Fast Backface Culling Using Normal Masks

Hansong Zhang

Kenneth E. Hoff II I

Departm ent of Com puter Sc ience

Universit y of North Carol ina a t Cha pel Hill

Fast Backface Culling Using Normal Masks Fast Backface Culling Using Normal Masks

Hansong Zhang Hansong Zhang

Kenneth E. Hoff II I Kenneth E. Hoff II I

Departm ent of Com puter Sc ience Departm ent of Com puter Sc ience

Universit y of North Carol ina a t Cha pel Hill Universit y of North Carol ina a t Cha pel Hill

RS : Authors

Overview Overview

¯ Pr eprocessing: the normal of each polygon is encoded in two bytes :

(a, b)

¯ For each frame, a byte ar ray

Backfa ceMas k

is computed in constant time.

¯ For each polygon, the backface test is a single logical operation :

Backfa ceMas k[a] AN D b

¯ ¯ Pr eprocessing: the normal of each polygon is Pr eprocessing: the normal of each polygon is encoded in encoded in two bytes two bytes : : (a, b) (a, b)

¯ ¯ For each frame, a byte ar ray For each frame, a byte ar ray

Backfa ceMas k Backfa ceMas k is is computed in constant time.

computed in constant time.

¯ ¯ For each polygon, the backface test is For each polygon, the backface test is a single a single logical operation logical operation : :

Backfa ceMas k[a] AN D b Backfa ceMas k[a] AN D b

Normal Masks Normal Masks

¯ Subdivision of the Nor mal Space - Normal Clusters

Project a uniform subdivi sion of the fac es of a bounding cube on to the unit s phere

¯ ¯ Subdivision of the Nor mal Space - Normal Clusters Subdivision of the Nor mal Space - Normal Clusters

Project a uniform Project a uniform subdivi sion of the fac es of subdivi sion of the fac es of a bounding cube on to the a bounding cube on to the unit s phere unit s phere

Normal Masks Normal Masks

¯ Repr es enting Normal Clusters

˘ Each cluster has a bit in a normal mask

˘ The normal mask (conceptually) has as many bits as the number of normal clusters

¯ Encoding the Normals

˘ A normal is appr oximated by a unique cluster

¯ ¯ Repr es enting Normal Clusters Repr es enting Normal Clusters

˘ ˘ Each cluster has a bit in a Each cluster has a bit in a normal mask normal mask

˘ ˘ The normal mask (conceptually) has as many bits The normal mask (conceptually) has as many bits as the number of normal clusters as the number of normal clusters

¯ ¯ Encoding the Normals Encoding the Normals

˘ ˘ A normal is appr oximated by a unique cluster A normal is appr oximated by a unique cluster

Normal Masks Normal Masks

˘ A normal can be represented by a normal mask with only one bit on

˘ A normal mask with only one bit on can be stored in two bytes (a, b)

» a = the byt e offset of the non-zero byt e

» b = the non-zero byte

˘ So each polygon gets two bytes as its encoded, approximate normal

˘ ˘ A normal can be represented by a normal mask A normal can be represented by a normal mask with only one bit on with only one bit on

˘ ˘ A normal mask with only one bit on can be stored A normal mask with only one bit on can be stored in two bytes (a, b) in two bytes (a, b)

» » a = the byt e offset of the non-zero byt e a = the byt e offset of the non-zero byt e

» » b = the non-zero byte b = the non-zero byte

˘ ˘ So each polygon gets two bytes as its encoded, So each polygon gets two bytes as its encoded, approximate normal approximate normal

Backface Culling with Normal Masks Backface Culling with Normal Masks

¯ Conservative backface culling ¯ ¯ Conservative backface culling Conservative backface culling

Para llelPr ojec tion Pers pec tiv e Pr ojection

180 degrees back facing 180-FOV degrees back facing

V iewing Direct ion

F OV/2 F OV/2

Backface Culling with Normal Masks Backface Culling with Normal Masks

¯ Detecting backf acing normal cluster s:

˘ A normal cluster is backf acing if all normals in it are backfacing

˘ In practice, tes t only the 4 corner nor mals

¯ Recording backfacing nor mal clus ters:

˘ Us e a

BackfaceMask

in which the bits f or the backf acing clusters are 1

...1001011110000101...

