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Hello and welcome. 
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My name is…



Presenter
Presentation Notes
As a technical artist on Marvel’s Spider-Man, part of my job was to identify points in the production pipeline that can be proceduralized with the goal of removing rote tasks from the artists plate. 



Procedural Lighting
What is Procedural in this 
context? 

Procedural refers to 
algorithmic methods of 
creating data, as opposed to 
manual.
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What is Procedural in this context? Let’s define our terms. 

Procedural refers to algorithmic methods of creating data, as opposed to manual. At Insomniac Games we’ve developed a number of procedural workflows for generating open world content for our games. This talk will cover some of the procedural workflows which apply to lighting the open world of Marve’s Spide-Man. 






Procedural Lighting
How can procedural lighting 
techniques augment the hard 
work of lighting artists by 
doing some of the bulk heavy 
lifting and free up artist time 
to focus on creating great 
content? 

© 2019 Marvel 

Presenter
Presentation Notes
Lighting artists created bespoke lights throughout the open world by hand. How can procedural techniques augment the hard work of lighting artists?
Be removing rote technical tasks from the artists workflow we can allow them to focus on creating great art. 

Procedural techniques assisted and augmented the lighting artists with bulk tasks across the open world.






Procedural Lighting
Procedural Lighting Workflows

1) Light Placement
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Procedural techniques contributed to three main aspects of lighting. 

Lights we placed in the open world based on rules defining things like the minimum distance between lights or how far back on the sidewalk to place street lamps. 



Procedural Lighting
Procedural Lighting Workflows

1) Light Placement

2) Light Probe Placement
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Light probe positions were optimized based on the content of the open world in the immediate vicinity of the probe. 



Procedural Lighting
Procedural Lighting Workflows

1) Light Placement

2) Light Probe Placement

3) Light Grid Generation
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Light grid capture volumes were created and optimized using procedural techniques. 

We’ll review each of these, but first lets take a look at some of the open world environments from the game. 




Procedural Lighting
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Open World Tiles

726 tiles in the open world. 

Each tile is 128x128 meters in size. 
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The open world environment of Spider-Man is divided into 726 tile regions. Each tile region is defined by several .zone files which are JSON that contains references the assets within a given tile region. 




Light Grids
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"Zones": [
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_art.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_gameplay.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_lgt.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_ground.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/UnitNavData.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_light_grid.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_fx.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_aud_reverb.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_ground_overlay_act1_2.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_ground_overlay_act3.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_ground_overlay_act1_2_day.zone", 
"levels/I20_City/openArea/Open_World/Tile_M35/Tile_M35_ground_overlay_act1_2_night.zone", 

]

Presenter
Presentation Notes
JSON snippet representing the region for a single tile




Point Clouds
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The first step in most of the Insomniac Games procedural workflows is to construct a point cloud from the zone data. Python scripts parse JSON from the .zone files and recurse through all the references. 




Point Clouds
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Load game data into a point cloud. 
Build a point cloud with all the attributes we ever need. Flatten transformations into world space





Geometry
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Incant the attributes “N”, “up” and “tangentu”. There is much instancing and aligning.
Packed geometry is memory efficient when the assets are built from repeated prefabricated instances. 







Geometry
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ID and Asset Path point attributes define a clear way to identify and address each unique asset







Geometry
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Bounding boxes sometimes come in handy. 






Prefabricated Instances

Assets are browsable through the 
Insomniac Vault. 
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A moment ago I mentioned prefabricated instances. Each prefabricated asset is a collection of models and/or other information such as lights and shaders, grouped together in a JSON file on disk, creating a single addressable asset entity. 



Prefabricated Instances

Assets are browsable through the 
Insomniac Vault. 
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Here’s is an example of a street light prefabricated asset. This is a streetlight that was procedurally placed into the open world of Marvel’s Spider Man. 



Procedural Placement
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Each prefabricated asset may be instanced multiple times. For Marvel’s Spider-Man, street lights were placed on a metric along sidewalks at a fixed distance back from the curb. 



Procedural Placement
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We can visualize the location of all the lights to help find underlit areas of the open world. Marvel’s Spider-Man supports night as a time of day so it’s important to make sure there are no unintentionally under-lit areas of the open world. 



Procedural Placement
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Doing some nearest neighbor computations we can detect underserved areas. In the future  we may addray casting calculations to reveal areas which are not receiving enough light as well.



Procedural Placement
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Doing some nearest neighbor and ray casting calculations reveals areas which are not receiving enough light.



Procedural Placement
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We can attempt to procedurally place light fixtures into these areas and/or log them for further inspection by the lighting team.  



