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Single-View Auto-Calibration
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Translational SymmetriesParallel Scene Lines

Complementary Features



Pritts et al.: 4 point correspondences

Covariant regions are noisy thus 
provide less accuracy

Wildenauer et al.: Antunes et al.:
5 circular arcs 7 circular arcs

Circular arcs are hard to group as 
imaged parallel scene lines

State of the Art



Camera Model

�g(x̃,�) = K
⇥
R | t

⇤
X

<latexit sha1_base64="hYhyJ9/XDjidKiLSIlFFoQdIxyk="></latexit>

division model 
parameter

g(x̃,�) = (x̃, ỹ, 1 + �r̃2)>

<latexit sha1_base64="PzOd1u3vvwDcW19WZHhE0BNcWHo="></latexit>

focal 
length

K = diag(f, f, 1)

<latexit sha1_base64="AUrkqwCMYnQmkuVsN7YQS5MzXH0=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAgVSkmkoC6EghvBTQX7gCaUyWTSDp08mLkRSwgIbvwVNy4Uces3uPNvnLRdaOuBC4dz7uXee9yYMwmm+a0tLC4tr6wW1orrG5tb2/rObktGiSC0SSIeiY6LJeUspE1gwGknFhQHLqdtd3iZ++07KiSLwlsYxdQJcD9kPiMYlNTTD+wAwwAgvc4ubKD3kHoM97OyX/Er1nFPL5lVcwxjnlhTUkJTNHr6l+1FJAloCIRjKbuWGYOTYgGMcJoV7UTSGJMh7tOuoiEOqHTS8RuZcaQUz/AjoSoEY6z+nkhxIOUocFVnfrSc9XLxP6+bgH/mpCyME6AhmSzyE25AZOSZGB4TlAAfKYKJYOpWgwywwARUckUVgjX78jxpnVStWvX8plaqNx4mcRTQPjpEZWShU1RHV6iBmoigR/SMXtGb9qS9aO/ax6R1QZtGuIf+QPv8AdasmSk=</latexit>

sensor plane

3D structure point

2D projected point

origin

depth axis



Division Model of Undistortion
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Vanishing Point as Meet of Lines

u(�) = m(�)⇥m0(�)

<latexit sha1_base64="6sCDZoR1uuJ3TQZpTbInyikmJCM=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0Wsm5JIQV0IBV24rGAf0IQymUzaoZNJmJkIJRT8Hjf+igguKuLW33DSVq2tBy4czrmXe+/xYkalsqyRkVtaXlldy68XNja3tnfM3b2GjBKBSR1HLBItD0nCKCd1RRUjrVgQFHqMNL3+VeY374mQNOJ3ahATN0RdTgOKkdJSx7x2QqR6XpAmw5LD9JyPTuAl/FbDX9VRNCRyxjn+sTpm0SpbY8BFYk9JEUxR65gvjh/hJCRcYYakbNtWrNwUCUUxI8OCk0gSI9xHXdLWlCO92U3H3w7hkVZ8GERCF1dwrM5OpCiUchB6ujO7Vc57mfif105UcO6mlMeJIhxPFgUJgyqCWXTQp4JgxQaaICyovhXiHhIIKx1wQYdgz7+8SBqnZbtSvritFKu1h0kceXAADkEJ2OAMVMENqIE6wOARPIMReDOejFfj3fiYtOaMaYT74A+Mzy/fPKj6</latexit>

undistorted images 
of parallel lines

vanishing 
point



Vanishing Point as Meet of Lines

u(�) = m(�)⇥m0(�)

<latexit sha1_base64="6sCDZoR1uuJ3TQZpTbInyikmJCM=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0Wsm5JIQV0IBV24rGAf0IQymUzaoZNJmJkIJRT8Hjf+igguKuLW33DSVq2tBy4czrmXe+/xYkalsqyRkVtaXlldy68XNja3tnfM3b2GjBKBSR1HLBItD0nCKCd1RRUjrVgQFHqMNL3+VeY374mQNOJ3ahATN0RdTgOKkdJSx7x2QqR6XpAmw5LD9JyPTuAl/FbDX9VRNCRyxjn+sTpm0SpbY8BFYk9JEUxR65gvjh/hJCRcYYakbNtWrNwUCUUxI8OCk0gSI9xHXdLWlCO92U3H3w7hkVZ8GERCF1dwrM5OpCiUchB6ujO7Vc57mfif105UcO6mlMeJIhxPFgUJgyqCWXTQp4JgxQaaICyovhXiHhIIKx1wQYdgz7+8SBqnZbtSvritFKu1h0kceXAADkEJ2OAMVMENqIE6wOARPIMReDOejFfj3fiYtOaMaYT74A+Mzy/fPKj6</latexit>

undistorted images 
of parallel lines

constructed from 
point correspondences extracted from 
imaged translational symmetries 
or 
circular arcs as imaged scene lines

vanishing 
point



# Sol of �

<latexit sha1_base64="M6JjKGDFNHiCwviNv1oQWe87veE=">AAACBHicdVBPS8MwHE3nvzn/VT3uEiyCp9LqNt1t4EVvE90mrGWkWbqFpU1JUnGUHbz4Vbx4UMSrH8Kb38Zsq6CiDwKP934vye8FCaNSOc6HUVhYXFpeKa6W1tY3NrfM7Z225KnApIU54+I6QJIwGpOWooqR60QQFAWMdILR6dTv3BAhKY+v1DghfoQGMQ0pRkpLPbPsKXKrc5lnwUvOIA/hBHpMX9BHPdNybLfqVGtHcE6q9ZzUXOjazgwWyNHsme9en+M0IrHCDEnZdZ1E+RkSimJGJiUvlSRBeIQGpKtpjCIi/Wy2xATua6UPQy70iRWcqd8TGYqkHEeBnoyQGsrf3lT8y+umKjzxMxonqSIxnj8UpgwqDqeNwD4VBCs21gRhQfVfIR4igbDSvZV0CV+bwv9J+9B2K3b9omI1zvM6iqAM9sABcMExaIAz0AQtgMEdeABP4Nm4Nx6NF+N1Plow8swu+AHj7RMFE5fA</latexit>

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>

Coplanar Vanishing Points

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

Solvers

PC — point correspondences 
CA — circular arcs

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

u1(�)
>l = 0

<latexit sha1_base64="9IodNUGrb2rqwDloKPy+VESwXxw=">AAACEHicbVDLSsNAFJ34rPUVdelmsIh1UxIpqAuh4MZlBfuAJobJZNIOnUzCzEQoIeAPuPFX3LhQxK1Ld/6Nk7aCth64cDjnXu69x08YlcqyvoyFxaXlldXSWnl9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH14WfueOCEljfqNGCXEj1Oc0pBgpLXnmkRMhNfDDLM09u+owPRmg41tHxQn8sVh+YXlmxapZY8B5Yk9JBUzR9MxPJ4hxGhGuMENS9mwrUW6GhKKYkbzspJIkCA9Rn/Q05Sgi0s3GD+XwUCsBDGOhiys4Vn9PZCiSchT5urO4Uc56hfif10tVeOZmlCepIhxPFoUpgyqGRTowoIJgxUaaICyovhXiARIIK51hWYdgz748T9onNbteO7+uVxrN+0kcJbAPDkAV2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+aV0wphHugT8wPr4BppudcA==</latexit>

u2(�)
>l = 0

<latexit sha1_base64="zA/sNGG76F96THTnoQjCD1q5/CE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5KUgroQCm5cVrAPaGKYTCft0EkmzEyEEgL+gBt/xY0LRdy6dOffOGkraOuBC4dz7uXee/yYUaks68soLC2vrK4V10sbm1vbO+buXlvyRGDSwpxx0fWRJIxGpKWoYqQbC4JCn5GOP7rM/c4dEZLy6EaNY+KGaBDRgGKktOSZx06I1NAP0iTzahWH6ck+Orl1FI/hj8WyC8szy1bVmgAuEntGymCGpmd+On2Ok5BECjMkZc+2YuWmSCiKGclKTiJJjPAIDUhP0wiFRLrp5KEMHmmlDwMudEUKTtTfEykKpRyHvu7Mb5TzXi7+5/USFZy5KY3iRJEITxcFCYOKwzwd2KeCYMXGmiAsqL4V4iESCCudYUmHYM+/vEjatapdr55f18uN5v00jiI4AIegAmxwChrgCjRBC2DwAJ7AC3g1Ho1n4814n7YWjFmE++APjI9vqDqdcQ==</latexit>

u3(�)
>l = 0

<latexit sha1_base64="4WlIC7Hdika4ukOM4Ns5kDvRnEo=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5JoQV0IBTcuK9gHNDFMJpN26CQTZiZCCQV/wI2/4saFIm5duvNvnLQVtPXAhcM593LvPX7CqFSW9WUUFhaXlleKq6W19Y3NLXN7pyV5KjBpYs646PhIEkZj0lRUMdJJBEGRz0jbH1zmfvuOCEl5fKOGCXEj1ItpSDFSWvLMQydCqu+HWTryTioO05MBOrp1FE/gj8VGF5Znlq2qNQacJ/aUlMEUDc/8dAKO04jECjMkZde2EuVmSCiKGRmVnFSSBOEB6pGupjGKiHSz8UMjeKCVAIZc6IoVHKu/JzIUSTmMfN2Z3yhnvVz8z+umKjxzMxonqSIxniwKUwYVh3k6MKCCYMWGmiAsqL4V4j4SCCudYUmHYM++PE9ax1W7Vj2/rpXrjftJHEWwB/ZBBdjgFNTBFWiAJsDgATyBF/BqPBrPxpvxPmktGNMId8EfGB/fqdmdcg==</latexit>

Constraints

4

4

4

8

C++ runtime ⇠ 1µs

<latexit sha1_base64="hM6dDRpuD6DvEMJWZIe74pjbqdw=">AAACFHicdVDLSgMxFM34rPVVdekmWAShUGa09bEruNGdglWhU0omvdVgkhmSO2IZ6j+48VfcuFDErQt3/o3pQ1DRA4HDOfdwc0+USGHR9z+8sfGJyanp3Ex+dm5+YbGwtHxq49RwqPNYxuY8Yhak0FBHgRLOEwNMRRLOoqv9vn92DcaKWJ9gN4GmYhdadARn6KRWoRQi3Lhctl8qUZNqFAp69Da0QtEvK+jRUKXUtgpFvxxU/er2Fh2S6t6IbAc0KPsDFMkIR63Ce9iOeapAI5fM2kbgJ9jMmEHBJfTyYWohYfyKXUDDUc0U2GY2OKpH153Spp3YuKeRDtTviYwpa7sqcpOK4aX97fXFv7xGip3dZiZ0kiJoPlzUSSXFmPYbom1hgKPsOsK4Ee6vlF8ywzi6HvOuhK9L6f/kdLMcVMp7x5Vi7XBUR46skjWyQQKyQ2rkgByROuHkjjyQJ/Ls3XuP3ov3Ohwd80aZFfID3tsn/6ye2Q==</latexit>



# Sol of �

<latexit sha1_base64="M6JjKGDFNHiCwviNv1oQWe87veE=">AAACBHicdVBPS8MwHE3nvzn/VT3uEiyCp9LqNt1t4EVvE90mrGWkWbqFpU1JUnGUHbz4Vbx4UMSrH8Kb38Zsq6CiDwKP934vye8FCaNSOc6HUVhYXFpeKa6W1tY3NrfM7Z225KnApIU54+I6QJIwGpOWooqR60QQFAWMdILR6dTv3BAhKY+v1DghfoQGMQ0pRkpLPbPsKXKrc5lnwUvOIA/hBHpMX9BHPdNybLfqVGtHcE6q9ZzUXOjazgwWyNHsme9en+M0IrHCDEnZdZ1E+RkSimJGJiUvlSRBeIQGpKtpjCIi/Wy2xATua6UPQy70iRWcqd8TGYqkHEeBnoyQGsrf3lT8y+umKjzxMxonqSIxnj8UpgwqDqeNwD4VBCs21gRhQfVfIR4igbDSvZV0CV+bwv9J+9B2K3b9omI1zvM6iqAM9sABcMExaIAz0AQtgMEdeABP4Nm4Nx6NF+N1Plow8swu+AHj7RMFE5fA</latexit>

