lQS6JGaxHARYAaMCuppqBoNEAuYBg34wuSvm/SlIRWPxoGcJ+Bw/ChpRgrWROumo1nCazhz2KnFL0kAl2qO6teeFMUk5CE0YVmroOon2Myw1JQzyqpcqSDCZ4EcYGiowB+Vn80tz+8wooR3F0jyh7bn6eyPDXKkZD4yTYz1Wy7NC/G82THV042dUJKkGQRZBUcpsHdvFt+2QSiCazQzBRFJzq03GWGKiTTl/UkJVnJZXq54EAU8k5hyLMPOmQPKh62deER5EWcPNjcn05y63tUp6F033qnnZuWy0bssmK+gEnaJz5KJr1EL3qI26iCBAz+gFvVpv1rv1YX0urGtWuXOM/sD6/gGbsKNx</latexit>u

<latexit sha1_base64="i9x9FFs2wepPhR15fXYnjYENvvk=">AAACI3icbVDLSgMxFE181lrfSzfBIrgqMyLqsujGZQtWhc4gmcydNjTJDEmmUob5Arf6CX6NO3Hjwn8x03bh60DgcO65nJsTZYIb63kfeGFxaXlltbZWX29sbG5t7+zemDTXDHosFam+i6gBwRX0LLcC7jINVEYCbqPRZTW/HYM2PFXXdpJBKOlA8YQzap3UHd9vN72WNwX5S/w5aaI5Ovc7uBHEKcslKMsENabve5kNC6otZwLKepAbyCgb0QH0HVVUggmL6aUlOXRKTJJUu6csmarfNwoqjZnIyDkltUPze1aJ/836uU3Ow4KrLLeg2CwoyQWxKam+TWKugVkxcYQyzd2thA2ppsy6cn6kxKY6razXAw0KHlgqJVVxEYyBlX0/LIIqPEqKpl86k+vP/93WX3Jz3PJPWyfdk2b7Yt5kDe2jA3SEfHSG2ugKdVAPMQToET2hZ/yCX/Ebfp9ZF/B8Zw/9AP78Ap1vo3I=</latexit>v

global coordinate system (u, v) local coordinate system (x, y) for 
triangle T in 3D

<latexit sha1_base64="HeeFRHo/AKyjafaUgXJNiTKDaQ8=">AAACI3icbVDLSsNAFJ3UV61VW126CQbBVUmkqMuiG5ctWBWSIJPJTTt0ZhJmJtUS8gVu9RP8GnfixoX/4qR24evAwOHcczl3TpQxqrTrvlu1peWV1bX6emOjubm13WrvXKk0lwSGJGWpvImwAkYFDDXVDG4yCZhHDK6jyXk1v56CVDQVl3qWQcjxSNCEEqyNNLi/bTlux53D/ku8BXHQAv3bttUM4pTkHIQmDCvle26mwwJLTQmDshHkCjJMJngEvqECc1BhMb+0tA+MEttJKs0T2p6r3zcKzJWa8cg4OdZj9XtWif/N/Fwnp2FBRZZrEOQrKMmZrVO7+rYdUwlEs5khmEhqbrXJGEtMtCnnR0qsqtPKRiOQIOCOpJxjERfBFEjpe2ERVOFRUjheaUymP+93W3/J1VHHO+50B12nd7Zoso720D46RB46QT10gfpoiAgC9IAe0ZP1bL1Yr9bbl7VmLXZ20Q9YH5+g7aN0</latexit>x

<latexit sha1_base64="A0ALF9DgaB1LpwQrUNjjRWFkUOE=">AAACI3icbVDLSsQwFE18jvWtSzfFQXA1tCLqctCNyxGcB0yLpOmtBpO0JOlIKf0Ct/oJfo07cePCfzEdu1DHA4HDuedybk6UcaaN533gufmFxaXl1oqzura+sbm1vTPQaa4o9GnKUzWKiAbOJPQNMxxGmQIiIg7D6P6ing8noDRL5bUpMggFuZUsYZQYK10VN1ttr+NN4c4SvyFt1KB3s43XgjiluQBpKCdaj30vM2FJlGGUQ+UEuYaM0HtyC2NLJRGgw3J6aeUeWCV2k1TZJ407VX9ulERoXYjIOgUxd/rvrBb/m41zk5yFJZNZbkDS76Ak565J3frbbswUUMMLSwhVzN7q0juiCDW2nF8psa5PqxwnUCDhgaZCEBmXwQRoNfbDMqjDo6Rs+5U12f78v23NksFRxz/pHF8dt7vnTZMttIf20SHy0SnqokvUQ31EEaBH9ISe8Qt+xW/4/ds6h5udXfQL+PMLoqyjdQ==</latexit>y
Flattening U

<latexit sha1_base64="8MObiZmDzahU4oDwcMcvgkjsAvg=">AAACLHicbVDLSsQwFE3H9/jWpZvgICjI0MigLkU3LhUcR5yWIU1vNZikJUlHhtK/cKuf4Ne4EXHrd5iOXfg6EDicey7n5kSZ4Mb6/qvXmJicmp6ZnWvOLywuLa+srl2aNNcMuiwVqb6KqAHBFXQttwKuMg1URgJ60d1JNe8NQRueqgs7yiCU9EbxhDNqnXS9nQ/ILh4OyM5gpeW3/THwX0Jq0kI1zgar3kIQpyyXoCwT1Jg+8TMbFlRbzgSUzSA3kFF2R2+g76iiEkxYjE8u8ZZTYpyk2j1l8Vj9vlFQacxIRs4pqb01v2eV+N+sn9vkMCy4ynILin0FJbnANsXV/3HMNTArRo5Qprm7FbNbqimzrqUfKbGpTiubzUCDgnuWSklVXARDYGWfhEVQhUdJ0SKlM7n+yO+2/pLLvTbZb3fOO62j47rJWbSBNtE2IugAHaFTdIa6iCGFHtAjevKevRfvzXv/sja8emcd/YD38QnN46X+</latexit>

(u1, v1)
<latexit sha1_base64="KMPeYfhoptJERQAIoGO7Li1QpX4=">AAACLHicbVDLSsNAFJ3Ud63vpZvBIlSQkhRRl6IblwpWxSaUyeSmHTozCTOTSgn5C7f6CX6NGxG3foeTmoWvAwOHc8/l3Dlhypk2rvvq1GZm5+YXFpfqy42V1bX1jc1rnWSKQpcmPFG3IdHAmYSuYYbDbaqAiJDDTTg6K+c3Y1CaJfLKTFIIBBlIFjNKjJXuWlm/s4/H/c5ef73ptt0p8F/iVaSJKlz0N5yGHyU0EyAN5UTrnuemJsiJMoxyKOp+piEldEQG0LNUEgE6yKcnF3jXKhGOE2WfNHiqft/IidB6IkLrFMQM9e9ZKf4362UmPg5yJtPMgKRfQXHGsUlw+X8cMQXU8IklhCpmb8V0SBShxrb0IyXS5WlFve4rkHBPEyGIjHJ/DLToeUHul+FhnDe9wppsf97vtv6S607bO2wfXB40T06rJhfRNtpBLeShI3SCztEF6iKKJHpAj+jJeXZenDfn/ctac6qdLfQDzscn0WimAA==</latexit>

(u2, v2)

<latexit sha1_base64="5kSP/cTl8xmsYtF3HVxNrx+G07g="></latexit>

(u3, v3)

<latexit sha1_base64="xL3dtOiCEc9Fhz9EnNahna4Ehs4=">AAACLXicbVDLSsNAFJ3Ud31VXboJFsFVSaSoy6IblxWsCkkok8lNO3QeYWZSKSGf4VY/wa9xIYhbf8NJ24VVD1w4nHsu53LijFFtPO/dqS0tr6yurW/UN7e2d3Ybe/t3WuaKQI9IJtVDjDUwKqBnqGHwkCnAPGZwH4+uqv39GJSmUtyaSQYRxwNBU0qwsVIQGsoSKKDs+/1G02t5U7h/iT8nTTRHt7/nbIWJJDkHYQjDWge+l5mowMpQwqCsh7mGDJMRHkBgqcAcdFRMfy7dY6skbiqVHWHcqfrzosBc6wmPrZNjM9S/d5X43y7ITXoRFVRkuQFBZkFpzlwj3aoAN6EKiGETSzBR1P7qkiFWmBhb00JKoqvXyno9VCDgkUjOsUiKcAykDPyoCKvwOC2afmlNtj//d1t/yd1pyz9rtW/azc7lvMl1dIiO0Any0TnqoGvURT1EkERP6Bm9OK/Om/PhfM6sNWd+c4AW4Hx9A/T/p7s=</latexit>

ẽ1

<latexit sha1_base64="GuuyE89jwmqX82w4NOEErcS7Aps=">AAACLXicbVDLSsNAFJ34ttb30k2wCK5KUoq6FN24rGBVSEKZTG7aofMIM5NKCfkMt/oJfo0LQdz6G07aLrT1wIXDuedyLifOGNXG8z6cpeWV1bX1jc3aVn17Z3dv/+Bey1wR6BLJpHqMsQZGBXQNNQweMwWYxwwe4uF1tX8YgdJUijszziDiuC9oSgk2VgpCQ1kCBZS9Vm+v4TW9CdxF4s9IA83Q6e079TCRJOcgDGFY68D3MhMVWBlKGJS1MNeQYTLEfQgsFZiDjorJz6V7YpXETaWyI4w7UX9fFJhrPeaxdXJsBnp+V4n/7YLcpBdRQUWWGxBkGpTmzDXSrQpwE6qAGDa2BBNF7a8uGWCFibE1/UlJdPVaWauFCgQ8Eck5FkkRjoCUgR8VYRUep0XDL63J9ufPt7VI7ltN/6zZvm03Lq9mTW6gI3SMTpGPztElukEd1EUESfSMXtCr8+a8O5/O19S65MxuDtEfON8/9r6nvA==</latexit>

ẽ2

<latexit sha1_base64="cmukPQKUf/em6b9Op5P+KdspywM=">AAACJ3icbVDLSsNAFJ34rPXV6tJNsAgKUhIp6rLoxmUF+4AmlMnkph2cmYSZSaWEfINb/QS/xp3o0j9x0nahrQcGDueey7lzgoRRpR3ny1pZXVvf2Cxtlbd3dvf2K9WDjopTSaBNYhbLXoAVMCqgralm0EskYB4w6AaPt8W8OwapaCwe9CQBn+OhoBElWBupfeqcO2eDSs2pO1PYy8SdkxqaozWoWjteGJOUg9CEYaX6rpNoP8NSU8IgL3upggSTRzyEvqECc1B+Nr02t0+MEtpRLM0T2p6qvzcyzJWa8MA4OdYjtTgrxP9m/VRH135GRZJqEGQWFKXM1rFdfN0OqQSi2cQQTCQ1t9pkhCUm2hT0JyVUxWl5uexJEPBEYs6xCDNvDCTvu37mFeFBlNXc3JhMf+5iW8ukc1F3L+uN+0ateTNvsoSO0DE6RS66Qk10h1qojQii6Bm9oFfrzXq3PqzPmXXFmu8coj+wvn8A55ekAQ==</latexit>

(0, 0)
<latexit sha1_base64="OW1ERjxVQNF6D9IK+pyXHw4Du30="></latexit>

(kẽ1k, 0)

<latexit sha1_base64="Wekf/RKaznNY2XeCx9sP57iW/5Y="></latexit>

kẽ2k(cos↵, sin↵)

<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
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<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

<latexit sha1_base64="HkEyxFPO20UI98eYXhcJyTmgw+I=">AAACI3icbVDLSsNAFJ34rPXV6tJNsAiuSiKiLotuXLZgH9CEMpnc2KEzkzAzqZSQL3Crn+DXuBM3LvwXJ20W2npg4HDuuZw7J0gYVdpxvqy19Y3Nre3KTnV3b//gsFY/6qk4lQS6JGaxHARYAaMCuppqBoNEAuYBg34wuSvm/SlIRWPxoGcJ+Bw/ChpRgrWROumo1nCazhz2KnFL0kAl2qO6teeFMUk5CE0YVmroOon2Myw1JQzyqpcqSDCZ4EcYGiowB+Vn80tz+8wooR3F0jyh7bn6eyPDXKkZD4yTYz1Wy7NC/G82THV042dUJKkGQRZBUcpsHdvFt+2QSiCazQzBRFJzq03GWGKiTTl/UkJVnJZXq54EAU8k5hyLMPOmQPKh62deER5EWcPNjcn05y63tUp6F033qnnZuWy0bssmK+gEnaJz5KJr1EL3qI26iCBAz+gFvVpv1rv1YX0urGtWuXOM/sD6/gGbsKNx</latexit>u

