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Outline
ÅGoals & Technical Constraints

ÅHow Artists Create Flow Maps

ÅFlowing Normal Maps in Left 4 Dead 2

ÅFlowing Color Maps in Portal 2



Left 4 Dead 2







Goals
ÅVisual

ïSolve repeating texture artifacts

ïFlow around obstacles

ïVary water speed and bump strength

ÅTechnical

ïWork with existing reflective surfaces

ïMin hardware ps2.0b (6-year-old hardware) & Xbox 360

ÅDŀƳŜǇƭŀȅΧ



Gameplay
ÅEarly Left 4 Dead 2 playtestsshowed players were confused and 

got lost often in the swamps
ïSoft non-directional lighting

ïTrees provided too much cover

ÅMy theory was that water flow would improve gameplay by 
highlighting the correct path

ÅWe tested this theory through playtesting

Å In practice, we found testers took 17% fewer wrong turns and 

decreased the time it took to traverse the level!



Technical Constraints
ÅAlready at perf limits on the Xbox 360 & low-end PC

ÅAlready at memory limits on the Xbox 360

ÅOur water shaderhad limited instructions left for our 
low end hardware ps2.0b



Algorithm Overview
ÅPixel shader flow, not geometric flow

ÅContinue to use a normal map for water 
ripples

ÅArtists author a flow map (a texture 
containing 2D flow vectors)

ÅUse this flow map in a pixel shader to 
distort the normal map in the direction of 
flow



Flow Texture Mapped onto Surface

Covers entire water surface

Flow Texture



Normal Map Mapped onto Surface

Tiled over the water surface

Normal Map



Artists Author Flow Maps
ÅFlow map provides a unique 2D vector for every point on 

the water surface

ÅRelatively low resolution: ~4 texels/meter

ÅImpractical to paint directly

ÅWe use Houdini to create vector flow maps



Houdini ςImporting Level Geometry



Houdini ςά/ƻƳōƛƴƎέ ±ŜŎǘƻǊ CƛŜƭŘ



Houdini ςProcedural Masks



Houdini ςApplying Masks



Houdini ςWater Normal Maps

Normal Map



Left 4 Dead 2
ÅWanted to replace our scrolling normal maps with 

flowing normal maps

ÅKeep the rest of the water shader the same

ÅThis algorithm ultimately provides a new per-pixel 
normal generated from the normal map and flow map



Related Work
ÅNelson Max and Barry Becker 1995. Flow visualization 

using moving textures.In Proceedings of the 
ICASW/LaRCSymposium on Visualizing Time-Varying 
Data, 77ς87.

ÅBuilding on aspects of their algorithm and applying their 
approach to flowing normal maps



Flow Visualization
ÅInputs: flow field & noise texture

ÅDistort a noise texture to visualize a flow field

ÅThe UV is offset by the 2D flow vector scaled by time



Flow Visualization Textures

Flow Texture

Noise Texture



Flow Visualization Experiment

Flow Texture



aŀȄ ϧ .ŜŎƪŜǊΩǎ hōǎŜǊǾŀǘƛƻƴ
ÅThe beginning of the distortion looks convincing

ÅOnly distort a small amount

ÅIn general, distortion looks reasonable for the 
first 1/3 of uv space



Smoothly Interpolating Layers
ÅBlend the short animated segment in two layers

ÅEach layer is offset half a phase so we can hide the 
restart for each layer



Smoothly Repeating Flow

Flow Texture



A Great Start
ÅWe now have a method to flow a normal map

ÅWe want to apply this to a larger surface

ÅBut applying this to a large surface means tiling our 
ƴƻǊƳŀƭ ƳŀǇ ǿƘƛŎƘ ǿƛƭƭ ŎŀǳǎŜ ŀǊǘƛŦŀŎǘǎΧ



Portal 2 Test Map



Portal 2 Test Map (Programmer Art)



Flow Vectors on Water Surface

Flow Texture



Single Layer Normal Distortion

Flow Vectors



Double Layer Normal Distortion

Flow Vectors



Two Major Problems
ÅRepetition ςThe same normals will flow 

through the same point on the mesh

ÅPulsing ςThe surface appears to pulse in a 
repeating pattern



Repetition Visualization Single Layer

Flow Vectors

Normal Map



Double Layer

Flow Vectors

Normal Map



Double Layer With Offset

Flow Vectors

Normal Map



Repetition Solved by Offset

Flow Vectors



Pulsing Solved by Noise

Noise Texture



Pulsing Solved by Noise

Flow Vectors

Noise Texture



Water Speed Affects Normals
We scale down the strength of the normal in tangent space by the 

flow speed (Flow speed is the length of the 2D flow vector)



Performance
Compared to scrolling two normal maps:

ÅAdditional texture fetches: 2 - flow & noise

ÅAdditional arithmetic pixel shader instructions: 21



Water Flow in Portal 2
ÅWanted to also flow debris in dirty water

ÅNeeded to modify our algorithm to support flowing a 
color map



Debris Flow Example

Flow Vectors



Debris Flow Example

Flow Texture