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>

Coplanar Vanishing Points

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

Solvers

PC — point correspondences 
CA — circular arcs

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u1(�)
>l = 0

<latexit sha1_base64="9IodNUGrb2rqwDloKPy+VESwXxw=">AAACEHicbVDLSsNAFJ34rPUVdelmsIh1UxIpqAuh4MZlBfuAJobJZNIOnUzCzEQoIeAPuPFX3LhQxK1Ld/6Nk7aCth64cDjnXu69x08YlcqyvoyFxaXlldXSWnl9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH14WfueOCEljfqNGCXEj1Oc0pBgpLXnmkRMhNfDDLM09u+owPRmg41tHxQn8sVh+YXlmxapZY8B5Yk9JBUzR9MxPJ4hxGhGuMENS9mwrUW6GhKKYkbzspJIkCA9Rn/Q05Sgi0s3GD+XwUCsBDGOhiys4Vn9PZCiSchT5urO4Uc56hfif10tVeOZmlCepIhxPFoUpgyqGRTowoIJgxUaaICyovhXiARIIK51hWYdgz748T9onNbteO7+uVxrN+0kcJbAPDkAV2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+aV0wphHugT8wPr4BppudcA==</latexit>

u2(�)
>l = 0

<latexit sha1_base64="zA/sNGG76F96THTnoQjCD1q5/CE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5KUgroQCm5cVrAPaGKYTCft0EkmzEyEEgL+gBt/xY0LRdy6dOffOGkraOuBC4dz7uXee/yYUaks68soLC2vrK4V10sbm1vbO+buXlvyRGDSwpxx0fWRJIxGpKWoYqQbC4JCn5GOP7rM/c4dEZLy6EaNY+KGaBDRgGKktOSZx06I1NAP0iTzahWH6ck+Orl1FI/hj8WyC8szy1bVmgAuEntGymCGpmd+On2Ok5BECjMkZc+2YuWmSCiKGclKTiJJjPAIDUhP0wiFRLrp5KEMHmmlDwMudEUKTtTfEykKpRyHvu7Mb5TzXi7+5/USFZy5KY3iRJEITxcFCYOKwzwd2KeCYMXGmiAsqL4V4iESCCudYUmHYM+/vEjatapdr55f18uN5v00jiI4AIegAmxwChrgCjRBC2DwAJ7AC3g1Ho1n4814n7YWjFmE++APjI9vqDqdcQ==</latexit>

u3(�)
>l = 0

<latexit sha1_base64="4WlIC7Hdika4ukOM4Ns5kDvRnEo=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5JoQV0IBTcuK9gHNDFMJpN26CQTZiZCCQV/wI2/4saFIm5duvNvnLQVtPXAhcM593LvPX7CqFSW9WUUFhaXlleKq6W19Y3NLXN7pyV5KjBpYs646PhIEkZj0lRUMdJJBEGRz0jbH1zmfvuOCEl5fKOGCXEj1ItpSDFSWvLMQydCqu+HWTryTioO05MBOrp1FE/gj8VGF5Znlq2qNQacJ/aUlMEUDc/8dAKO04jECjMkZde2EuVmSCiKGRmVnFSSBOEB6pGupjGKiHSz8UMjeKCVAIZc6IoVHKu/JzIUSTmMfN2Z3yhnvVz8z+umKjxzMxonqSIxniwKUwYVh3k6MKCCYMWGmiAsqL4V4j4SCCudYUmHYM++PE9ax1W7Vj2/rpXrjftJHEWwB/ZBBdjgFNTBFWiAJsDgATyBF/BqPBrPxpvxPmktGNMId8EfGB/fqdmdcg==</latexit>

Constraints

4

4

4

8

C++ runtime ⇠ 1µs

<latexit sha1_base64="hM6dDRpuD6DvEMJWZIe74pjbqdw=">AAACFHicdVDLSgMxFM34rPVVdekmWAShUGa09bEruNGdglWhU0omvdVgkhmSO2IZ6j+48VfcuFDErQt3/o3pQ1DRA4HDOfdwc0+USGHR9z+8sfGJyanp3Ex+dm5+YbGwtHxq49RwqPNYxuY8Yhak0FBHgRLOEwNMRRLOoqv9vn92DcaKWJ9gN4GmYhdadARn6KRWoRQi3Lhctl8qUZNqFAp69Da0QtEvK+jRUKXUtgpFvxxU/er2Fh2S6t6IbAc0KPsDFMkIR63Ce9iOeapAI5fM2kbgJ9jMmEHBJfTyYWohYfyKXUDDUc0U2GY2OKpH153Spp3YuKeRDtTviYwpa7sqcpOK4aX97fXFv7xGip3dZiZ0kiJoPlzUSSXFmPYbom1hgKPsOsK4Ee6vlF8ywzi6HvOuhK9L6f/kdLMcVMp7x5Vi7XBUR46skjWyQQKyQ2rkgByROuHkjjyQJ/Ls3XuP3ov3Ohwd80aZFfID3tsn/6ye2Q==</latexit>



# Sol of �

<latexit sha1_base64="M6JjKGDFNHiCwviNv1oQWe87veE=">AAACBHicdVBPS8MwHE3nvzn/VT3uEiyCp9LqNt1t4EVvE90mrGWkWbqFpU1JUnGUHbz4Vbx4UMSrH8Kb38Zsq6CiDwKP934vye8FCaNSOc6HUVhYXFpeKa6W1tY3NrfM7Z225KnApIU54+I6QJIwGpOWooqR60QQFAWMdILR6dTv3BAhKY+v1DghfoQGMQ0pRkpLPbPsKXKrc5lnwUvOIA/hBHpMX9BHPdNybLfqVGtHcE6q9ZzUXOjazgwWyNHsme9en+M0IrHCDEnZdZ1E+RkSimJGJiUvlSRBeIQGpKtpjCIi/Wy2xATua6UPQy70iRWcqd8TGYqkHEeBnoyQGsrf3lT8y+umKjzxMxonqSIxnj8UpgwqDqeNwD4VBCs21gRhQfVfIR4igbDSvZV0CV+bwv9J+9B2K3b9omI1zvM6iqAM9sABcMExaIAz0AQtgMEdeABP4Nm4Nx6NF+N1Plow8swu+AHj7RMFE5fA</latexit>

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>

Coplanar Vanishing Points

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

Solvers

PC — point correspondences 
CA — circular arcs

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

u1(�)
>l = 0

<latexit sha1_base64="9IodNUGrb2rqwDloKPy+VESwXxw=">AAACEHicbVDLSsNAFJ34rPUVdelmsIh1UxIpqAuh4MZlBfuAJobJZNIOnUzCzEQoIeAPuPFX3LhQxK1Ld/6Nk7aCth64cDjnXu69x08YlcqyvoyFxaXlldXSWnl9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH14WfueOCEljfqNGCXEj1Oc0pBgpLXnmkRMhNfDDLM09u+owPRmg41tHxQn8sVh+YXlmxapZY8B5Yk9JBUzR9MxPJ4hxGhGuMENS9mwrUW6GhKKYkbzspJIkCA9Rn/Q05Sgi0s3GD+XwUCsBDGOhiys4Vn9PZCiSchT5urO4Uc56hfif10tVeOZmlCepIhxPFoUpgyqGRTowoIJgxUaaICyovhXiARIIK51hWYdgz748T9onNbteO7+uVxrN+0kcJbAPDkAV2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+aV0wphHugT8wPr4BppudcA==</latexit>

u2(�)
>l = 0

<latexit sha1_base64="zA/sNGG76F96THTnoQjCD1q5/CE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5KUgroQCm5cVrAPaGKYTCft0EkmzEyEEgL+gBt/xY0LRdy6dOffOGkraOuBC4dz7uXee/yYUaks68soLC2vrK4V10sbm1vbO+buXlvyRGDSwpxx0fWRJIxGpKWoYqQbC4JCn5GOP7rM/c4dEZLy6EaNY+KGaBDRgGKktOSZx06I1NAP0iTzahWH6ck+Orl1FI/hj8WyC8szy1bVmgAuEntGymCGpmd+On2Ok5BECjMkZc+2YuWmSCiKGclKTiJJjPAIDUhP0wiFRLrp5KEMHmmlDwMudEUKTtTfEykKpRyHvu7Mb5TzXi7+5/USFZy5KY3iRJEITxcFCYOKwzwd2KeCYMXGmiAsqL4V4iESCCudYUmHYM+/vEjatapdr55f18uN5v00jiI4AIegAmxwChrgCjRBC2DwAJ7AC3g1Ho1n4814n7YWjFmE++APjI9vqDqdcQ==</latexit>

u3(�)
>l = 0

<latexit sha1_base64="4WlIC7Hdika4ukOM4Ns5kDvRnEo=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5JoQV0IBTcuK9gHNDFMJpN26CQTZiZCCQV/wI2/4saFIm5duvNvnLQVtPXAhcM593LvPX7CqFSW9WUUFhaXlleKq6W19Y3NLXN7pyV5KjBpYs646PhIEkZj0lRUMdJJBEGRz0jbH1zmfvuOCEl5fKOGCXEj1ItpSDFSWvLMQydCqu+HWTryTioO05MBOrp1FE/gj8VGF5Znlq2qNQacJ/aUlMEUDc/8dAKO04jECjMkZde2EuVmSCiKGRmVnFSSBOEB6pGupjGKiHSz8UMjeKCVAIZc6IoVHKu/JzIUSTmMfN2Z3yhnvVz8z+umKjxzMxonqSIxniwKUwYVh3k6MKCCYMWGmiAsqL4V4j4SCCudYUmHYM++PE9ax1W7Vj2/rpXrjftJHEWwB/ZBBdjgFNTBFWiAJsDgATyBF/BqPBrPxpvxPmktGNMId8EfGB/fqdmdcg==</latexit>

Constraints

4

4

4

8

C++ runtime ⇠ 1µs

<latexit sha1_base64="hM6dDRpuD6DvEMJWZIe74pjbqdw=">AAACFHicdVDLSgMxFM34rPVVdekmWAShUGa09bEruNGdglWhU0omvdVgkhmSO2IZ6j+48VfcuFDErQt3/o3pQ1DRA4HDOfdwc0+USGHR9z+8sfGJyanp3Ex+dm5+YbGwtHxq49RwqPNYxuY8Yhak0FBHgRLOEwNMRRLOoqv9vn92DcaKWJ9gN4GmYhdadARn6KRWoRQi3Lhctl8qUZNqFAp69Da0QtEvK+jRUKXUtgpFvxxU/er2Fh2S6t6IbAc0KPsDFMkIR63Ce9iOeapAI5fM2kbgJ9jMmEHBJfTyYWohYfyKXUDDUc0U2GY2OKpH153Spp3YuKeRDtTviYwpa7sqcpOK4aX97fXFv7xGip3dZiZ0kiJoPlzUSSXFmPYbom1hgKPsOsK4Ee6vlF8ywzi6HvOuhK9L6f/kdLMcVMp7x5Vi7XBUR46skjWyQQKyQ2rkgByROuHkjjyQJ/Ls3XuP3ov3Ohwd80aZFfID3tsn/6ye2Q==</latexit>



# Sol of �

<latexit sha1_base64="M6JjKGDFNHiCwviNv1oQWe87veE=">AAACBHicdVBPS8MwHE3nvzn/VT3uEiyCp9LqNt1t4EVvE90mrGWkWbqFpU1JUnGUHbz4Vbx4UMSrH8Kb38Zsq6CiDwKP934vye8FCaNSOc6HUVhYXFpeKa6W1tY3NrfM7Z225KnApIU54+I6QJIwGpOWooqR60QQFAWMdILR6dTv3BAhKY+v1DghfoQGMQ0pRkpLPbPsKXKrc5lnwUvOIA/hBHpMX9BHPdNybLfqVGtHcE6q9ZzUXOjazgwWyNHsme9en+M0IrHCDEnZdZ1E+RkSimJGJiUvlSRBeIQGpKtpjCIi/Wy2xATua6UPQy70iRWcqd8TGYqkHEeBnoyQGsrf3lT8y+umKjzxMxonqSIxnj8UpgwqDqeNwD4VBCs21gRhQfVfIR4igbDSvZV0CV+bwv9J+9B2K3b9omI1zvM6iqAM9sABcMExaIAz0AQtgMEdeABP4Nm4Nx6NF+N1Plow8swu+AHj7RMFE5fA</latexit>

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>

Coplanar Vanishing Points

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

Solvers

PC — point correspondences 
CA — circular arcs

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u2(= u3)