<latexit sha1_base64="i9x9FFs2wepPhR15fXYnjYENvvk=">AAACI3icbVDLSgMxFE181lrfSzfBIrgqMyLqsujGZQtWhc4gmcydNjTJDEmmUob5Arf6CX6NO3Hjwn8x03bh60DgcO65nJsTZYIb63kfeGFxaXlltbZWX29sbG5t7+zemDTXDHosFam+i6gBwRX0LLcC7jINVEYCbqPRZTW/HYM2PFXXdpJBKOlA8YQzap3UHd9vN72WNwX5S/w5aaI5Ovc7uBHEKcslKMsENabve5kNC6otZwLKepAbyCgb0QH0HVVUggmL6aUlOXRKTJJUu6csmarfNwoqjZnIyDkltUPze1aJ/836uU3Ow4KrLLeg2CwoyQWxKam+TWKugVkxcYQyzd2thA2ppsy6cn6kxKY6razXAw0KHlgqJVVxEYyBlX0/LIIqPEqKpl86k+vP/93WX3Jz3PJPWyfdk2b7Yt5kDe2jA3SEfHSG2ugKdVAPMQToET2hZ/yCX/Ebfp9ZF/B8Zw/9AP78Ap1vo3I=</latexit>v

global coordinate system (u, v) local coordinate system (x, y) for 
triangle T in 3D

<latexit sha1_base64="HeeFRHo/AKyjafaUgXJNiTKDaQ8=">AAACI3icbVDLSsNAFJ3UV61VW126CQbBVUmkqMuiG5ctWBWSIJPJTTt0ZhJmJtUS8gVu9RP8GnfixoX/4qR24evAwOHcczl3TpQxqrTrvlu1peWV1bX6emOjubm13WrvXKk0lwSGJGWpvImwAkYFDDXVDG4yCZhHDK6jyXk1v56CVDQVl3qWQcjxSNCEEqyNNLi/bTlux53D/ku8BXHQAv3bttUM4pTkHIQmDCvle26mwwJLTQmDshHkCjJMJngEvqECc1BhMb+0tA+MEttJKs0T2p6r3zcKzJWa8cg4OdZj9XtWif/N/Fwnp2FBRZZrEOQrKMmZrVO7+rYdUwlEs5khmEhqbrXJGEtMtCnnR0qsqtPKRiOQIOCOpJxjERfBFEjpe2ERVOFRUjheaUymP+93W3/J1VHHO+50B12nd7Zoso720D46RB46QT10gfpoiAgC9IAe0ZP1bL1Yr9bbl7VmLXZ20Q9YH5+g7aN0</latexit>x

<latexit sha1_base64="A0ALF9DgaB1LpwQrUNjjRWFkUOE=">AAACI3icbVDLSsQwFE18jvWtSzfFQXA1tCLqctCNyxGcB0yLpOmtBpO0JOlIKf0Ct/oJfo07cePCfzEdu1DHA4HDuedybk6UcaaN533gufmFxaXl1oqzura+sbm1vTPQaa4o9GnKUzWKiAbOJPQNMxxGmQIiIg7D6P6ing8noDRL5bUpMggFuZUsYZQYK10VN1ttr+NN4c4SvyFt1KB3s43XgjiluQBpKCdaj30vM2FJlGGUQ+UEuYaM0HtyC2NLJRGgw3J6aeUeWCV2k1TZJ407VX9ulERoXYjIOgUxd/rvrBb/m41zk5yFJZNZbkDS76Ak565J3frbbswUUMMLSwhVzN7q0juiCDW2nF8psa5PqxwnUCDhgaZCEBmXwQRoNfbDMqjDo6Rs+5U12f78v23NksFRxz/pHF8dt7vnTZMttIf20SHy0SnqokvUQ31EEaBH9ISe8Qt+xW/4/ds6h5udXfQL+PMLoqyjdQ==</latexit>y
Flattening U

<latexit sha1_base64="xL3dtOiCEc9Fhz9EnNahna4Ehs4=">AAACLXicbVDLSsNAFJ3Ud31VXboJFsFVSaSoy6IblxWsCkkok8lNO3QeYWZSKSGf4VY/wa9xIYhbf8NJ24VVD1w4nHsu53LijFFtPO/dqS0tr6yurW/UN7e2d3Ybe/t3WuaKQI9IJtVDjDUwKqBnqGHwkCnAPGZwH4+uqv39GJSmUtyaSQYRxwNBU0qwsVIQGsoSKKDs+/1G02t5U7h/iT8nTTRHt7/nbIWJJDkHYQjDWge+l5mowMpQwqCsh7mGDJMRHkBgqcAcdFRMfy7dY6skbiqVHWHcqfrzosBc6wmPrZNjM9S/d5X43y7ITXoRFVRkuQFBZkFpzlwj3aoAN6EKiGETSzBR1P7qkiFWmBhb00JKoqvXyno9VCDgkUjOsUiKcAykDPyoCKvwOC2afmlNtj//d1t/yd1pyz9rtW/azc7lvMl1dIiO0Any0TnqoGvURT1EkERP6Bm9OK/Om/PhfM6sNWd+c4AW4Hx9A/T/p7s=</latexit>

ẽ1

<latexit sha1_base64="GuuyE89jwmqX82w4NOEErcS7Aps=">AAACLXicbVDLSsNAFJ34ttb30k2wCK5KUoq6FN24rGBVSEKZTG7aofMIM5NKCfkMt/oJfo0LQdz6G07aLrT1wIXDuedyLifOGNXG8z6cpeWV1bX1jc3aVn17Z3dv/+Bey1wR6BLJpHqMsQZGBXQNNQweMwWYxwwe4uF1tX8YgdJUijszziDiuC9oSgk2VgpCQ1kCBZS9Vm+v4TW9CdxF4s9IA83Q6e079TCRJOcgDGFY68D3MhMVWBlKGJS1MNeQYTLEfQgsFZiDjorJz6V7YpXETaWyI4w7UX9fFJhrPeaxdXJsBnp+V4n/7YLcpBdRQUWWGxBkGpTmzDXSrQpwE6qAGDa2BBNF7a8uGWCFibE1/UlJdPVaWauFCgQ8Eck5FkkRjoCUgR8VYRUep0XDL63J9ufPt7VI7ltN/6zZvm03Lq9mTW6gI3SMTpGPztElukEd1EUESfSMXtCr8+a8O5/O19S65MxuDtEfON8/9r6nvA==</latexit>

ẽ2

<latexit sha1_base64="aGJet9+wispUqbWlVzhguvAr9OQ="></latexit>

e1 =

✓
u2 � u1

v2 � v1

◆

<latexit sha1_base64="Ub2elLLfdTjzUF6eRBQsvgk2ZwQ="></latexit>

e2 =

✓
u3 � u1

v3 � v1

◆

<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
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<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

<latexit sha1_base64="HkEyxFPO20UI98eYXhcJyTmgw+I=">AAACI3icbVDLSsNAFJ34rPXV6tJNsAiuSiKiLotuXLZgH9CEMpnc2KEzkzAzqZSQL3Crn+DXuBM3LvwXJ20W2npg4HDuuZw7J0gYVdpxvqy19Y3Nre3KTnV3b//gsFY/6qk4lQS6JGaxHARYAaMCuppqBoNEAuYBg34wuSvm/SlIRWPxoGcJ+Bw/ChpRgrWROumo1nCazhz2KnFL0kAl2qO6teeFMUk5CE0YVmroOon2Myw1JQzyqpcqSDCZ4EcYGiowB+Vn80tz+8wooR3F0jyh7bn6eyPDXKkZD4yTYz1Wy7NC/G82THV042dUJKkGQRZBUcpsHdvFt+2QSiCazQzBRFJzq03GWGKiTTl/UkJVnJZXq54EAU8k5hyLMPOmQPKh62deER5EWcPNjcn05y63tUp6F033qnnZuWy0bssmK+gEnaJz5KJr1EL3qI26iCBAz+gFvVpv1rv1YX0urGtWuXOM/sD6/gGbsKNx</latexit>u

<latexit sha1_base64="i9x9FFs2wepPhR15fXYnjYENvvk=">AAACI3icbVDLSgMxFE181lrfSzfBIrgqMyLqsujGZQtWhc4gmcydNjTJDEmmUob5Arf6CX6NO3Hjwn8x03bh60DgcO65nJsTZYIb63kfeGFxaXlltbZWX29sbG5t7+zemDTXDHosFam+i6gBwRX0LLcC7jINVEYCbqPRZTW/HYM2PFXXdpJBKOlA8YQzap3UHd9vN72WNwX5S/w5aaI5Ovc7uBHEKcslKMsENabve5kNC6otZwLKepAbyCgb0QH0HVVUggmL6aUlOXRKTJJUu6csmarfNwoqjZnIyDkltUPze1aJ/836uU3Ow4KrLLeg2CwoyQWxKam+TWKugVkxcYQyzd2thA2ppsy6cn6kxKY6razXAw0KHlgqJVVxEYyBlX0/LIIqPEqKpl86k+vP/93WX3Jz3PJPWyfdk2b7Yt5kDe2jA3SEfHSG2ugKdVAPMQToET2hZ/yCX/Ebfp9ZF/B8Zw/9AP78Ap1vo3I=</latexit>v

global coordinate system (u, v) local coordinate system (x, y) for 
triangle T in 3D

<latexit sha1_base64="HeeFRHo/AKyjafaUgXJNiTKDaQ8=">AAACI3icbVDLSsNAFJ3UV61VW126CQbBVUmkqMuiG5ctWBWSIJPJTTt0ZhJmJtUS8gVu9RP8GnfixoX/4qR24evAwOHcczl3TpQxqrTrvlu1peWV1bX6emOjubm13WrvXKk0lwSGJGWpvImwAkYFDDXVDG4yCZhHDK6jyXk1v56CVDQVl3qWQcjxSNCEEqyNNLi/bTlux53D/ku8BXHQAv3bttUM4pTkHIQmDCvle26mwwJLTQmDshHkCjJMJngEvqECc1BhMb+0tA+MEttJKs0T2p6r3zcKzJWa8cg4OdZj9XtWif/N/Fwnp2FBRZZrEOQrKMmZrVO7+rYdUwlEs5khmEhqbrXJGEtMtCnnR0qsqtPKRiOQIOCOpJxjERfBFEjpe2ERVOFRUjheaUymP+93W3/J1VHHO+50B12nd7Zoso720D46RB46QT10gfpoiAgC9IAe0ZP1bL1Yr9bbl7VmLXZ20Q9YH5+g7aN0</latexit>x

<latexit sha1_base64="A0ALF9DgaB1LpwQrUNjjRWFkUOE=">AAACI3icbVDLSsQwFE18jvWtSzfFQXA1tCLqctCNyxGcB0yLpOmtBpO0JOlIKf0Ct/oJfo07cePCfzEdu1DHA4HDuedybk6UcaaN533gufmFxaXl1oqzura+sbm1vTPQaa4o9GnKUzWKiAbOJPQNMxxGmQIiIg7D6P6ing8noDRL5bUpMggFuZUsYZQYK10VN1ttr+NN4c4SvyFt1KB3s43XgjiluQBpKCdaj30vM2FJlGGUQ+UEuYaM0HtyC2NLJRGgw3J6aeUeWCV2k1TZJ407VX9ulERoXYjIOgUxd/rvrBb/m41zk5yFJZNZbkDS76Ak565J3frbbswUUMMLSwhVzN7q0juiCDW2nF8psa5PqxwnUCDhgaZCEBmXwQRoNfbDMqjDo6Rs+5U12f78v23NksFRxz/pHF8dt7vnTZMttIf20SHy0SnqokvUQ31EEaBH9ISe8Qt+xW/4/ds6h5udXfQL+PMLoqyjdQ==</latexit>y

