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• Spherical distortion : one 
parameter . 

• Projection function : .
ξ ∈ [0,1]

= F(rd, θ)
<latexit sha1_base64="Ku2wBAE78NMOliybGeQ9yrVkz2I=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnB2kIaymQ6bYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSgQ36HnfTmlldW19o7xZ2dre2d2r7h88GpVqylpUCaU7ETFMcMlayFGwTqIZiSPB2tH4NvfbT0wbruQDThIWxmQo+YBTglYKujHBESUia0571ZpX92Zwl4lfkBoUaPaqX92+omnMJFJBjAl8L8EwIxo5FWxa6aaGJYSOyZAFlkoSMxNms8hT98QqfXegtH0S3Zn6eyMjsTGTOLKTeUSz6OXif16Q4uA6zLhMUmSSzj8apMJF5eb3u32uGUUxsYRQzW1Wl46IJhRtSxVbgr948jJ5PKv7l/WL+/Na46aoowxHcAyn4MMVNOAOmtACCgqe4RXeHHRenHfnYz5acoqdQ/gD5/MHilmRcA==</latexit>P

<latexit sha1_base64="3fLmVFrZlYVCFGO6USFukxs9gPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8egF48RzQOSJcxOOsmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrTATXxvO+ncLK6tr6RnGztLW9s7tX3j9o6DhVDOssFrFqhVSj4BLrhhuBrUQhjUKBzXB0O/WbT6g0j+WjGScYRHQgeZ8zaqz04Lput1zxXG8Gskz8nFQgR61b/ur0YpZGKA0TVOu27yUmyKgynAmclDqpxoSyER1g21JJI9RBNjt1Qk6s0iP9WNmShszU3xMZjbQeR6HtjKgZ6kVvKv7ntVPTvw4yLpPUoGTzRf1UEBOT6d+kxxUyI8aWUKa4vZWwIVWUGZtOyYbgL768TBpnrn/pXtyfV6o3eRxFOIJjOAUfrqAKd1CDOjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFPJI0s</latexit>

...
<latexit sha1_base64="3fLmVFrZlYVCFGO6USFukxs9gPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8egF48RzQOSJcxOOsmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrTATXxvO+ncLK6tr6RnGztLW9s7tX3j9o6DhVDOssFrFqhVSj4BLrhhuBrUQhjUKBzXB0O/WbT6g0j+WjGScYRHQgeZ8zaqz04Lput1zxXG8Gskz8nFQgR61b/ur0YpZGKA0TVOu27yUmyKgynAmclDqpxoSyER1g21JJI9RBNjt1Qk6s0iP9WNmShszU3xMZjbQeR6HtjKgZ6kVvKv7ntVPTvw4yLpPUoGTzRf1UEBOT6d+kxxUyI8aWUKa4vZWwIVWUGZtOyYbgL768TBpnrn/pXtyfV6o3eRxFOIJjOAUfrqAKd1CDOjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFPJI0s</latexit>

...

r d

Incident angle θ

Very Low distortion
<latexit sha1_base64="Pmpm6k2T218JnH4CXmeEDXSrOfk=">AAAB/HicbVC7TsMwFL0pr1JegY4sFhUSA6oSRIGxgoWxSPQhJVHluG5r1XEi20FUUfkVFgYQYuVD2Pgb3DYDtBzJvkfn3CtfnzDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FJxKgltkpjHshNiRTkTtKmZ5rSTSIqjkNN2OLqZ+u0HKhWLxb0eJzSI8ECwPiNYG6lrl/1HhnwmkOdUnVNkrlrQtSumzoCWiZuTCuRodO0vvxeTNKJCE46V8lwn0UGGpWaE00nJTxVNMBnhAfUMFTiiKshmy0/QsVF6qB9Lc4RGM/X3RIYjpcZRaDojrIdq0ZuK/3leqvtXQcZEkmoqyPyhfsqRjtE0CdRjkhLNx4ZgIpnZFZEhlphok1fJhOAufnmZtM6q7kW1dndeqV/ncRThEI7gBFy4hDrcQgOaQGAMz/AKb9aT9WK9Wx/z1oKVz5ThD6zPHxSHkng=</latexit>