<latexit sha1_base64="vRfmIvwi19ZjfMQS7zoQXy4SpH8=">AAACBHicbVDLSsNAFL2pr1pfUZfdBItQNyWpBXUhFNy4rGAf0IYwmU7aoZNJmJkIJRR046+4caGIWz/CnX/jpO2ith64cO45d5h7jx8zKpVt/xi5tfWNza38dmFnd2//wDw8askoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH91kfvuBCEkjfq/GMXFDNOA0oBgpLXlmsRciNfSDNJl41fL1Qnd+5pklu2JPYa0SZ05KMEfDM797/QgnIeEKMyRl17Fj5aZIKIoZmRR6iSQxwiM0IF1NOQqJdNPpERPrVCt9K4iELq6sqbr4IkWhlOPQ15PZknLZy8T/vG6igks3pTxOFOF49lGQMEtFVpaI1aeCYMXGmiAsqN7VwkMkEFY6t4IOwVk+eZW0qhWnVrm6q5XqjcdZHHkowgmUwYELqMMtNKAJGJ7gBd7g3Xg2Xo0P43M2mjPmER7DHxhfv4WmmHo=</latexit>

u1(�)
>l = 0

<latexit sha1_base64="9IodNUGrb2rqwDloKPy+VESwXxw=">AAACEHicbVDLSsNAFJ34rPUVdelmsIh1UxIpqAuh4MZlBfuAJobJZNIOnUzCzEQoIeAPuPFX3LhQxK1Ld/6Nk7aCth64cDjnXu69x08YlcqyvoyFxaXlldXSWnl9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH14WfueOCEljfqNGCXEj1Oc0pBgpLXnmkRMhNfDDLM09u+owPRmg41tHxQn8sVh+YXlmxapZY8B5Yk9JBUzR9MxPJ4hxGhGuMENS9mwrUW6GhKKYkbzspJIkCA9Rn/Q05Sgi0s3GD+XwUCsBDGOhiys4Vn9PZCiSchT5urO4Uc56hfif10tVeOZmlCepIhxPFoUpgyqGRTowoIJgxUaaICyovhXiARIIK51hWYdgz748T9onNbteO7+uVxrN+0kcJbAPDkAV2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+aV0wphHugT8wPr4BppudcA==</latexit>

u2(�)
>l = 0

<latexit sha1_base64="zA/sNGG76F96THTnoQjCD1q5/CE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5KUgroQCm5cVrAPaGKYTCft0EkmzEyEEgL+gBt/xY0LRdy6dOffOGkraOuBC4dz7uXee/yYUaks68soLC2vrK4V10sbm1vbO+buXlvyRGDSwpxx0fWRJIxGpKWoYqQbC4JCn5GOP7rM/c4dEZLy6EaNY+KGaBDRgGKktOSZx06I1NAP0iTzahWH6ck+Orl1FI/hj8WyC8szy1bVmgAuEntGymCGpmd+On2Ok5BECjMkZc+2YuWmSCiKGclKTiJJjPAIDUhP0wiFRLrp5KEMHmmlDwMudEUKTtTfEykKpRyHvu7Mb5TzXi7+5/USFZy5KY3iRJEITxcFCYOKwzwd2KeCYMXGmiAsqL4V4iESCCudYUmHYM+/vEjatapdr55f18uN5v00jiI4AIegAmxwChrgCjRBC2DwAJ7AC3g1Ho1n4814n7YWjFmE++APjI9vqDqdcQ==</latexit>

u3(�)
>l = 0

<latexit sha1_base64="4WlIC7Hdika4ukOM4Ns5kDvRnEo=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5JoQV0IBTcuK9gHNDFMJpN26CQTZiZCCQV/wI2/4saFIm5duvNvnLQVtPXAhcM593LvPX7CqFSW9WUUFhaXlleKq6W19Y3NLXN7pyV5KjBpYs646PhIEkZj0lRUMdJJBEGRz0jbH1zmfvuOCEl5fKOGCXEj1ItpSDFSWvLMQydCqu+HWTryTioO05MBOrp1FE/gj8VGF5Znlq2qNQacJ/aUlMEUDc/8dAKO04jECjMkZde2EuVmSCiKGRmVnFSSBOEB6pGupjGKiHSz8UMjeKCVAIZc6IoVHKu/JzIUSTmMfN2Z3yhnvVz8z+umKjxzMxonqSIxniwKUwYVh3k6MKCCYMWGmiAsqL4V4j4SCCudYUmHYM++PE9ax1W7Vj2/rpXrjftJHEWwB/ZBBdjgFNTBFWiAJsDgATyBF/BqPBrPxpvxPmktGNMId8EfGB/fqdmdcg==</latexit>

Constraints

4

4

4

8

u2(�)⇥ u3(�) = 0

<latexit sha1_base64="ax7d22gpbIZ7a/nBJncehm1dPMA=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0Wom5LUgroQC25cVrAPaEKYTCbt0MmDmYlQQsCfceOvuBFRpFu/xElbtLYeGDiccy9z7nFjRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOb3O88EC5oFN7LUUzsAPVD6lOMpJIc/doKkBy4fppkTq1iMbXpoVNoSRoQAefMs1/z6kc3MkcvG1VjArhMzBkpgxmajv5meRFOAhJKzJAQPdOIpZ0iLilmJCtZiSAxwkPUJz1FQ6Ry2Onk0AyeKMWDfsTVCyWcqPMbKQqEGAWumswTikUvF//zeon0L+yUhnEiSYinH/kJgzKCeWvQo5xgyUaKIMypygrxAHGEpeq2pEowF09eJu1a1axXL+/q5UbzcVpHERyBY1ABJjgHDXALmqAFMHgCL+AdfGjP2qv2qY2nowVtVuEh+APt6xtj+6ah</latexit>

C++ runtime ⇠ 1µs

<latexit sha1_base64="hM6dDRpuD6DvEMJWZIe74pjbqdw=">AAACFHicdVDLSgMxFM34rPVVdekmWAShUGa09bEruNGdglWhU0omvdVgkhmSO2IZ6j+48VfcuFDErQt3/o3pQ1DRA4HDOfdwc0+USGHR9z+8sfGJyanp3Ex+dm5+YbGwtHxq49RwqPNYxuY8Yhak0FBHgRLOEwNMRRLOoqv9vn92DcaKWJ9gN4GmYhdadARn6KRWoRQi3Lhctl8qUZNqFAp69Da0QtEvK+jRUKXUtgpFvxxU/er2Fh2S6t6IbAc0KPsDFMkIR63Ce9iOeapAI5fM2kbgJ9jMmEHBJfTyYWohYfyKXUDDUc0U2GY2OKpH153Spp3YuKeRDtTviYwpa7sqcpOK4aX97fXFv7xGip3dZiZ0kiJoPlzUSSXFmPYbom1hgKPsOsK4Ee6vlF8ywzi6HvOuhK9L6f/kdLMcVMp7x5Vi7XBUR46skjWyQQKyQ2rkgByROuHkjjyQJ/Ls3XuP3ov3Ohwd80aZFfID3tsn/6ye2Q==</latexit>



u1(�)
>!(f)u3(�) = 0

<latexit sha1_base64="0Taet4zzp1aYdvwwIxrdZQTHD+M=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0VoNyXRgrpQCm5cVrAPaGKYTCft0EkmzEyEEgp+jBt/xY2gIrr0T5y0RWrrgYHDOecy9x4/ZlQqy/oyckvLK6tr+fXCxubW9o65u9eUPBGYNDBnXLR9JAmjEWkoqhhpx4Kg0Gek5Q+uMr91T4SkPLpVw5i4IepFNKAYKS155qUTItX3gzQZeXbJYXqyi8p3juIxdHhIeqgUlOFM6OQ3BC+g5ZlFq2KNAReJPSVFMEXdM1+dLsdJSCKFGZKyY1uxclMkFMWMjApOIkmM8AD1SEfTCIVEuun4zhE80koXBlzoFyk4VmcnUhRKOQx9ncwWlvNeJv7ndRIVnLkpjeJEkQhPPgoSBhWHWWmwSwXBig01QVhQvSvEfSQQVrragi7Bnj95kTSPK3a1cn5TLdbqD5M68uAAHIISsMEpqIFrUAcNgMEjeAZv4N14Ml6MD+NzEs0Z0wr3wR8Y3z94JaV7</latexit>

u2(�)
>!(f)u3(�) = 0

<latexit sha1_base64="EV6H9ryzyKc6ZmYKG6+tvjUYXKo=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBXWhFNy4rGAf0MQwmU7aoZNMmJkIJRT8GDf+ihtBRXTpnzhpi2jrgYHDOecy9x4/ZlQqy/o0ckvLK6tr+fXCxubW9o65u9eSPBGYNDFnXHR8JAmjEWkqqhjpxIKg0Gek7Q8vM799R4SkPLpRo5i4IepHNKAYKS155oUTIjXwgzQZe9WSw/RkD5VvHcVj6PCQ9FEpKMNfoeOfEDyHlmcWrYo1AVwk9owUwQwNz3xxehwnIYkUZkjKrm3Fyk2RUBQzMi44iSQxwkPUJ11NIxQS6aaTO8fwSCs9GHChX6TgRP09kaJQylHo62S2sJz3MvE/r5uo4NRNaRQnikR4+lGQMKg4zEqDPSoIVmykCcKC6l0hHiCBsNLVFnQJ9vzJi6RVrdi1ytl1rVhv3E/ryIMDcAhKwAYnoA6uQAM0AQYP4Am8gjfj0Xg23o2PaTRnzCrcB39gfH0DedulfA==</latexit>

u1(�)
>!(f)u2(�) = 0

<latexit sha1_base64="xp37ANURfJof2WqoVggDxko8qDc=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0VoNyUpBXWhFNy4rGAf0MQwmU7aoZNMmJkIJRT8GDf+ihtBRXTpnzhpi9TWAwOHc85l7j1+zKhUlvVl5FZW19Y38puFre2d3T1z/6AleSIwaWLOuOj4SBJGI9JUVDHSiQVBoc9I2x9eZX77nghJeXSrRjFxQ9SPaEAxUlryzEsnRGrgB2ky9uySw/RkD5XvHMVj6PCQ9FEpKMO5UPU3BC+g5ZlFq2JNAJeJPSNFMEPDM1+dHsdJSCKFGZKya1uxclMkFMWMjAtOIkmM8BD1SVfTCIVEuunkzjE80UoPBlzoFyk4UecnUhRKOQp9ncwWloteJv7ndRMVnLkpjeJEkQhPPwoSBhWHWWmwRwXBio00QVhQvSvEAyQQVrragi7BXjx5mbSqFbtWOb+pFeuNh2kdeXAEjkEJ2OAU1ME1aIAmwOARPIM38G48GS/Gh/E5jeaMWYWH4A+M7x92lKV6</latexit>

# Sol of �

<latexit sha1_base64="M6JjKGDFNHiCwviNv1oQWe87veE=">AAACBHicdVBPS8MwHE3nvzn/VT3uEiyCp9LqNt1t4EVvE90mrGWkWbqFpU1JUnGUHbz4Vbx4UMSrH8Kb38Zsq6CiDwKP934vye8FCaNSOc6HUVhYXFpeKa6W1tY3NrfM7Z225KnApIU54+I6QJIwGpOWooqR60QQFAWMdILR6dTv3BAhKY+v1DghfoQGMQ0pRkpLPbPsKXKrc5lnwUvOIA/hBHpMX9BHPdNybLfqVGtHcE6q9ZzUXOjazgwWyNHsme9en+M0IrHCDEnZdZ1E+RkSimJGJiUvlSRBeIQGpKtpjCIi/Wy2xATua6UPQy70iRWcqd8TGYqkHEeBnoyQGsrf3lT8y+umKjzxMxonqSIxnj8UpgwqDqeNwD4VBCs21gRhQfVfIR4igbDSvZV0CV+bwv9J+9B2K3b9omI1zvM6iqAM9sABcMExaIAz0AQtgMEdeABP4Nm4Nx6NF+N1Plow8swu+AHj7RMFE5fA</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

Orthogonal Vanishing Points

Constraints

Solvers

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

12

12

12

8

C++ runtime ⇠ 1µs

<latexit sha1_base64="hM6dDRpuD6DvEMJWZIe74pjbqdw=">AAACFHicdVDLSgMxFM34rPVVdekmWAShUGa09bEruNGdglWhU0omvdVgkhmSO2IZ6j+48VfcuFDErQt3/o3pQ1DRA4HDOfdwc0+USGHR9z+8sfGJyanp3Ex+dm5+YbGwtHxq49RwqPNYxuY8Yhak0FBHgRLOEwNMRRLOoqv9vn92DcaKWJ9gN4GmYhdadARn6KRWoRQi3Lhctl8qUZNqFAp69Da0QtEvK+jRUKXUtgpFvxxU/er2Fh2S6t6IbAc0KPsDFMkIR63Ce9iOeapAI5fM2kbgJ9jMmEHBJfTyYWohYfyKXUDDUc0U2GY2OKpH153Spp3YuKeRDtTviYwpa7sqcpOK4aX97fXFv7xGip3dZiZ0kiJoPlzUSSXFmPYbom1hgKPsOsK4Ee6vlF8ywzi6HvOuhK9L6f/kdLMcVMp7x5Vi7XBUR46skjWyQQKyQ2rkgByROuHkjjyQJ/Ls3XuP3ov3Ohwd80aZFfID3tsn/6ye2Q==</latexit>



u1(�)
>!(f)u3(�) = 0

<latexit sha1_base64="0Taet4zzp1aYdvwwIxrdZQTHD+M=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0VoNyXRgrpQCm5cVrAPaGKYTCft0EkmzEyEEgp+jBt/xY2gIrr0T5y0RWrrgYHDOecy9x4/ZlQqy/oyckvLK6tr+fXCxubW9o65u9eUPBGYNDBnXLR9JAmjEWkoqhhpx4Kg0Gek5Q+uMr91T4SkPLpVw5i4IepFNKAYKS155qUTItX3gzQZeXbJYXqyi8p3juIxdHhIeqgUlOFM6OQ3BC+g5ZlFq2KNAReJPSVFMEXdM1+dLsdJSCKFGZKyY1uxclMkFMWMjApOIkmM8AD1SEfTCIVEuun4zhE80koXBlzoFyk4VmcnUhRKOQx9ncwWlvNeJv7ndRIVnLkpjeJEkQhPPgoSBhWHWWmwSwXBig01QVhQvSvEfSQQVrragi7Bnj95kTSPK3a1cn5TLdbqD5M68uAAHIISsMEpqIFrUAcNgMEjeAZv4N14Ml6MD+NzEs0Z0wr3wR8Y3z94JaV7</latexit>

u2(�)
>!(f)u3(�) = 0

<latexit sha1_base64="EV6H9ryzyKc6ZmYKG6+tvjUYXKo=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBXWhFNy4rGAf0MQwmU7aoZNMmJkIJRT8GDf+ihtBRXTpnzhpi2jrgYHDOecy9x4/ZlQqy/o0ckvLK6tr+fXCxubW9o65u9eSPBGYNDFnXHR8JAmjEWkqqhjpxIKg0Gek7Q8vM799R4SkPLpRo5i4IepHNKAYKS155oUTIjXwgzQZe9WSw/RkD5VvHcVj6PCQ9FEpKMNfoeOfEDyHlmcWrYo1AVwk9owUwQwNz3xxehwnIYkUZkjKrm3Fyk2RUBQzMi44iSQxwkPUJ11NIxQS6aaTO8fwSCs9GHChX6TgRP09kaJQylHo62S2sJz3MvE/r5uo4NRNaRQnikR4+lGQMKg4zEqDPSoIVmykCcKC6l0hHiCBsNLVFnQJ9vzJi6RVrdi1ytl1rVhv3E/ryIMDcAhKwAYnoA6uQAM0AQYP4Am8gjfj0Xg23o2PaTRnzCrcB39gfH0DedulfA==</latexit>

u1(�)
>!(f)u2(�) = 0

<latexit sha1_base64="xp37ANURfJof2WqoVggDxko8qDc=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0VoNyUpBXWhFNy4rGAf0MQwmU7aoZNMmJkIJRT8GDf+ihtBRXTpnzhpi9TWAwOHc85l7j1+zKhUlvVl5FZW19Y38puFre2d3T1z/6AleSIwaWLOuOj4SBJGI9JUVDHSiQVBoc9I2x9eZX77nghJeXSrRjFxQ9SPaEAxUlryzEsnRGrgB2ky9uySw/RkD5XvHMVj6PCQ9FEpKMO5UPU3BC+g5ZlFq2JNAJeJPSNFMEPDM1+dHsdJSCKFGZKya1uxclMkFMWMjAtOIkmM8BD1SVfTCIVEuunkzjE80UoPBlzoFyk4UecnUhRKOQp9ncwWloteJv7ndRMVnLkpjeJEkQhPPwoSBhWHWWmwRwXBio00QVhQvSvEAyQQVrragi7BXjx5mbSqFbtWOb+pFeuNh2kdeXAEjkEJ2OAU1ME1aIAmwOARPIM38G48GS/Gh/E5jeaMWYWH4A+M7x92lKV6</latexit>

