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Introduction
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• CPP Civil Engineering, Geospatial Engineering 

option recognize the need to integrate Digital Twin 

in the curriculum.

• We are developing new modules that integrate digital 

twin technology with GNSS, Photogrammetry, LiDAR 

and other technology, fostering Civil engineering 

students through hands-on experience. 

• Civil engineering students create virtual replicas and 

explore possibilities via simulation. 

• Digital twin technology allows seamless integration of 

diverse data sources for comprehensive visualization, 

enabling more informed decision-making and asset 

management. 
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Goal
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• Create modules for future Digital Twin course in 

CPP CE Geospatial Option, prepare students with 

current tools and technology for their 

professions. 
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Background
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• Building Information Modeling for CPP Engineering Lab 

building from 2022-23 Senior Project (see QR Code)

• UAV Photogrammetry

• UAV and Terrestrial LiDAR

• Fast Static GNSS for control network

• Total Station for quality control and check

• LiDAR data collected for CPP Structural Engineering Lab

• One of many labs inside the building

• Concept validation from data collection and processing to 
Digital Twin

• Create course modules to integrate all geospatial technology 
and address future demands.
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Software
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• Trimble RealWorks 

• Point-Cloud processing 

• Autodesk Revit 

• BIM modeling and asset creation

• Autodesk Tandem 

• Cloud-based digital twin management 

• Unity

• VR Simulation and development 

• Unification via Autodesk Platform Services 
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Stage 1: 
Point-Cloud with Trimble RealWorks 2024

• Software for processing and cleaning raw 

point-cloud data of a real-life asset 

• Eliminate unwanted noise and align scans

• 1:1 building accuracy   

• Export a clean scan in a usable file format for 

further processing 

• .las/.e57 → .rcp Point-cloud file of CPP 

Engineering Lab 
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Stage 2: 
Modeling in Autodesk Revit

• Import cleaned point-cloud model 

• Trace and extrude walls + entrances and assign 

materials 

• Populate model with infrastructure and  devices

Prioritized HVAC and electrical systems 

• Result: A clean .fbx model that can be utilized 

in Unity and other services 
Revit file ready for export as 

.fbx
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Stage 3: 
Autodesk Tandem - Digital Twin  

• Cloud-based digital twin platform for BIM 

• Model built with Revit can be imported to 

Autodesk Tandem 

• Enables metadata integration, assignable data 

streams and systems for each IoT device

• Acts as a hub/visual for IoT data
3D view of digital twin,

tandem.autodesk.com
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Middleware 
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• Autodesk provides open-sourced APIs 

for custom applications for specific tasks 

• Authenticate via an Oauth2.0 API 

request 

• Tandem Data API enables IoT data 

querying via HTTP request
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Stage 4:
AR/VR with Unity 
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• Revit model imported to Unity for 

VR development and user 

experience 

• IoT devices are populated with 

sample data for concept validation

• User mechanics and data parsing 

programmed in C# 

• Unity’s OpenXR plugin enables 

compatibility with Meta Quest 2 
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Stage 4: 
AR/VR with Unity 
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• Sample data is fed to objects in 

the scene marked as IoT devices

• User may highlight IoT assets 

and view relevant data

• Enables easy exploration and 

visualization of digital devices 

Engineering Lab:  

actual vs model 



13

Demo 
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• https://youtube.com/shorts/ezCihlXEC

uA?feature=share
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Challenges & 
Future 

Development 
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• Autodesk Tandem is a new and evolving 

tool

• Data transfer works in a local test 

environment, but data flow from IoT 

devices to Unity on open networks 

remains unexplored 

• Future developments could seek to 

streamline scalability and data security
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Thank You!
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• Learning Outcomes

• Set up Global Navigation Satellite System (GNSS) 
static, fast-static Real Time Kinematic (RTK)and Real 
Time Network (RTN) surveys equipment.

• Conduct GNSS pre-survey planning and 
reconnaissance.

• Analyze post-processed data.

• Complete team/individual written report.

Satellite Surveying in 
Engineer Lab CE 4341L
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• Field Exercises
• GNSS survey planning

• Field data collection
• Fast Static

• RTK

• RTN

• Postprocessing

• Report writing

• Reading assignments

• Online Course
• National Geodetic Survey 

• GNSS Positioning: Survey Planning and Data Acquisition

Satellite Surveying in 
Engineer Lab CE 4341L
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Field Exercises

• Lab safety
• CSU Safety Training 

• Pre-survey planning and reconnaissance 

Dilution of Precession Plot for Static Field Day 4/17/2025 
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• Bi-weekly field exercises
• Fast–static and processing (Group report)

• Including points with dense tree canopies and buildings. 
Students report on accuracy comparing points with open 
sky.

• Compare results between TBC and OPUS-RS.

• RTK (Group report)
• Compare results with fast-static.

• RTN (Group report)
• Compare results with RTK and fast-static

• Final Project (Individual report)
• New location with 10-20 points, repeat fast-static, RTK 

and RTN. 

Field Exercises
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• Typical questions from students:
• How to use TBC network adjustment and pass chi-

square test.

• Understanding ellipsoidal vs orthometric heights, 
resulting in +/- 30 m elevation locally

• Understanding the difference between       
TBC vs OPUS-RS.

• Understanding data quality degrades with buildings and 
tree canopies surrounding. 

• Differences between Static vs RTK vs RTN.

• Writing technical reports. 

Field Exercises
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• Best case scenario:
• Understand pros and cons for each GNSS 

method. 

• Able to use OPUS-S or OPUS-RS and 
comparable desktop post-processing 
software for GNSS network adjustment. 

Field Exercises
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