⇠ 2 [0.0, 0.05]

Low distortion
<latexit sha1_base64="uhhYEzuv2Vt3hwgOKktKp6BalF8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkJSrbosunFZwT4gCWUynbRDJ5MwMxFDqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5AwKpVtfxulldW19Y3yZmVre2d3z9w/6Mg4FZi0ccxi0QuQJIxy0lZUMdJLBEFRwEg3GN9M/e4DEZLG/F5lCfEjNOQ0pBgpLfXNqvdIoUc5dG2rfgpt66zh982abdkzwGXiFKQGCrT65pc3iHEaEa4wQ1K6jp0oP0dCUczIpOKlkiQIj9GQuJpyFBHp57PjJ/BYKwMYxkIXV3Cm/p7IUSRlFgW6M0JqJBe9qfif56YqvPJzypNUEY7ni8KUQRXDaRJwQAXBimWaICyovhXiERIIK51XRYfgLL68TDp1y7mwGnfnteZ1EUcZHIIjcAIccAma4Ba0QBtgkIFn8ArejCfjxXg3PuatJaOYqYI/MD5/ABwvkn0=</latexit>

⇠ 2 [0.2, 0.35]

Medium distortion
<latexit sha1_base64="QD5LkXbLF2cCc+HZDHiNXfI7bt8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFcSJiItS6LblxWsA9IQplMJ+3QySTMTMRQ6q+4caGIWz/EnX/jtM1CWw9cOJxzL/feE6acKY3Qt7Wyura+sVnaKm/v7O7t2weHbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo5up33mgUrFE3Os8pUGMB4JFjGBtpJ5d8R8Z9JmAHnJqZxA5dRT07Cpy0AxwmbgFqYICzZ795fcTksVUaMKxUp6LUh2MsdSMcDop+5miKSYjPKCeoQLHVAXj2fETeGKUPowSaUpoOFN/T4xxrFQeh6YzxnqoFr2p+J/nZTq6CsZMpJmmgswXRRmHOoHTJGCfSUo0zw3BRDJzKyRDLDHRJq+yCcFdfHmZtM8d99Kp3V1UG9dFHCVwBI7BKXBBHTTALWiCFiAgB8/gFbxZT9aL9W59zFtXrGKmAv7A+vwBH0+Sfw==</latexit>

⇠ 2 [0.5, 0.70]

High distortion
<latexit sha1_base64="cPUBb68m+wLqqQ5irX70HWKQnp4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkIiVuuu6MZlBfuAJJTJdNIOnUzCzEQMof6KGxeKuPVD3Pk3TtsstPXAhcM593LvPUHCqFS2/W2UVlbX1jfKm5Wt7Z3dPXP/oCPjVGDSxjGLRS9AkjDKSVtRxUgvEQRFASPdYHwz9bsPREga83uVJcSP0JDTkGKktNQ3q94jhR7l0LWtxim0rau63zdrtmXPAJeJU5AaKNDqm1/eIMZpRLjCDEnpOnai/BwJRTEjk4qXSpIgPEZD4mrKUUSkn8+On8BjrQxgGAtdXMGZ+nsiR5GUWRTozgipkVz0puJ/npuqsOHnlCepIhzPF4UpgyqG0yTggAqCFcs0QVhQfSvEIyQQVjqvig7BWXx5mXTOLOfCqt+d15rXRRxlcAiOwAlwwCVoglvQAm2AQQaewSt4M56MF+Pd+Ji3loxipgr+wPj8AS6Vkok=</latexit>

⇠ 2 [0.8, 0.95]

