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We enable the practical rendering (even on the GPU!) of Gaussian process implicit surfaces  
— a unified representation for surfaces, volumes, and a rich continuum in between.

Background:  
Gaussian Process Implicit Surface (GPIS)

Problem: Rendering GPISes is Hard

Contribution 1: Gaussian Process ≈ Procedural Noise

Contribution 2: Next-event Estimation for GPISes

Contribution 3: Conditioning for Procedural Noise

Limitations & Future Work: 
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A theory of light transport [Seyb et al. 2024]

Gaussian process implicit surface

Surface-like Volume-likeIn-between

Render a GPIS

• Unlike in prior work, no conditioning method readily 
available for our procedural noise formulation 

• Import pathwise update [Journel and Huijbregts 1978, 
Wilson et al. 2020] from geostatistics and ML 

• Can shape a GPIS to: 
(1) Pass through a certain location 
(2) Have a certain orientation

• Reciprocity & BDPT  
• Authoring tools (geometry, texture, appearance)

Motivation: Surfaces vs. Volumes

Voxel Density GridTriangle Mesh
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Gaussian process
CovarianceMean
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f(x) ⇠ N (µ(x),(x,x0))
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f(x) ⇠ N (µ(x),(x,x0))

Different realizations Conditioning
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f(x) = µ(x)
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Implicit surface
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For each ray
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For each ray
Choose a random seed 
Ray march the GPIS with seed
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A Single Realization The Ensemble Average

[Seyb et al. 2024] Our Work
✅ Fast:
✅ Simple to implement
✅ Guarantees PSD
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O(N)❌ Slow:
❌ Difficult to implement
❌ No Guarantee on PSD
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<latexit sha1_base64="ePvj81X0RaOTVBOcVE3j+yfwN3I=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUoQKixIFSyMRaIPqYkqx3Vaq3Yc2Q6iivoJLPwKCwMIsTKy8Tc4bQZoOZLlo3Pu1b33BDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29lhKJxKSJBROyEyBFGI1IU1PNSCeWBPGAkXYwus789j2RioroTo9j4nM0iGhIMdJG6tnHYcULBOurMTdf+jA5gZfQ48m82rPLTtWZAi4SNydlkKPRs7+8vsAJJ5HGDCnVdZ1Y+ymSmmJGJiUvUSRGeIQGpGtohDhRfjo9aAKPjNKHoZDmRRpO1d8dKeIq281UcqSHat7LxP+8bqLDCz+lUZxoEuHZoDBhUAuYpQP7VBKs2dgQhCU1u0I8RBJhbTIsmRDc+ZMXSeu06taqtduzcv0qj6MIDsAhqAAXnIM6uAEN0AQYPIJn8ArerCfrxXq3PmalBSvv2Qd/YH3+AK00nQU=</latexit>

f(x) = µ(x)
<latexit sha1_base64="U2BmmRoHe0ION8inUua9KDADY2k=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4CjMi0WPQi8cIZoFkCD2dnqRJT8+ku0YIQz7CiwdFvPo93vwbO4sQtwcFj/eqqKoXJFIYdN0PJ7eyura+kd8sbG3v7O4V9w8aJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4Ph9dRv3nNtRKzucJxwP6J9JULBKFqp2TEjjdmkWyx5ZXcG4v4iX1YJFqh1i++dXszSiCtkkhrT9twE/YxqFEzySaGTGp5QNqR93rZU0YgbP5udOyEnVumRMNa2FJKZujyR0ciYcRTYzojiwPz0puJfXjvF8NLPhEpS5IrNF4WpJBiT6e+kJzRnKMeWUKaFvZWwAdWUoU2osBzC/6RxVvYq5crteal6tYgjD0dwDKfgwQVU4QZqUAcGQ3iAJ3h2EufReXFe5605ZzFzCN/gvH0C1YiP6g==</latexit>p