# Sol of �

<latexit sha1_base64="M6JjKGDFNHiCwviNv1oQWe87veE=">AAACBHicdVBPS8MwHE3nvzn/VT3uEiyCp9LqNt1t4EVvE90mrGWkWbqFpU1JUnGUHbz4Vbx4UMSrH8Kb38Zsq6CiDwKP934vye8FCaNSOc6HUVhYXFpeKa6W1tY3NrfM7Z225KnApIU54+I6QJIwGpOWooqR60QQFAWMdILR6dTv3BAhKY+v1DghfoQGMQ0pRkpLPbPsKXKrc5lnwUvOIA/hBHpMX9BHPdNybLfqVGtHcE6q9ZzUXOjazgwWyNHsme9en+M0IrHCDEnZdZ1E+RkSimJGJiUvlSRBeIQGpKtpjCIi/Wy2xATua6UPQy70iRWcqd8TGYqkHEeBnoyQGsrf3lT8y+umKjzxMxonqSIxnj8UpgwqDqeNwD4VBCs21gRhQfVfIR4igbDSvZV0CV+bwv9J+9B2K3b9omI1zvM6iqAM9sABcMExaIAz0AQtgMEdeABP4Nm4Nx6NF+N1Plow8swu+AHj7RMFE5fA</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u2

<latexit sha1_base64="uRMH0Htey46sH+226NlpObR9HAM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxWsA9oQplMJ+3QySTMQyih4Fe4caGIW3/GnX/jJO1CWw9cOJxzL3PmhClnSrvut1Pa2Nza3invVvb2Dw6PqscnXZUYSWiHJDyR/RArypmgHc00p/1UUhyHnPbC6W3u9x6pVCwRD3qW0iDGY8EiRrC2ku/HWE/CKDPzYWNYrbl1twBaJ96S1GCJ9rD65Y8SYmIqNOFYqYHnpjrIsNSMcDqv+EbRFJMpHtOBpQLHVAVZkXmOLqwyQlEi7QiNCvX3RYZjpWZxaDfzjGrVy8X/vIHR0XWQMZEaTQVZPBQZjnSC8gLQiElKNJ9ZgolkNisiEywx0bamii3BW/3yOuk26l6zfnPfrLXaT4s6ynAG53AJHlxBC+6gDR0gkMIzvMKbY5wX5935WKyWnGWFp/AHzucPVWWSWA==</latexit>

u3

<latexit sha1_base64="S6j0QXY+jUkNNeAa91vbLufrpUM=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRaUHcFNy4r2Ac0oUymk3boZBLmIZRQ8CvcuFDErT/jzr9x0nahrQcuHM65lzlzoowzpT3v2ymtrW9sbpW3Kzu7e/sH7uFRW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51ofFv4nUcqFUvFg55kNEzwULCYEaytFAQJ1qMozs20f9l3q17NmwGtEn9BqrBAs+9+BYOUmIQKTThWqud7mQ5zLDUjnE4rgVE0w2SMh7RnqcAJVWE+yzxFZ1YZoDiVdoRGM/X3RY4TpSZJZDeLjGrZK8T/vJ7R8XWYM5EZTQWZPxQbjnSKigLQgElKNJ9YgolkNisiIywx0bamii3BX/7yKmlf1Px67ea+Xm00n+Z1lOEETuEcfLiCBtxBE1pAIINneIU3xzgvzrvzMV8tOYsKj+EPnM8fVumSWQ==</latexit>

Orthogonal Vanishing Points

u2(�)⇥ u3(�) = 0

<latexit sha1_base64="ax7d22gpbIZ7a/nBJncehm1dPMA=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0Wom5LUgroQC25cVrAPaEKYTCbt0MmDmYlQQsCfceOvuBFRpFu/xElbtLYeGDiccy9z7nFjRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOb3O88EC5oFN7LUUzsAPVD6lOMpJIc/doKkBy4fppkTq1iMbXpoVNoSRoQAefMs1/z6kc3MkcvG1VjArhMzBkpgxmajv5meRFOAhJKzJAQPdOIpZ0iLilmJCtZiSAxwkPUJz1FQ6Ry2Onk0AyeKMWDfsTVCyWcqPMbKQqEGAWumswTikUvF//zeon0L+yUhnEiSYinH/kJgzKCeWvQo5xgyUaKIMypygrxAHGEpeq2pEowF09eJu1a1axXL+/q5UbzcVpHERyBY1ABJjgHDXALmqAFMHgCL+AdfGjP2qv2qY2nowVtVuEh+APt6xtj+6ah</latexit>

u1

<latexit sha1_base64="2JBZd6t5w/ZgHr05RBRysDXYvvI=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWZEUHcFNy4r2Ad0hpJJM21oJjPkIZSh4Fe4caGIW3/GnX9jpu1CWw9cOJxzLzk5USa4Np73jUpr6xubW+Xtys7u3v5B9fCorVOrKGvRVKSqGxHNBJesZbgRrJspRpJIsE40vi38ziNTmqfywUwyFiZkKHnMKTFOCoKEmFEU53ba9/vVmlf3ZsCrxF+QGizQ7Fe/gkFKbcKkoYJo3fO9zIQ5UYZTwaaVwGqWETomQ9ZzVJKE6TCfZZ7iM6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldTxZXgL395lbQv6v5l/eb+stZoPs3rKMMJnMI5+HAFDbiDJrSAQgbP8ApvyKIX9I4+5qsltKjwGP4Aff4AU+GSVw==</latexit>

u2(= u3)

<latexit sha1_base64="vRfmIvwi19ZjfMQS7zoQXy4SpH8=">AAACBHicbVDLSsNAFL2pr1pfUZfdBItQNyWpBXUhFNy4rGAf0IYwmU7aoZNJmJkIJRR046+4caGIWz/CnX/jpO2ith64cO45d5h7jx8zKpVt/xi5tfWNza38dmFnd2//wDw8askoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH91kfvuBCEkjfq/GMXFDNOA0oBgpLXlmsRciNfSDNJl41fL1Qnd+5pklu2JPYa0SZ05KMEfDM797/QgnIeEKMyRl17Fj5aZIKIoZmRR6iSQxwiM0IF1NOQqJdNPpERPrVCt9K4iELq6sqbr4IkWhlOPQ15PZknLZy8T/vG6igks3pTxOFOF49lGQMEtFVpaI1aeCYMXGmiAsqN7VwkMkEFY6t4IOwVk+eZW0qhWnVrm6q5XqjcdZHHkowgmUwYELqMMtNKAJGJ7gBd7g3Xg2Xo0P43M2mjPmER7DHxhfv4WmmHo=</latexit>

u4

<latexit sha1_base64="wItRIY1S6bmECatUSKrlKRHOmls=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuyowU1F3BjcsK9gGdoWTSTBuayQx5CGUo+BVuXCji1p9x59+YabvQ1gMXDufcS05OlAmujed9o7X1jc2t7dJOeXdv/+CwcnTc1qlVlLVoKlLVjYhmgkvWMtwI1s0UI0kkWCca3xZ+55EpzVP5YCYZCxMylDzmlBgnBUFCzCiKczvt1/uVqlfzZsCrxF+QKizQ7Fe+gkFKbcKkoYJo3fO9zIQ5UYZTwablwGqWETomQ9ZzVJKE6TCfZZ7ic6cMcJwqN9Lgmfr7IieJ1pMkcptFRr3sFeJ/Xs+a+DrMucysYZLOH4qtwCbFRQF4wBWjRkwcIVRxlxXTEVGEGldT2ZXgL395lbQva369dnNfrzaaT/M6SnAKZ3ABPlxBA+6gCS2gkMEzvMIbsugFvaOP+eoaWlR4An+APn8AWG2SWg==</latexit>

Constraints

Solvers

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

12

12

12

8

C++ runtime ⇠ 1µs

<latexit sha1_base64="hM6dDRpuD6DvEMJWZIe74pjbqdw=">AAACFHicdVDLSgMxFM34rPVVdekmWAShUGa09bEruNGdglWhU0omvdVgkhmSO2IZ6j+48VfcuFDErQt3/o3pQ1DRA4HDOfdwc0+USGHR9z+8sfGJyanp3Ex+dm5+YbGwtHxq49RwqPNYxuY8Yhak0FBHgRLOEwNMRRLOoqv9vn92DcaKWJ9gN4GmYhdadARn6KRWoRQi3Lhctl8qUZNqFAp69Da0QtEvK+jRUKXUtgpFvxxU/er2Fh2S6t6IbAc0KPsDFMkIR63Ce9iOeapAI5fM2kbgJ9jMmEHBJfTyYWohYfyKXUDDUc0U2GY2OKpH153Spp3YuKeRDtTviYwpa7sqcpOK4aX97fXFv7xGip3dZiZ0kiJoPlzUSSXFmPYbom1hgKPsOsK4Ee6vlF8ywzi6HvOuhK9L6f/kdLMcVMp7x5Vi7XBUR46skjWyQQKyQ2rkgByROuHkjjyQJ/Ls3XuP3ov3Ohwd80aZFfID3tsn/6ye2Q==</latexit>



Method

Feature Extraction

Arcs: Canny + 
         Ramer–Douglas–Peucker + 
         NLS Circle Fit 
Regions: MSER + LAF +  
         RootSIFT + 
         Agglomerative Clustering

Input

Measurements



Auto-calibration

Method

Hybrid LO-RANSAC

Measurements List of Solvers + Priors
2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

Local Optimization
Refine camera geometry 
with circles fitted to arcs



Warp Error

Geometric measure of calibration accuracy

x̃i

<latexit sha1_base64="9tMO7YCAFP9IW6cyD60Hc+4WBGY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIpqLuCG5cV7AOaECaTSTt08mDmRqwh6Ke4caGIW//DnX/jpO1CWw9cOJxzL3Pm+KngCizr21haXlldW69sVDe3tnd2zb39jkoySVmbJiKRPZ8oJnjM2sBBsF4qGYl8wbr+6Kr0u3dMKp7EtzBOmRuRQcxDTgloyTMPHeAiYLkTERj6YX5fFB73zJpVtybAi8SekRqaoeWZX06Q0CxiMVBBlOrbVgpuTiRwKlhRdTLFUkJHZMD6msYkYsrNJ+kLfKKVAIeJ1BMDnqi/L3ISKTWOfL1ZhlTzXin+5/UzCC/cnMdpBiym04fCTGBIcFkFDrhkFMRYE0Il11kxHRJJKOjCqroEe/7Li6RzVrcb9cubRq3ZeprWUUFH6BidIhudoya6Ri3URhQ9oGf0it6MR+PFeDc+pqtLxqzCA/QHxucPqD2WeQ==</latexit>



,�)

<latexit sha1_base64="3uspxH+Q2wdCa5m/qz1T9GDq3bo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIugIGVGCuqu4MblCPYh7VAymUwbmmSGJCOUoeA/uHGhiFs/x51/Y/pYaOuBwOGcE+69J0w508Z1v53Cyura+kZxs7S1vbO7V94/aOokU4Q2SMIT1Q6xppxJ2jDMcNpOFcUi5LQVDm8mfuuRKs0SeW9GKQ0E7ksWM4KNlR7Ou9xmI3zWK1fcqjsFWibenFRgDr9X/upGCckElYZwrHXHc1MT5FgZRjgdl7qZpikmQ9ynHUslFlQH+XThMTqxSoTiRNknDZqqv3/kWGg9EqFNCmwGetGbiP95nczEV0HOZJoZKslsUJxxZBI0uR5FTFFi+MgSTBSzuyIywAoTYzsq2RK8xZOXSfOi6tWq13e1St1/mtVRhCM4hlPw4BLqcAs+NICAgGd4hTdHOS/Ou/MxixaceYWH8AfO5w85vZCA</latexit>

