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Overview

Pre-integrated Voxel Cone Tracing

The core of our approach is built upon a �S�U�H���¿�O�W�H�U�H�G hierarchical �Y�R�[�H�O 
version of the �V�F�H�Q�H�� �J�H�R�P�H�W�U�\���� �� �)�R�U�� �H�I�¿�F�L�H�Q�F�\���� �W�K�L�V�� �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�� �L�V��
stored in the form of a �F�R�P�S�D�F�W pointer-based �V�S�D�U�V�H���Y�R�[�H�O���R�F�W�U�H�H in the 
spirit of [Crassin et al. 2009] . We use small 33 bricks with values 
located in octree-node corners. This structure exhibits an almost scene-
�L�Q�G�H�S�H�Q�G�H�Q�W performance and is suitable to be extended to out-of-core 
�U�H�Q�G�H�U�L�Q�J�����K�H�U�H�E�\���D�O�O�R�Z�L�Q�J���I�R�U���D�U�E�L�W�U�D�U�L�O�\���F�R�P�S�O�H�[���V�F�H�Q�H�V��

Sparse voxel octree + 
���Œ�]���l�•���Œ���‰�Œ���•���v�š���Ÿ�}�v��
�•�š�}�Œ�]�v�P���.�o�š���Œ������
�P���}�u���š�Œ�Ç�U���E���&�����v����
�]�Œ�Œ�����]���v���������]�•�š�Œ�]���µ�Ÿ�}�v

�0�R�G�H�O���F�R�X�U�W�H�V�\���R�I�����'���&�R�D�W���5�L�F�N���6�D�U�D�V�L�Q

�0�R�G�H�O���F�R�X�U�W�H�V�\���R�I�����'���&�R�D�W���5�L�F�N��

Global Algorithm

Our approach approximates the result of the �Y�L�V�L�E�L�O�L�W�\�����H�Q�H�U�J�\���D�Q�G���1�'�)��
�H�V�W�L�P�D�W�L�R�Q���I�R�U���D���E�X�Q�G�O�H���R�I���U�D�\�V���L�Q���D���F�R�Q�H���X�V�L�Q�J���R�Q�O�\���D���V�L�Q�J�O�H���U�D�\ and our 
�¿�O�W�H�U�H�G�����P�L�S�P�D�S�S�H�G�����Y�R�[�H�O���V�W�U�X�F�W�X�U�H.  The idea is to perform �Y�R�O�X�P�H��
�L�Q�W�H�J�U�D�W�L�R�Q steps along the cone axis with lookups in our hierarchical 
representation at the LOD corresponding to the local cone radius.  During 
this step, we use �T�X�D�G�U�L�O�L�Q�H�D�U�� �L�Q�W�H�U�S�R�O�D�W�L�R�Q to ensure a smooth LOD 
variation. Our voxel shading convolves the �%�5�'�), the �1�'�), the distribu-
tion of �O�L�J�K�W���G�L�U�H�F�W�L�R�Q�V and the �V�S�D�Q���R�I���W�K�H���Y�L�H�Z���F�R�Q�H, all considered as 
�*�D�X�V�V�L�D�Q���O�R�E�H�V. These lobes are reconstructed from �G�L�U�H�F�W�L�R�Q���G�L�V�W�U�L�E�X-
�W�L�R�Q�V���V�W�R�U�H�G���L�Q���D���F�R�P�S�D�F�W���Z�D�\���D�V���Q�R�Q���Q�R�U�P�D�O�L�]�H�G���Y�H�F�W�R�U�V���L�Q���W�K�H���V�W�U�X�F�W�X�U�H��

�”���������‰�‰�Œ�}�Æ�]�u���š�����À�}�Æ���o�������•���������}�v�����š�Œ�����]�v�P���µ�•�]�v�P��
�‰�Œ���r�]�v�š���P�Œ���š�������À���o�µ���•�����]�v�•�]�����������•�‰���Œ�•�����u�]�‰�u���‰���‰�Ç�Œ���u�]��

We thank Guillermo M Leal Llaguno for 
the San Miguel Scene and Crytek for the 
improved Atrium Sponza palace model.

Anisotropic Pre-Integration
�,�Q���R�U�G�H�U���W�R���J�H�W���K�L�J�K�H�U���T�X�D�O�L�W�\���Y�L�V�L�E�L�O�L�W�\���H�V�W�L�P�D�W�L�R�Q���D�Q�G���W�R���O�L�P�L�W���O�H�D�N�L�Q�J���R�I��
�O�L�J�K�W���Z�K�H�Q���O�R�Z���U�H�V�R�O�X�W�L�R�Q���P�L�S�P�D�S���O�H�Y�H�O�V���D�U�H���X�V�H�G�����Z�H���S�U�R�S�R�V�H���W�R���U�H�O�\���R�Q��
an �D�Q�L�V�R�W�U�R�S�L�F�� �S�U�H���L�Q�W�H�J�U�D�W�L�R�Q of voxel values stored in a �G�L�U�H�F�W�L�R�Q-
�G�H�S�H�Q�G�D�Q�W���Z�D�\���L�Q���W�K�H���V�W�U�X�F�W�X�U�H�����:�H���X�V�H���W�K�H�������P�D�L�Q���G�L�U�H�F�W�L�R�Q�V���D�Q�G���Y�D�O�X�H�V��
�D�U�H�� �U�H�F�R�Q�V�W�U�X�F�W�H�G�� �E�\�� �O�L�Q�H�D�U�� �L�Q�W�H�U�S�R�O�D�W�L�R�Q�� �R�I�� �W�K�H�� ���� �F�O�R�V�H�V�W�� �G�L�U�H�F�W�L�R�Q�V���� �,�W��
provides a �E�H�W�W�H�U���D�S�S�U�R�[�L�P�D�W�L�R�Q���R�I���W�K�H���Y�R�O�X�P�H���U�H�Q�G�H�U�L�Q�J���L�Q�W�H�J�U�D�O, at 
�W�K�H���F�R�V�W���R�I�����������[���W�K�H���V�W�R�U�D�J�H���U�H�T�X�L�U�H�P�H�Q�W���D�Q�G���D���V�O�L�J�K�W�O�\���V�O�R�Z�H�U���V�D�P�S�O�L�Q�J��

Step 1:�� �Z���v�����Œ�� �•�����v���� �(�Œ�}�u�� �o�]�P�Z�š��
�•�}�µ�Œ�����•�X�� �����l���� �]�v���}�u�]�v�P�� �Œ�����]���v������
���v�����o�]�P�Z�š�����]�Œ�����Ÿ�}�v���]�v�š�}���š�Z�����}���š�Œ����

Step 2:�� �&�]�o�š���Œ�� �]�Œ�Œ�����]���v������ �À���o�µ���•��
���v���� �o�]�P�Z�š�� ���]�Œ�����Ÿ�}�v�•�� �]�v�•�]������ �š�Z����
octree (mipmap)

Step 3:���Z���v�����Œ���(�Œ�}�u�������u���Œ���X���^���u�‰�o����
���]�+�µ�•�����=���•�‰�����µ�o���Œ�����Z���&�����}�u�‰�}�v���v�š�•��
�µ�•�]�v�P���À�}�Æ���o�������•���������}�v�����š�Œ�����]�v�P

1. �6�W�R�U�H�� �L�Q�F�R�P�L�Q�J�� �U�D�G�L�D�Q�F�H�� ���H�Q�H�U�J�\�� �D�Q�G�� �G�L�U�H�F�W�L�R�Q���� �I�U�R�P���G�\�Q�D�P�L�F�� �O�L�J�K�W��
�V�R�X�U�F�H�V into a �V�S�D�U�V�H���Y�R�[�H�O���R�F�W�U�H�H���K�L�H�U�D�U�F�K�\�����E�\���U�D�V�W�H�U�L�]�L�Q�J���V�F�H�Q�H���P�H�V�K�H�V��
2. �)�L�O�W�H�U�� �W�K�H�� �Y�D�O�X�H�V�� �L�Q�� �W�K�H�� �K�L�J�K�H�U�� �O�H�Y�H�O�V�� �R�I�� �W�K�H�� �R�F�W�U�H�H�� ���P�L�S�P�D�S������ �'�R�Q�H��
�H�I�I�L�F�L�H�Q�W�O�\���L�Q���S�D�U�D�O�O�H�O���E�\���U�H�O�\�L�Q�J���R�Q���V�F�U�H�H�Q���V�S�D�F�H���T�X�D�G���W�U�H�H���D�Q�D�O�\�V�L�V. 
3. �5�H�Q�G�H�U scene from the camera. For each visible surface fragments, 
we combine the �G�L�U�H�F�W���D�Q�G���L�Q�G�L�U�H�F�W���L�O�O�X�P�L�Q�D�W�L�R�Q�����:�H���H�P�S�O�R�\���D�Q���D�S�S�U�R�[�L-
mate �F�R�Q�H���W�U�D�F�L�Q�J to perform a �¿�Q�D�O���J�D�W�K�H�U�L�Q�J, sending out a few cones 
over the hemisphere to collect illumination distributed in the octree. 

Sparse Voxel Octree StructureS
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�,�Q�G�L�U�H�F�W�� �L�O�O�X�P�L�Q�D�W�L�R�Q is an important element for realistic image 
�V�\�Q�W�K�H�V�L�V���� �E�X�W�� �L�W�V�� �F�R�P�S�X�W�D�W�L�R�Q�� �L�V�� �H�[�S�H�Q�V�L�Y�H�� �D�Q�G�� �K�L�J�K�O�\�� �G�H�S�H�Q�G�H�Q�W�� �R�Q��
�W�K�H���F�R�P�S�O�H�[�L�W�\���R�I���W�K�H���V�F�H�Q�H���D�Q�G���R�I���W�K�H���%�5�'�)���R�I���W�K�H���V�X�U�I�D�F�H�V���L�Q�Y�R�O�Y�H�G����
We present a novel algorithm to compute global illumination in 
�U�H�D�O���W�L�P�H���W�K�D�W���D�Y�R�L�G�V���F�R�V�W�O�\���S�U�H�F�R�P�S�X�W�D�W�L�R�Q���V�W�H�S�V���D�Q�G���L�V���Q�R�W���U�H�V�W�U�L�F�W�H�G��
�W�R���O�R�Z���I�U�H�T�X�H�Q�F�\���L�O�O�X�P�L�Q�D�W�L�R�Q�����,�W���L�V���E�D�V�H�G���R�Q��a���Y�R�[�H�O���R�F�W�U�H�H representa-
tion and an �D�S�S�U�R�[�L�P�D�W�H���Y�R�[�H�O���F�R�Q�H���W�U�D�F�L�Q�J that allows a fast estima-
�W�L�R�Q���R�I���W�K�H���Y�L�V�L�E�L�O�L�W�\���D�Q�G���L�Q�F�R�P�L�Q�J���H�Q�H�U�J�\�����2�X�U���D�S�S�U�R�D�F�K���F�D�Q���P�D�Q�D�J�H���E�R�W�K��
�/�D�P�E�H�U�W�L�D�Q and �*�O�R�V�V�\���P�D�W�H�U�L�D�O�V at interactive framerates (5-30FPS).
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