<latexit sha1_base64="U2BmmRoHe0ION8inUua9KDADY2k=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4CjMi0WPQi8cIZoFkCD2dnqRJT8+ku0YIQz7CiwdFvPo93vwbO4sQtwcFj/eqqKoXJFIYdN0PJ7eyura+kd8sbG3v7O4V9w8aJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4Ph9dRv3nNtRKzucJxwP6J9JULBKFqp2TEjjdmkWyx5ZXcG4v4iX1YJFqh1i++dXszSiCtkkhrT9twE/YxqFEzySaGTGp5QNqR93rZU0YgbP5udOyEnVumRMNa2FJKZujyR0ciYcRTYzojiwPz0puJfXjvF8NLPhEpS5IrNF4WpJBiT6e+kJzRnKMeWUKaFvZWwAdWUoU2osBzC/6RxVvYq5crteal6tYgjD0dwDKfgwQVU4QZqUAcGQ3iAJ3h2EufReXFe5605ZzFzCN/gvH0C1YiP6g==</latexit>p• Need to compute the square root of  
the covariance matrix <latexit sha1_base64="n6m7Oxf66ELcdLLGSqWs+mPTk3c=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9olzKbZtvYbBKSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCAzlTNCmZZbTjtIUkojTdjS+nfntJ6oNk+LBThQNExgKFjMC1kmt3hiUgn654lf9OfAqCXJSQTka/fJXbyBJmlBhCQdjuoGvbJiBtoxwOi31UkMVkDEMaddRAQk1YTa/dorPnDLAsdSuhMVz9fdEBokxkyRynQnYkVn2ZuJ/Xje18XWYMaFSSwVZLIpTjq3Es9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LalCr1u4vK/WbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05knvxXv3PhatBS+fOUZ/4H3+AJm+jyo=</latexit>

• Requires sampling all values together

& Shadertoy demo online!

White noise

<latexit sha1_base64="XQB/l7Mwl7KQbpS5MI+w1L50Suk=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSxCBSmJSHVZdKMbqWAf0IYymU7aoZMHMxOhhIAbf8WNC0Xc+hPu/BsnaRdaPTBw5px7ufceN+JMKsv6MgoLi0vLK8XV0tr6xuaWub3TkmEsCG2SkIei42JJOQtoUzHFaScSFPsup213fJn57XsqJAuDOzWJqOPjYcA8RrDSUt/c6/lYjQjmyU1asY5R/nXd5Do96ptlq2rlQH+JPSNlmKHRNz97g5DEPg0U4VjKrm1FykmwUIxwmpZ6saQRJmM8pF1NA+xT6ST5DSk61MoAeaHQL1AoV392JNiXcuK7ujJbUc57mfif142Vd+4kLIhiRQMyHeTFHKkQZYGgAROUKD7RBBPB9K6IjLDAROnYSjoEe/7kv6R1UrVr1drtabl+MYujCPtwABWw4QzqcAUNaAKBB3iCF3g1Ho1n4814n5YWjFnPLvyC8fEN5VKXDg==</latexit>

N (0, I)

Convolved process

=
Kernel

<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h
<latexit sha1_base64="uP13LPhKVfDzeHHyKZb0ZrQzrv8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1Bqw8WHu/NzM68MBXcoOd9OaW19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3QmKY4JK1kaNgvVQzkoSCdcPJ7dzvPjJtuJIPOE1ZkJCR5DGnBK3UH1CuqWARMTis1ry6t4D7l/gFqUGB1rD6OYgUzRImkQpiTN/3UgxyopHbkbPKIDMsJXRCRqxvqSQJM0G+WHnmnlklcmOl7ZPoLtSfHTlJjJkmoa1MCI7NqjcX//P6GcbXQc5lmiGTdPlRnAkXlTu/3424ZhTF1BJCNbe7unRMNKFoU6rYEPzVk/+SzkXdb9Qb95e15k0RRxlO4BTOwYcraMIdtKANFBQ8wQu8Oug8O2/O+7K05BQ9x/ALzsc3hGmRbQ==</latexit>~

