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Learning Objectives
•
•
•
•

Discover different use objectives for point clouds and photogrammetry
Learn how to gather data for a SUE model
Learn how to use cameras to gather data for photogrammetry
Learn how to use laser scanners and structured light scanners

Description
There are more than 20 million miles of underground plant in America. That's more than one
football field in length for every person in the United States—and more are being put in every
year. It is critical that engineers and designers have the best data available. Traditionally this
has come from field visits, photographs, and survey points. As the cost of the technology
decreases and the accuracy increases, we are able to provide designers with highly accurate,
reality-based 3D models to work in. Accurate preconstruction data can reduce subsurface costs
by almost 5 times! We will discuss using reality capture to provide point clouds,
photogrammetric mesh models, panoramic photos, underground locates, and 360-degree
photos to facilitate design. We will discuss the differences between the different methods under
the circumstances in which we use them. Finally, we will discuss using them to generate line
work and terrain models for use in AutoCAD Utility Design software. Also see: Designing
Reality, Incorporating Point Clouds into AutoCAD Utility Design. This session features ReCap
360 and AutoCAD Utility Design.

Your AU Expert(s)
Forrest Roy has been working in the utility industry for over 15 years. He is
currently the lead underground cable locator for Anchorage Municipal Light
and Power (AMLP). In this role, he is responsible for managing the excavation
damage-prevention program for the entire utility. In 2014, using ReCap
software, he helped develop the 3D modeling program that has enabled AMLP
to begin modeling their underground vaults and infrastructure. Forrest Roy and
Everett Clary of AMLP submitted and won the Excellence in Infrastructure award during
Autodesk University 2014. Forrest is currently involved in using new technologies and
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techniques to create 3D models and point clouds in ReCap software, Remake (formerly
Memento), and Infraworks. He is leading the charge for more reality-capture technology to bring
realism and substance to current 2D drawings, including laser scanning, structured light,
photogrammetry, 360 photography and providing a true mobile solution for field crews.
Aaron Mason is Lead Drafter and CPR engineer at Anchorage Municipal Light &
Power (AMLP) with over 15 years’ experience in civil/utility construction, including
surveying, inspection, drafting, reality capture and geographic information system
(GIS). Through over 10 years of drafting experience, Aaron has developed drafting
standards, workflows, and configuration requirements for how AutoCAD software
works throughout the company’s Engineering department. He is currently working
on innovating new ways to incorporate reality capture using different methods into
AutoCAD Utility Design software, including point clouds from photogrammetry (tripod and drone
mounted cameras), ground-penetrating radar, handheld laser scanners, tripod mounted
scanners, aerial LiDAR (light detection and ranging), and 3D underground electrical locates.
Aaron is currently working on upgrades to AutoCAD Utility Design 2016 software to automate
infrastructure lifecycle by streamlining asset management and material allocations through
integrations between AutoCAD software, GIS, and asset management systems.
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About Anchorage Municipal Light and Power
AML&P provides safe, reliable and affordable electric utility service to over 30,000 residential
and commercial customers in its roughly 20-quare-mile service territory. AML&P serves
commercial, university and medical customers in the Downtown and Midtown business districts,
as well as industrial loads in Ship Creek and Anchorage Port areas and residents in some of
Anchorage's oldest neighborhoods. In addition, AML&P provides bulk power to Joint Base
Elmendorf-Richardson and sells electricity to other Alaska Railbelt utilities. AML&P is owned by
the Municipality of Anchorage, which purchased the distribution system from the privately
owned Anchorage Power & Light Co. in 1932. AML&P is subject to the Regulatory Commission
of Alaska.
Since 1932, AML&P has grown to include generation and transmission, as well as upgraded
and expanded distribution. The utility has a one-third working interest in the Beluga River gas
field, making it one of the only vertically integrated natural-gas-fired utilities on the West Coast.
The gas field provides AML&P with a secure and reliable source of fuel for most of its needs
through 2018. About 15 percent of AML&P's generation is from renewable hydroelectric
resources and the utility has been investing millions in upgrading its aging facility to include
clean and efficient natural-gas-fired generation. AML&P is building a 120-megawatt thermal
generation plant in east Anchorage which will be one of the most energy efficient thermalgeneration plants in the world upon completion in 2016.