Light Probes
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Light probes occur in the open world at a low spatial frequency but capture reflected objects at high fidelity in real time. They are procedurally placed in optimized positions for real time reflections based on heuristics described by the lighting team for optimal placement. 



Light Probes
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Marvel’s Spider-Man had four procedurally placed light probes per tile. Additional light probes are placed by the lighting artists where needed. The first step is dividing the tile into four cells, one for each light probe. 




Light Probes
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We create a point at the center of each cell. 




Light Probes
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We find where roads and intersections exist in each quad.




Light Probes
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Move the light probe points to the nearest major road intersection in it’s cell. 
If there is no major intersection, use a minor intersection. If there is no minor intersection use the centroid of the road segment. If there is no road, leave it alone.




Light Probes
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Check if any probes are inside of building volumes. If so, use the signed distance function of the volume to push the light probe outside the building. 

Finally, export the JSON containing light probe information for ingestion into the game engine. Repeat 726 times. 

As a procedural system, should the need and capability arise to support more light probes we can increase the number of tile subdivisions.




Light Probes
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"AssetType": "kEnvProbe",
"Id": "0x8f1010910470f1a0",
"LocalTransform":
{

"Position":
{
"X": -32,
"Z": -32

},
"Scale":
{
"X": 38,
"Y": 38,
"Z": 38

}
},
"Name": "envprobeROW1a",

"ProbeOffset":
{
"X": 0.000125885009765625,
"Y": 9,
"Z": -15.9998779296875

},
"ProxyDistNegX": 0,
"ProxyDistNegY": 0,
"ProxyDistNegZ": 0,
"ProxyDistPosX": 0,
"ProxyDistPosY": 0,
"ProxyDistPosZ": 0,
"TextureAsset": 

"levels\\I20_City\\openArea\\Open_
World\\Tile_L34\\envprobes\\0x8f101
0910470f1a0.texture",

"Type": "kRuntime",
"VolumeShape": "kCuboid"

Presenter
Presentation Notes
JSON snippet representing a single light probe. The probe is defined by a volume at a certain position within the tile, then the exact position of the light probe is defined as an offset from the centroid of that volume. 




Light Probes
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Here’s another example of a light probe in the open world of Marvel’s Spider-Man. 



Light Probes
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The image in the upper left corner shows each side the generated environment map for this light probe. 



Light Probes
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The image in the upper left corner shows each side the generated environment map for this light probe. 




Light Probes
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The image in the upper left corner shows each side the generated environment map for this light probe. 



Light Probes
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The image in the upper left corner shows each side the generated environment map for this light probe. 



Light Probes
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The image in the upper left corner shows each side the generated environment map for this light probe. 



Light Probes
Technical Info

• Each face of the cube map is 
rendered at 512x512 resolution

• We take advantage of MIP mapping to 
convolve the cube map down five 
levels

• Each MIP level represents an amount 
of glossiness

• Regardless of glossiness of the 
surface, the final result is quantized to 
one of the convolved MIPs
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Storing all of the light probe reflection maps proved bulky on disc so Tony Arcuillio on the core engineering team developed technology for generating the light probe captures in real time. Since only the currently streaming tile and it’s neighbors are available at full resolution we leveraged the game’s impostor system to create the content for the distant content in the reflection maps. 



IG-Impostors

Presenter
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IG-Impoostors informed a number of game systems including the real time light probes. IG-Impostors are 3D mesh models with projected textures. All buildings on the island of Manhattan in this screen capture are IG-Impostors. 

The IG-Impostor geometry and lowest MIP texture remain in global persistent memory and represent the lowest LOD in the game. The total geometry footprint for all of Manhattan is about 101 megabytes and the lowest MIP for the texture maps is about 90 megabytes. High quality polygons with reflective and emissive properties take up about another 30 megabytes. 




IG-Impostors
• Always maintain fidelity under all 

circumstances

• Eliminate far clipping plane draw-in

• Maintain geometric relief details of the 
source assets

• Support fully emissive and reflective 
surfaces 

• Transition as seamlessly as possible 
between high-res instanced geometry 
and the corresponding IG-Impostor.

• Inform other game systems using the 
persistent IG-Impostor cache
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The IG-Impostor geometry and lowest MIP texture remain in global persistent memory and represent the lowest LOD in the game. The total geometry footprint for all of Manhattan is about 101 megabytes and the lowest MIP for the texture maps is about 90 megabytes. High quality polygons with reflective and emissive properties take up about another 30 megabytes. 




High LOD Geometry
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This is from tile H21. The buildings name is H21_fancybrick_0x900cb798be9dc82d_mod.