K�1g(

<latexit sha1_base64="YvPThNyADmlusPedMC5lQJra+NY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBG6sSRSUHcFN4KbCvYBbSyT6aQdOpmEmRuxhIBf4saFIm79EXf+jZO2C209cOFwzr3MmePHgmtwnG9rZXVtfWOzsFXc3tnd27cPSi0dJYqyJo1EpDo+0UxwyZrAQbBOrBgJfcHa/vgq99sPTGkeyTuYxMwLyVDygFMCRurbpV5IYASQ3mT36amb4WGlb5edqjMFXibunJTRHI2+/dUbRDQJmQQqiNZd14nBS4kCTgXLir1Es5jQMRmyrqGShEx76TR7hk+MMsBBpMxIwFP190VKQq0noW8286R60cvF/7xuAsGFl3IZJ8AknT0UJAJDhPMi8IArRkFMDCFUcZMV0xFRhIKpq2hKcBe/vExaZ1W3Vr28rZXrjadZHQV0hI5RBbnoHNXRNWqgJqLoET2jV/RmZdaL9W59zFZXrHmFh+gPrM8fgP+UjQ==</latexit>

Warp Error

Geometric measure of calibration accuracy

x̃i

<latexit sha1_base64="9tMO7YCAFP9IW6cyD60Hc+4WBGY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIpqLuCG5cV7AOaECaTSTt08mDmRqwh6Ke4caGIW//DnX/jpO1CWw9cOJxzL3Pm+KngCizr21haXlldW69sVDe3tnd2zb39jkoySVmbJiKRPZ8oJnjM2sBBsF4qGYl8wbr+6Kr0u3dMKp7EtzBOmRuRQcxDTgloyTMPHeAiYLkTERj6YX5fFB73zJpVtybAi8SekRqaoeWZX06Q0CxiMVBBlOrbVgpuTiRwKlhRdTLFUkJHZMD6msYkYsrNJ+kLfKKVAIeJ1BMDnqi/L3ISKTWOfL1ZhlTzXin+5/UzCC/cnMdpBiym04fCTGBIcFkFDrhkFMRYE0Il11kxHRJJKOjCqroEe/7Li6RzVrcb9cubRq3ZeprWUUFH6BidIhudoya6Ri3URhQ9oGf0it6MR+PFeDc+pqtLxqzCA/QHxucPqD2WeQ==</latexit>



gd(K̂

<latexit sha1_base64="ZVNuEvM3RpBC/IsL9pmQlwuh/l8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iErkoiBXVXcCO4qWAf0MQymUzaoZMHMzdCCYH+ihsXirj1O9z5N07aLrT1wIXDOfcyZ46XCK7Asr6N0tr6xuZWebuys7u3f2AeHnVUnErK2jQWsex5RDHBI9YGDoL1EslI6AnW9cY3hd99YlLxOHqAScLckAwjHnBKQEsD82T46NecEYHMCQmMALK7PMcDs2rVrRnwKrEXpIoWaA3ML8ePaRqyCKggSvVtKwE3IxI4FSyvOKliCaFjMmR9TSMSMuVms/g5PteKj4NY6okAz9TfFxkJlZqEnt4sMqplrxD/8/opBFduxqMkBRbR+UNBKjDEuOgC+1wyCmKiCaGS66yYjogkFHRjFV2CvfzlVdK5qNuN+vV9o9psTed1lNEpOkM1ZKNL1ES3qIXaiKIMPaNX9GZMjRfj3fiYr5aMRYXH6A+Mzx95QZZK</latexit>

, �̂)

<latexit sha1_base64="k1GKrDLpdk9WcY3sLhMuqU4aYBA=">AAAB+HicbVDJSgNBEK1xjXHJqEcvjUFQkDAjAfUW8OIxglkgM4Senk7SpGehu0aIQ8D/8OJBEa9+ijf/xs5y0MQHBY/3qqiqF6RSaHScb2tldW19Y7OwVdze2d0r2fsHTZ1kivEGS2Si2gHVXIqYN1Cg5O1UcRoFkreC4c3Ebz1wpUUS3+Mo5X5E+7HoCUbRSF27dO4NKOaeNCMhHZ917bJTcaYgy8SdkzLMUe/aX16YsCziMTJJte64Top+ThUKJvm46GWap5QNaZ93DI1pxLWfTw8fkxOjhKSXKFMxkqn6eyKnkdajKDCdEcWBXvQm4n9eJ8PelZ+LOM2Qx2y2qJdJggmZpEBCoThDOTKEMiXMrYQNqKIMTVZFE4K7+PIyaV5U3Grl+q5artWfZnEU4AiO4RRcuIQa3EIdGsAgg2d4hTfr0Xqx3q2PWeuKNY/wEP7A+vwBjiuTfg==</latexit>

,�)

<latexit sha1_base64="3uspxH+Q2wdCa5m/qz1T9GDq3bo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIugIGVGCuqu4MblCPYh7VAymUwbmmSGJCOUoeA/uHGhiFs/x51/Y/pYaOuBwOGcE+69J0w508Z1v53Cyura+kZxs7S1vbO7V94/aOokU4Q2SMIT1Q6xppxJ2jDMcNpOFcUi5LQVDm8mfuuRKs0SeW9GKQ0E7ksWM4KNlR7Ou9xmI3zWK1fcqjsFWibenFRgDr9X/upGCckElYZwrHXHc1MT5FgZRjgdl7qZpikmQ9ynHUslFlQH+XThMTqxSoTiRNknDZqqv3/kWGg9EqFNCmwGetGbiP95nczEV0HOZJoZKslsUJxxZBI0uR5FTFFi+MgSTBSzuyIywAoTYzsq2RK8xZOXSfOi6tWq13e1St1/mtVRhCM4hlPw4BLqcAs+NICAgGd4hTdHOS/Ou/MxixaceYWH8AfO5w85vZCA</latexit>

K�1g(

<latexit sha1_base64="YvPThNyADmlusPedMC5lQJra+NY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBG6sSRSUHcFN4KbCvYBbSyT6aQdOpmEmRuxhIBf4saFIm79EXf+jZO2C209cOFwzr3MmePHgmtwnG9rZXVtfWOzsFXc3tnd27cPSi0dJYqyJo1EpDo+0UxwyZrAQbBOrBgJfcHa/vgq99sPTGkeyTuYxMwLyVDygFMCRurbpV5IYASQ3mT36amb4WGlb5edqjMFXibunJTRHI2+/dUbRDQJmQQqiNZd14nBS4kCTgXLir1Es5jQMRmyrqGShEx76TR7hk+MMsBBpMxIwFP190VKQq0noW8286R60cvF/7xuAsGFl3IZJ8AknT0UJAJDhPMi8IArRkFMDCFUcZMV0xFRhIKpq2hKcBe/vExaZ1W3Vr28rZXrjadZHQV0hI5RBbnoHNXRNWqgJqLoET2jV/RmZdaL9W59zFZXrHmFh+gPrM8fgP+UjQ==</latexit>

Warp Error

Geometric measure of calibration accuracy

x̃i

<latexit sha1_base64="9tMO7YCAFP9IW6cyD60Hc+4WBGY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIpqLuCG5cV7AOaECaTSTt08mDmRqwh6Ke4caGIW//DnX/jpO1CWw9cOJxzL3Pm+KngCizr21haXlldW69sVDe3tnd2zb39jkoySVmbJiKRPZ8oJnjM2sBBsF4qGYl8wbr+6Kr0u3dMKp7EtzBOmRuRQcxDTgloyTMPHeAiYLkTERj6YX5fFB73zJpVtybAi8SekRqaoeWZX06Q0CxiMVBBlOrbVgpuTiRwKlhRdTLFUkJHZMD6msYkYsrNJ+kLfKKVAIeJ1BMDnqi/L3ISKTWOfL1ZhlTzXin+5/UzCC/cnMdpBiym04fCTGBIcFkFDrhkFMRYE0Il11kxHRJJKOjCqroEe/7Li6RzVrcb9cubRq3ZeprWUUFH6BidIhudoya6Ri3URhQ9oGf0it6MR+PFeDc+pqtLxqzCA/QHxucPqD2WeQ==</latexit>



gd(K̂

<latexit sha1_base64="ZVNuEvM3RpBC/IsL9pmQlwuh/l8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iErkoiBXVXcCO4qWAf0MQymUzaoZMHMzdCCYH+ihsXirj1O9z5N07aLrT1wIXDOfcyZ46XCK7Asr6N0tr6xuZWebuys7u3f2AeHnVUnErK2jQWsex5RDHBI9YGDoL1EslI6AnW9cY3hd99YlLxOHqAScLckAwjHnBKQEsD82T46NecEYHMCQmMALK7PMcDs2rVrRnwKrEXpIoWaA3ML8ePaRqyCKggSvVtKwE3IxI4FSyvOKliCaFjMmR9TSMSMuVms/g5PteKj4NY6okAz9TfFxkJlZqEnt4sMqplrxD/8/opBFduxqMkBRbR+UNBKjDEuOgC+1wyCmKiCaGS66yYjogkFHRjFV2CvfzlVdK5qNuN+vV9o9psTed1lNEpOkM1ZKNL1ES3qIXaiKIMPaNX9GZMjRfj3fiYr5aMRYXH6A+Mzx95QZZK</latexit>

, �̂)

<latexit sha1_base64="k1GKrDLpdk9WcY3sLhMuqU4aYBA=">AAAB+HicbVDJSgNBEK1xjXHJqEcvjUFQkDAjAfUW8OIxglkgM4Senk7SpGehu0aIQ8D/8OJBEa9+ijf/xs5y0MQHBY/3qqiqF6RSaHScb2tldW19Y7OwVdze2d0r2fsHTZ1kivEGS2Si2gHVXIqYN1Cg5O1UcRoFkreC4c3Ebz1wpUUS3+Mo5X5E+7HoCUbRSF27dO4NKOaeNCMhHZ917bJTcaYgy8SdkzLMUe/aX16YsCziMTJJte64Top+ThUKJvm46GWap5QNaZ93DI1pxLWfTw8fkxOjhKSXKFMxkqn6eyKnkdajKDCdEcWBXvQm4n9eJ8PelZ+LOM2Qx2y2qJdJggmZpEBCoThDOTKEMiXMrYQNqKIMTVZFE4K7+PIyaV5U3Grl+q5artWfZnEU4AiO4RRcuIQa3EIdGsAgg2d4hTfr0Xqx3q2PWeuKNY/wEP7A+vwBjiuTfg==</latexit>

,�)

<latexit sha1_base64="3uspxH+Q2wdCa5m/qz1T9GDq3bo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIugIGVGCuqu4MblCPYh7VAymUwbmmSGJCOUoeA/uHGhiFs/x51/Y/pYaOuBwOGcE+69J0w508Z1v53Cyura+kZxs7S1vbO7V94/aOokU4Q2SMIT1Q6xppxJ2jDMcNpOFcUi5LQVDm8mfuuRKs0SeW9GKQ0E7ksWM4KNlR7Ou9xmI3zWK1fcqjsFWibenFRgDr9X/upGCckElYZwrHXHc1MT5FgZRjgdl7qZpikmQ9ynHUslFlQH+XThMTqxSoTiRNknDZqqv3/kWGg9EqFNCmwGetGbiP95nczEV0HOZJoZKslsUJxxZBI0uR5FTFFi+MgSTBSzuyIywAoTYzsq2RK8xZOXSfOi6tWq13e1St1/mtVRhCM4hlPw4BLqcAs+NICAgGd4hTdHOS/Ou/MxixaceYWH8AfO5w85vZCA</latexit>

K�1g(

<latexit sha1_base64="YvPThNyADmlusPedMC5lQJra+NY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBG6sSRSUHcFN4KbCvYBbSyT6aQdOpmEmRuxhIBf4saFIm79EXf+jZO2C209cOFwzr3MmePHgmtwnG9rZXVtfWOzsFXc3tnd27cPSi0dJYqyJo1EpDo+0UxwyZrAQbBOrBgJfcHa/vgq99sPTGkeyTuYxMwLyVDygFMCRurbpV5IYASQ3mT36amb4WGlb5edqjMFXibunJTRHI2+/dUbRDQJmQQqiNZd14nBS4kCTgXLir1Es5jQMRmyrqGShEx76TR7hk+MMsBBpMxIwFP190VKQq0noW8286R60cvF/7xuAsGFl3IZJ8AknT0UJAJDhPMi8IArRkFMDCFUcZMV0xFRhIKpq2hKcBe/vExaZ1W3Vr28rZXrjadZHQV0hI5RBbnoHNXRNWqgJqLoET2jV/RmZdaL9W59zFZXrHmFh+gPrM8fgP+UjQ==</latexit>