How we got here
During an Autodesk University 2013 presentation for Denver International Airport, their use of
3D modeling to express their assets underground captured our attention. That same year we
saw the advances that had been made in reality capture and photogrammetry. We were
impressed by the results. Based on these early experiments we identified underground vaults
as the best starting point to capitalize on these new processes.
In 2014, we were awarded the Infrastructure in Excellence Award (Small Projects Division) for
our work using reality capture to model underground vaults. From that as our starting point, we
expanded our use of photogrammetry to include exterior, topographic, and trench models.
Additionally, we now use handheld 3D scanners inside our vaults, terrestrial laser scanners in
our substations, and have incorporated our survey and underground utility locates into 3D
design.
In 2015 we focused on increasing our capture quality and scope. We moved from low quality
photogrammetry to higher quality photos and terrestrial laser scans. We combined underground
data from electromagnetic locating and ground penetrating radar. We worked hard to
incorporate this new data into 3D design software. Providing 3D utility designs using AutoCAD
Utility Design and Infraworks.
It is an exciting time for 3D reality capture. Industries are being shaped by the power of this
new technology. At the utility level, there is a shift in how information is captured,
communicated, and applied in the field and office. Traditional approaches to data gathering are
limited, inconsistent, difficult to efficiently incorporate into design, and are prone to errors and
ambiguity. Improved methods allow faster comprehension of higher quality data.
We will be focusing on utility engineering design and the as-built process. While there may be
some similarities to structural, architectural, mechanical, or artistic methods, these will not be
our primary focus. We will discuss the use of survey, LIDAR, photogrammetry, ground
penetrating radar and electromagnetic locating from a 3D perspective.
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The Underground situation
Each year, thousands of mile of pipe, cable, and fiber optics are buried underground. Nationally,
but especially in urban environments, underground real estate is being squeezed. Engineers
must deal with crowded spaces, aging infrastructure and poor records. We believe that using
reality capture to generate 3D data will become more valuable and more common place as we
move forward.
Using 3D data can reduce costs and provides a more comprehensive design. This is why the
move forward with BIM in structure design has been so powerful. Until recently utilities and
infrastructure haven't had access to a full suite of BIM-like tools. When we look at the lifecycle of
infrastructure assets stretching into the future for decades, accurate records become vital.
Historically, utilities are slow to adopt changes to their planning technology. Utilities as owners,
also face the long term management of their asset records as they transition to this new
electronic or 3D models. As the cost of sensors comes down and the technology becomes more
prevalent we will see new modeling that will save time, encourage safety and save money.

This class
This class will be looking at three main topics:
1. Using reality capture to record assets (usually buried).
2. Using this data in design software.
3. Techniques and Challenges to using these methods
This class will focus on some of the different methods to capture infrastructure assets and how
to port them into design software. We will focus on underground assets that are difficult to
image and can provide high value to the end user. We will look at using 3D software and reality
capture to augment an SUE model. Finally, we will look at some of the challenges these types
of capture can create and talk about how we have dealt with them. For use on how we use this
data in software such as Infraworks, AUD, or Civil3D, please refer to Aaron Mason’s class GEN
21132 Designing Reality-Incorporating Point Clouds into Utility Design.
Subsurface utility engineering (SUE)
A branch of engineering practice that involves managing certain risks associated with
utility mapping at appropriate quality levels, utility coordination, utility relocation design
and coordination, utility condition assessment, communication of utility data to
concerned parties, utility relocation cost estimates, implementation of utility
accommodation policies, and utility design. (ASCE, 2003)
For the purpose of this section I will be concentrating on the part of SUE that is ‘mapping quality
levels’ and the deliverables. We are suggesting that we can improve quality level B to a
theoretical level of B+ by using 3D data. These levels are:
Level D: Data from existing sources
Level C: Data from “visible above-ground utility features” (this includes manholes,
valves, transformers etc.)
Level B: Data obtained from surface geophysical methods (including electromagnetic
locating and GPR)
Level A: Precise horizontal and vertical location of utilities to within 15mm vertical.
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Capture methods
We will look breifly at different ways to capture the data we will use in design.