T R A I N I N G  S E T

<latexit sha1_base64="6oq2kj0u4ntAflAJvbx0UHW7wh0=">AAACIXicbVDLSgMxFM3UV62vUZdugkVoEcuM+OhGKLpxWcE+oC1DJk3b0ExmTO4IpfRX3Pgrblwo0p34M6btKFo9EDiccw839/iR4Boc591KLSwuLa+kVzNr6xubW/b2TlWHsaKsQkMRqrpPNBNcsgpwEKweKUYCX7Ca37+a+LV7pjQP5S0MItYKSFfyDqcEjOTZxW6uCT0GJI8vcFOYYJvgyJPf6iHOuUeJkb/zgi/Ds7NOwZkC/yVuQrIoQdmzx812SOOASaCCaN1wnQhaQ6KAU8FGmWasWURon3RZw1BJAqZbw+mFI3xglDbuhMo8CXiq/kwMSaD1IPDNZECgp+e9ifif14ihU2wNuYxiYJLOFnVigSHEk7pwmytGQQwMIVRx81dMe0QRCqbUjCnBnT/5L6keF9yzwunNSbZ0mdSRRntoH+WQi85RCV2jMqogih7QE3pBr9aj9Wy9WePZaMpKMrvoF6yPT3L6oUA=</latexit>

g(✓) = �pn(✓) + (1� �)qm(✓)

G E N E R A L I Z AT I O N  T O  O T H E R  D I S T O R T I O N S  
O U T  O F  T R A I N I N G  D I S T R I B U T I O N  

A B L AT I O N  O V E R  S A M P L I N G  F U N C T I O N

B A C K G R O U N D :  PAT C H  PA R T I T I O N  &  L I N E A R  E M B E D D I N G  L AY E R

S A M P L I N G  F U N C T I O N  C U R V E S

P R O P O S E D  S A M P L I N G  F U N C T I O N

<latexit sha1_base64="APhscN9t92OoI56DecdRgFCUmTQ=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyURXxuh6MZlBfuAJoTJdNIOnTyYuRFKKG78FTcuFHHrV7jzb5y0WWjrgQuHc+7l3nv8RHAFlvVtLCwuLa+sltbK6xubW9vmzm5LxamkrEljEcuOTxQTPGJN4CBYJ5GMhL5gbX94k/vtByYVj6N7GCXMDUk/4gGnBLTkmfvS6+Er7IQEBpSIrDGuOjBgQI49s2LVrAnwPLELUkEFGp755fRimoYsAiqIUl3bSsDNiAROBRuXnVSxhNAh6bOuphEJmXKzyQtjfKSVHg5iqSsCPFF/T2QkVGoU+rozP1XNern4n9dNIbh0Mx4lKbCIThcFqcAQ4zwP3OOSURAjTQiVXN+K6YBIQkGnVtYh2LMvz5PWSc0+r53dnVbq10UcJXSADlEV2egC1dEtaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99AfG5w8elZai</latexit>

rd = P(ω)
<latexit sha1_base64="jd+zR96Zv7ZedcrnkSLX2yrWGYs=">AAACBnicbVDJSgNBEO1xjXGLehShMQjxEmbE7SIEvXiMYBbIhFDT6SRNenqG7hohDDl58Ve8eFDEq9/gzb+xsxw08UHB470qquoFsRQGXffbWVhcWl5Zzaxl1zc2t7ZzO7tVEyWa8QqLZKTrARguheIVFCh5PdYcwkDyWtC/Gfm1B66NiNQ9DmLeDKGrREcwQCu1cge61aZX1A8BewxkWh4WfATlY48jHLdyebfojkHniTcleTJFuZX78tsRS0KukEkwpuG5MTZT0CiY5MOsnxgeA+tDlzcsVRBy00zHbwzpkVXatBNpWwrpWP09kUJozCAMbOfoXDPrjcT/vEaCnctmKlScIFdssqiTSIoRHWVC20JzhnJgCTAt7K2U9UADQ5tc1obgzb48T6onRe+8eHZ3mi9dT+PIkH1ySArEIxekRG5JmVQII4/kmbySN+fJeXHenY9J64Izndkjf+B8/gBPrJhp</latexit>

rd = P(tan ω)

<latexit sha1_base64="AWRrIBmi5i3715q+JGjhobsHFoc=">AAACBXicbVDLSsNAFJ3UV62vqktdDBah3ZREfG2EohuXFewDmhAmk0k7dPJg5kYooRs3/oobF4q49R/c+TdO2yy09cCFwzn3cu89XiK4AtP8NgpLyyura8X10sbm1vZOeXevreJUUtaisYhl1yOKCR6xFnAQrJtIRkJPsI43vJn4nQcmFY+jexglzAlJP+IBpwS05JYPpevjK2yHBAaUiKw5rvarNgwYkFrNLVfMujkFXiRWTiooR9Mtf9l+TNOQRUAFUapnmQk4GZHAqWDjkp0qlhA6JH3W0zQiIVNONv1ijI+14uMglroiwFP190RGQqVGoac7J9eqeW8i/uf1UggunYxHSQosorNFQSowxHgSCfa5ZBTESBNCJde3YjogklDQwZV0CNb8y4ukfVK3zutnd6eVxnUeRxEdoCNURRa6QA10i5qohSh6RM/oFb0ZT8aL8W58zFoLRj6zj/7A+PwBv6WXeA==</latexit>

rd = P(g(ω))