Flattening U
<latexit sha1_base64="xL3dtOiCEc9Fhz9EnNahna4Ehs4=">AAACLXicbVDLSsNAFJ3Ud31VXboJFsFVSaSoy6IblxWsCkkok8lNO3QeYWZSKSGf4VY/wa9xIYhbf8NJ24VVD1w4nHsu53LijFFtPO/dqS0tr6yurW/UN7e2d3Ybe/t3WuaKQI9IJtVDjDUwKqBnqGHwkCnAPGZwH4+uqv39GJSmUtyaSQYRxwNBU0qwsVIQGsoSKKDs+/1G02t5U7h/iT8nTTRHt7/nbIWJJDkHYQjDWge+l5mowMpQwqCsh7mGDJMRHkBgqcAcdFRMfy7dY6skbiqVHWHcqfrzosBc6wmPrZNjM9S/d5X43y7ITXoRFVRkuQFBZkFpzlwj3aoAN6EKiGETSzBR1P7qkiFWmBhb00JKoqvXyno9VCDgkUjOsUiKcAykDPyoCKvwOC2afmlNtj//d1t/yd1pyz9rtW/azc7lvMl1dIiO0Any0TnqoGvURT1EkERP6Bm9OK/Om/PhfM6sNWd+c4AW4Hx9A/T/p7s=</latexit>

ẽ1

<latexit sha1_base64="GuuyE89jwmqX82w4NOEErcS7Aps=">AAACLXicbVDLSsNAFJ34ttb30k2wCK5KUoq6FN24rGBVSEKZTG7aofMIM5NKCfkMt/oJfo0LQdz6G07aLrT1wIXDuedyLifOGNXG8z6cpeWV1bX1jc3aVn17Z3dv/+Bey1wR6BLJpHqMsQZGBXQNNQweMwWYxwwe4uF1tX8YgdJUijszziDiuC9oSgk2VgpCQ1kCBZS9Vm+v4TW9CdxF4s9IA83Q6e079TCRJOcgDGFY68D3MhMVWBlKGJS1MNeQYTLEfQgsFZiDjorJz6V7YpXETaWyI4w7UX9fFJhrPeaxdXJsBnp+V4n/7YLcpBdRQUWWGxBkGpTmzDXSrQpwE6qAGDa2BBNF7a8uGWCFibE1/UlJdPVaWauFCgQ8Eck5FkkRjoCUgR8VYRUep0XDL63J9ufPt7VI7ltN/6zZvm03Lq9mTW6gI3SMTpGPztElukEd1EUESfSMXtCr8+a8O5/O19S65MxuDtEfON8/9r6nvA==</latexit>

ẽ2

<latexit sha1_base64="aGJet9+wispUqbWlVzhguvAr9OQ="></latexit>

e1 =

✓
u2 � u1

v2 � v1

◆

<latexit sha1_base64="Ub2elLLfdTjzUF6eRBQsvgk2ZwQ="></latexit>

e2 =

✓
u3 � u1

v3 � v1

◆

)"
)(*, () = ,$ ∈ ℝ"×"

<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
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<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

<latexit sha1_base64="HkEyxFPO20UI98eYXhcJyTmgw+I=">AAACI3icbVDLSsNAFJ34rPXV6tJNsAiuSiKiLotuXLZgH9CEMpnc2KEzkzAzqZSQL3Crn+DXuBM3LvwXJ20W2npg4HDuuZw7J0gYVdpxvqy19Y3Nre3KTnV3b//gsFY/6qk4lQS6JGaxHARYAaMCuppqBoNEAuYBg34wuSvm/SlIRWPxoGcJ+Bw/ChpRgrWROumo1nCazhz2KnFL0kAl2qO6teeFMUk5CE0YVmroOon2Myw1JQzyqpcqSDCZ4EcYGiowB+Vn80tz+8wooR3F0jyh7bn6eyPDXKkZD4yTYz1Wy7NC/G82THV042dUJKkGQRZBUcpsHdvFt+2QSiCazQzBRFJzq03GWGKiTTl/UkJVnJZXq54EAU8k5hyLMPOmQPKh62deER5EWcPNjcn05y63tUp6F033qnnZuWy0bssmK+gEnaJz5KJr1EL3qI26iCBAz+gFvVpv1rv1YX0urGtWuXOM/sD6/gGbsKNx</latexit>u

<latexit sha1_base64="i9x9FFs2wepPhR15fXYnjYENvvk=">AAACI3icbVDLSgMxFE181lrfSzfBIrgqMyLqsujGZQtWhc4gmcydNjTJDEmmUob5Arf6CX6NO3Hjwn8x03bh60DgcO65nJsTZYIb63kfeGFxaXlltbZWX29sbG5t7+zemDTXDHosFam+i6gBwRX0LLcC7jINVEYCbqPRZTW/HYM2PFXXdpJBKOlA8YQzap3UHd9vN72WNwX5S/w5aaI5Ovc7uBHEKcslKMsENabve5kNC6otZwLKepAbyCgb0QH0HVVUggmL6aUlOXRKTJJUu6csmarfNwoqjZnIyDkltUPze1aJ/836uU3Ow4KrLLeg2CwoyQWxKam+TWKugVkxcYQyzd2thA2ppsy6cn6kxKY6razXAw0KHlgqJVVxEYyBlX0/LIIqPEqKpl86k+vP/93WX3Jz3PJPWyfdk2b7Yt5kDe2jA3SEfHSG2ugKdVAPMQToET2hZ/yCX/Ebfp9ZF/B8Zw/9AP78Ap1vo3I=</latexit>v

global coordinate system (u, v) local coordinate system (x, y) for 
triangle T in 3D

<latexit sha1_base64="HeeFRHo/AKyjafaUgXJNiTKDaQ8=">AAACI3icbVDLSsNAFJ3UV61VW126CQbBVUmkqMuiG5ctWBWSIJPJTTt0ZhJmJtUS8gVu9RP8GnfixoX/4qR24evAwOHcczl3TpQxqrTrvlu1peWV1bX6emOjubm13WrvXKk0lwSGJGWpvImwAkYFDDXVDG4yCZhHDK6jyXk1v56CVDQVl3qWQcjxSNCEEqyNNLi/bTlux53D/ku8BXHQAv3bttUM4pTkHIQmDCvle26mwwJLTQmDshHkCjJMJngEvqECc1BhMb+0tA+MEttJKs0T2p6r3zcKzJWa8cg4OdZj9XtWif/N/Fwnp2FBRZZrEOQrKMmZrVO7+rYdUwlEs5khmEhqbrXJGEtMtCnnR0qsqtPKRiOQIOCOpJxjERfBFEjpe2ERVOFRUjheaUymP+93W3/J1VHHO+50B12nd7Zoso720D46RB46QT10gfpoiAgC9IAe0ZP1bL1Yr9bbl7VmLXZ20Q9YH5+g7aN0</latexit>x

<latexit sha1_base64="A0ALF9DgaB1LpwQrUNjjRWFkUOE=">AAACI3icbVDLSsQwFE18jvWtSzfFQXA1tCLqctCNyxGcB0yLpOmtBpO0JOlIKf0Ct/oJfo07cePCfzEdu1DHA4HDuedybk6UcaaN533gufmFxaXl1oqzura+sbm1vTPQaa4o9GnKUzWKiAbOJPQNMxxGmQIiIg7D6P6ing8noDRL5bUpMggFuZUsYZQYK10VN1ttr+NN4c4SvyFt1KB3s43XgjiluQBpKCdaj30vM2FJlGGUQ+UEuYaM0HtyC2NLJRGgw3J6aeUeWCV2k1TZJ407VX9ulERoXYjIOgUxd/rvrBb/m41zk5yFJZNZbkDS76Ak565J3frbbswUUMMLSwhVzN7q0juiCDW2nF8psa5PqxwnUCDhgaZCEBmXwQRoNfbDMqjDo6Rs+5U12f78v23NksFRxz/pHF8dt7vnTZMttIf20SHy0SnqokvUQ31EEaBH9ISe8Qt+xW/4/ds6h5udXfQL+PMLoqyjdQ==</latexit>y

Flattening U
<latexit sha1_base64="xL3dtOiCEc9Fhz9EnNahna4Ehs4=">AAACLXicbVDLSsNAFJ3Ud31VXboJFsFVSaSoy6IblxWsCkkok8lNO3QeYWZSKSGf4VY/wa9xIYhbf8NJ24VVD1w4nHsu53LijFFtPO/dqS0tr6yurW/UN7e2d3Ybe/t3WuaKQI9IJtVDjDUwKqBnqGHwkCnAPGZwH4+uqv39GJSmUtyaSQYRxwNBU0qwsVIQGsoSKKDs+/1G02t5U7h/iT8nTTRHt7/nbIWJJDkHYQjDWge+l5mowMpQwqCsh7mGDJMRHkBgqcAcdFRMfy7dY6skbiqVHWHcqfrzosBc6wmPrZNjM9S/d5X43y7ITXoRFVRkuQFBZkFpzlwj3aoAN6EKiGETSzBR1P7qkiFWmBhb00JKoqvXyno9VCDgkUjOsUiKcAykDPyoCKvwOC2afmlNtj//d1t/yd1pyz9rtW/azc7lvMl1dIiO0Any0TnqoGvURT1EkERP6Bm9OK/Om/PhfM6sNWd+c4AW4Hx9A/T/p7s=</latexit>

ẽ1

<latexit sha1_base64="GuuyE89jwmqX82w4NOEErcS7Aps=">AAACLXicbVDLSsNAFJ34ttb30k2wCK5KUoq6FN24rGBVSEKZTG7aofMIM5NKCfkMt/oJfo0LQdz6G07aLrT1wIXDuedyLifOGNXG8z6cpeWV1bX1jc3aVn17Z3dv/+Bey1wR6BLJpHqMsQZGBXQNNQweMwWYxwwe4uF1tX8YgdJUijszziDiuC9oSgk2VgpCQ1kCBZS9Vm+v4TW9CdxF4s9IA83Q6e079TCRJOcgDGFY68D3MhMVWBlKGJS1MNeQYTLEfQgsFZiDjorJz6V7YpXETaWyI4w7UX9fFJhrPeaxdXJsBnp+V4n/7YLcpBdRQUWWGxBkGpTmzDXSrQpwE6qAGDa2BBNF7a8uGWCFibE1/UlJdPVaWauFCgQ8Eck5FkkRjoCUgR8VYRUep0XDL63J9ufPt7VI7ltN/6zZvm03Lq9mTW6gI3SMTpGPztElukEd1EUESfSMXtCr8+a8O5/O19S65MxuDtEfON8/9r6nvA==</latexit>

ẽ2

<latexit sha1_base64="aGJet9+wispUqbWlVzhguvAr9OQ="></latexit>

e1 =

✓
u2 � u1

v2 � v1

◆

<latexit sha1_base64="Ub2elLLfdTjzUF6eRBQsvgk2ZwQ="></latexit>

e2 =

✓
u3 � u1

v3 � v1

◆

)"
)(*, () = ,$ ∈ ℝ"×"

<latexit sha1_base64="hQ9PnoMHSW8dqxiBwSUL8hAUa7s="></latexit>

JT

0

@
| |
ẽ1 ẽ2
| |

1

A =

0

@
| |
e1 e2
| |

1

A
<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
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<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )

<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

<latexit sha1_base64="HkEyxFPO20UI98eYXhcJyTmgw+I=">AAACI3icbVDLSsNAFJ34rPXV6tJNsAiuSiKiLotuXLZgH9CEMpnc2KEzkzAzqZSQL3Crn+DXuBM3LvwXJ20W2npg4HDuuZw7J0gYVdpxvqy19Y3Nre3KTnV3b//gsFY/6qk4lQS6JGaxHARYAaMCuppqBoNEAuYBg34wuSvm/SlIRWPxoGcJ+Bw/ChpRgrWROumo1nCazhz2KnFL0kAl2qO6teeFMUk5CE0YVmroOon2Myw1JQzyqpcqSDCZ4EcYGiowB+Vn80tz+8wooR3F0jyh7bn6eyPDXKkZD4yTYz1Wy7NC/G82THV042dUJKkGQRZBUcpsHdvFt+2QSiCazQzBRFJzq03GWGKiTTl/UkJVnJZXq54EAU8k5hyLMPOmQPKh62deER5EWcPNjcn05y63tUp6F033qnnZuWy0bssmK+gEnaJz5KJr1EL3qI26iCBAz+gFvVpv1rv1YX0urGtWuXOM/sD6/gGbsKNx</latexit>u