<latexit sha1_base64="5Hhy7/qHpaEZnOsycROFwrqwxfg=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VsoZREpLosunElFewDmlAmk0k7dPJgZiKWkN9x46+4UVDUrT/ipM3Ctl4Y5txz7+Xec5yIUSEN40srrKyurW8UN0tb2zu7e/r+QUeEMcekjUMW8p6DBGE0IG1JJSO9iBPkO4x0nfF1Vu8+EC5oGNzLSURsHw0D6lGMpKIGetPykRxhxJLbtGLU4AhamHLMiIuEhKOK5YTMFRNffcljWoNz+WlarQ70slE3pgGXgZmDMsijNdDfLDfEsU8CiRkSom8akbQTxCVVa9OSFQsSITxGQ9JXMEA+EXYyVZrCE8W40Au5eoGEU/bvRIJ8kV2nOjNdYrGWkf/V+rH0Lu2EBlEsSYBni7yYQRnCzDboUk6wZBMFEOZU3QrxCHGEpTK3pEwwFyUvg85Z3WzUG3fn5eZVbkcRHIFjUAEmuABNcANaoA0weAIv4B18aM/aq/apfc9aC1o+cwjmQvv5BYJMptM=</latexit>

N (0, h~ h(x,x0))

<latexit sha1_base64="0qIv5j4pebcT//6iTQFZldDFPy4=">AAACAXicdVBNS0JBFJ1nX2Zfr9oEbYYkaPWYp2K6CKQ2LQ1SAxW5b5yng/M+mJkXiNimv9KmRRFt+xft+jfNU4OKOnDhcM69M/ceLxZcaUI+rMzS8srqWnY9t7G5tb1j7+41VZRIyho0EpG88UAxwUPW0FwLdhNLBoEnWMsbXaR+65ZJxaPwWo9j1g1gEHKfU9BG6tkHnRHEMeAzPMQdyiUVrA9K42HPzhOHlNyCSzBxiqTillJSrlbdShG7Dpkhjxao9+z3Tj+iScBCTQUo1XZJrLsTkJqbR6e5TqJYDHQEA9Y2NISAqe5kdsEUHxulj/1Imgo1nqnfJyYQKDUOPNMZgB6q314q/uW1E+1XuhMexolmIZ1/5CcC6winceA+l4xqMTYEqORmV0yHIIFqE1rOhPB1Kf6fNAuOW3bKV6V87XwRRxYdoiN0glx0imroEtVRA1F0hx7QE3q27q1H68V6nbdmrMXMPvoB6+0TfzmWUg==</latexit>

 = h~ h

<latexit sha1_base64="0qIv5j4pebcT//6iTQFZldDFPy4=">AAACAXicdVBNS0JBFJ1nX2Zfr9oEbYYkaPWYp2K6CKQ2LQ1SAxW5b5yng/M+mJkXiNimv9KmRRFt+xft+jfNU4OKOnDhcM69M/ceLxZcaUI+rMzS8srqWnY9t7G5tb1j7+41VZRIyho0EpG88UAxwUPW0FwLdhNLBoEnWMsbXaR+65ZJxaPwWo9j1g1gEHKfU9BG6tkHnRHEMeAzPMQdyiUVrA9K42HPzhOHlNyCSzBxiqTillJSrlbdShG7Dpkhjxao9+z3Tj+iScBCTQUo1XZJrLsTkJqbR6e5TqJYDHQEA9Y2NISAqe5kdsEUHxulj/1Imgo1nqnfJyYQKDUOPNMZgB6q314q/uW1E+1XuhMexolmIZ1/5CcC6winceA+l4xqMTYEqORmV0yHIIFqE1rOhPB1Kf6fNAuOW3bKV6V87XwRRxYdoiN0glx0imroEtVRA1F0hx7QE3q27q1H68V6nbdmrMXMPvoB6+0TfzmWUg==</latexit>