<latexit sha1_base64="RnyzIg4Iy64zhhoBANN9EcBOI5Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmY2Z1lplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo1hwZXUul2wAxIEUMDBUpoJxpYFEhoBaPbqd96Am2Eih9wnIAfsUEsQsEZWqnZxSEg65UrbtWdgS4TLycVkqPeK391+4qnEcTIJTOm47kJ+hnTKLiESambGkgYH7EBdCyNWQTGz2bXTuiJVfo0VNpWjHSm/p7IWGTMOApsZ8RwaBa9qfif10kxvPYzEScpQszni8JUUlR0+jrtCw0c5dgSxrWwt1I+ZJpxtAGVbAje4svLpHlW9S6rF/fnldpNHkeRHJFjcko8ckVq5I7USYNw8kieySt5c5Tz4rw7H/PWgpPPHJI/cD5/AKc3jzI=</latexit>

✓

<latexit sha1_base64="MBZjNVgS9cIhjPaKpNdm6o7OJwY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmZnJ8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSvQFo2ilB90Le+WKW3VnIMvEy0kFctR75a9uGLM04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVULSj7UthWSm/p7IaGTMOApsZ0RxaBa9qfif10mxf+1nQiUpcsXmi/qpJBiT6d8kFJozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AFTGI3X</latexit> r d

<latexit sha1_base64="RSlJvNqUs15+pel/cOWQxnLITyI=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0msaeqt6MVjBfsBbSib7bZdutmE3U2hhP4ILx4U8erv8ea/cZtWUNEHA4/3ZpiZF8ScKW3bH1ZubX1jcyu/XdjZ3ds/KB4etVSUSEKbJOKR7ARYUc4EbWqmOe3EkuIw4LQdTG4WfntKpWKRuNezmPohHgk2ZARrI7V7UyzjMesXS3bZ8Sqee4UMqbqeW8lI1a7ZyCnbGUqwQqNffO8NIpKEVGjCsVJdx461n2KpGeF0XuglisaYTPCIdg0VOKTKT7Nz5+jMKAM0jKQpoVGmfp9IcajULAxMZ4j1WP32FuJfXjfRw5qfMhEnmgqyXDRMONIRWvyOBkxSovnMEEwkM7ciMsYSE20SKpgQvj5F/5PWhYml7N5dlurXqzjycAKncA4OeFCHW2hAEwhM4AGe4NmKrUfrxXpdtuas1cwx/ID19gnyoJAA</latexit>'

<latexit sha1_base64="0g40kYVuPOnB1E8S6vVcDxkYGF8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWw2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8kixiBJtcUsMQDas1t+7OgVaJV5AaFGgNq1+DMCapoNIQjrXue25i/Awrwwins8og1TTBZIJHtG+pxIJqP5vfOkNnVglRFCtb0qC5+nsiw0LrqQhsp8BmrJe9XPzP66cmuvEzJpPUUEkWi6KUIxOj/HEUMkWJ4VNLMFHM3orIGCtMjI2nYkPwll9eJZ2LundVbzxc1pq3RRxlOIFTOAcPrqEJ99CCNhAYwzO8wpsjnBfn3flYtJacYuYY/sD5/AGptY4B</latexit>rd