<latexit sha1_base64="i9x9FFs2wepPhR15fXYnjYENvvk=">AAACI3icbVDLSgMxFE181lrfSzfBIrgqMyLqsujGZQtWhc4gmcydNjTJDEmmUob5Arf6CX6NO3Hjwn8x03bh60DgcO65nJsTZYIb63kfeGFxaXlltbZWX29sbG5t7+zemDTXDHosFam+i6gBwRX0LLcC7jINVEYCbqPRZTW/HYM2PFXXdpJBKOlA8YQzap3UHd9vN72WNwX5S/w5aaI5Ovc7uBHEKcslKMsENabve5kNC6otZwLKepAbyCgb0QH0HVVUggmL6aUlOXRKTJJUu6csmarfNwoqjZnIyDkltUPze1aJ/836uU3Ow4KrLLeg2CwoyQWxKam+TWKugVkxcYQyzd2thA2ppsy6cn6kxKY6razXAw0KHlgqJVVxEYyBlX0/LIIqPEqKpl86k+vP/93WX3Jz3PJPWyfdk2b7Yt5kDe2jA3SEfHSG2ugKdVAPMQToET2hZ/yCX/Ebfp9ZF/B8Zw/9AP78Ap1vo3I=</latexit>v

global coordinate 
system (u, v)

local coordinate 
system (x, y) for 
triangle T in 3D

<latexit sha1_base64="HeeFRHo/AKyjafaUgXJNiTKDaQ8=">AAACI3icbVDLSsNAFJ3UV61VW126CQbBVUmkqMuiG5ctWBWSIJPJTTt0ZhJmJtUS8gVu9RP8GnfixoX/4qR24evAwOHcczl3TpQxqrTrvlu1peWV1bX6emOjubm13WrvXKk0lwSGJGWpvImwAkYFDDXVDG4yCZhHDK6jyXk1v56CVDQVl3qWQcjxSNCEEqyNNLi/bTlux53D/ku8BXHQAv3bttUM4pTkHIQmDCvle26mwwJLTQmDshHkCjJMJngEvqECc1BhMb+0tA+MEttJKs0T2p6r3zcKzJWa8cg4OdZj9XtWif/N/Fwnp2FBRZZrEOQrKMmZrVO7+rYdUwlEs5khmEhqbrXJGEtMtCnnR0qsqtPKRiOQIOCOpJxjERfBFEjpe2ERVOFRUjheaUymP+93W3/J1VHHO+50B12nd7Zoso720D46RB46QT10gfpoiAgC9IAe0ZP1bL1Yr9bbl7VmLXZ20Q9YH5+g7aN0</latexit>x

<latexit sha1_base64="A0ALF9DgaB1LpwQrUNjjRWFkUOE=">AAACI3icbVDLSsQwFE18jvWtSzfFQXA1tCLqctCNyxGcB0yLpOmtBpO0JOlIKf0Ct/oJfo07cePCfzEdu1DHA4HDuedybk6UcaaN533gufmFxaXl1oqzura+sbm1vTPQaa4o9GnKUzWKiAbOJPQNMxxGmQIiIg7D6P6ing8noDRL5bUpMggFuZUsYZQYK10VN1ttr+NN4c4SvyFt1KB3s43XgjiluQBpKCdaj30vM2FJlGGUQ+UEuYaM0HtyC2NLJRGgw3J6aeUeWCV2k1TZJ407VX9ulERoXYjIOgUxd/rvrBb/m41zk5yFJZNZbkDS76Ak565J3frbbswUUMMLSwhVzN7q0juiCDW2nF8psa5PqxwnUCDhgaZCEBmXwQRoNfbDMqjDo6Rs+5U12f78v23NksFRxz/pHF8dt7vnTZMttIf20SHy0SnqokvUQ31EEaBH9ISe8Qt+xW/4/ds6h5udXfQL+PMLoqyjdQ==</latexit>y

Flattening U
<latexit sha1_base64="xL3dtOiCEc9Fhz9EnNahna4Ehs4=">AAACLXicbVDLSsNAFJ3Ud31VXboJFsFVSaSoy6IblxWsCkkok8lNO3QeYWZSKSGf4VY/wa9xIYhbf8NJ24VVD1w4nHsu53LijFFtPO/dqS0tr6yurW/UN7e2d3Ybe/t3WuaKQI9IJtVDjDUwKqBnqGHwkCnAPGZwH4+uqv39GJSmUtyaSQYRxwNBU0qwsVIQGsoSKKDs+/1G02t5U7h/iT8nTTRHt7/nbIWJJDkHYQjDWge+l5mowMpQwqCsh7mGDJMRHkBgqcAcdFRMfy7dY6skbiqVHWHcqfrzosBc6wmPrZNjM9S/d5X43y7ITXoRFVRkuQFBZkFpzlwj3aoAN6EKiGETSzBR1P7qkiFWmBhb00JKoqvXyno9VCDgkUjOsUiKcAykDPyoCKvwOC2afmlNtj//d1t/yd1pyz9rtW/azc7lvMl1dIiO0Any0TnqoGvURT1EkERP6Bm9OK/Om/PhfM6sNWd+c4AW4Hx9A/T/p7s=</latexit>

ẽ1

<latexit sha1_base64="GuuyE89jwmqX82w4NOEErcS7Aps=">AAACLXicbVDLSsNAFJ34ttb30k2wCK5KUoq6FN24rGBVSEKZTG7aofMIM5NKCfkMt/oJfo0LQdz6G07aLrT1wIXDuedyLifOGNXG8z6cpeWV1bX1jc3aVn17Z3dv/+Bey1wR6BLJpHqMsQZGBXQNNQweMwWYxwwe4uF1tX8YgdJUijszziDiuC9oSgk2VgpCQ1kCBZS9Vm+v4TW9CdxF4s9IA83Q6e079TCRJOcgDGFY68D3MhMVWBlKGJS1MNeQYTLEfQgsFZiDjorJz6V7YpXETaWyI4w7UX9fFJhrPeaxdXJsBnp+V4n/7YLcpBdRQUWWGxBkGpTmzDXSrQpwE6qAGDa2BBNF7a8uGWCFibE1/UlJdPVaWauFCgQ8Eck5FkkRjoCUgR8VYRUep0XDL63J9ufPt7VI7ltN/6zZvm03Lq9mTW6gI3SMTpGPztElukEd1EUESfSMXtCr8+a8O5/O19S65MxuDtEfON8/9r6nvA==</latexit>

ẽ2

<latexit sha1_base64="aGJet9+wispUqbWlVzhguvAr9OQ="></latexit>

e1 =

✓
u2 � u1

v2 � v1

◆

<latexit sha1_base64="Ub2elLLfdTjzUF6eRBQsvgk2ZwQ="></latexit>

e2 =

✓
u3 � u1

v3 � v1

◆

!"
!($, &) = )! ∈ ℝ"×"

<latexit sha1_base64="5JKAyzyoUX/DcBRW1WU70wYNPXI="></latexit>

JT =

0

@
| |
e1 e2
| |

1

A

0

@
| |
ẽ1 ẽ2
| |

1

A
�1<latexit sha1_base64="hQ9PnoMHSW8dqxiBwSUL8hAUa7s="></latexit>

JT

0

@
| |
ẽ1 ẽ2
| |

1

A =

0

@
| |
e1 e2
| |

1

A
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<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )

<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

<latexit sha1_base64="HkEyxFPO20UI98eYXhcJyTmgw+I=">AAACI3icbVDLSsNAFJ34rPXV6tJNsAiuSiKiLotuXLZgH9CEMpnc2KEzkzAzqZSQL3Crn+DXuBM3LvwXJ20W2npg4HDuuZw7J0gYVdpxvqy19Y3Nre3KTnV3b//gsFY/6qk4lQS6JGaxHARYAaMCuppqBoNEAuYBg34wuSvm/SlIRWPxoGcJ+Bw/ChpRgrWROumo1nCazhz2KnFL0kAl2qO6teeFMUk5CE0YVmroOon2Myw1JQzyqpcqSDCZ4EcYGiowB+Vn80tz+8wooR3F0jyh7bn6eyPDXKkZD4yTYz1Wy7NC/G82THV042dUJKkGQRZBUcpsHdvFt+2QSiCazQzBRFJzq03GWGKiTTl/UkJVnJZXq54EAU8k5hyLMPOmQPKh62deER5EWcPNjcn05y63tUp6F033qnnZuWy0bssmK+gEnaJz5KJr1EL3qI26iCBAz+gFvVpv1rv1YX0urGtWuXOM/sD6/gGbsKNx</latexit>u

<latexit sha1_base64="i9x9FFs2wepPhR15fXYnjYENvvk=">AAACI3icbVDLSgMxFE181lrfSzfBIrgqMyLqsujGZQtWhc4gmcydNjTJDEmmUob5Arf6CX6NO3Hjwn8x03bh60DgcO65nJsTZYIb63kfeGFxaXlltbZWX29sbG5t7+zemDTXDHosFam+i6gBwRX0LLcC7jINVEYCbqPRZTW/HYM2PFXXdpJBKOlA8YQzap3UHd9vN72WNwX5S/w5aaI5Ovc7uBHEKcslKMsENabve5kNC6otZwLKepAbyCgb0QH0HVVUggmL6aUlOXRKTJJUu6csmarfNwoqjZnIyDkltUPze1aJ/836uU3Ow4KrLLeg2CwoyQWxKam+TWKugVkxcYQyzd2thA2ppsy6cn6kxKY6razXAw0KHlgqJVVxEYyBlX0/LIIqPEqKpl86k+vP/93WX3Jz3PJPWyfdk2b7Yt5kDe2jA3SEfHSG2ugKdVAPMQToET2hZ/yCX/Ebfp9ZF/B8Zw/9AP78Ap1vo3I=</latexit>v

global coordinate 
system (u, v)

local coordinate 
system (x, y) for 
triangle T in 3D

<latexit sha1_base64="HeeFRHo/AKyjafaUgXJNiTKDaQ8=">AAACI3icbVDLSsNAFJ3UV61VW126CQbBVUmkqMuiG5ctWBWSIJPJTTt0ZhJmJtUS8gVu9RP8GnfixoX/4qR24evAwOHcczl3TpQxqrTrvlu1peWV1bX6emOjubm13WrvXKk0lwSGJGWpvImwAkYFDDXVDG4yCZhHDK6jyXk1v56CVDQVl3qWQcjxSNCEEqyNNLi/bTlux53D/ku8BXHQAv3bttUM4pTkHIQmDCvle26mwwJLTQmDshHkCjJMJngEvqECc1BhMb+0tA+MEttJKs0T2p6r3zcKzJWa8cg4OdZj9XtWif/N/Fwnp2FBRZZrEOQrKMmZrVO7+rYdUwlEs5khmEhqbrXJGEtMtCnnR0qsqtPKRiOQIOCOpJxjERfBFEjpe2ERVOFRUjheaUymP+93W3/J1VHHO+50B12nd7Zoso720D46RB46QT10gfpoiAgC9IAe0ZP1bL1Yr9bbl7VmLXZ20Q9YH5+g7aN0</latexit>x

<latexit sha1_base64="A0ALF9DgaB1LpwQrUNjjRWFkUOE=">AAACI3icbVDLSsQwFE18jvWtSzfFQXA1tCLqctCNyxGcB0yLpOmtBpO0JOlIKf0Ct/oJfo07cePCfzEdu1DHA4HDuedybk6UcaaN533gufmFxaXl1oqzura+sbm1vTPQaa4o9GnKUzWKiAbOJPQNMxxGmQIiIg7D6P6ing8noDRL5bUpMggFuZUsYZQYK10VN1ttr+NN4c4SvyFt1KB3s43XgjiluQBpKCdaj30vM2FJlGGUQ+UEuYaM0HtyC2NLJRGgw3J6aeUeWCV2k1TZJ407VX9ulERoXYjIOgUxd/rvrBb/m41zk5yFJZNZbkDS76Ak565J3frbbswUUMMLSwhVzN7q0juiCDW2nF8psa5PqxwnUCDhgaZCEBmXwQRoNfbDMqjDo6Rs+5U12f78v23NksFRxz/pHF8dt7vnTZMttIf20SHy0SnqokvUQ31EEaBH9ISe8Qt+xW/4/ds6h5udXfQL+PMLoqyjdQ==</latexit>y

Flattening U
<latexit sha1_base64="xL3dtOiCEc9Fhz9EnNahna4Ehs4=">AAACLXicbVDLSsNAFJ3Ud31VXboJFsFVSaSoy6IblxWsCkkok8lNO3QeYWZSKSGf4VY/wa9xIYhbf8NJ24VVD1w4nHsu53LijFFtPO/dqS0tr6yurW/UN7e2d3Ybe/t3WuaKQI9IJtVDjDUwKqBnqGHwkCnAPGZwH4+uqv39GJSmUtyaSQYRxwNBU0qwsVIQGsoSKKDs+/1G02t5U7h/iT8nTTRHt7/nbIWJJDkHYQjDWge+l5mowMpQwqCsh7mGDJMRHkBgqcAcdFRMfy7dY6skbiqVHWHcqfrzosBc6wmPrZNjM9S/d5X43y7ITXoRFVRkuQFBZkFpzlwj3aoAN6EKiGETSzBR1P7qkiFWmBhb00JKoqvXyno9VCDgkUjOsUiKcAykDPyoCKvwOC2afmlNtj//d1t/yd1pyz9rtW/azc7lvMl1dIiO0Any0TnqoGvURT1EkERP6Bm9OK/Om/PhfM6sNWd+c4AW4Hx9A/T/p7s=</latexit>

