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Learning Objectives 

 Learn how to capture, process, analyze, and visualize data captured from UAV and terrestrial 
remote-sensing systems 

 Learn how to use Recap 360, Memento, AutoCAD Civil 3D, and InfraWorks for data processing, 
analysis, and visualization 

 Discover current UAV and terrestrial remote-sensing technologies by examining 3 separate 
studies and the accuracy results 

 Discover where we are today and how this technology is shaping the future of reality capture 

Description 
New studies indicate photos taken both on the ground and using unmanned aerial vehicles (UAV) can be used to 
create accurate 3D models for volume calculation and visualization. This presentation will review the current UAV 
and terrestrial photographic and laser scanning technology being utilized for remote sensing, and demonstrate 
how ReCap 360 software processes and analyzes photography, traditional LiDAR (light detection and ranging), and 
laser scanning technology outputs. Resulting data sets are used in AutoCAD Civil 3D software to create surfaces 
and are analyzed in 3D for volume calculations, site, and building engineering drawing creation. They are then 
processed in Memento and brought into InfraWorks software to visualize the 3D mesh in real-world context. This 
class will review 3 studies comparing the accuracy of photographic differential parallax and traditional laser 
scanning captured by fixed wing UAV, quadcopters, and terrestrial laser scanning and survey equipment.  

Your AU Experts 

Richard has 20 years of experience in Survey, CAD and GIS systems. He has degree in Geography and has 
worked as a Systems Manager for the City of Vancouver Engineering Department and as a GIS Analyst 
with the British Columbia Provincial Government.  While working with Cansel, Richard has implemented 
numerous Survey, CAD and GIS systems with a wide variety of clients and specializes in business systems 
analysis, strategic planning and managing large IT systems projects for civil infrastructure.  Richard also 
focuses on implementation, training and custom programming for Civil 3D, Map 3D, Infrastructure Map 
Server, Infraworks and Vault.  Richard has published papers and presented at GITA, GeoTec, URISA and 
Autodesk University. 

richard.johnson@cansel.ca Cansel 

  

mailto:richard.johnson@cansel.ca
http://www.cansel.ca/
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Introduction

Discover where we are today and how this technology is shaping the future of reality capture.   

A culmination of enabling technology opens access to remote sensing technology where it had been 
technology and cost prohibitive to capture, process and render remote sensed imagery.  From the 
hardware used to gather this information to the computing power required to process, analyze, refine 
and render this data, these technologies have accelerated rapidly together to bring this incredible 
technology to our backyard.  Additionally, many organizations and companies across the globe are 
increasing their funding for research and application of this technology creating new opportunities that 
did not exist before. 

 
FIGURE 1: COSTS DECREASING DRAMATICALLY 

 

FIGURE 2: UAS OPTIONS 
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 Self-stabilization using GPS, Compass, Accelerometer 

 Cloud Computing to process results 

 Rendering and global modeling technology 

UAS Type Selection Considerations 

 Length of Flight (25 minutes vs. 50) 

 Area of flight (~250m2 vs 15km2) 

 Altitude of flight (400 feet vs. 2100 feet) 

 Ground Station and Flight Pattern 

 Frequency of flights (daily, monthly, annually) 

 Required output (IR, Thermal, DEM, Photo) 

 Weight and Dimensions of Sensing Equipment 

 Accuracy – Resolution Requirements 

 Weather (10km winds vs. 60km) 

 Cold/Heat 

 Precipitation 
 

 

Legal and Permits  

Recreational 
UAS operation is considered recreational when you fly within the statutory parameters of model 
aircraft operation: 

http://www.faa.gov/uas/media/Sec_331_336_UAS.pdf 

Important Recreational Safety Guidelines: 

Fly below 400 feet and remain clear of surrounding obstacles 

Keep the aircraft within visual line of sight at all times 

Remain well clear of and do not interfere with manned aircraft operations 

Don't fly within 5 miles of an airport unless you contact the airport and control tower before 
flying 

Don't fly near people or stadiums 

Don't fly an aircraft that weighs more than 55 lbs 

Don't be careless or reckless with your unmanned aircraft – you could be fined for endangering 
people or other aircraft 

 

Commercial 
UAS operation is considered commercial when used for compensation. 

http://www.faa.gov/uas/media/Sec_331_336_UAS.pdf
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Federal Aviation Authority Section 333 of the FAA Modernization and Reform Act of 2012 
(FMRA) 

Certificate of Waiver or Authorization (COA) 

http://www.faa.gov/uas/legislative_programs/section_333/ 

 

Workflow 
Learn how to use Recap 360, Memento, AutoCAD Civil 3D, and InfraWorks for data processing, analysis, 
and visualization. 

