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ƀ Since 2002 in Bordeaux, France

ƀ ~250 people

ƀ 2019: A Plague Tale : Innocence

ƀ 2020: Microsoft Flight Simulator

Who are we?





Agenda

ƀ Introduction

ƀ Terrain system architecture

ƀ Flexibility

ƀ Scalability



Problem statement

ƀ Build the best possible 3D representation of the Earth

ƀ Take off and land to and from every place on Earth
ƀWith a particular emphasis on airports and airfields

ƀ Match the real world as much as possible



Available resources

ƀ Bing Maps data

ƀ OpenStreetMap data, other datasets

ƀ Microsoft Azure
ƀ Compute
ƀ Storage
ƀ Streaming

ƀ Original Flight Simulator X code and assets
ƀ Airports rendering code

ƀ Artists



Data types

TIN:

ƀ Triangulated

Irregular Network

ƀ Issues from

photogrammetry



Data types

DEM:

ƀDigital Elevation Map

ƀGround height estimate



Data types

Aerial images:

ƀPhotos taken from

satellites or aircraft



Data types

Vector data:

ƀ Points, lines, polygons

ƀ Used to represent:

ƀ Water bodies

ƀ Roads

ƀ Building footprints

ƀ Individual trees



Challenge #1: the world is big

ƀ 510.1 millions km²

ƀ 2+ million cities

ƀ 1.5+ billion buildings

ƀ 2+ petabytes of aerial images

ƀ ~37,000 airports



Challenge #1: the world is big

ƀ Limited manual edition

ƀ Semi-procedural systems

ƀ Lots of storage needed

ƀ Streaming!



Challenge #2: data quality
ƀ Varying levels of quality
ƀ Aerials and DEM precision
ƀ Photogrammetry only available in a limited 

number of locations

ƀ Data issues
ƀ Baked-in clouds and shadows
ƀ Missing data
ƀ Inconsistency
ƀ Photos taken at different times of 
day/seasons/years, using different camerasé

ƀ Limited control over input data quality



Challenge #3: building a platform

ƀ Support add-ons:
ƀ From professional add-on developers
ƀ From hobbyists/community
ƀUGC ᵼNo control over artistic authoring

ƀ All kinds of add-ons:
ƀAirports & airfields
ƀPoints of Interest (PoI)
ƀDEM
ƀTraffic enhancement, trees tweaks, boatsé



Challenge #4: the world is evolving

ƀ Regular Bing Maps updates
ƀShould not break existing/published add-ons!

ƀ Live game
ƀñWorld Updatesò

ƀ Seasons, tides, climate change, cities evolution, 

tectonic platesé



Problem statement: v2
A) Make a terrain system that is flexible:
ƀ Accepts different sources of data
ƀ Can be easily modified outside of the main dev team
ƀ Tolerates data updates
ƀ Tolerates wrong, bad quality and/or inconsistent data

B) Make a terrain system that scales:
ƀ Handles lots of data
ƀ Displayed from any altitude
ƀ Scale with hardware: performance and memory
ƀ Scale with available Internet bandwidth



Terrain system architecture



Data layout

ƀ Quadtree

ƀ Mercator projection
ƀ Stretches at the poles

ƀ Not ideal but the vast 
majority of available 
data uses it

ƀ LoD = number of 
subdivision steps

Bing Maps tiles system [1]



Compute 
augmentation data

Streaming!

ÅAerials
ÅDEM
Å TIN Å Trees masks

ÅRoads
ÅBuildings footprints
ÅWater data
Åé



Requesting and drawing tiles

ƀ RecurseRequest ()
ƀRecursively request tiles in view frustum
ƀ If not precise enough, increase requested LoD

ƀRequested LoD depends on:
ƀ Estimated tile screen size
ƀ Estimated available network bandwidth

ƀMaintain tiles around the camera in memory

ƀ RecurseDraw()
ƀDraw tiles using the best currently available data
ƀ Tiles can use data from a parent (e.g. aerial texture)



Cutting tiles

ƀ No guarantee for when a tile becomes available ᵼ
need to be able to do arbitrary cuts