ẽ1

<latexit sha1_base64="GuuyE89jwmqX82w4NOEErcS7Aps=">AAACLXicbVDLSsNAFJ34ttb30k2wCK5KUoq6FN24rGBVSEKZTG7aofMIM5NKCfkMt/oJfo0LQdz6G07aLrT1wIXDuedyLifOGNXG8z6cpeWV1bX1jc3aVn17Z3dv/+Bey1wR6BLJpHqMsQZGBXQNNQweMwWYxwwe4uF1tX8YgdJUijszziDiuC9oSgk2VgpCQ1kCBZS9Vm+v4TW9CdxF4s9IA83Q6e079TCRJOcgDGFY68D3MhMVWBlKGJS1MNeQYTLEfQgsFZiDjorJz6V7YpXETaWyI4w7UX9fFJhrPeaxdXJsBnp+V4n/7YLcpBdRQUWWGxBkGpTmzDXSrQpwE6qAGDa2BBNF7a8uGWCFibE1/UlJdPVaWauFCgQ8Eck5FkkRjoCUgR8VYRUep0XDL63J9ufPt7VI7ltN/6zZvm03Lq9mTW6gI3SMTpGPztElukEd1EUESfSMXtCr8+a8O5/O19S65MxuDtEfON8/9r6nvA==</latexit>

ẽ2

<latexit sha1_base64="aGJet9+wispUqbWlVzhguvAr9OQ="></latexit>

e1 =

✓
u2 � u1

v2 � v1

◆

<latexit sha1_base64="Ub2elLLfdTjzUF6eRBQsvgk2ZwQ="></latexit>

e2 =

✓
u3 � u1

v3 � v1

◆

!"
!($, &) = )! ∈ ℝ"×"

<latexit sha1_base64="5JKAyzyoUX/DcBRW1WU70wYNPXI="></latexit>

JT =

0

@
| |
e1 e2
| |

1

A

0

@
| |
ẽ1 ẽ2
| |

1

A
�1<latexit sha1_base64="hQ9PnoMHSW8dqxiBwSUL8hAUa7s="></latexit>

JT

0

@
| |
ẽ1 ẽ2
| |

1

A =

0

@
| |
e1 e2
| |

1

A

<latexit sha1_base64="zLWKCKrgY824/4HRlk7xcYjid20="></latexit>✓
u2 � u1 u3 � u1

v2 � v1 v3 � v1

◆
Linear in our unknowns X ! 

Constant 2x2 matrix,
depends 3D triangle only

Olga Sorkine-Hornung, Jing Ren
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Mapping between triangles
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<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )

<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

<latexit sha1_base64="HkEyxFPO20UI98eYXhcJyTmgw+I=">AAACI3icbVDLSsNAFJ34rPXV6tJNsAiuSiKiLotuXLZgH9CEMpnc2KEzkzAzqZSQL3Crn+DXuBM3LvwXJ20W2npg4HDuuZw7J0gYVdpxvqy19Y3Nre3KTnV3b//gsFY/6qk4lQS6JGaxHARYAaMCuppqBoNEAuYBg34wuSvm/SlIRWPxoGcJ+Bw/ChpRgrWROumo1nCazhz2KnFL0kAl2qO6teeFMUk5CE0YVmroOon2Myw1JQzyqpcqSDCZ4EcYGiowB+Vn80tz+8wooR3F0jyh7bn6eyPDXKkZD4yTYz1Wy7NC/G82THV042dUJKkGQRZBUcpsHdvFt+2QSiCazQzBRFJzq03GWGKiTTl/UkJVnJZXq54EAU8k5hyLMPOmQPKh62deER5EWcPNjcn05y63tUp6F033qnnZuWy0bssmK+gEnaJz5KJr1EL3qI26iCBAz+gFvVpv1rv1YX0urGtWuXOM/sD6/gGbsKNx</latexit>u

<latexit sha1_base64="i9x9FFs2wepPhR15fXYnjYENvvk=">AAACI3icbVDLSgMxFE181lrfSzfBIrgqMyLqsujGZQtWhc4gmcydNjTJDEmmUob5Arf6CX6NO3Hjwn8x03bh60DgcO65nJsTZYIb63kfeGFxaXlltbZWX29sbG5t7+zemDTXDHosFam+i6gBwRX0LLcC7jINVEYCbqPRZTW/HYM2PFXXdpJBKOlA8YQzap3UHd9vN72WNwX5S/w5aaI5Ovc7uBHEKcslKMsENabve5kNC6otZwLKepAbyCgb0QH0HVVUggmL6aUlOXRKTJJUu6csmarfNwoqjZnIyDkltUPze1aJ/836uU3Ow4KrLLeg2CwoyQWxKam+TWKugVkxcYQyzd2thA2ppsy6cn6kxKY6razXAw0KHlgqJVVxEYyBlX0/LIIqPEqKpl86k+vP/93WX3Jz3PJPWyfdk2b7Yt5kDe2jA3SEfHSG2ugKdVAPMQToET2hZ/yCX/Ebfp9ZF/B8Zw/9AP78Ap1vo3I=</latexit>v

global coordinate 
system (u, v)

local coordinate 
system (x, y) for 
triangle T in 3D

<latexit sha1_base64="HeeFRHo/AKyjafaUgXJNiTKDaQ8=">AAACI3icbVDLSsNAFJ3UV61VW126CQbBVUmkqMuiG5ctWBWSIJPJTTt0ZhJmJtUS8gVu9RP8GnfixoX/4qR24evAwOHcczl3TpQxqrTrvlu1peWV1bX6emOjubm13WrvXKk0lwSGJGWpvImwAkYFDDXVDG4yCZhHDK6jyXk1v56CVDQVl3qWQcjxSNCEEqyNNLi/bTlux53D/ku8BXHQAv3bttUM4pTkHIQmDCvle26mwwJLTQmDshHkCjJMJngEvqECc1BhMb+0tA+MEttJKs0T2p6r3zcKzJWa8cg4OdZj9XtWif/N/Fwnp2FBRZZrEOQrKMmZrVO7+rYdUwlEs5khmEhqbrXJGEtMtCnnR0qsqtPKRiOQIOCOpJxjERfBFEjpe2ERVOFRUjheaUymP+93W3/J1VHHO+50B12nd7Zoso720D46RB46QT10gfpoiAgC9IAe0ZP1bL1Yr9bbl7VmLXZ20Q9YH5+g7aN0</latexit>x

<latexit sha1_base64="A0ALF9DgaB1LpwQrUNjjRWFkUOE=">AAACI3icbVDLSsQwFE18jvWtSzfFQXA1tCLqctCNyxGcB0yLpOmtBpO0JOlIKf0Ct/oJfo07cePCfzEdu1DHA4HDuedybk6UcaaN533gufmFxaXl1oqzura+sbm1vTPQaa4o9GnKUzWKiAbOJPQNMxxGmQIiIg7D6P6ing8noDRL5bUpMggFuZUsYZQYK10VN1ttr+NN4c4SvyFt1KB3s43XgjiluQBpKCdaj30vM2FJlGGUQ+UEuYaM0HtyC2NLJRGgw3J6aeUeWCV2k1TZJ407VX9ulERoXYjIOgUxd/rvrBb/m41zk5yFJZNZbkDS76Ak565J3frbbswUUMMLSwhVzN7q0juiCDW2nF8psa5PqxwnUCDhgaZCEBmXwQRoNfbDMqjDo6Rs+5U12f78v23NksFRxz/pHF8dt7vnTZMttIf20SHy0SnqokvUQ31EEaBH9ISe8Qt+xW/4/ds6h5udXfQL+PMLoqyjdQ==</latexit>y

Flattening U
<latexit sha1_base64="xL3dtOiCEc9Fhz9EnNahna4Ehs4=">AAACLXicbVDLSsNAFJ3Ud31VXboJFsFVSaSoy6IblxWsCkkok8lNO3QeYWZSKSGf4VY/wa9xIYhbf8NJ24VVD1w4nHsu53LijFFtPO/dqS0tr6yurW/UN7e2d3Ybe/t3WuaKQI9IJtVDjDUwKqBnqGHwkCnAPGZwH4+uqv39GJSmUtyaSQYRxwNBU0qwsVIQGsoSKKDs+/1G02t5U7h/iT8nTTRHt7/nbIWJJDkHYQjDWge+l5mowMpQwqCsh7mGDJMRHkBgqcAcdFRMfy7dY6skbiqVHWHcqfrzosBc6wmPrZNjM9S/d5X43y7ITXoRFVRkuQFBZkFpzlwj3aoAN6EKiGETSzBR1P7qkiFWmBhb00JKoqvXyno9VCDgkUjOsUiKcAykDPyoCKvwOC2afmlNtj//d1t/yd1pyz9rtW/azc7lvMl1dIiO0Any0TnqoGvURT1EkERP6Bm9OK/Om/PhfM6sNWd+c4AW4Hx9A/T/p7s=</latexit>

ẽ1

<latexit sha1_base64="GuuyE89jwmqX82w4NOEErcS7Aps=">AAACLXicbVDLSsNAFJ34ttb30k2wCK5KUoq6FN24rGBVSEKZTG7aofMIM5NKCfkMt/oJfo0LQdz6G07aLrT1wIXDuedyLifOGNXG8z6cpeWV1bX1jc3aVn17Z3dv/+Bey1wR6BLJpHqMsQZGBXQNNQweMwWYxwwe4uF1tX8YgdJUijszziDiuC9oSgk2VgpCQ1kCBZS9Vm+v4TW9CdxF4s9IA83Q6e079TCRJOcgDGFY68D3MhMVWBlKGJS1MNeQYTLEfQgsFZiDjorJz6V7YpXETaWyI4w7UX9fFJhrPeaxdXJsBnp+V4n/7YLcpBdRQUWWGxBkGpTmzDXSrQpwE6qAGDa2BBNF7a8uGWCFibE1/UlJdPVaWauFCgQ8Eck5FkkRjoCUgR8VYRUep0XDL63J9ufPt7VI7ltN/6zZvm03Lq9mTW6gI3SMTpGPztElukEd1EUESfSMXtCr8+a8O5/O19S65MxuDtEfON8/9r6nvA==</latexit>

ẽ2

<latexit sha1_base64="aGJet9+wispUqbWlVzhguvAr9OQ="></latexit>

e1 =

✓
u2 � u1

v2 � v1

◆

<latexit sha1_base64="Ub2elLLfdTjzUF6eRBQsvgk2ZwQ="></latexit>

e2 =

✓
u3 � u1

v3 � v1

◆

!"
!($, &) = )! ∈ ℝ"×"

<latexit sha1_base64="5JKAyzyoUX/DcBRW1WU70wYNPXI="></latexit>

JT =

0

@
| |
e1 e2
| |

1

A

0

@
| |
ẽ1 ẽ2
| |

1

A
�1<latexit sha1_base64="hQ9PnoMHSW8dqxiBwSUL8hAUa7s="></latexit>

JT

0

@
| |
ẽ1 ẽ2
| |

1

A =

0

@
| |
e1 e2
| |

1

A

<latexit sha1_base64="zLWKCKrgY824/4HRlk7xcYjid20="></latexit>✓
u2 � u1 u3 � u1

v2 � v1 v3 � v1

◆
Linear in our unknowns X ! 

Constant 2x2 matrix,
depends 3D triangle only

JT is linear in unknowns X !