<latexit sha1_base64="RnyzIg4Iy64zhhoBANN9EcBOI5Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmY2Z1lplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo1hwZXUul2wAxIEUMDBUpoJxpYFEhoBaPbqd96Am2Eih9wnIAfsUEsQsEZWqnZxSEg65UrbtWdgS4TLycVkqPeK391+4qnEcTIJTOm47kJ+hnTKLiESambGkgYH7EBdCyNWQTGz2bXTuiJVfo0VNpWjHSm/p7IWGTMOApsZ8RwaBa9qfif10kxvPYzEScpQszni8JUUlR0+jrtCw0c5dgSxrWwt1I+ZJpxtAGVbAje4svLpHlW9S6rF/fnldpNHkeRHJFjcko8ckVq5I7USYNw8kieySt5c5Tz4rw7H/PWgpPPHJI/cD5/AKc3jzI=</latexit>

ω

<latexit sha1_base64="MBZjNVgS9cIhjPaKpNdm6o7OJwY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmZnJ8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSvQFo2ilB90Le+WKW3VnIMvEy0kFctR75a9uGLM04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVULSj7UthWSm/p7IaGTMOApsZ0RxaBa9qfif10mxf+1nQiUpcsXmi/qpJBiT6d8kFJozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AFTGI3X</latexit> r d

<latexit sha1_base64="RnyzIg4Iy64zhhoBANN9EcBOI5Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmY2Z1lplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo1hwZXUul2wAxIEUMDBUpoJxpYFEhoBaPbqd96Am2Eih9wnIAfsUEsQsEZWqnZxSEg65UrbtWdgS4TLycVkqPeK391+4qnEcTIJTOm47kJ+hnTKLiESambGkgYH7EBdCyNWQTGz2bXTuiJVfo0VNpWjHSm/p7IWGTMOApsZ8RwaBa9qfif10kxvPYzEScpQszni8JUUlR0+jrtCw0c5dgSxrWwt1I+ZJpxtAGVbAje4svLpHlW9S6rF/fnldpNHkeRHJFjcko8ckVq5I7USYNw8kieySt5c5Tz4rw7H/PWgpPPHJI/cD5/AKc3jzI=</latexit>

✓

<latexit sha1_base64="RSlJvNqUs15+pel/cOWQxnLITyI=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0msaeqt6MVjBfsBbSib7bZdutmE3U2hhP4ILx4U8erv8ea/cZtWUNEHA4/3ZpiZF8ScKW3bH1ZubX1jcyu/XdjZ3ds/KB4etVSUSEKbJOKR7ARYUc4EbWqmOe3EkuIw4LQdTG4WfntKpWKRuNezmPohHgk2ZARrI7V7UyzjMesXS3bZ8Sqee4UMqbqeW8lI1a7ZyCnbGUqwQqNffO8NIpKEVGjCsVJdx461n2KpGeF0XuglisaYTPCIdg0VOKTKT7Nz5+jMKAM0jKQpoVGmfp9IcajULAxMZ4j1WP32FuJfXjfRw5qfMhEnmgqyXDRMONIRWvyOBkxSovnMEEwkM7ciMsYSE20SKpgQvj5F/5PWhYml7N5dlurXqzjycAKncA4OeFCHW2hAEwhM4AGe4NmKrUfrxXpdtuas1cwx/ID19gnyoJAA</latexit>'

<latexit sha1_base64="0g40kYVuPOnB1E8S6vVcDxkYGF8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWw2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8kixiBJtcUsMQDas1t+7OgVaJV5AaFGgNq1+DMCapoNIQjrXue25i/Awrwwins8og1TTBZIJHtG+pxIJqP5vfOkNnVglRFCtb0qC5+nsiw0LrqQhsp8BmrJe9XPzP66cmuvEzJpPUUEkWi6KUIxOj/HEUMkWJ4VNLMFHM3orIGCtMjI2nYkPwll9eJZ2LundVbzxc1pq3RRxlOIFTOAcPrqEJ99CCNhAYwzO8wpsjnBfn3flYtJacYuYY/sD5/AGptY4B</latexit>rd
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Regions with steeper curve gradients correspond to larger patch sizes, resulting in sparser sampling.

• Wide-angle lenses produce significant distortion. Lens distortion profile depends on 
the type of lens. 

• A model trained on a specific lens often overfits to its distortion pattern, failing to 
generalize to other lenses. 

• We introduce DarSwin-Unet, that incorporates lens physics and adapts to unseen lens 
profiles without fine-tuning and perform depth estimation on Matterport3D dataset. 
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