Software processing workflow changes depending upon the application.  The diagram below depicts 
possible photo to 3D software workflows.  Consider the resolution and accuracy required prior to 
choosing which workflow works best for you. 

 

Point Cloud
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FIGURE 3: PHOTO TO 3D WORKFLOW 

 

 

FIGURE 4: PHOTO CAPTURE 

http://www.faa.gov/uas/legislative_programs/section_333/
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The Basics of a Photo to 3D Process 
The photogrammetry process looks at series of photos and reconstructs the camera location, 
orientation, lens type and lens distortion. It does that by comparing and matching pixels/points across 
photos in the Entire Scene and match/ triangulate on visual features. Here are some helpful guidelines:  

  

ENVIRONMENT (Lighting conditions)  

You should avoid any environment in which the light creates strong contrast shadows over the object 
you shoot. Shadows are enemy to the reconstruction process.  

•Do not use the flash.  

•Avoid shooting at midday under strong sun. Best times are early in the morning or later in the 
afternoon  

EQUIPMENT  

•You can get good results with any camera. However, plastic lenses only go so far in terms of sharpness. 
If you are serious about this process a good lens makes a difference.  

•Try to shoot the photos with a fixed lens. Fixed lens have no focal change which is good for the 
photogrammetry process. A 50mm lens is good.  

•Stabilize the image – take photos from a constant height and distance.   

SHOOTING STRATEGIES – SCENE SET UP  

•Make sure that he object you shoot is always in the middle of the photo and fills most of the frame   

•Use rich background. If you shoot a single object, avoid placing them on a monochromatic surface. If 
the surface is monochromatic, add many other smaller objects around the target object. The algorithms 
need as many different references in the space to do better calculation.  

• Avoid green photographers screens (ChromaKey). Photogrammetry doesn’t do well with them.  

•Don’t move objects around during the shoot and don’t have people walk around. Movements in the 
photos create uncertainty in the reconstruction.  

•Shoot all around the object to cover each aspect of it with multiple overlapping photos. Shooting each 
5‐15 degrees on the same height of the object is a good practice. If you want to have a good level of 
detail, you should shoot at 2‐3 different heights of the object, ending up with 70‐100 photos for a small 
to medium object and 180‐200 photos for a building.  

•Take enough photos. It is not enough to have many photos, but they must also have a good overlap 
between them. If the overlap is too small or non‐existent, the software might not take an entire cluster 
of photos in account for the reconstruction, and the reconstruction will be inferior to its potential.  

•When shooting Exteriors, again, avoid standing in one spot and shooting ‘panorama like’ spherical 
photos but move along the façade with the camera. 

•Do not use ‘fish eye’ lens that distort closer to the edge of the image. 

•Don’t have people walking cross the scene while the photos are taken. Anything that makes a 
movement in the scene makes it hard for the algorithm to compare pixels between the photos  
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PHOTO QUALITY  

•The photos must be in focus SHARP and CRISP throughout the entire scene (not just the object of 
desire) as we compare pixels from the entire photo. If you happen to have few blurry photos among the 
entire set, remove them before making the reconstruction.  

•Avoid blurriness in any part of the photos (ah, that beloved Depth of field effect). That will not work 
very well for photogrammetry. Do not assume that all is well if the object you try to shoot is sharp. We 
calculate the entire scene, not just the target object and any blurriness will confuse the algorithm.  

•Do not change the zoom if you don’t have a fixed lens. Rather move towards and away from the object.  

•Do not change exposure during the same acquisition.   

•Set ISO to 100, it works on pretty much any reconstruction. Or simply keep the ISO low. High iso brings 
noise which should be avoided.  

•The ReCap Photo service currently accepts JPEG format only. However, if you shoot in RAW, you will 
have the ability to do some changes in the RAW images that WILL affect the quality of the 3D model. 
You can always re‐export JPEG’s from the Raw images using photo editing software such as Adobe 
Photoshop or Bridge.  