Olga Sorkine-Hornung, Jing Ren
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Jacobian JT and triangle deformation
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<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

<latexit sha1_base64="HkEyxFPO20UI98eYXhcJyTmgw+I=">AAACI3icbVDLSsNAFJ34rPXV6tJNsAiuSiKiLotuXLZgH9CEMpnc2KEzkzAzqZSQL3Crn+DXuBM3LvwXJ20W2npg4HDuuZw7J0gYVdpxvqy19Y3Nre3KTnV3b//gsFY/6qk4lQS6JGaxHARYAaMCuppqBoNEAuYBg34wuSvm/SlIRWPxoGcJ+Bw/ChpRgrWROumo1nCazhz2KnFL0kAl2qO6teeFMUk5CE0YVmroOon2Myw1JQzyqpcqSDCZ4EcYGiowB+Vn80tz+8wooR3F0jyh7bn6eyPDXKkZD4yTYz1Wy7NC/G82THV042dUJKkGQRZBUcpsHdvFt+2QSiCazQzBRFJzq03GWGKiTTl/UkJVnJZXq54EAU8k5hyLMPOmQPKh62deER5EWcPNjcn05y63tUp6F033qnnZuWy0bssmK+gEnaJz5KJr1EL3qI26iCBAz+gFvVpv1rv1YX0urGtWuXOM/sD6/gGbsKNx</latexit>u

<latexit sha1_base64="i9x9FFs2wepPhR15fXYnjYENvvk=">AAACI3icbVDLSgMxFE181lrfSzfBIrgqMyLqsujGZQtWhc4gmcydNjTJDEmmUob5Arf6CX6NO3Hjwn8x03bh60DgcO65nJsTZYIb63kfeGFxaXlltbZWX29sbG5t7+zemDTXDHosFam+i6gBwRX0LLcC7jINVEYCbqPRZTW/HYM2PFXXdpJBKOlA8YQzap3UHd9vN72WNwX5S/w5aaI5Ovc7uBHEKcslKMsENabve5kNC6otZwLKepAbyCgb0QH0HVVUggmL6aUlOXRKTJJUu6csmarfNwoqjZnIyDkltUPze1aJ/836uU3Ow4KrLLeg2CwoyQWxKam+TWKugVkxcYQyzd2thA2ppsy6cn6kxKY6razXAw0KHlgqJVVxEYyBlX0/LIIqPEqKpl86k+vP/93WX3Jz3PJPWyfdk2b7Yt5kDe2jA3SEfHSG2ugKdVAPMQToET2hZ/yCX/Ebfp9ZF/B8Zw/9AP78Ap1vo3I=</latexit>v

global coordinate system (u, v) local coordinate system (x, y) for 
triangle T in 3D

<latexit sha1_base64="HeeFRHo/AKyjafaUgXJNiTKDaQ8=">AAACI3icbVDLSsNAFJ3UV61VW126CQbBVUmkqMuiG5ctWBWSIJPJTTt0ZhJmJtUS8gVu9RP8GnfixoX/4qR24evAwOHcczl3TpQxqrTrvlu1peWV1bX6emOjubm13WrvXKk0lwSGJGWpvImwAkYFDDXVDG4yCZhHDK6jyXk1v56CVDQVl3qWQcjxSNCEEqyNNLi/bTlux53D/ku8BXHQAv3bttUM4pTkHIQmDCvle26mwwJLTQmDshHkCjJMJngEvqECc1BhMb+0tA+MEttJKs0T2p6r3zcKzJWa8cg4OdZj9XtWif/N/Fwnp2FBRZZrEOQrKMmZrVO7+rYdUwlEs5khmEhqbrXJGEtMtCnnR0qsqtPKRiOQIOCOpJxjERfBFEjpe2ERVOFRUjheaUymP+93W3/J1VHHO+50B12nd7Zoso720D46RB46QT10gfpoiAgC9IAe0ZP1bL1Yr9bbl7VmLXZ20Q9YH5+g7aN0</latexit>x

<latexit sha1_base64="A0ALF9DgaB1LpwQrUNjjRWFkUOE=">AAACI3icbVDLSsQwFE18jvWtSzfFQXA1tCLqctCNyxGcB0yLpOmtBpO0JOlIKf0Ct/oJfo07cePCfzEdu1DHA4HDuedybk6UcaaN533gufmFxaXl1oqzura+sbm1vTPQaa4o9GnKUzWKiAbOJPQNMxxGmQIiIg7D6P6ing8noDRL5bUpMggFuZUsYZQYK10VN1ttr+NN4c4SvyFt1KB3s43XgjiluQBpKCdaj30vM2FJlGGUQ+UEuYaM0HtyC2NLJRGgw3J6aeUeWCV2k1TZJ407VX9ulERoXYjIOgUxd/rvrBb/m41zk5yFJZNZbkDS76Ak565J3frbbswUUMMLSwhVzN7q0juiCDW2nF8psa5PqxwnUCDhgaZCEBmXwQRoNfbDMqjDo6Rs+5U12f78v23NksFRxz/pHF8dt7vnTZMttIf20SHy0SnqokvUQ31EEaBH9ISe8Qt+xW/4/ds6h5udXfQL+PMLoqyjdQ==</latexit>y

Flattening U
<latexit sha1_base64="xL3dtOiCEc9Fhz9EnNahna4Ehs4=">AAACLXicbVDLSsNAFJ3Ud31VXboJFsFVSaSoy6IblxWsCkkok8lNO3QeYWZSKSGf4VY/wa9xIYhbf8NJ24VVD1w4nHsu53LijFFtPO/dqS0tr6yurW/UN7e2d3Ybe/t3WuaKQI9IJtVDjDUwKqBnqGHwkCnAPGZwH4+uqv39GJSmUtyaSQYRxwNBU0qwsVIQGsoSKKDs+/1G02t5U7h/iT8nTTRHt7/nbIWJJDkHYQjDWge+l5mowMpQwqCsh7mGDJMRHkBgqcAcdFRMfy7dY6skbiqVHWHcqfrzosBc6wmPrZNjM9S/d5X43y7ITXoRFVRkuQFBZkFpzlwj3aoAN6EKiGETSzBR1P7qkiFWmBhb00JKoqvXyno9VCDgkUjOsUiKcAykDPyoCKvwOC2afmlNtj//d1t/yd1pyz9rtW/azc7lvMl1dIiO0Any0TnqoGvURT1EkERP6Bm9OK/Om/PhfM6sNWd+c4AW4Hx9A/T/p7s=</latexit>

ẽ1

<latexit sha1_base64="GuuyE89jwmqX82w4NOEErcS7Aps=">AAACLXicbVDLSsNAFJ34ttb30k2wCK5KUoq6FN24rGBVSEKZTG7aofMIM5NKCfkMt/oJfo0LQdz6G07aLrT1wIXDuedyLifOGNXG8z6cpeWV1bX1jc3aVn17Z3dv/+Bey1wR6BLJpHqMsQZGBXQNNQweMwWYxwwe4uF1tX8YgdJUijszziDiuC9oSgk2VgpCQ1kCBZS9Vm+v4TW9CdxF4s9IA83Q6e079TCRJOcgDGFY68D3MhMVWBlKGJS1MNeQYTLEfQgsFZiDjorJz6V7YpXETaWyI4w7UX9fFJhrPeaxdXJsBnp+V4n/7YLcpBdRQUWWGxBkGpTmzDXSrQpwE6qAGDa2BBNF7a8uGWCFibE1/UlJdPVaWauFCgQ8Eck5FkkRjoCUgR8VYRUep0XDL63J9ufPt7VI7ltN/6zZvm03Lq9mTW6gI3SMTpGPztElukEd1EUESfSMXtCr8+a8O5/O19S65MxuDtEfON8/9r6nvA==</latexit>

ẽ2

<latexit sha1_base64="aGJet9+wispUqbWlVzhguvAr9OQ="></latexit>

e1 =

✓
u2 � u1

v2 � v1

◆

<latexit sha1_base64="Ub2elLLfdTjzUF6eRBQsvgk2ZwQ="></latexit>

e2 =

✓
u3 � u1

v3 � v1

◆

)"
)(*, () = ,$ ∈ ℝ"×"

● Jacobian JT is translation-invariant

Olga Sorkine-Hornung, Jing Ren



#09.04.25 26

1 2

3

1

2
3

1 2

3
1

2

3
1 2

3

1 2

3

rotation

uniform 
scaling

rotation and 
uniform 
scaling

Jacobian JT and triangle deformation
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1 2

3

1

2
3

1 2

3
1

2

3
1 2

3

1 2

3

rotation

uniform 
scaling

rotation and 
uniform 
scaling

Jacobian JT and triangle deformation

Tria
ngle shape is p

reserved 

in some sense

Olga Sorkine-Hornung, Jing Ren
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1 2

3

1 2

3

1

2
3

det = 0

general transf. 
with det > 0

1 2

3

1

2
3

reflection
det < 0 

Jacobian JT and triangle deformation

Olga Sorkine-Hornung, Jing Ren
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1 2

3

1 2

3

1

2
3

det = 0

general transf. 
with det > 0

1 2

3

1

2
3

reflection
det < 0 

Not great

Bad

Bad

Jacobian JT and triangle deformation

Olga Sorkine-Hornung, Jing Ren



LSCM: Least Squares Conformal Maps



#

Conformal maps
● Smooth maps that preserve angles
● Straight lines are mapped to curves

09.04.25 31

Similarity = Rotation + Scale

Preserves angles

Olga Sorkine-Hornung, Jing Ren



#

LSCM aims to preserve triangle angles
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1 2

3

1

2

3

rotation and 
uniform 
scaling

<latexit sha1_base64="kTraL5hfO+9bNX66Ms++kWdfovc="></latexit>

JT =

✓
s 0
0 s

◆✓
cos� sin�

� sin� cos�

◆
=

✓
s cos� s sin�

�s sin� s cos�

◆
=

✓
a b

�b a

◆

<latexit sha1_base64="kV8+c6aCl5rUtrcmQP6+6UUPaAk="></latexit>

s 2 R+ <latexit sha1_base64="vusx0ql88O5Mi6vMsimC73A1k/4="></latexit>

a, b 2 R
a2 + b2 = s2(cos� +sin2 �) = s2

Olga Sorkine-Hornung, Jing Ren



#

LSCM aims to preserve angles

09.04.25 33

1 2

3

1

2

3

rotation and 
uniform 
scaling

<latexit sha1_base64="kTraL5hfO+9bNX66Ms++kWdfovc="></latexit>

JT =

✓
s 0
0 s

◆✓
cos� sin�

� sin� cos�

◆
=

✓
s cos� s sin�

�s sin� s cos�

◆
=

✓
a b

�b a

◆

<latexit sha1_base64="kV8+c6aCl5rUtrcmQP6+6UUPaAk="></latexit>

s 2 R+ <latexit sha1_base64="YrrQ2P2EFRcyCn8Qcqicn6XFXRE="></latexit>

a, b 2 R
a2 + b2 = s2(cos2 �+ sin2 �) = s2

Olga Sorkine-Hornung, Jing Ren



#

LSCM aims to preserve angles
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1 2

3

1

2

3

rotation and 
uniform 
scaling

<latexit sha1_base64="kTraL5hfO+9bNX66Ms++kWdfovc="></latexit>

JT =

✓
s 0
0 s

◆✓
cos� sin�

� sin� cos�

◆
=

✓
s cos� s sin�

�s sin� s cos�

◆
=

✓
a b

�b a

◆

<latexit sha1_base64="kV8+c6aCl5rUtrcmQP6+6UUPaAk="></latexit>

s 2 R+

Simple, linear “template” for JT :
<latexit sha1_base64="czI+mYHmVpOoJp9vxZLChGy39rQ="></latexit>

JT =

✓
a b

�b a

◆
, a, b 2 R, avoid (a, b) = (0, 0)

<latexit sha1_base64="YrrQ2P2EFRcyCn8Qcqicn6XFXRE="></latexit>

a, b 2 R
a2 + b2 = s2(cos2 �+ sin2 �) = s2

Olga Sorkine-Hornung, Jing Ren
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Recall: JT is linear in unknown uv values
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<latexit sha1_base64="l3GIL9zy8NzncgV+1QWRAmOQdb8=">AAACJnicbVDNSsNAGNzUv1qrVj16CRahXkoiRT2KInisYLXQBNlsvrRLdzdhd1MpIa/gVR/Bp/Em4s1HcVNzsNaBhWG++ZhvJ0gYVdpxPq3K0vLK6lp1vbZR39zabuzs3qk4lQR6JGax7AdYAaMCeppqBv1EAuYBg/tgfFnM7ycgFY3FrZ4m4HM8FDSiBOtCumrdHj00mk7bmcFeJG5JmqhE92HHqnthTFIOQhOGlRq4TqL9DEtNCYO85qUKEkzGeAgDQwXmoPxsdmxuHxoltKNYmie0PVN/b2SYKzXlgXFyrEfq76wQ/5sNUh2d+RkVSapBkJ+gKGW2ju3i53ZIJRDNpoZgIqm51SYjLDHRpp+5lFAVp+W1midBwCOJOccizLwJkHzg+plXhAdR1nRzYzL9uX/bWiR3x233pN256TTPL8omq2gfHaAWctEpOkfXqIt6iKARekLP6MV6td6sd+vjx1qxyp09NAfr6xvY4KQE</latexit>