 = h~ h

<latexit sha1_base64="08RUhBkvsD+bvu0c7M7KtStQwgg=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpK21HZXdOOyin1AO5RMmmlDM5khyQhl6B+4caGIW//InX9jpq2gogcuHM65l3vv8WPBtUHow8mtrW9sbuW3Czu7e/sHxcOjjo4SRVmbRiJSPZ9oJrhkbcONYL1YMRL6gnX96VXmd++Z0jySd2YWMy8kY8kDTomx0u0gHRZLyEVVXMYIIreC6riakVqjgesViF20QAms0BoW3wejiCYhk4YKonUfo9h4KVGGU8HmhUGiWUzolIxZ31JJQqa9dHHpHJ5ZZQSDSNmSBi7U7xMpCbWehb7tDImZ6N9eJv7l9RMT1L2UyzgxTNLloiAR0EQwexuOuGLUiJklhCpub4V0QhShxoZTsCF8fQr/J52yi2tu7aZaal6u4siDE3AKzgEGF6AJrkELtAEFAXgAT+DZmTqPzovzumzNOauZY/ADztsn9QaNrA==</latexit> {Positive semi-definite! 
(required by the GP)

Convolved process

Kernel
<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h
<latexit sha1_base64="uP13LPhKVfDzeHHyKZb0ZrQzrv8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1Bqw8WHu/NzM68MBXcoOd9OaW19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3QmKY4JK1kaNgvVQzkoSCdcPJ7dzvPjJtuJIPOE1ZkJCR5DGnBK3UH1CuqWARMTis1ry6t4D7l/gFqUGB1rD6OYgUzRImkQpiTN/3UgxyopHbkbPKIDMsJXRCRqxvqSQJM0G+WHnmnlklcmOl7ZPoLtSfHTlJjJkmoa1MCI7NqjcX//P6GcbXQc5lmiGTdPlRnAkXlTu/3424ZhTF1BJCNbe7unRMNKFoU6rYEPzVk/+SzkXdb9Qb95e15k0RRxlO4BTOwYcraMIdtKANFBQ8wQu8Oug8O2/O+7K05BQ9x/ALzsc3hGmRbQ==</latexit>~

Sparse impulses

Constant-time 
lookup!

=
Evaluation 

location

<latexit sha1_base64="5Ri2VmiiTLIrseqV7sGIAyUEJEc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoExPMMrvHnKe/HevY9Fa8HLZ47hD7zPH5b0j8E=</latexit>

⇡

✅ Exploit the locality of spatial correlation
✅ Evaluate time            for     points

<latexit sha1_base64="yCf98GI8EUDC7X69R2coVCgXc8Q=">AAAB63icdVDLSsNAFJ3UV62vqks3g0Wom5BUm7S7ohtXWsE+oA1lMp20Q2eSMDMRSugvuHGhiFt/yJ1/46StoKIHLhzOuZd77/FjRqWyrA8jt7K6tr6R3yxsbe/s7hX3D9oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8SeXmd+5J0LSKLxT05h4HI1CGlCMVCbdlK9PB8WSZZ65jmVXoWW6dsV2a5rY9Wq94kDbtOYogSWag+J7fxjhhJNQYYak7NlWrLwUCUUxI7NCP5EkRniCRqSnaYg4kV46v3UGT7QyhEEkdIUKztXvEyniUk65rzs5UmP528vEv7xeooKal9IwThQJ8WJRkDCoIpg9DodUEKzYVBOEBdW3QjxGAmGl4ynoEL4+hf+TdsW0HdO5PS81LpZx5MEROAZlYAMXNMAVaIIWwGAMHsATeDa48Wi8GK+L1pyxnDkEP2C8fQKAZI3r</latexit>

O(N)
<latexit sha1_base64="yCf98GI8EUDC7X69R2coVCgXc8Q=">AAAB63icdVDLSsNAFJ3UV62vqks3g0Wom5BUm7S7ohtXWsE+oA1lMp20Q2eSMDMRSugvuHGhiFt/yJ1/46StoKIHLhzOuZd77/FjRqWyrA8jt7K6tr6R3yxsbe/s7hX3D9oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8SeXmd+5J0LSKLxT05h4HI1CGlCMVCbdlK9PB8WSZZ65jmVXoWW6dsV2a5rY9Wq94kDbtOYogSWag+J7fxjhhJNQYYak7NlWrLwUCUUxI7NCP5EkRniCRqSnaYg4kV46v3UGT7QyhEEkdIUKztXvEyniUk65rzs5UmP528vEv7xeooKal9IwThQJ8WJRkDCoIpg9DodUEKzYVBOEBdW3QjxGAmGl4ynoEL4+hf+TdsW0HdO5PS81LpZx5MEROAZlYAMXNMAVaIIWwGAMHsATeDa48Wi8GK+L1pyxnDkEP2C8fQKAZI3r</latexit>