Warp Error

Geometric measure of calibration accuracy

x̃i

<latexit sha1_base64="9tMO7YCAFP9IW6cyD60Hc+4WBGY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIpqLuCG5cV7AOaECaTSTt08mDmRqwh6Ke4caGIW//DnX/jpO1CWw9cOJxzL3Pm+KngCizr21haXlldW69sVDe3tnd2zb39jkoySVmbJiKRPZ8oJnjM2sBBsF4qGYl8wbr+6Kr0u3dMKp7EtzBOmRuRQcxDTgloyTMPHeAiYLkTERj6YX5fFB73zJpVtybAi8SekRqaoeWZX06Q0CxiMVBBlOrbVgpuTiRwKlhRdTLFUkJHZMD6msYkYsrNJ+kLfKKVAIeJ1BMDnqi/L3ISKTWOfL1ZhlTzXin+5/UzCC/cnMdpBiym04fCTGBIcFkFDrhkFMRYE0Il11kxHRJJKOjCqroEe/7Li6RzVrcb9cubRq3ZeprWUUFH6BidIhudoya6Ri3URhQ9oGf0it6MR+PFeDc+pqtLxqzCA/QHxucPqD2WeQ==</latexit>

)

<latexit sha1_base64="19NTnkB6pdvza87DoAfPjDhP8XM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoOgTbiTgNoFbCwTMB+QHGFvM5es2ds7dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzgkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YhK81jem3GCfkQHkoecUWOl+kWvWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdlr1K+qVdK1drTPI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8weck41H</latexit>

d(x̃i,

<latexit sha1_base64="zGrsQWK3FsyT9LpK0ZsuyFFyQ28=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoQspiRTUXcGNywr2AW0Ik8mkHTp5MDMRSwiIv+LGhSJu/Qx3/o2TtgttPXDhcM693HuPl3AmlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyDgVhLZJzGPR87CknEW0rZjitJcIikOP0643vi787j0VksXRnZok1AnxMGIBI1hpyTWP/NpAMe7TbBBiNfKC7CHPXXbmmlWrbk2Blok9J1WYo+WaXwM/JmlII0U4lrJvW4lyMiwUI5zmlUEqaYLJGA9pX9MIh1Q62fSBHJ1qxUdBLHRFCk3V3xMZDqWchJ7uLK6Ui14h/uf1UxVcOhmLklTRiMwWBSlHKkZFGshnghLFJ5pgIpi+FZERFpgonVlFh2AvvrxMOud1u1G/um1Um63HWRxlOIYTqIENF9CEG2hBGwjk8Ayv8GY8GS/Gu/Exay0Z8wgP4Q+Mzx9DCJdP</latexit>



Percentage of Top-1 Solutions

Solver % of Top-1

1.5%

10.2%

15.5%

21.7%

25.4%

25.7%

4PC (EVP)

<latexit sha1_base64="WSrCSY8o8DJEascb/N3wNzGPESI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyWRgrorFEFcRbAPaEOZTCft0MmDmRtpCfkVNy4UceuPuPNvnLZZaOuBC4dz7uXee7xYcAWW9W0UNja3tneKu6W9/YPDI/O43FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHmzTnfueJScWj8BFmMXMDMgq5zykBLQ3Mch/YFDw/rTtNXL1tOxfZwKxYNWsBvE7snFRQDmdgfvWHEU0CFgIVRKmebcXgpkQCp4JlpX6iWEzohIxYT9OQBEy56eL2DJ9rZYj9SOoKAS/U3xMpCZSaBZ7uDAiM1ao3F//zegn4127KwzgBFtLlIj8RGCI8DwIPuWQUxEwTQiXXt2I6JpJQ0HGVdAj26svrpH1Zs+u1m4d6pXGfx1FEp+gMVZGNrlAD3SEHtRBFU/SMXtGbkRkvxrvxsWwtGPnMCfoD4/MHeb6Tdw==</latexit>

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

5CA

<latexit sha1_base64="fCG3H/C3+WsbEIp00Z+UgFM+SJw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSSiqLdKL+Kpgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLBNTrOt1VYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgHRTHDJmshRsE6iGIkCwdrBqD71249MaR7LBxwnzI/IQPKQU4JG8jxkTxiE2UX9ZtIrV5yqM4O9TNycVCBHo1f+8voxTSMmkQqiddd1EvQzopBTwSYlL9UsIXREBqxrqCQR0342u3linxilb4exMiXRnqm/JzISaT2OAtMZERzqRW8q/ud1Uwyv/IzLJEUm6XxRmAobY3sagN3nilEUY0MIVdzcatMhUYSiialkQnAXX14mrbOqe169vj+v1O7yOIpwBMdwCi5cQg1uoQFNoJDAM7zCm5VaL9a79TFvLVj5zCH8gfX5A+FMkaA=</latexit>

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>
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Percentage of Top-1 Solutions

Solver % of Top-1

1.5%

10.2%

15.5%

21.7%

25.4%

25.7%

4PC (EVP)

<latexit sha1_base64="WSrCSY8o8DJEascb/N3wNzGPESI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyWRgrorFEFcRbAPaEOZTCft0MmDmRtpCfkVNy4UceuPuPNvnLZZaOuBC4dz7uXee7xYcAWW9W0UNja3tneKu6W9/YPDI/O43FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHmzTnfueJScWj8BFmMXMDMgq5zykBLQ3Mch/YFDw/rTtNXL1tOxfZwKxYNWsBvE7snFRQDmdgfvWHEU0CFgIVRKmebcXgpkQCp4JlpX6iWEzohIxYT9OQBEy56eL2DJ9rZYj9SOoKAS/U3xMpCZSaBZ7uDAiM1ao3F//zegn4127KwzgBFtLlIj8RGCI8DwIPuWQUxEwTQiXXt2I6JpJQ0HGVdAj26svrpH1Zs+u1m4d6pXGfx1FEp+gMVZGNrlAD3SEHtRBFU/SMXtGbkRkvxrvxsWwtGPnMCfoD4/MHeb6Tdw==</latexit>

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

5CA

<latexit sha1_base64="fCG3H/C3+WsbEIp00Z+UgFM+SJw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSSiqLdKL+Kpgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLBNTrOt1VYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgHRTHDJmshRsE6iGIkCwdrBqD71249MaR7LBxwnzI/IQPKQU4JG8jxkTxiE2UX9ZtIrV5yqM4O9TNycVCBHo1f+8voxTSMmkQqiddd1EvQzopBTwSYlL9UsIXREBqxrqCQR0342u3linxilb4exMiXRnqm/JzISaT2OAtMZERzqRW8q/ud1Uwyv/IzLJEUm6XxRmAobY3sagN3nilEUY0MIVdzcatMhUYSiialkQnAXX14mrbOqe169vj+v1O7yOIpwBMdwCi5cQg1uoQFNoJDAM7zCm5VaL9a79TFvLVj5zCH8gfX5A+FMkaA=</latexit>

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>
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Examples from AIT dataset

4PC+2CA

<latexit sha1_base64="ZS4fCSHHeGFwRnMp8PI2oxTRdcU=">AAAB+XicbZBLSwMxFIUzPmt9jbp0EyyCIJSZUlB3lW5cVrAPaIeSSe+0oZkHyZ1iGQr+EDcuFHHrP3HnvzF9LLT1QODjnBtyc/xECo2O822trW9sbm3ndvK7e/sHh/bRcUPHqeJQ57GMVctnGqSIoI4CJbQSBSz0JTT9YXWaN0egtIijBxwn4IWsH4lAcIbG6tp2B+ER/SAr16qXpertpGsXnKIzE10FdwEFslCta391ejFPQ4iQS6Z123US9DKmUHAJk3wn1ZAwPmR9aBuMWAjay2abT+i5cXo0iJU5EdKZ+/tGxkKtx6FvJkOGA72cTc3/snaKwbWXiShJESI+fyhIJcWYTmugPaGAoxwbYFwJsyvlA6YYR1NW3pTgLn95FRqlolsu3tyXC5Xa07yOHDklZ+SCuOSKVMgdqZE64WREnskrebMy68V6tz7mo2vWosIT8kfW5w+SGZNu</latexit>

15

10

5

0

20

4PC (EVP)

<latexit sha1_base64="ZiI538pIDirwHnfeWTX/ilgrorY=">AAAB+3icbZBLSwMxFIUz9VXra6xLN8Ei1E2ZkYK6KxTB5Qj2Ae1QMmmmDc1khuSOtAwFf4kbF4q49Y+489+YPhbaeiDwcc4NuTlBIrgGx/m2chubW9s7+d3C3v7B4ZF9XGzqOFWUNWgsYtUOiGaCS9YADoK1E8VIFAjWCkb1Wd56ZErzWD7AJGF+RAaSh5wSMFbPLnaBjSEIs6pXx+Xbpncx7dklp+LMhdfBXUIJLeX17K9uP6ZpxCRQQbTuuE4CfkYUcCrYtNBNNUsIHZEB6xiUJGLaz+a7T/G5cfo4jJU5EvDc/X0jI5HWkygwkxGBoV7NZuZ/WSeF8NrPuExSYJIuHgpTgSHGsyJwnytGQUwMEKq42RXTIVGEgqmrYEpwV7+8Ds3Lilut3NxXSzXvaVFHHp2iM1RGLrpCNXSHPNRAFI3RM3pFb9bUerHerY/FaM5aVniC/sj6/AGhjJP9</latexit>

5CA

<latexit sha1_base64="J4WvgYVoi9p84FRT5kwjhhw1sS4=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMKOqu0o3LCvYBnVIy6Z02NJMZkjtiGQr+CjcuFHHrn3HnvzF9LLT1QODjnBtyc4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqeZQ57GMdStgBqRQUEeBElqJBhYFEprBsDrJmw+gjYjVPY4S6ESsr0QoOENr+T7CIwZhdlG9GXeLJbfsTkWXwZtDicxV6xa//F7M0wgUcsmMaXtugp2MaRRcwrjgpwYSxoesD22LikVgOtl05zE9sU6PhrG2RyGdur9vZCwyZhQFdjJiODCL2cT8L2unGF51MqGSFEHx2UNhKinGdFIA7QkNHOXIAuNa2F0pHzDNONqaCrYEb/HLy9A4K3vn5eu781Kl9jSrI0+OyDE5JR65JBVyS2qkTjhJyDN5JW9O6rw4787HbDTnzCs8JH/kfP4ACSmSJg==</latexit>

Input



2PC+4CA

<latexit sha1_base64="hpzdmTAN0PJVDxta52EJADqfvK0=">AAAB+XicbZBLSwMxFIUzPmt9jbp0EyyCIJSZUlB3lW5cVrAPaIeSSe+0oZkHyZ1iGQr+EDcuFHHrP3HnvzF9LLT1QODjnBtyc/xECo2O822trW9sbm3ndvK7e/sHh/bRcUPHqeJQ57GMVctnGqSIoI4CJbQSBSz0JTT9YXWaN0egtIijBxwn4IWsH4lAcIbG6tp2B+ER/SAr1aqX5ertpGsXnKIzE10FdwEFslCta391ejFPQ4iQS6Z123US9DKmUHAJk3wn1ZAwPmR9aBuMWAjay2abT+i5cXo0iJU5EdKZ+/tGxkKtx6FvJkOGA72cTc3/snaKwbWXiShJESI+fyhIJcWYTmugPaGAoxwbYFwJsyvlA6YYR1NW3pTgLn95FRqlolsu3tyXC5Xa07yOHDklZ+SCuOSKVMgdqZE64WREnskrebMy68V6tz7mo2vWosIT8kfW5w+SEZNu</latexit>

4PC (EVP)

<latexit sha1_base64="ZiI538pIDirwHnfeWTX/ilgrorY=">AAAB+3icbZBLSwMxFIUz9VXra6xLN8Ei1E2ZkYK6KxTB5Qj2Ae1QMmmmDc1khuSOtAwFf4kbF4q49Y+489+YPhbaeiDwcc4NuTlBIrgGx/m2chubW9s7+d3C3v7B4ZF9XGzqOFWUNWgsYtUOiGaCS9YADoK1E8VIFAjWCkb1Wd56ZErzWD7AJGF+RAaSh5wSMFbPLnaBjSEIs6pXx+Xbpncx7dklp+LMhdfBXUIJLeX17K9uP6ZpxCRQQbTuuE4CfkYUcCrYtNBNNUsIHZEB6xiUJGLaz+a7T/G5cfo4jJU5EvDc/X0jI5HWkygwkxGBoV7NZuZ/WSeF8NrPuExSYJIuHgpTgSHGsyJwnytGQUwMEKq42RXTIVGEgqmrYEpwV7+8Ds3Lilut3NxXSzXvaVFHHp2iM1RGLrpCNXSHPNRAFI3RM3pFb9bUerHerY/FaM5aVniC/sj6/AGhjJP9</latexit>

5CA

<latexit sha1_base64="J4WvgYVoi9p84FRT5kwjhhw1sS4=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMKOqu0o3LCvYBnVIy6Z02NJMZkjtiGQr+CjcuFHHrn3HnvzF9LLT1QODjnBtyc4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqeZQ57GMdStgBqRQUEeBElqJBhYFEprBsDrJmw+gjYjVPY4S6ESsr0QoOENr+T7CIwZhdlG9GXeLJbfsTkWXwZtDicxV6xa//F7M0wgUcsmMaXtugp2MaRRcwrjgpwYSxoesD22LikVgOtl05zE9sU6PhrG2RyGdur9vZCwyZhQFdjJiODCL2cT8L2unGF51MqGSFEHx2UNhKinGdFIA7QkNHOXIAuNa2F0pHzDNONqaCrYEb/HLy9A4K3vn5eu781Kl9jSrI0+OyDE5JR65JBVyS2qkTjhJyDN5JW9O6rw4787HbDTnzCs8JH/kfP4ACSmSJg==</latexit>
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Examples from AIT dataset