E(T )

<latexit sha1_base64="HkEyxFPO20UI98eYXhcJyTmgw+I=">AAACI3icbVDLSsNAFJ34rPXV6tJNsAiuSiKiLotuXLZgH9CEMpnc2KEzkzAzqZSQL3Crn+DXuBM3LvwXJ20W2npg4HDuuZw7J0gYVdpxvqy19Y3Nre3KTnV3b//gsFY/6qk4lQS6JGaxHARYAaMCuppqBoNEAuYBg34wuSvm/SlIRWPxoGcJ+Bw/ChpRgrWROumo1nCazhz2KnFL0kAl2qO6teeFMUk5CE0YVmroOon2Myw1JQzyqpcqSDCZ4EcYGiowB+Vn80tz+8wooR3F0jyh7bn6eyPDXKkZD4yTYz1Wy7NC/G82THV042dUJKkGQRZBUcpsHdvFt+2QSiCazQzBRFJzq03GWGKiTTl/UkJVnJZXq54EAU8k5hyLMPOmQPKh62deER5EWcPNjcn05y63tUp6F033qnnZuWy0bssmK+gEnaJz5KJr1EL3qI26iCBAz+gFvVpv1rv1YX0urGtWuXOM/sD6/gGbsKNx</latexit>u

<latexit sha1_base64="i9x9FFs2wepPhR15fXYnjYENvvk=">AAACI3icbVDLSgMxFE181lrfSzfBIrgqMyLqsujGZQtWhc4gmcydNjTJDEmmUob5Arf6CX6NO3Hjwn8x03bh60DgcO65nJsTZYIb63kfeGFxaXlltbZWX29sbG5t7+zemDTXDHosFam+i6gBwRX0LLcC7jINVEYCbqPRZTW/HYM2PFXXdpJBKOlA8YQzap3UHd9vN72WNwX5S/w5aaI5Ovc7uBHEKcslKMsENabve5kNC6otZwLKepAbyCgb0QH0HVVUggmL6aUlOXRKTJJUu6csmarfNwoqjZnIyDkltUPze1aJ/836uU3Ow4KrLLeg2CwoyQWxKam+TWKugVkxcYQyzd2thA2ppsy6cn6kxKY6razXAw0KHlgqJVVxEYyBlX0/LIIqPEqKpl86k+vP/93WX3Jz3PJPWyfdk2b7Yt5kDe2jA3SEfHSG2ugKdVAPMQToET2hZ/yCX/Ebfp9ZF/B8Zw/9AP78Ap1vo3I=</latexit>v

global coordinate 
system (u, v)

local coordinate 
system (x, y) for 
triangle T in 3D

<latexit sha1_base64="HeeFRHo/AKyjafaUgXJNiTKDaQ8=">AAACI3icbVDLSsNAFJ3UV61VW126CQbBVUmkqMuiG5ctWBWSIJPJTTt0ZhJmJtUS8gVu9RP8GnfixoX/4qR24evAwOHcczl3TpQxqrTrvlu1peWV1bX6emOjubm13WrvXKk0lwSGJGWpvImwAkYFDDXVDG4yCZhHDK6jyXk1v56CVDQVl3qWQcjxSNCEEqyNNLi/bTlux53D/ku8BXHQAv3bttUM4pTkHIQmDCvle26mwwJLTQmDshHkCjJMJngEvqECc1BhMb+0tA+MEttJKs0T2p6r3zcKzJWa8cg4OdZj9XtWif/N/Fwnp2FBRZZrEOQrKMmZrVO7+rYdUwlEs5khmEhqbrXJGEtMtCnnR0qsqtPKRiOQIOCOpJxjERfBFEjpe2ERVOFRUjheaUymP+93W3/J1VHHO+50B12nd7Zoso720D46RB46QT10gfpoiAgC9IAe0ZP1bL1Yr9bbl7VmLXZ20Q9YH5+g7aN0</latexit>x

<latexit sha1_base64="A0ALF9DgaB1LpwQrUNjjRWFkUOE=">AAACI3icbVDLSsQwFE18jvWtSzfFQXA1tCLqctCNyxGcB0yLpOmtBpO0JOlIKf0Ct/oJfo07cePCfzEdu1DHA4HDuedybk6UcaaN533gufmFxaXl1oqzura+sbm1vTPQaa4o9GnKUzWKiAbOJPQNMxxGmQIiIg7D6P6ing8noDRL5bUpMggFuZUsYZQYK10VN1ttr+NN4c4SvyFt1KB3s43XgjiluQBpKCdaj30vM2FJlGGUQ+UEuYaM0HtyC2NLJRGgw3J6aeUeWCV2k1TZJ407VX9ulERoXYjIOgUxd/rvrBb/m41zk5yFJZNZbkDS76Ak565J3frbbswUUMMLSwhVzN7q0juiCDW2nF8psa5PqxwnUCDhgaZCEBmXwQRoNfbDMqjDo6Rs+5U12f78v23NksFRxz/pHF8dt7vnTZMttIf20SHy0SnqokvUQ31EEaBH9ISe8Qt+xW/4/ds6h5udXfQL+PMLoqyjdQ==</latexit>y

Flattening U
<latexit sha1_base64="xL3dtOiCEc9Fhz9EnNahna4Ehs4=">AAACLXicbVDLSsNAFJ3Ud31VXboJFsFVSaSoy6IblxWsCkkok8lNO3QeYWZSKSGf4VY/wa9xIYhbf8NJ24VVD1w4nHsu53LijFFtPO/dqS0tr6yurW/UN7e2d3Ybe/t3WuaKQI9IJtVDjDUwKqBnqGHwkCnAPGZwH4+uqv39GJSmUtyaSQYRxwNBU0qwsVIQGsoSKKDs+/1G02t5U7h/iT8nTTRHt7/nbIWJJDkHYQjDWge+l5mowMpQwqCsh7mGDJMRHkBgqcAcdFRMfy7dY6skbiqVHWHcqfrzosBc6wmPrZNjM9S/d5X43y7ITXoRFVRkuQFBZkFpzlwj3aoAN6EKiGETSzBR1P7qkiFWmBhb00JKoqvXyno9VCDgkUjOsUiKcAykDPyoCKvwOC2afmlNtj//d1t/yd1pyz9rtW/azc7lvMl1dIiO0Any0TnqoGvURT1EkERP6Bm9OK/Om/PhfM6sNWd+c4AW4Hx9A/T/p7s=</latexit>

ẽ1

<latexit sha1_base64="GuuyE89jwmqX82w4NOEErcS7Aps=">AAACLXicbVDLSsNAFJ34ttb30k2wCK5KUoq6FN24rGBVSEKZTG7aofMIM5NKCfkMt/oJfo0LQdz6G07aLrT1wIXDuedyLifOGNXG8z6cpeWV1bX1jc3aVn17Z3dv/+Bey1wR6BLJpHqMsQZGBXQNNQweMwWYxwwe4uF1tX8YgdJUijszziDiuC9oSgk2VgpCQ1kCBZS9Vm+v4TW9CdxF4s9IA83Q6e079TCRJOcgDGFY68D3MhMVWBlKGJS1MNeQYTLEfQgsFZiDjorJz6V7YpXETaWyI4w7UX9fFJhrPeaxdXJsBnp+V4n/7YLcpBdRQUWWGxBkGpTmzDXSrQpwE6qAGDa2BBNF7a8uGWCFibE1/UlJdPVaWauFCgQ8Eck5FkkRjoCUgR8VYRUep0XDL63J9ufPt7VI7ltN/6zZvm03Lq9mTW6gI3SMTpGPztElukEd1EUESfSMXtCr8+a8O5/O19S65MxuDtEfON8/9r6nvA==</latexit>

ẽ2

<latexit sha1_base64="aGJet9+wispUqbWlVzhguvAr9OQ="></latexit>

e1 =

✓
u2 � u1

v2 � v1

◆

<latexit sha1_base64="Ub2elLLfdTjzUF6eRBQsvgk2ZwQ="></latexit>

e2 =

✓
u3 � u1

v3 � v1

◆

!"
!($, &) = )! ∈ ℝ"×"

<latexit sha1_base64="5JKAyzyoUX/DcBRW1WU70wYNPXI="></latexit>

JT =

0

@
| |
e1 e2
| |

1

A

0

@
| |
ẽ1 ẽ2
| |

1

A
�1<latexit sha1_base64="hQ9PnoMHSW8dqxiBwSUL8hAUa7s="></latexit>

JT

0

@
| |
ẽ1 ẽ2
| |

1

A =

0

@
| |
e1 e2
| |

1

A

<latexit sha1_base64="zLWKCKrgY824/4HRlk7xcYjid20="></latexit>✓
u2 � u1 u3 � u1

v2 � v1 v3 � v1

◆
Linear in our unknowns X ! 

Constant 2x2 matrix,
depends 3D triangle only

JT is linear in unknowns X !

<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )

Olga Sorkine-Hornung, Jing Ren
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Recall: JT is linear in unknown uv values
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<latexit sha1_base64="5JKAyzyoUX/DcBRW1WU70wYNPXI="></latexit>

JT =

0

@
| |
e1 e2
| |

1

A

0

@
| |
ẽ1 ẽ2
| |

1

A
�1<latexit sha1_base64="hQ9PnoMHSW8dqxiBwSUL8hAUa7s="></latexit>

JT

0

@
| |
ẽ1 ẽ2
| |

1

A =

0

@
| |
e1 e2
| |

1

A

JT is linear in unknowns X !

<latexit sha1_base64="ragt5DC65LIelKadPa5tx6X4KDU="></latexit>

JT =

✓
j11(X) j12(X)
j21(X) j22(X)

◆
, j11(X), j12(X), j21(X), j22(X) are linear in X

<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )

Olga Sorkine-Hornung, Jing Ren



#

LSCM energy formulation

09.04.25 37

<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )

<latexit sha1_base64="5JKAyzyoUX/DcBRW1WU70wYNPXI="></latexit>

JT =

0

@
| |
e1 e2
| |

1

A

0

@
| |
ẽ1 ẽ2
| |

1

A
�1<latexit sha1_base64="hQ9PnoMHSW8dqxiBwSUL8hAUa7s="></latexit>

JT

0

@
| |
ẽ1 ẽ2
| |

1

A =

0

@
| |
e1 e2
| |

1

A

<latexit sha1_base64="ragt5DC65LIelKadPa5tx6X4KDU="></latexit>

JT =

✓
j11(X) j12(X)
j21(X) j22(X)

◆
, j11(X), j12(X), j21(X), j22(X) are linear in X

1 2

3 1

2

3

rotation and 
uniform 
scaling

Objective 
“conformal”

linear “template” for JT :
<latexit sha1_base64="czI+mYHmVpOoJp9vxZLChGy39rQ="></latexit>

JT =

✓
a b

�b a

◆
, a, b 2 R, avoid (a, b) = (0, 0)

Olga Sorkine-Hornung, Jing Ren



#

LSCM energy formulation
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<latexit sha1_base64="9w2v0uepjpUI/T3NF4wFzQpm0dQ="></latexit>

X = (u1, v1, u2, v2, . . . , un, vn)
T

<latexit sha1_base64="5rK3UFfmM7iv25Oo4eceUwRnQbI="></latexit>

argmin
X2R2n

E(X) ; E(X) =
X

triangles T

AT E(T )
<latexit sha1_base64="5JKAyzyoUX/DcBRW1WU70wYNPXI="></latexit>

JT =

0

@
| |
e1 e2
| |

1

A

0

@
| |
ẽ1 ẽ2
| |

1

A
�1<latexit sha1_base64="hQ9PnoMHSW8dqxiBwSUL8hAUa7s="></latexit>

JT

0

@
| |
ẽ1 ẽ2
| |

1

A =

0

@
| |
e1 e2
| |

1

A

<latexit sha1_base64="ragt5DC65LIelKadPa5tx6X4KDU="></latexit>

JT =

✓
j11(X) j12(X)
j21(X) j22(X)

◆
, j11(X), j12(X), j21(X), j22(X) are linear in X

linear “template” for JT :
<latexit sha1_base64="czI+mYHmVpOoJp9vxZLChGy39rQ="></latexit>

JT =

✓
a b

�b a

◆
, a, b 2 R, avoid (a, b) = (0, 0)

<latexit sha1_base64="6P647nmy9s2IuT06JZ6lk0fuoTE="></latexit>

ELSCM(T ) =
�
j11(X)� j22(X))2 + (j12(X)� (�j21(X)

�2

<latexit sha1_base64="q5XAX0qKpFTJb14EYvCO8xqzxdE="></latexit>

ELSCM(X) =
X

triangles T

AT ELSCM(T )

ELSCM(T) is quadratic in X ! Minimizer is found by solving a sparse linear system in X. 
Must avoid trivial solutions!