¯ ¯ Detecting backf acing normal cluster s:

Detecting backf acing normal cluster s:

˘ ˘ A normal cluster is backf acing if all normals in it A normal cluster is backf acing if all normals in it are backfacing are backfacing

˘ ˘ In practice, tes t only the 4 corner nor mals In practice, tes t only the 4 corner nor mals

¯ ¯ Recording backfacing nor mal clus ters:

Recording backfacing nor mal clus ters:

˘ ˘ Us e a Us e a

BackfaceMask BackfaceMask in which the bits f or the

in which the bits f or the backf acing clusters are 1 backf acing clusters are 1

...1001011110000101... ...1001011110000101...

Backface Culling with Normal Masks Backface Culling with Normal Masks

¯ For a polygon with normal code

(a, b) ,

BackfaceMask[a]AND b

¯ ¯ For a polygon with normal code For a polygon with normal code

(a, b) , ,

BackfaceMask[a]AND b BackfaceMask[a]AND b

Po lyg on co nsidere d fron t-facin g.

0 0

N or mal is i n a b ack - f aci ng clu s ter Þ p olyg on is ba ckfa cing .

Implementation Implementation

¯ Speedup

¯ Number of Cluster s

¯ Field of View

¯ ¯ Speedup Speedup

¯ ¯ Number of Cluster s Number of Cluster s

¯ ¯ Field of View Field of View

Percent age of CullingandSpeedup

25

35

45

55

65

75

24 96 216 384 600 864 1176 1536 1944

Number ofClust er s

C ulling

Spe e dup

Related Work Related Work

¯ Normal clusters

˘ L.A. Shirman and S.S. Abi-Ezzi, The cone of normals technique for f ast processing of curved patches

¯ Hierarchical B ack-face Culling

˘ S. Kumar, D. M anocha, B. Garrett, and M . Lin.

Hierarchical B ack-face Culling.

¯ ¯ Normal clusters Normal clusters

˘ ˘ L.A. Shirman and S.S. Abi-Ezzi, The cone of L.A. Shirman and S.S. Abi-Ezzi, The cone of normals technique for f ast processing of curved normals technique for f ast processing of curved patches patches

¯ ¯ Hierarchical B ack-face Culling Hierarchical B ack-face Culling

˘ ˘ S. Kumar, D. M anocha, B. Garrett, and M . Lin.

S. Kumar, D. M anocha, B. Garrett, and M . Lin.

Hierarchical B ack-face Culling. Hierarchical B ack-face Culling.

Conclusion Conclusion

¯ M ajor featur e: simple and fas t

˘ Space: 2 extra bytes per polygon

˘ Time: one logical AND per polygon

¯ Cheap even when applied per-polygon: does not require a special organization of the model

˘ Handles unstructured models

˘ Easy to integrate into existing applications

¯ ¯ M ajor featur e: simple and fas t M ajor featur e: simple and fas t

˘ ˘ Space: 2 extra bytes per polygon Space: 2 extra bytes per polygon

˘ ˘ Time: one logical AND per polygon Time: one logical AND per polygon

¯ ¯ Cheap even when applied per-polygon: does not Cheap even when applied per-polygon: does not require a special organization of the model require a special organization of the model

˘ ˘ Handles unstructured models Handles unstructured models

˘ ˘ Easy to integrate into existing applications Easy to integrate into existing applications

Acknowledgements Acknowledgements

Sarah H. Hoff

ARPA Contract DABT63- 93-C-0048

Sarah H. Hoff

ARPA Contract DABT63- 93-C-0048