Input



4PC (EVP)

<latexit sha1_base64="ZiI538pIDirwHnfeWTX/ilgrorY=">AAAB+3icbZBLSwMxFIUz9VXra6xLN8Ei1E2ZkYK6KxTB5Qj2Ae1QMmmmDc1khuSOtAwFf4kbF4q49Y+489+YPhbaeiDwcc4NuTlBIrgGx/m2chubW9s7+d3C3v7B4ZF9XGzqOFWUNWgsYtUOiGaCS9YADoK1E8VIFAjWCkb1Wd56ZErzWD7AJGF+RAaSh5wSMFbPLnaBjSEIs6pXx+Xbpncx7dklp+LMhdfBXUIJLeX17K9uP6ZpxCRQQbTuuE4CfkYUcCrYtNBNNUsIHZEB6xiUJGLaz+a7T/G5cfo4jJU5EvDc/X0jI5HWkygwkxGBoV7NZuZ/WSeF8NrPuExSYJIuHgpTgSHGsyJwnytGQUwMEKq42RXTIVGEgqmrYEpwV7+8Ds3Lilut3NxXSzXvaVFHHp2iM1RGLrpCNXSHPNRAFI3RM3pFb9bUerHerY/FaM5aVniC/sj6/AGhjJP9</latexit>

5CA

<latexit sha1_base64="J4WvgYVoi9p84FRT5kwjhhw1sS4=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMKOqu0o3LCvYBnVIy6Z02NJMZkjtiGQr+CjcuFHHrn3HnvzF9LLT1QODjnBtyc4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqeZQ57GMdStgBqRQUEeBElqJBhYFEprBsDrJmw+gjYjVPY4S6ESsr0QoOENr+T7CIwZhdlG9GXeLJbfsTkWXwZtDicxV6xa//F7M0wgUcsmMaXtugp2MaRRcwrjgpwYSxoesD22LikVgOtl05zE9sU6PhrG2RyGdur9vZCwyZhQFdjJiODCL2cT8L2unGF51MqGSFEHx2UNhKinGdFIA7QkNHOXIAuNa2F0pHzDNONqaCrYEb/HLy9A4K3vn5eu781Kl9jSrI0+OyDE5JR65JBVyS2qkTjhJyDN5JW9O6rw4787HbDTnzCs8JH/kfP4ACSmSJg==</latexit>

5CA*

<latexit sha1_base64="Ju3jlsp7xMm18SXLgSe9vtLQyzI=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN4NFEBdlRirqrtKNywr2Ae1QMmmmDc1kxuROsQwF/4UbF4q49ce489+YPhbaeiDwcc4NuTl+LLhGx/m2Miura+sb2c3c1vbO7l5+/6Cuo0RRVqORiFTTJ5oJLlkNOQrWjBUjoS9Ywx9UJnljyJTmkbzHUcy8kPQkDzglaCyvjewR/SC9qNycjTv5glN0prKXwZ1DAeaqdvJf7W5Ek5BJpIJo3XKdGL2UKORUsHGunWgWEzogPdYyKEnItJdOlx7bJ8bp2kGkzJFoT93fN1ISaj0KfTMZEuzrxWxi/pe1EgyuvJTLOEEm6eyhIBE2RvakAbvLFaMoRgYIVdzsatM+UYSi6SlnSnAXv7wM9fOiWype35UK5erTrI4sHMExnIILl1CGW6hCDSg8wDO8wps1tF6sd+tjNpqx5hUewh9Znz9yEpJa</latexit>
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Examples from AIT dataset

Input



4PC (EVP)

<latexit sha1_base64="ZiI538pIDirwHnfeWTX/ilgrorY=">AAAB+3icbZBLSwMxFIUz9VXra6xLN8Ei1E2ZkYK6KxTB5Qj2Ae1QMmmmDc1khuSOtAwFf4kbF4q49Y+489+YPhbaeiDwcc4NuTlBIrgGx/m2chubW9s7+d3C3v7B4ZF9XGzqOFWUNWgsYtUOiGaCS9YADoK1E8VIFAjWCkb1Wd56ZErzWD7AJGF+RAaSh5wSMFbPLnaBjSEIs6pXx+Xbpncx7dklp+LMhdfBXUIJLeX17K9uP6ZpxCRQQbTuuE4CfkYUcCrYtNBNNUsIHZEB6xiUJGLaz+a7T/G5cfo4jJU5EvDc/X0jI5HWkygwkxGBoV7NZuZ/WSeF8NrPuExSYJIuHgpTgSHGsyJwnytGQUwMEKq42RXTIVGEgqmrYEpwV7+8Ds3Lilut3NxXSzXvaVFHHp2iM1RGLrpCNXSHPNRAFI3RM3pFb9bUerHerY/FaM5aVniC/sj6/AGhjJP9</latexit>

5CA

<latexit sha1_base64="J4WvgYVoi9p84FRT5kwjhhw1sS4=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMKOqu0o3LCvYBnVIy6Z02NJMZkjtiGQr+CjcuFHHrn3HnvzF9LLT1QODjnBtyc4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqeZQ57GMdStgBqRQUEeBElqJBhYFEprBsDrJmw+gjYjVPY4S6ESsr0QoOENr+T7CIwZhdlG9GXeLJbfsTkWXwZtDicxV6xa//F7M0wgUcsmMaXtugp2MaRRcwrjgpwYSxoesD22LikVgOtl05zE9sU6PhrG2RyGdur9vZCwyZhQFdjJiODCL2cT8L2unGF51MqGSFEHx2UNhKinGdFIA7QkNHOXIAuNa2F0pHzDNONqaCrYEb/HLy9A4K3vn5eu781Kl9jSrI0+OyDE5JR65JBVyS2qkTjhJyDN5JW9O6rw4787HbDTnzCs8JH/kfP4ACSmSJg==</latexit>

6CA

<latexit sha1_base64="FMbHSuDLrYs+OrCZyapW8Ztqv/I=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMiI9dpRuXFewDOqVk0jttaCYzJHfEMhT8FW5cKOLWP+POf2P6WGjrgcDHOTfk5gSJFAZd99vJrayurW/kNwtb2zu7e8X9g4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSDYXWSNx9AGxGrexwl0IlYX4lQcIbW8n2ERwzC7KJ6M+4WS27ZnYougzeHEpmr1i1++b2YpxEo5JIZ0/bcBDsZ0yi4hHHBTw0kjA9ZH9oWFYvAdLLpzmN6Yp0eDWNtj0I6dX/fyFhkzCgK7GTEcGAWs4n5X9ZOMbzqZEIlKYLis4fCVFKM6aQA2hMaOMqRBca1sLtSPmCacbQ1FWwJ3uKXl6FxVvbOy9d356VK7WlWR54ckWNySjxySSrkltRInXCSkGfySt6c1Hlx3p2P2WjOmVd4SP7I+fwBCrCSJw==</latexit>

(way too high)
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Examples from AIT dataset

Input



186.51

14.02

15.86

14.9

14.12

13.73

13.91

13.35

Performance on AIT dataset

4PC (EVP)

<latexit sha1_base64="WSrCSY8o8DJEascb/N3wNzGPESI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyWRgrorFEFcRbAPaEOZTCft0MmDmRtpCfkVNy4UceuPuPNvnLZZaOuBC4dz7uXee7xYcAWW9W0UNja3tneKu6W9/YPDI/O43FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHmzTnfueJScWj8BFmMXMDMgq5zykBLQ3Mch/YFDw/rTtNXL1tOxfZwKxYNWsBvE7snFRQDmdgfvWHEU0CFgIVRKmebcXgpkQCp4JlpX6iWEzohIxYT9OQBEy56eL2DJ9rZYj9SOoKAS/U3xMpCZSaBZ7uDAiM1ao3F//zegn4127KwzgBFtLlIj8RGCI8DwIPuWQUxEwTQiXXt2I6JpJQ0HGVdAj26svrpH1Zs+u1m4d6pXGfx1FEp+gMVZGNrlAD3SEHtRBFU/SMXtGbkRkvxrvxsWwtGPnMCfoD4/MHeb6Tdw==</latexit>

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

5CA

<latexit sha1_base64="fCG3H/C3+WsbEIp00Z+UgFM+SJw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSSiqLdKL+Kpgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLBNTrOt1VYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgHRTHDJmshRsE6iGIkCwdrBqD71249MaR7LBxwnzI/IQPKQU4JG8jxkTxiE2UX9ZtIrV5yqM4O9TNycVCBHo1f+8voxTSMmkQqiddd1EvQzopBTwSYlL9UsIXREBqxrqCQR0342u3linxilb4exMiXRnqm/JzISaT2OAtMZERzqRW8q/ud1Uwyv/IzLJEUm6XxRmAobY3sagN3nilEUY0MIVdzcatMhUYSiialkQnAXX14mrbOqe169vj+v1O7yOIpwBMdwCi5cQg1uoQFNoJDAM7zCm5VaL9a79TFvLVj5zCH8gfX5A+FMkaA=</latexit>

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>

6CA & 2PC+4CA

<latexit sha1_base64="lTQeoOvV/3xhw5BFRTrqMnnCE5k=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAoilBmSvGyq3QjrirYC3SGkkkzbWjmQnJGLEP7Cm58FTcuFHHryp1vY9rOQqsHAl/+/xyS87uR4ApM88vILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7qA68Zt3TCoeBrcwjJjjk17APU4JaKmTP7aB3YPrJafVyxGeXpKxfThOWRulWvWkrM1OvmAWzWnhv2ClUEBp1Tr5T7sb0thnAVBBlGpbZgROQiRwKtgoZ8eKRYQOSI+1NQbEZ8pJpiuN8IFWutgLpT4B4Kn6cyIhvlJD39WdPoG+mvcm4n9eOwbv3El4EMXAAjp7yIsFhhBP8sFdLhkFMdRAqOT6r5j2iSQUdIo5HYI1v/JfaJSKVrl4cVMuVK7TOLJoD+2jI2ShM1RBV6iG6oiiB/SEXtCr8Wg8G2/G+6w1Y6Qzu+hXGR/faXSdVA==</latexit>

All

<latexit sha1_base64="YqPVq62VOmcngeK6Vl3yFsc0MhI=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL1FvIinCOaByRJmJ51kyOzsMtMrhiV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxG11O/+QjaiEjd4zgGP2QDJfqCM7TSQwfhCdMrKSfdYsktuzPQZeJlpEQy1LrFr04v4kkICrlkxrQ9N0Y/ZRoFlzApdBIDMeMjNoC2pYqFYPx0dvGEnlilR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/FSoOEFQfL6on0iKEZ2+T3tCA0c5toRxLeytlA+ZZhxtSAUbgrf48jJpnJW9SvnyrlKq3mZx5MkROSanxCPnpEpuSI3UCSeKPJNX8uYY58V5dz7mrTknmzkkf+B8/gDxxJEk</latexit>

Solver
Median RMS 
Warp Error



186.51

14.02

15.86

14.9

14.12

13.73

13.91

13.35

Performance on AIT dataset

4PC (EVP)

<latexit sha1_base64="WSrCSY8o8DJEascb/N3wNzGPESI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyWRgrorFEFcRbAPaEOZTCft0MmDmRtpCfkVNy4UceuPuPNvnLZZaOuBC4dz7uXee7xYcAWW9W0UNja3tneKu6W9/YPDI/O43FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHmzTnfueJScWj8BFmMXMDMgq5zykBLQ3Mch/YFDw/rTtNXL1tOxfZwKxYNWsBvE7snFRQDmdgfvWHEU0CFgIVRKmebcXgpkQCp4JlpX6iWEzohIxYT9OQBEy56eL2DJ9rZYj9SOoKAS/U3xMpCZSaBZ7uDAiM1ao3F//zegn4127KwzgBFtLlIj8RGCI8DwIPuWQUxEwTQiXXt2I6JpJQ0HGVdAj26svrpH1Zs+u1m4d6pXGfx1FEp+gMVZGNrlAD3SEHtRBFU/SMXtGbkRkvxrvxsWwtGPnMCfoD4/MHeb6Tdw==</latexit>

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

5CA

<latexit sha1_base64="fCG3H/C3+WsbEIp00Z+UgFM+SJw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSSiqLdKL+Kpgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLBNTrOt1VYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgHRTHDJmshRsE6iGIkCwdrBqD71249MaR7LBxwnzI/IQPKQU4JG8jxkTxiE2UX9ZtIrV5yqM4O9TNycVCBHo1f+8voxTSMmkQqiddd1EvQzopBTwSYlL9UsIXREBqxrqCQR0342u3linxilb4exMiXRnqm/JzISaT2OAtMZERzqRW8q/ud1Uwyv/IzLJEUm6XxRmAobY3sagN3nilEUY0MIVdzcatMhUYSiialkQnAXX14mrbOqe169vj+v1O7yOIpwBMdwCi5cQg1uoQFNoJDAM7zCm5VaL9a79TFvLVj5zCH8gfX5A+FMkaA=</latexit>