Olga Sorkine-Hornung, Jing Ren



#

Null space of mmmm

● As presented, ELSCM attains its (global and only) minimum of value 0 if: 

§ for a general input 3D mesh:
all mesh vertices are assigned to a single (u,v) point
→ the null space is 2-dimensional 

§ for a discrete-developable input 3D mesh (e.g. input put is already flat, or can 
be flattened without any distortion to any triangle). Then taking (u,v) 
coordinates that are a perfect unfolding of the mesh to the plane, or rotations, 
translations and uniform scalings thereof leads to zero energy. 
This is a rare and unlikely case.

09.04.25 39

<latexit sha1_base64="I9BTLO6VUTWW2jCAZmbTPLFv4CA="></latexit>rELSCM

Olga Sorkine-Hornung, Jing Ren



#

● As presented, ELSCM attains its (global and only) minimum of value 0 if: 

§ for a general input 3D mesh:
all mesh vertices are assigned to a single (u,v) point
→ the null space is 2-dimensional 

● This is a collapsed solution that must be avoided by fixing more than 
just 1 vertex (2 unknowns)!

● To avoid collapse to a single point, we need to fix the locations of 2 
vertices to determine the degrees of freedom.

09.04.25 40

Null space of mmmm
<latexit sha1_base64="I9BTLO6VUTWW2jCAZmbTPLFv4CA="></latexit>rELSCM

Olga Sorkine-Hornung, Jing Ren



#

LSCM degrees of freedom
● [Levy et al. 2002] : fix 2 vertices in 2D that have the maximal shortest 

edge path between them.

● Leads to a sparse linear system in (2n-4) variables.

● System then has a unique and non-collapsed solution.

● The solution depends on the choice of vertices!

09.04.25 41Olga Sorkine-Hornung, Jing Ren
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LSCM – Results

09.04.25 42Olga Sorkine-Hornung, Jing Ren
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LSCM – Results
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Manually 
placed cuts

ç Robust against 
varying mesh density

Flipped triangles 
rarely occur

Olga Sorkine-Hornung, Jing Ren



#

Overlaps can still occur

09.04.25 44

Cut along overlapping 
boundaries

Olga Sorkine-Hornung, Jing Ren



#

Triangle inversions and collapses can still occur 
(but rather rare)

● We get the JT matrix template only in least-squares sense

09.04.25 45

<latexit sha1_base64="ragt5DC65LIelKadPa5tx6X4KDU="></latexit>

JT =

✓
j11(X) j12(X)
j21(X) j22(X)

◆
, j11(X), j12(X), j21(X), j22(X) are linear in X

<latexit sha1_base64="6P647nmy9s2IuT06JZ6lk0fuoTE="></latexit>

ELSCM(T ) =
�
j11(X)� j22(X))2 + (j12(X)� (�j21(X)

�2

<latexit sha1_base64="czI+mYHmVpOoJp9vxZLChGy39rQ="></latexit>

JT =

✓
a b

�b a

◆
, a, b 2 R, avoid (a, b) = (0, 0)

Olga Sorkine-Hornung, Jing Ren



#

Texture mapped results

09.04.25 46Olga Sorkine-Hornung, Jing Ren
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Provided in many packages

● Often called “UV-unwrapping”

● Blender
● Autodesk Maya, 3ds Max

● CGAL

09.04.25 47

https://docs.blender.org/manual/en/latest/
modeling/meshes/editing/uv.html

Olga Sorkine-Hornung, Jing Ren

https://docs.blender.org/manual/en/latest/modeling/meshes/editing/uv.html
https://docs.blender.org/manual/en/latest/modeling/meshes/editing/uv.html


ARAP:
As-Isometric-As-Possible Parameterization

(Rigid)



#

ARAP energy
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JT 2 R2⇥2, linear function of X
<latexit sha1_base64="tmMl+6x/z/o441P+kK0gcyiuMN8="></latexit>

EARAP(T ) = distance between JT and a 2⇥ 2 rotation

1 2

3

1

2
3

rotation

<latexit sha1_base64="KavX1GJhOEYEcvNgxYTErDFPHSs="></latexit>

R2⇥2 all linear transf.
<latexit sha1_base64="8s0cKEfF3yPyahcWtnbB0N6XVkY=">AAACJXicbVDLSsNAFJ3UV63P6tJNsAiuSiJFXRbdiKuKfQhJKJPJTR2cmYSZiVJCPsGtfoJf404EV/6KkzYLXwcGDueey7lzwpRRpR3nw6otLC4tr9RXG2vrG5tb282doUoySWBAEpbImxArYFTAQFPN4CaVgHnIYBTenZfz0T1IRRPR19MUAo4ngsaUYG2k68txf7zdctrODPZf4lakhSr0xk1r3Y8SknEQmjCslOc6qQ5yLDUlDIqGnylIMbnDE/AMFZiDCvLZrYV9YJTIjhNpntD2TP2+kWOu1JSHxsmxvlW/Z6X438zLdHwa5FSkmQZB5kFxxmyd2OXH7YhKIJpNDcFEUnOrTW6xxESben6kRKo8rWg0fAkCHkjCORZR7t8DKTw3yP0yPIzzllsYk+nP/d3WXzI8arvH7c5Vp9U9q5qsoz20jw6Ri05QF12gHhoggiboET2hZ+vFerXerPe5tWZVO7voB6zPL9RqpA0=</latexit>

JTsimilarity

SO(2)

= matrix in SO(2)

<latexit sha1_base64="DbN7eGGzS7DqaePg4oj0SCBW95M="></latexit>

ELSCM(T )

<latexit sha1_base64="8jCiet5LjpdxR0LmTCBO91GgJ98="></latexit>

EARAP(T )

<latexit sha1_base64="oqcaimOYFZzqn1y6T3uxYqkMN48="></latexit>

EARAP(T ) = min
RT2SO(2)

kJT �RT k2F

Frobenius matrix norm:

<latexit sha1_base64="Vha0RU7c9sWnNIVrSRQS2vImlCk="></latexit>

k(aij)kF =
⇣X

i,j

a2ij

⌘1/2

Olga Sorkine-Hornung, Jing Ren
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ARAP (local-global) algorithm

● How to minimize efficiently? Local-global iterations!
1. Initialize X with LSCM or Tutte or smth
2. For each T, compute RT using the current uv’s, i.e. the 

current value of X
3. Fix all RT’s and solve for new X
4. If ~(stopping criterion) goto 2
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EARAP(X) =
X

triangles T

A(T ) min
RT2SO(2)

kJT �RT k2F
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ARAP (local-global) algorithm

● How to minimize efficiently? Local-global iterations!
1. Initialize X with LSCM or Tutte or…
2. For each T, compute RT using the current uv’s, i.e. the 

current value of X
3. Fix all RT’s and solve for new X
4. If ~(stopping criterion) goto 2
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EARAP(X) =
X

triangles T

A(T ) min
RT2SO(2)

kJT �RT k2F
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ARAP (local-global) algorithm

● How to minimize efficiently? Local-global iterations!
1. Initialize X with LSCM or Tutte or…
2. For each T, compute RT using the current uv’s, i.e. the 

current value of X
3. Fix all RT’s and solve for new X
4. If ~(stopping criterion) goto 2
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EARAP(X) =
X

triangles T

A(T ) min
RT2SO(2)

kJT �RT k2F

RT = best-fit rotation to JT, 
formula based on SVD of JT

Olga Sorkine-Hornung, Jing Ren

Procrustes Problem

&! = argmin"∈$%(') & − /! )

= argmin"∈$%(') & − 0Σ2! )

&! = 02!
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ARAP (local-global) algorithm

● How to minimize efficiently? Local-global iterations!
1. Initialize X with LSCM or Tutte or…
2. For each T, compute RT using the current uv’s, i.e. the 

current value of X
3. Fix all RT’s and solve for new X
4. If ~(stopping criterion) goto 2
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X

triangles T

A(T ) min
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ARAP (local-global) algorithm

● How to minimize efficiently? Local-global 
iterations!

1. Initialize X with LSCM or Tutte or…
2. For each T, compute RT using the current uv’s, 

i.e. the current value of X
3. Fix all RT’s and solve for new X
4. If ~(stopping criterion) goto 2
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EARAP(X) =
X

triangles T

A(T ) min
RT2SO(2)

kJT �RT k2F

fixed 
scalar

fixed

linear in X

Quadratic minimization in X 
(need to fix at least 1 vertex)

Olga Sorkine-Hornung, Jing Ren
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ARAP (local-global) algorithm

● How to minimize efficiently? Local-global iterations!
1. Initialize X with LSCM or Tutte or…
2. For each T, compute RT using the current uv’s, i.e. the 

current value of X
3. Fix all RT’s and solve for new X
4. If ~(stopping criterion) goto 2
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EARAP(X) =
X

triangles T

A(T ) min
RT2SO(2)

kJT �RT k2F

More details about rotation fitting and ARAP come later J

Olga Sorkine-Hornung, Jing Ren
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ARAP Param. – Results

09.04.25 56Olga Sorkine-Hornung, Jing Ren

Tutte Ini.

LSCM Ini.
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ARAP Param. – Results
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LSCM ARAP

Olga Sorkine-Hornung, Jing Ren



Chebyshev Parameterzation:
preserving lengths along the yarn directions
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Chebyshev net
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Lengths along the yarn 
directions are preserved

Squares are mapped to diamonds

Olga Sorkine-Hornung, Jing Ren
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SVD of the Jacobian of a Chebyshev net
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=

=
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=
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SVD of the Jacobian of a Chebyshev net
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!Σ#! =
=

=

=

=

Olga Sorkine-Hornung, Jing Ren
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SVD of the Jacobian of a Chebyshev net
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! = #Σ%! has a template:
– " is unknown rotation
– Singular values satisfy /!" + /"" = 2
– 1 is a known rotation (by angle 2/4

Olga Sorkine-Hornung, Jing Ren
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Chebyshev Parameterization

● Local-global iterations!
1. Initialize X with LSCM or Tutte or ARAP or smth
2. Local step: For each T, compute rotation and singular 

values using the current uv’s, i.e. the current value of X
3. Global step: Fix all cheby-jacobians and solve for new X
4. If ~(stopping criterion) goto 2
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EARAP(X) =
X

triangles T

A(T ) min
RT2SO(2)

kJT �RT k2F
" = #Σ%! has a template:

– ! is unknown rotation
– Singular values satisfy "!" + """ = 2
– & is a known rotation (by angle '/4

Note: the template here is derived from 2D to 3D; for parameterization we need to consider its inverse. 
See the paper for more details

Olga Sorkine-Hornung, Jing Ren
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LSCM, ARAP, vs. Chebyshev parameterization
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LSCM ARAP Cheby

Olga Sorkine-Hornung, Jing Ren
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LSCM, ARAP, vs. Chebyshev parameterization
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LSCM ARAP Cheby

Olga Sorkine-Hornung, Jing Ren



Remeshing



Remeshing
v Run parameterization

v Resample in the uv domain
v w.r.t area distortion

v Centroidal Voronoi tessellation 
on the samples

v Map back to 3D surface
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Interactive Geometry Remeshing
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Density function in parameter space

Measure curvatureModel

Flatten it 
conformally

[Alliez et al., SIGGRAPH 2002]

Olga Sorkine-Hornung, Jing Ren
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Remeshing
● Remeshing type can be adjusted to the application’s needs
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original uniform adapted semi-regular

Olga Sorkine-Hornung, Jing Ren
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Remeshing Examples
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Interactive Geometry Remeshing
● Importance map created according to application needs

09.04.25 71

Importance map

filtering

Area stretch

filtering

Curvatures

Olga Sorkine-Hornung, Jing Ren
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Interactive Geometry Remeshing
● Importance map is sampled by points – as in halftoning
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Interactive Geometry Remeshing
● Importance map is sampled by points – as in halftoning

(error diffusion process)
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Interactive Geometry Remeshing
● Sampled points are triangulated using Delaunay
● Using the parameterization, the 2D points are lifted back 

into 3D

09.04.25 74Olga Sorkine-Hornung, Jing Ren
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Interactive Geometry Remeshing
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Interactive Geometry Remeshing
● More results

09.04.25 76Olga Sorkine-Hornung, Jing Ren



Thank You!