Survey
The foundation of traditional design is the site
survey. Land surveyors establish horizontal and
vertical survey control, assign coordinate
systems, survey property boundaries and
topography.
These surveys map out the terrain including
vegetation, landmarks, streets, sidewalks,
buildings, utilities, fences etc.
Each feature is recorded as a single point in three
dimensions (x,y,z, coordinates). They are
assigned survey codes corresponding to their
attribute. Survey software and Civil3D can be
used to connect automatically generate line work
for AutoCAD drawings.
The civil/utility world is much like an iceberg, what
Figure 1 SURVEY PLAT ‘The Original GIS’
you see on the surface is often just a hint of a
much larger and more complex infrastructure
beneath your feet. Design locates are requested
and participating utilities will mark out their
underground facilities. Surveyors include these marks in their drawings (level B).
Survey may also measure utitlies that are ‘daylighted’, excavated with minimal instusion, to
provide level A data.

Figure 2 Standard 2D survey line work

Page 5

Electromagnetic Locating
Laws in the United States and Canada require
excavators (of any type) to request
underground utility markings from their local
utilities. This is usually done through a state or
province wide one call center. Some utilities
perform these locates themselves and some
contract this work out. Utilities are marked
according to the American Public Works
Association (APWA) uniform color code (or the
Canadian Public Works Association-CPWA-in
Canada).
In the most common method, a transmitter is
connected to the desired conductor (or inducted
indirectly as is the case with electrical cables)
and the readings are then read by a receiver.
The best case scenario, is that the locator has
knowledge of which way the conductor is
travelling and there are few other utilities in the
area. If an area is congested, the magnetic
Figure 4 APWA color codes

field
being
generated by the transmitter is interfered with,
making it difficult for the technician to
accurately identify the target line. Soil
conditions and quality of the conductors can
also impact the results. Weather can also be a
significant factor for the ground markings.
Many times rain, snow or traffic can disrupt
marks before the surveyor can record them.
Figure 3 locating electromagnetic field

Once utilities are located, excavators must use
non-mechanical methods (hand digging or
vactor excavation etc.) to dig within the
tolerance zone of the marks. This varies
based on local code but is typically 24 horizontal inches from the edge of the marks.
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The quality of the data derived from locates can be
suspect at times. Many times, locators cannot or will
not have access to the entire data set for which
they’re locating. For example, a locator may be
locating a duct structure and not know its contents.
Or they may mark a single conductor when in fact a
spare pipe is laid with that conductor. They may not
call out abandoned cables if their records do not
show them.

Figure 5 Tolerance zones

For liability reasons depth measurements are not
typically given by locators to outside companies. We
use our internal survey and locating departments to
coordinate data, facilitate research, and work directly
with other utilities to gather this information. We use

Figure 7 It is difficult to decipher locate marks from actual facilities

these coordinates to validate our records and reference our 3D data. This is still considered
quality level B for SUE purposes.

