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Introduction 

 As an interdepartmental student research 
project we explored combining Aerial LiDAR data 
with terrestrial LiDAR data in order to form a 
realistic 3D model of a building. 

 The long-term goal was to develop a campus-
wide approach for use in mapping other buildings.  
The short-term goal was to develop proficiency in 
the software and methods. 

 ¢ƘŜ ǇǊƻƧŜŎǘΩǎ ŘŜǎƛƎƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǿŜǊŜ 
left in the hands of the students. 
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Overview 

The project is described using three categories 

ÅSources ς Input 

ÅSinks ς Output 

ÅStages ς Methods 

ωLiDAR 

ωImagery 

ωGNSS data 
Sources 

ωMethods 

ωApplication 
Stages 

ωModels 

ωViewers 
Sinks 
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Sources 

ÅData  

 State Governmental Organizations 

ïNCTCOG ς Aerial Imagery 

ïTNRIS ς Aerial LiDAR 

ÅHardware 

 Terrestrial LiDAR scanner and GNSS equipment 

ÅSoftware 

 Applications used to acquire source data 
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Sources - Data 

NCTCOG provided aerial imagery 
2009 6-inch georeferenced .tif  files 

State Plane Coordinate System 

 Texas North Central Zone / US Survey Feet 

NAD-83 (1986) Horizontal Datum 

TNRIS provided aerial LiDAR 

 2009 LAS v1.2 format / 1.0m accuracy hz (0.07m vt) 

UTM Coordinate System Zone 14 / Meters 

NAD-83 (1986) Horizontal / NAVD-88 Vertical Datum 
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Sources - Hardware 

1. Riegl z620i Scanner 

2. Nikon D300 Digital Camera with 20 mm Lens 

3. Trimble Geo6000XH GNSS Data Collector 

4. Topcon HiPer Lite+ GNSS Receivers 

5. TruPulse 360B Laser Rangefinder 

 

1 2 3 4 5 
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Sources - Software 

Å Riegl RiScan Pro 
ï In the field: 

ÅIdentify and finescan Tie Points 

ï In the office 
ÅMerge multiple scan occupations using Tie Points 
ÅApply coordinates to Tie Points for georeferencing 

Å Trimble Pathfinder Office 
ïVerify positional accuracy of 3D models 
ïTransform coordinates across NAD-83 realizations 

Å Topcon Tools 
ïVerify positional accuracy of 3D models 
ïCollect coordinates of reflector positions 

Å NGS Online Positioning User Service (OPUS) 
ïPost-process Topcon Base and Validation Point GNSS data 
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Sinks 

ÅDeliverables 

ïFormats for the models 

ÅWaveform objects (.obj) and material (.mtl) files 

ÅVRML (geo-VRML ?) files (.wrl) 

ïMethods to view the models 

ÅOpenSceneGraph (Waveform) 

ÅArcGIS ArcScene (VRML) 
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Steps 

ÅPlanning ς Tools, Data, Formats, Methods 

ÅAcquisition ς LiDAR points, Imagery, GPS Data 

ÅAssembly ς Combine Georeferenced Data 

ÅConversion ς From Point Cloud into Mesh 

ÅVisualization ς Review results 

ÅVerification ς Ground truth test sites 
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Planning 

ÅHave a feedback system that updates the plan 

ÅDevelopment of the plan (workflow) a goal 

ÅIssues to consider: 

ïCoordinate Systems and Linear Units 

ïHorizontal and Vertical Datums 

ïWhen to Mesh LiDAR and when to CAD 

ïRemaining Faithful to the Point Cloud 
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Planning Issue 

Coordinate Systems 

Choosing a Coordinate System and Linear Units 

 Aerial imagery is State Plane / US Feet 

 Aerial LiDAR is UTM / Meter 
  Meter is both the Horizontal and the Vertical UOM 

 Terrestrial LiDAR can be chosen freely 

 

 

UTM and meters will be used 
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Planning Issue 

Datums 

Horizontal and Vertical Datums need to match 

ÅNAD-27 vs. NAD-уо ǿŀǎ ōŀŘ ŜƴƻǳƎƘ Χ 

ÅFor precision NAD-83 Realization is critical 
NAD-уо όмфусΣ I!wbΣ /hw{фсΣ нлммΣ Χ ŜǘŎΦύ 

ÅNAVD-88 used for vertical orthometric heights 

ÅOPUS uses Geoid 2012A for this 

 

NAD-83 (1986) and NAVD-88 will be used 
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Planning Issue 

Datums (Cont.) 

Converting from NAD-83 (2011) using (CORS96) 

ÅActually converting NAD-83 (CORS96) into (1986) 

 

The new realization of NAD 83 involves no datum change, which means that, 
the origin, scale, and orientation of NAD 83 (2011) are identical to those of 
NAD 83(CORS96), and the same for the two other frames. 
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Planning Issue 

Mesh vs. CAD 

When to Mesh from LiDAR and when from CAD? 

ÅLiDAR meshing is best used on: 
ïIrregular geometries / Terrain features 

ÅCAD modeling is best used on: 
ïRegular geometries / Man-made features 

 

 

Models will be created from LiDAR meshes 
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Planning Issue 

Remaining Faithful to Data 

In processing, determine your approach 

ÅMesh and Deliver ς Minimal edits 

ÅInterpret ς Choose a few points and sculpt 

ÅMiddle Approach 

 

 

A middle approach will be used for processing 
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Acquisition  

ÅTerrestrial LiDAR acquisition entails: 

ïScan with attached coaxial camera 

Scanner 

Camera 
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Acquisition (Cont.) 

ÅTerrestrial LiDAR acquisition entails: 

ïAlign scans 

Reflector 

Panoramic Scan (360°) 
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Acquisition (Cont.) 

ÅGeoreferencing requires: 

ïGNSS coordinates for the reflectors 

ïTopcon GNSS receivers ŦƻǊ άƻƴ-the-Ŧƭȅέ ǎǳǊǾŜȅ 

ïSubmit ǘƘŜ ǎǳǊǾŜȅ Řŀǘŀ ǘƻ ht¦{ όŎƻƴǘƛƴǳŜŘ Χ ύ 
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Acquisition (Cont.) 


