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Washington DC – Building Height Study 
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Washington DC – Building Height Study 















General Land Use 

Zoning Regulations 

Economic Development 

Underground Visualization (Utilities) 

First Responders (Pre-Incident) 





























Challenges 3d was not easy 



Why Procedural Modeling? 

Supporting a Rules Based Generation of Alternatives 

Traditional 3D 

Esri 3D 

 

Number of Iterations 

C
o
s
ts

 

Procedural Modeling Saves Time and Costs 

Rule-Based Modeling 







From Start to Finish 

Creating a Smart 3D City Model 







3D City Model Data Requirements Imagery & LiDAR 

Digital Elevation 

Model (DEM) 

(Low Quality Terrain) 

Orthoimagery 

(Imagery to Drape on Terrain) 

LiDAR 

DSM  

DTM 

nDSM  

(Digital Terrain Model) 

(Digital Surface Model) 

(Normalized Digital 

Surface Model) 

Orthoimagery 

(Imagery to Drape on Terrain) 
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3D City Model Data Requirements Vector Data 

Building Footprint Data 
City Data 

County Data 

Consultant 

Vegetation Data 
City Data 

County Data 

Consultant 

Street Data 
Open StreetMap 

Esri Data Maps 

Department of Transportation 

City Data 

  Parcel Data 
City Data 

County Data 

Consultant 

Zoning/Land Use  Data 
City Data 

County Data 

Consultant 

Building Footprint Data 
City Data 

County Data 

Consultant 

Vegetation Data 
City Data 

County Data 

Consultant 

LandCover Data 
City Data 

County Data 

Consultant 



What if I don’t have Data? Creating Data 

Error: No Data Available! 



What if I don’t have Data? Creating Data 

Building Footprint Data 

Vegetation Data 

LandCover Data 

NOAA Aerial Imagery 

GeoEye Satellite Digital Globe Corporation 

DTM 
(Digital Terrain Model) 

Terrain for 3D Model 

 

DSM  
(Digital Surface Model) 

Height Information For 2D Geometries 

Orthoimagery 
(Imagery) 

Imagery to drape onto Terrain 

 



PCI Geomatics Creating Ortho, DEM, & DSM from 

Aerial & Satellite Imagery 



PCI Geomatics Creating Ortho, DTM, & DSM from 

Aerial & Satellite Imagery 

Aerial Imagery 

Satellite with Stereo Pair 



PCI Geomatics Creating Ortho, DTM, & DSM from 

Aerial & Satellite Imagery 

Normalized Digital Surface Model (nDSM)  
For determining heights of Buildings & Vegetation 

Digital Elevation Model (DEM)  
Used as the 3D Model Terrain. 

Digital Surface Model (DSM)  
Surface Height above Sea Level 

Ortho-Mosaic 
Ortho Imagery for draping on terrain 



Overlapping Stereo Imagery (15 cms) 
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DSM Results (45 cms from 

Aerial)  
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DSM Results (1 m from Satellite) 



Overwatch Extracting Features from Imagery 



Overwatch Extracting Features from Imagery 



Esri Adding Height Data to Features 

Join Data 
Run Summary  

Statistics 
Add Surface 

Information 

Create Random  

Points 

Vegetation  

Point Data 

2.5m Buffer 

Building 

Footprint 

NDSM  

Process for adding height information to building footprints & vegetation 

Adding Height Data to Features 



Esri Adding Height Data to Features 





Esri Extracting Features from LiDAR 



Esri Extracting Features from LiDAR 

(Terrain, Digital Surface Model) 

In the Esri .las format 

Extracting Terrain & Surface Models from LiDAR 

Select “All Returns” for Surface Point Data 

Select Ground Returns for Ground Point Data 



Esri Extracting Features from LiDAR 

(Terrain, Digital Surface Model) 

In the Esri .las format 

Extracting Terrain & Surface Models from LiDAR 

Normalized Digital Surface Model (nDSM)  

For determining heights of Buildings & Vegetation 

Digital Terrain Model (DTM)  

Used as the 3D Model Terrain. 

Digital Surface Model (DSM)  
Surface Height above Sea Level 



LiDAR Analyst Overwatch 

Rule 

Packages LiDAR 

ArcGIS Desktop & Overwatch LiDAR Analyst 

Process of extracting building footprints and Vegetation Data directly from LiDAR 

Extracting Features with LiDAR Analyst 



Overwatch From LiDAR to 3D  



LiDAR Analyst Overwatch 
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LIDAR ANALYST 

LiDAR Analyst Overwatch 

Process of extracting building footprints and Vegetation Data directly from LiDAR 

Extracting Features with LiDAR Analyst 

Building Footprints with Height 
Extract Building Footprints with Height Data 

Vegetation Data 
Extract Vegetation Point and Height Data 

LIDAR ANALYST 

Bare Earth Raster 
Digital Elevation Model 





  

Esri Recommended Data Formats 

  

DEM or DTM 

(Elevation Model) 

Orthoimagery 

(Imagery to Drape on Terrain) 



• Enterprise Data Model for 3D 

• CityEngine Rules Align to Attributes 



Esri 3D City Information Model 



Esri 3D City Information Model (3DCIM) 

Tools to transfer your data into the 3DCIM Schema 

3D City Information Model 





P r e m i u m  c o n t e n t  p r e v i e w  s e r v i c e  

3D content and 3D basemaps preview 

3D Basemaps  









3D City Levels of Detail 

Definition: 3D Extrusion 
3D Extrusion with Roof 

Form or Building Shell 

High Detail 3D Building 

Models 

Interior Spaces and 

Floors 

Data Required: 

Building Footprints 

# of Stories 

or Total Height 

& or Usage 

# of Stories 

or Total Height 

or Usage 

& if available Roof Height 

3D Building Shell with 

Fine details (Textured or 

Untextured) 

3D Building Shell 

Interior Spaces (CAD or 

BIM) 

 

Streets Street Centerlines 
Street Centerlines with 

Width attributed 
Detailed Streets (CAD) 

Street Furniture, Stop 

Lights, Signage, 

Infrastructure lines 

(GIS/CAD) 

Esri’s 3D Solutions for 3D Cities 

Level of Detail 2 3 4 1 

3D City: Levels of Detail 



Next Steps Smart 3D City 

3D City Modeling Process & Options 

Initial 3D City 

Model 

Do It Yourself 

Contract Work Out 

3D City 

Maintenance 

Do It Yourself 

Contract Work Out 

Data 

Assessment 

Use Existing Data 

Acquire Data 

  

  



Esri’s 3D Solutions for 3D Cities 

3D Jump Start 3D City Development 

Esri Models the City for You In Person 3D City Training 

Professional Service Offerings 



3D Initiative Partners for 3D Cities 



Thank You 3D Cities 

Learn more here: 

Create Your 3D City Today 

Esri CityEngine 30 Day Free Trial 

www.esri.com/cityengine 
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