Figure 6 Locate data points showing signal and depth as a KMZ
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Ground
Penetrating
Radar

Figure 8 GPR signals are affected by soil conditions

Ground Penetrating Radar is a non-destructive method that uses radar pulses to image the
subsurface and is often used for applications such as archeology or utility locating. This method
is frequently used in tandem with electromagnetic locating and both have similar interpretation
methodologies.
Additional uses include rebar analysis, road and bridge inspection, geology, environmental
assessment, ice and snow analysis, agricultural and forestry uses, mining, railway evaluation,
forensics, military and security applications.
As with electromagnetic locating, soil conditions impact the quality of the signals. Typically, wet
dense clays are the hardest for the signal to penetrate whereas clean dry sand is optimal. The
lower the radar frequency the greater depth of penetration, however, resolution decreases as
frequency decreases.
The GPR system consists of an electromagnetic transmitter that emits energy into the ground.
As the energy encounters a buried object (or lack of object as in a void) these signals are
reflected towards the surface. A receiving antenna records the variations in the return signal.
While similar to electromagnetic locating, there is one difference to note: GPR can pick up
signals from both metallic and non-metallic sources, an ability that electromagnetic locating
cannot. These readings are sent to an onboard computer which processes the signals. Once
these readings are aggregated they can be interpreted.
Technique
GPR readings are reflections perpendicular to the user and run in a straight line called a profile
line. An anomaly running parallel to this depth slice will not be imaged. In utility locating, most
of the anomalies are linear features such as pipes and cables and it is vital to image these
correctly. For facilities that are not cables, pipes or rebar, such as underground tanks or for
archaeological entities, it may be adequate to image the object without being perpendicular
(such as a void), however, a horizontal and vertical grid will be the most efficient way to image
an unknown area. To accurately locate cables and pipes, the GPR scanner must be run at
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perpendicular to the target lines. This can be difficult to do if the operator does not have
knowledge of the site.
The traditional workflow involves GPR
technicians laying out a grid over the proposed
site. Site control is very important, while traffic
and persons transiting the site can slow down
scanning. While the scanning itself is done at a
walking pace, the actual layout of the grid is
perhaps the most time consuming. The grid
spacing is dependent on the subject matter (i.e.
how small the objects in question are thought to
be). Because the depth slices are razor thin, it is
entirely possible to miss a one-foot object if the
grid spacing is two feet. If the object is known,
for example a large tank, then the grid spacing
Figure 9 Typical GPR grid layout
may be larger, but typical spacing for utility work
is one foot. This decreases the chance of
missing something. Grids can be smaller, however grid spacing should be kept in mind when
looking at the size and scope of the proposed job as it adds man hours to the project.

Figure 10 Depth slice showing diffractions

Another factor is the anticipated depth of the target object. The scope of work will dictate which
frequencies will be used. For example, rebar may be relatively shallow but water lines may be
deeper. The higher the frequency, the greater the resolution will be. At shallow depths a higher
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frequency will be used but its range and resolution will be limited at greater depths and so a
lower frequency will be used. The tradeoff is that the resolution degrades at lower frequencies.
There is some overlap between the different frequencies being used but the end result is that
the deeper you go, the lower the frequency, and the lower the frequency the lower the
resolution. Each frequency change requires the use of another antenna and another full scan of
the grid, so keep this in mind when budgeting time for GPR scans.
The profile slices are aggregated into a depth slice of a certain elevation (a few inches). It can
be difficult to draw a conclusion from just one piece of profile line or depth slice because on their
own they are ambiguous.
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In these two examples of the same area below, you can see the difference between the two
antenna configurations and how they only show a certain portion of the underground.

Figure 11 Same areas depicted with different frequencies. This shows the difference in resolutions depending on
frequency. Slide 4 is 1.5 feet and slide 5 is 3.2 feet deep.
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Figure 12 These slides demonstrate the depth slices in four consecutive layers. Notice the development of the
anomalies as the depth changes.
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Figure 13 Slides 7 and 6 show anomalies interpreted by the GPR operator (red dashes are interpretations)
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In figure 14 below (see white arrow), the GPR technician mistakenly interpreted the red line as
veering west. Upon re-examination, you can see the anomoly in slide 7 is the same as in slide
6 but is diving deeper. Misinterpreations like these can be can be avoided by exporting GPR
data into a format that can be viewed as three dimensional data. However, in many instances
this data is transferred back to the client by painting lines on the ground. (In figure 14 the
mistaken line in pink [white arrow] and the actual line in yellow).