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>

6CA & 2PC+4CA

<latexit sha1_base64="lTQeoOvV/3xhw5BFRTrqMnnCE5k=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAoilBmSvGyq3QjrirYC3SGkkkzbWjmQnJGLEP7Cm58FTcuFHHryp1vY9rOQqsHAl/+/xyS87uR4ApM88vILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7qA68Zt3TCoeBrcwjJjjk17APU4JaKmTP7aB3YPrJafVyxGeXpKxfThOWRulWvWkrM1OvmAWzWnhv2ClUEBp1Tr5T7sb0thnAVBBlGpbZgROQiRwKtgoZ8eKRYQOSI+1NQbEZ8pJpiuN8IFWutgLpT4B4Kn6cyIhvlJD39WdPoG+mvcm4n9eOwbv3El4EMXAAjp7yIsFhhBP8sFdLhkFMdRAqOT6r5j2iSQUdIo5HYI1v/JfaJSKVrl4cVMuVK7TOLJoD+2jI2ShM1RBV6iG6oiiB/SEXtCr8Wg8G2/G+6w1Y6Qzu+hXGR/faXSdVA==</latexit>

All

<latexit sha1_base64="YqPVq62VOmcngeK6Vl3yFsc0MhI=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL1FvIinCOaByRJmJ51kyOzsMtMrhiV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxG11O/+QjaiEjd4zgGP2QDJfqCM7TSQwfhCdMrKSfdYsktuzPQZeJlpEQy1LrFr04v4kkICrlkxrQ9N0Y/ZRoFlzApdBIDMeMjNoC2pYqFYPx0dvGEnlilR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/FSoOEFQfL6on0iKEZ2+T3tCA0c5toRxLeytlA+ZZhxtSAUbgrf48jJpnJW9SvnyrlKq3mZx5MkROSanxCPnpEpuSI3UCSeKPJNX8uYY58V5dz7mrTknmzkkf+B8/gDxxJEk</latexit>

Solver
Median RMS 
Warp Error

State-of-the-art



186.51

14.02

15.86

14.9

14.12

13.73

13.91

13.35

Performance on AIT dataset

4PC (EVP)

<latexit sha1_base64="WSrCSY8o8DJEascb/N3wNzGPESI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyWRgrorFEFcRbAPaEOZTCft0MmDmRtpCfkVNy4UceuPuPNvnLZZaOuBC4dz7uXee7xYcAWW9W0UNja3tneKu6W9/YPDI/O43FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHmzTnfueJScWj8BFmMXMDMgq5zykBLQ3Mch/YFDw/rTtNXL1tOxfZwKxYNWsBvE7snFRQDmdgfvWHEU0CFgIVRKmebcXgpkQCp4JlpX6iWEzohIxYT9OQBEy56eL2DJ9rZYj9SOoKAS/U3xMpCZSaBZ7uDAiM1ao3F//zegn4127KwzgBFtLlIj8RGCI8DwIPuWQUxEwTQiXXt2I6JpJQ0HGVdAj26svrpH1Zs+u1m4d6pXGfx1FEp+gMVZGNrlAD3SEHtRBFU/SMXtGbkRkvxrvxsWwtGPnMCfoD4/MHeb6Tdw==</latexit>

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

5CA

<latexit sha1_base64="fCG3H/C3+WsbEIp00Z+UgFM+SJw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSSiqLdKL+Kpgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLBNTrOt1VYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgHRTHDJmshRsE6iGIkCwdrBqD71249MaR7LBxwnzI/IQPKQU4JG8jxkTxiE2UX9ZtIrV5yqM4O9TNycVCBHo1f+8voxTSMmkQqiddd1EvQzopBTwSYlL9UsIXREBqxrqCQR0342u3linxilb4exMiXRnqm/JzISaT2OAtMZERzqRW8q/ud1Uwyv/IzLJEUm6XxRmAobY3sagN3nilEUY0MIVdzcatMhUYSiialkQnAXX14mrbOqe169vj+v1O7yOIpwBMdwCi5cQg1uoQFNoJDAM7zCm5VaL9a79TFvLVj5zCH8gfX5A+FMkaA=</latexit>

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>

6CA & 2PC+4CA

<latexit sha1_base64="lTQeoOvV/3xhw5BFRTrqMnnCE5k=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAoilBmSvGyq3QjrirYC3SGkkkzbWjmQnJGLEP7Cm58FTcuFHHryp1vY9rOQqsHAl/+/xyS87uR4ApM88vILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7qA68Zt3TCoeBrcwjJjjk17APU4JaKmTP7aB3YPrJafVyxGeXpKxfThOWRulWvWkrM1OvmAWzWnhv2ClUEBp1Tr5T7sb0thnAVBBlGpbZgROQiRwKtgoZ8eKRYQOSI+1NQbEZ8pJpiuN8IFWutgLpT4B4Kn6cyIhvlJD39WdPoG+mvcm4n9eOwbv3El4EMXAAjp7yIsFhhBP8sFdLhkFMdRAqOT6r5j2iSQUdIo5HYI1v/JfaJSKVrl4cVMuVK7TOLJoD+2jI2ShM1RBV6iG6oiiB/SEXtCr8Wg8G2/G+6w1Y6Qzu+hXGR/faXSdVA==</latexit>

All

<latexit sha1_base64="YqPVq62VOmcngeK6Vl3yFsc0MhI=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL1FvIinCOaByRJmJ51kyOzsMtMrhiV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxG11O/+QjaiEjd4zgGP2QDJfqCM7TSQwfhCdMrKSfdYsktuzPQZeJlpEQy1LrFr04v4kkICrlkxrQ9N0Y/ZRoFlzApdBIDMeMjNoC2pYqFYPx0dvGEnlilR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/FSoOEFQfL6on0iKEZ2+T3tCA0c5toRxLeytlA+ZZhxtSAUbgrf48jJpnJW9SvnyrlKq3mZx5MkROSanxCPnpEpuSI3UCSeKPJNX8uYY58V5dz7mrTknmzkkf+B8/gDxxJEk</latexit>

Solver
Median RMS 
Warp Error

Proposed



186.51

14.02

15.86

14.9

14.12

13.73

13.91

13.35

Performance on AIT dataset

4PC (EVP)

<latexit sha1_base64="WSrCSY8o8DJEascb/N3wNzGPESI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyWRgrorFEFcRbAPaEOZTCft0MmDmRtpCfkVNy4UceuPuPNvnLZZaOuBC4dz7uXee7xYcAWW9W0UNja3tneKu6W9/YPDI/O43FZRIilr0UhEsusRxQQPWQs4CNaNJSOBJ1jHmzTnfueJScWj8BFmMXMDMgq5zykBLQ3Mch/YFDw/rTtNXL1tOxfZwKxYNWsBvE7snFRQDmdgfvWHEU0CFgIVRKmebcXgpkQCp4JlpX6iWEzohIxYT9OQBEy56eL2DJ9rZYj9SOoKAS/U3xMpCZSaBZ7uDAiM1ao3F//zegn4127KwzgBFtLlIj8RGCI8DwIPuWQUxEwTQiXXt2I6JpJQ0HGVdAj26svrpH1Zs+u1m4d6pXGfx1FEp+gMVZGNrlAD3SEHtRBFU/SMXtGbkRkvxrvxsWwtGPnMCfoD4/MHeb6Tdw==</latexit>

4PC+2CA

<latexit sha1_base64="gSNqNEVs9Mz7CZ2WPIKNC/2G0Kw=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/Scq16WareTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpLkug=</latexit>

2PC+4CA

<latexit sha1_base64="u/EUWecMXmxCyM5JxDKaQOuokLA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBEEoSSloN4qvYinCvYD2lI22027dLMJu5NiCf0nXjwo4tV/4s1/47bNQVsfDDzem2Fmnh8LrtF1v6219Y3Nre3cTn53b//g0D46bugoUZTVaSQi1fKJZoJLVkeOgrVixUjoC9b0R9WZ3xwzpXkkH3ESs25IBpIHnBI0Us+2O8ie0A/SUq16Wa7eTnt2wS26czirxMtIATLUevZXpx/RJGQSqSBatz03xm5KFHIq2DTfSTSLCR2RAWsbKknIdDedXz51zo3Sd4JImZLozNXfEykJtZ6EvukMCQ71sjcT//PaCQbX3ZTLOEEm6WJRkAgHI2cWg9PnilEUE0MIVdzc6tAhUYSiCStvQvCWX14ljVLRKxdvHsqFyn0WRw5O4QwuwIMrqMAd1KAOFMbwDK/wZqXWi/VufSxa16xs5gT+wPr8AWpDkug=</latexit>

6CA

<latexit sha1_base64="nQwhUZL53mx+NhwdmECjPR784qc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwqvYinCvYDmlA22027dLMJuxOxhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0gE1+g431ZhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo/rUbz8ypXksH3CcMD8iA8lDTgkayfOQPWEQZhf1m0mvXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OaJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG88jMukxSZpPNFYSpsjO1pAHafK0ZRjA0hVHFzq02HRBGKJqaSCcFdfHmZtM6q7nn1+v68UrvL4yjCERzDKbhwCTW4hQY0gUICz/AKb1ZqvVjv1se8tWDlM4fwB9bnD+LTkaE=</latexit>

5CA

<latexit sha1_base64="fCG3H/C3+WsbEIp00Z+UgFM+SJw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSSiqLdKL+Kpgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLBNTrOt1VYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgHRTHDJmshRsE6iGIkCwdrBqD71249MaR7LBxwnzI/IQPKQU4JG8jxkTxiE2UX9ZtIrV5yqM4O9TNycVCBHo1f+8voxTSMmkQqiddd1EvQzopBTwSYlL9UsIXREBqxrqCQR0342u3linxilb4exMiXRnqm/JzISaT2OAtMZERzqRW8q/ud1Uwyv/IzLJEUm6XxRmAobY3sagN3nilEUY0MIVdzcatMhUYSiialkQnAXX14mrbOqe169vj+v1O7yOIpwBMdwCi5cQg1uoQFNoJDAM7zCm5VaL9a79TFvLVj5zCH8gfX5A+FMkaA=</latexit>

5CA*

<latexit sha1_base64="shtqTFoBmA8UquuB+Pl+HhVDf3E=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiCIhzAjEfUWyUU8RTALJEPo6dQkTXoWu2uCYch3ePGgiFc/xpt/Y2c5aOKDgsd7VVTV82IpNNr2t5VZWV1b38hu5ra2d3b38vsHdR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PAGlYnfGILSIgofcBSDG7BeKHzBGRrJbSM8oeenF5Wbs3EnX7CL9hR0mThzUiBzVDv5r3Y34kkAIXLJtG45doxuyhQKLmGcaycaYsYHrActQ0MWgHbT6dFjemKULvUjZSpEOlV/T6Qs0HoUeKYzYNjXi95E/M9rJehfuakI4wQh5LNFfiIpRnSSAO0KBRzlyBDGlTC3Ut5ninE0OeVMCM7iy8ukfl50SsXr+1KhfDePI0uOyDE5JQ65JGVyS6qkRjh5JM/klbxZQ+vFerc+Zq0Zaz5zSP7A+vwBSkSR1A==</latexit>

6CA & 2PC+4CA

<latexit sha1_base64="lTQeoOvV/3xhw5BFRTrqMnnCE5k=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAoilBmSvGyq3QjrirYC3SGkkkzbWjmQnJGLEP7Cm58FTcuFHHryp1vY9rOQqsHAl/+/xyS87uR4ApM88vILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7qA68Zt3TCoeBrcwjJjjk17APU4JaKmTP7aB3YPrJafVyxGeXpKxfThOWRulWvWkrM1OvmAWzWnhv2ClUEBp1Tr5T7sb0thnAVBBlGpbZgROQiRwKtgoZ8eKRYQOSI+1NQbEZ8pJpiuN8IFWutgLpT4B4Kn6cyIhvlJD39WdPoG+mvcm4n9eOwbv3El4EMXAAjp7yIsFhhBP8sFdLhkFMdRAqOT6r5j2iSQUdIo5HYI1v/JfaJSKVrl4cVMuVK7TOLJoD+2jI2ShM1RBV6iG6oiiB/SEXtCr8Wg8G2/G+6w1Y6Qzu+hXGR/faXSdVA==</latexit>

All

<latexit sha1_base64="YqPVq62VOmcngeK6Vl3yFsc0MhI=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL1FvIinCOaByRJmJ51kyOzsMtMrhiV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxG11O/+QjaiEjd4zgGP2QDJfqCM7TSQwfhCdMrKSfdYsktuzPQZeJlpEQy1LrFr04v4kkICrlkxrQ9N0Y/ZRoFlzApdBIDMeMjNoC2pYqFYPx0dvGEnlilR/uRtqWQztTfEykLjRmHge0MGQ7NojcV//PaCfYv/FSoOEFQfL6on0iKEZ2+T3tCA0c5toRxLeytlA+ZZhxtSAUbgrf48jJpnJW9SvnyrlKq3mZx5MkROSanxCPnpEpuSI3UCSeKPJNX8uYY58V5dz7mrTknmzkkf+B8/gDxxJEk</latexit>

Solver
Median RMS 
Warp Error

Combinations



Future Directions

• Problem of noisy covariant regions — refine translational 
symmetries 

• More accurate camera projection model via higher order 
distortion models 

• Learn to conditionally sample the solvers in the hybrid 
RANSAC framework (based on the input, number of trials, best 
model so far etc)
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