LoD 20LoD 20

LoD 19

Cutting tiles

LoD 19



Cutting tiles
ƀ Up to 2x2 granularity:
ƀ DEM tiles:
ƀ Choose appropriate pre-computed index buffer 

among global list of 15 index buffers

ƀ TIN tiles:
ƀ Generate additional vertices and index buffers
ƀ Choose appropriate pre-computed index buffer

ƀ General case:
ƀ CPU-generated ñtile maskò textures
ƀ Pixel shader:

if(mask is black)
discard;

ƀ Works but expensive
4x4 tile mask texture 

example

LoD 20

LoD 19

LoD
21



Cutting tiles

ƀ TIN tile example



ƀ Used to hide cracks

ƀ Doesnôt always work with tiles 

cutting
ƀ 2x2 case: generate skirts for sub-tiles

ƀ General case: pixel shader discard

ᵼno skirts!

ƀ Skirt size depends on slope to 

reduce fill-rate

Tile skirts



A) Make a terrain system that is 

flexible



Anatomy of a tile

DEM

TIN

BingAerialTex

VectorData

VegetationMask

WaterMask

é

ñMarkersò = pieces of data

Tile



Anatomy of a marker
ƀ Each marker is a state machine:
ƀ Marker state:

REQUESTED,  PROCESSING,  AVAILABLE, FAILED

ƀ Marker internal state (while PROCESSING): e.g:

ƀ Possible values depend on marker type (DEM, WaterMask, etc)

ƀ Example: INIT ,   DRAW_TO_GPU,   COPY_TO_CPU,   MERGING,   DONE

ƀ At the end of a step, the marker decides on its next step:
ƀ New CPU task (async or main thread)

ƀ Issue GPU draw calls

ƀ Issue a new HTTPS request

ƀ Set state to AVAILABLEor FAILED



Markers dependencies

ƀ Markers can depend on other markers

ƀ Markers request their dependencies

ƀ Reloading system needed for:

ƀ In-game edition of the terrain

ƀ Reacting to new incoming data (airports)

DemMesh v1 DEM v1Tile DEM v1DEMDemMesh



Markers reloading

Steps:

DemMesh v1 DEM v1Tile
v1



Markers reloading

Steps:

1) Mark a marker as dirty

DemMesh v1 DEM v1Tile
v1

DEM v1



Markers reloading

Steps:

1) Mark a marker as dirty

2) Generate reloading marker (new version)

DemMesh v1 DEM v1Tile

DEM v2

v1
DEM v1



Markers reloading

Steps:

1) Mark a marker as dirty

2) Generate reloading marker (new version)

3) Process reloading marker until it is AVAILABLE

DemMesh v1 DEM v1Tile

DEM v2

v1
DEM v1



Markers reloading

Steps:

1) Mark a marker as dirty

2) Generate reloading marker (new version)

3) Process reloading marker until it is AVAILABLE

4) Swap its data and data version with the real marker and delete the reloading marker

DemMesh v1 DEM v1Tile

DEM v2

v1
DEM v1DEM v2

DEM v1



Markers reloading

Steps:

1) Mark a marker as dirty

2) Generate reloading marker (new version)

3) Process reloading marker until it is AVAILABLE

4) Swap its data and data version with the real marker and delete the reloading marker

5) Trigger reloading for markers who expected a different data version in their

dependencies

DemMesh v1 DEM v1Tile

DEM v2

v1
DEM v1DEM v2DemMesh v1

DemMesh v2 DEM v1



ñAn area can be either one of

TIN or DEM+aerials.ò

Markers in practice

DEM+aerials area TIN area



Markers in practice

DemMesh

TIN or 
DEM?Tile

TinMeshTex

BingAerialTex

DEM



Markers in practice

ñTerrain should feature a water effect in 

appropriate areas.ò



Markers in practice

DemMesh DEM

TIN or 
DEM?Tile

TinMeshTex

BingAerialTex

WaterMask



Markers in practice

ñI want to replace specific TIN buildings 

with bespoke meshesò

ñBTW, water should be flat, obviously.ò



Markers in practice

DemMesh DEM

TIN or 
DEM?Tile

TinMeshTex

BingAerialTex

WaterMask



Markers in practice

ñTrees!ò



Markers in practice

VegetationMesh VegetationMask

DemMesh DEM

TIN or 
DEM?Tile

TinMeshTex

BingAerialTex

WaterMask



Markers in practice

ñWe need palm trees in the Bahamasò