 

 

Accuracy Comparison - 3 Separate Studies

Discover current UAV and terrestrial remote-sensing technologies by examining 3 separate studies and 
the accuracy results. 
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Cansel Study #1 – Gravel Pile 

 

Equipment and Data Collection Method:  
1. Conventional Ground Based Laser Scan (Faro)  
2. Drone (UX5 Fixed Wing) Aerial Photography 

Analysis Method: 
1. Conventional Ground Based Laser Scan (Faro) .pts file processed ReCAP to create 

indexed 3D Point Cloud, brought into Civil 3D, created surface, measured volume. 
2. Drone (UX5 Fixed Wing) Aerial Photography 3D Point Cloud Generated in ReCAP 360 

exported to RCS, brought into Civil 3D, created surface measured volume. 

Results: 
ReCAP Photo Surface – 706 cubic meters 

Laser Scan Surface – 690 cubic meters 

Difference – 16 cubic meters or +/- 2.3% 
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Cansel Study #2 – Landfill Building 

 

Equipment and Data Collection Method:  
1. Drone (UX5 Fixed Wing) Aerial Photography, 10MP Camera 
2. LiDAR 

Analysis Method: 
1. LiDAR .xyz file processed using ReCAP to create indexed 3D Point Cloud, brought 

into Civil 3D, created surface, measured volume. 
2. Drone (UX5 Fixed Wing) Aerial Photography 3D Point Cloud Generated in ReCAP 360 

exported to RCS, brought into Civil 3D, created surface and measured volume. 

Results: 
ReCAP Photo Surface – 8679.79 cubic meters 

LiDAR Surface – 8910.16 cubic meters 

Difference – 230.37 cubic meters or +/- 2.6% 
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Independent Study #3 – Operation Ground Truth 

 

Equipment and Data Collection Method:  
1. Total Station 
2. LiDAR 
3. UAS Hexicopter with Digital SLR Camera 

Analysis Method: 
 

1. Total Station Data imported into Civil 3D. Establish control points. 
2. LiDAR point cloud brought into Civil 3D, created surface, measured volume. 
3. UAS Hexicopter photos uploaded to 3D Point Cloud Generated in ReCAP 360, 

brought into Civil 3D, created surface measured volume. 

Results: 
Accuracies Obtained prior to Point Adjustments (900’) 

Aerial – average .09’ error (2.7cm) 

Mobile LiDAR – average .05’ error 

 

Accuracies Obtained after Point Adjustments (900’) 

Aerial – average .06’ error (1.8cm) 

Mobile LiDAR – average .03’ error 

 

Volume comparisons – LiDAR versus Imagery 
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Aerial – 131 cubic yards 

Mobile – 135 cubic yards 

Difference – 4 cubic yards or +/- 3% 

 

Visualization 

Learn how to capture, process, analyze, and visualize data captured from UAV and terrestrial remote-
sensing systems. 

Photos  

Photos  

FIGURE 5: PHOTO TO 3D VISUALIZATION WORKFLOWS 

 

 

Cansel Study  – Rugby Club 

Equipment and Data Collection Method:  
1. DJI Phantom 2 Quadcopter with GoPro Hero 3+ Silver Edition 

Visualization Method: 
 

1. Process photos using ReCAP 360.  Select .OBJ as one of the formats.  Use the 
Ultra setting.  This costs 5 cloud credits. 
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2. Download .OBJ 3D model 

 

 

 

3. Refine in Memento 
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Surface tools allow the interactive push and pull of photo surfaces. 
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Export the 3D model to .OBJ 
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4. In InfraWorks, optionally create a graded land area to place the 3D model on. 

 

5. Add 3D Model Datasource in InfraWorks and configure. 

                     



The New Age of Backyard Remote Sensing and 3D Visualization 

 
 15 

 

 

Wait for the preview display.  This can take some time. 

Choose the 3D Model tab first and choose Model Handling: Direct Display.  You may have to Flip Y and Z. 
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Type is Buildings.  Choose Interactive Placing.  You may have to change the Z value. 
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You can view the model and any surrounding landscape captured in InfraWorks! 

 

 

 

 

 

 

 

 

 

 