High LOD Geometry
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This exploded view shows all of the model instances that make up the building. Buildings are constructed from model kits containing predefined assets such as windows, walls and doors. 







High LOD Geometry
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Since the prefabricated building assets are used over and over again within a building, there are actually a small number of unique models used per building. 







Geometry
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Here is the full resolution highest LOD of the building. 







Low LOD Geometry
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Here is the full resolution lowest LOD of the building. 





Low LOD Geometry
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In order to generate the IG-Impostor we identify groups of connected geometry which shares a primitive normal. 








Low LOD Geometry
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Iterate over each set of connected geometry which shares a common primitive normal.







Low LOD Geometry
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Remove shared edges from the polygons leaving an outline of the shape








Low LOD Geometry
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Remove shared edges from the polygons leaving an outline of the shape








Low LOD Geometry
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Remove shared edges from the polygons leaving an outline of the shape








Low LOD Geometry
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Triangulate the result








Occluded Geometry
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Remove occluded polygons








Occlusion Removal
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Remove occluded polygons








IG-Impostor Geometry – Final Optimize
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Remove occluded polygons








IG-Impostor Texture Capture
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Capture Impostor geometry and generate orthogonal texture atlas. 








IG-Impostor Texture Capture
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Atlas A RGB Albedo 








IG-Impostor Texture Capture
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Atlas B Spec, gloss and emission









Impostor Zone Atlas
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Impostor Zone Atlas
RGB Albedo stored at full size.
Spec, Gloss, Emission stored ½ size, represented at green in this image.
Note Avengers Tower on the bottom. 









Impostor Zone (9 tiles)
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Impostor Zone C17









Low LOD Impostor Zone (9 tiles)
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Impostor Zone C17









Light Grids
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Light grids are high special frequency low detail samples for diffuse light in the open world. Using the same geometry meshes as the IG-Impostors I could quickly load the contents of a tile and it’s neighbors in order to determine what content would affect the diffuse samples used for diffuse global illumination calculations. 




Light Grids
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The 128x128m tile is divided into 16m capture volumes. The cached data for each volume represents the 16x16x16m volume divided into 4096 samples at a one meter resolution. The data is similar to that captured by the real time light probes, but the resolution is much lower, so only suitable for diffuse lighting computations.



Light Grids
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Capture volumes for sampling and caching diffuse illumination were procedurally placed and optimized into each tile based on the tile contents and the contents of neighboring tiles. The number of vertical light grids generated depends on the height of the tallest building in the tile. 



Light Grids
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Presenter
Presentation Notes
Light grids are high special frequency low detail samples for diffuse light in the open world. 




Light Grids
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Testing the individual capture volumes against the assets in the tile’s .zone file allows us to remove capture volumes with no contribution.



Light Grids
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Presenter
Presentation Notes
Light grid capture volumes are also removed from the inside volumes of buildings. 

The final light grid capture volumes are written out as JSON and ingested into the Insomniac Engine where the samples are rendered into a cached file format for runtime usage. 

Light probes are real time while light grids are pre-cached and never regenerated at runtime. 



Light Grids
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The final light grid capture volumes are written out as JSON and ingested into the Insomniac Engine where the samples are rendered into a cached file format for runtime usage. 

Light probes are real time while light grids are pre-cached and never regenerated at runtime. 



Light Grids
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Light grid capture volumes are also removed from the inside volumes of buildings. 

The final light grid capture volumes are written out as JSON and ingested into the Insomniac Engine where the samples are rendered into a cached file format for runtime usage. 

Light probes are real time while light grids are pre-cached and never regenerated at runtime. 



Light Grids
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Light grid capture volumes are also removed from the inside volumes of buildings. 

The final light grid capture volumes are written out as JSON and ingested into the Insomniac Engine where the samples are rendered into a cached file format for runtime usage. 

Light probes are real time while light grids are pre-cached and never regenerated at runtime. 



Light Grids
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"AssetType": "kLightGrid",
"Id": "0x800c86068122161b",
"LocalTransform":
{

"Position":
{

"X": 24,
"Y": 24,
"Z": 1192

},
"Scale":
{

"X": 8,
"Y": 8,
"Z": 8

}

Presenter
Presentation Notes
JSON snippet representing a single light grid




Light Grids
Technical Info

• 4096 samples per capture volume

• Each sample generates a cube map  
at 256x256 pixels per face

• Each face of the cube map is 
convolved down to a single HDR color 
value representing the diffuse term 
and a directional vector

• Color value and direction data is 
highly compressible
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Thanks!
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