O(N)

✅ Naturally supports non-stationarity

+ =

+ =

+ =

+ =

Mean Procedural  
noise

Single 
realization

Sparse convolution noise
Lewis [1986, 1989]

<latexit sha1_base64="5Ri2VmiiTLIrseqV7sGIAyUEJEc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoExPMMrvHnKe/HevY9Fa8HLZ47hD7zPH5b0j8E=</latexit>

⇡

• Differentiability

Can’t perform NEE!

Specular

Surface normal distribution

Surface gradient distribution
Normalize

 Stochastic part 
gradient distribution

Mean gradient

(without conditioning)
3D Gaussian

<latexit sha1_base64="qStfXHlzD+JU9sH0DDbZbfxbC/o=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ytLpoNK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/NUk/RqVVCFElljzBopv7eyHCs82h2MsZmpBe9XPzP66UmuvIzJpLUUEHmD0UpR0aivAIUMkWJ4RNLMFHMZkVkhBUmxhZVtiV4i19eJu3zmlev1e8uqo3roo4SHMMJnIEHl9CAW2hCCwgoeIZXeHOenBfn3fmYj644xc4R/IHz+QNKtpMM</latexit>p

Mean gradient

 Stochastic part 
gradient distribution

2D Gaussian

<latexit sha1_base64="qStfXHlzD+JU9sH0DDbZbfxbC/o=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ytLpoNK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/NUk/RqVVCFElljzBopv7eyHCs82h2MsZmpBe9XPzP66UmuvIzJpLUUEHmD0UpR0aivAIUMkWJ4RNLMFHMZkVkhBUmxhZVtiV4i19eJu3zmlev1e8uqo3roo4SHMMJnIEHl9CAW2hCCwgoeIZXeHOenBfn3fmYj644xc4R/IHz+QNKtpMM</latexit>p

Generalized 
Beckmann NDF

Even possible on the GPU!

For a GPIS with a specular surface, 
if we lock down the full 3D realization

If we only lock down the observations along the 
ray, there is a distribution of surface normals 

Without any observations/conditioning,  
the gradient distribution at a point <latexit sha1_base64="qStfXHlzD+JU9sH0DDbZbfxbC/o=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ytLpoNK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/NUk/RqVVCFElljzBopv7eyHCs82h2MsZmpBe9XPzP66UmuvIzJpLUUEHmD0UpR0aivAIUMkWJ4RNLMFHMZkVkhBUmxhZVtiV4i19eJu3zmlev1e8uqo3roo4SHMMJnIEHl9CAW2hCCwgoeIZXeHOenBfn3fmYj644xc4R/IHz+QNKtpMM</latexit>p

Conditioning on all the observations along the ray,  
the gradient distribution at the intersection <latexit sha1_base64="qStfXHlzD+JU9sH0DDbZbfxbC/o=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2LJlMpg3NJEOSUcrQ/3DjQhG3/os7/8ZMOwttPRByOOdecnKChDNtXPfbWVldW9/YLG2Vt3d29/YrB4dtLVNFaItILlU3wJpyJmjLMMNpN1EUxwGnnWB8k/udR6o0k+LeTBLqx3goWMQINlZ66AeSh3oS2ytLpoNK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/NUk/RqVVCFElljzBopv7eyHCs82h2MsZmpBe9XPzP66UmuvIzJpLUUEHmD0UpR0aivAIUMkWJ4RNLMFHMZkVkhBUmxhZVtiV4i19eJu3zmlev1e8uqo3roo4SHMMJnIEHl9CAW2hCCwgoeIZXeHOenBfn3fmYj644xc4R/IHz+QNKtpMM</latexit>p

[Seyb et al. 2024]

Ours (9281x)Single realization Ensemble Average