Figure 14 Locates, GPR grid, and assumed anomalies (in pink)

By incorporating a 3D point cloud, the data becomes much more usable. The end user may be
able to discern much more with a point cloud than with depth slices. We can incorporate the

Figure 15 Point cloud with survey and underground assets
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point cloud with our other data (locates, photogrammetry, survey) to produce a fully realized
depiction and allowing the engineer much more clarity.

3D Scanning (LiDar)
Laser scanning is a group of technologies that measure light refractions along a surface.
LIDAR is an old technology from the early 1960s. (LIDAR is often thought of as an acronym of
Light Detection and Ranging, but in my research I found it was actually a portmanteau of ‘light’
and ‘radar’. However, I found that LIDAR was more commonly treated as an acronym than not.
it is also referred to as Laser Imaging, Detection and Ranging.) It is used in a wide range of
applications including: agriculture, archaeology, architecture, forestry, geology, meteorology,
law enforcement, military, mining, physics, robotics, space flight, surveying and transport among
others. For the purposes of this handout, we will concentrate on its use in utility work and
emphasize its use in reality capture.

Terrestrial Scanning
Tripod laser scanners are an efficient, non-invasive way to create massive point clouds. These
point clouds can be easily imported into AutoCAD software. They are also a great way to
visualize projects in ways that were previously not accessible.

Types of scanners
Time of flight scanners use a laser to measure the time it takes a round trip pulse of light from
each point. It is done in a grid pattern going horizontal and vertical. This takes considerably
longer than phased based scanners. A benefit to this method is the increased range that the
device can measure. Time of flight scanners can capture approximately 50,000 points per
second.
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Phase based scanners send out a continuous beam of light and measure the phase shifting of
the return light. While the range is lower than time of flight scanners the speed is much faster
with phase based scanners able to pick up almost a million points per second.
Each point is measured by the laser scanner into an x,y,z, coordinate system. The software
aggregates these into a point cloud. Large objects such as buildings may require more than
one scan. These scans are tied to the position of the scanner itself. By default, these scans
have no relation to each other. They must be merged together with congruent points in a
method called registration. There are two methods to doing this, target registration and targetless registration or cloud to cloud registration. ReCap simplifies cloud to cloud registration.

Figure 16 Structured light scans registered together

Structured light technology is used by companies like Microsoft for their Kinect technology.
When paired with the proper software, this can create a
point cloud much faster, and with much lower cost than
traditional laser scanning. This is one of the primary
methods for handheld 3D scanners like the Dot Product™.

Registration
In figure 16, three different scans are tied together using
common points.
Targets can include paper ‘checkerboard’ targets, or
reflective reference spheres. Once the point clouds have
been registered the completed model is ready to view.

Figure 17 We have made oversized targets
to be seen from UAS cameras

Page 16

Figure 18 Cloud to cloud registration in Recap. Notice the scanner locations as black dots.

Figure 19 is an example of target placement inside a substation. The red circles are sphere
targets and the circles with black dots are scanner placements. In order for the scans to overlap
properly it is suggested that the operator can see a minimum of three points from each vantage
point (notice that at each scanner location, the operator can see at least 3 of the spheres). It is
important to have scan overlap. In the figure below you can see that the northern, eastern and
western portions of the buildings are a little darker. This is due to the scanner only being able to
get partial points of those areas. Efficient scanner placement can save time.

Figure 19 Scanning layout example
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Photogrammetry
Perhaps one of the most innovative uses of an old technology, photogrammetry is the science
of taking measurements from photographs. When we speak about it in this context we are
referring to a reality capture technique using photographs that produces 3D meshes which can
be converted to point clouds. AML&P has successfully used photogrammetry to model the
inside of our vaults and our job sites.
Photogrammetry is used in mapping, architecture, engineering, archaeology, and a variety of
applications.
Cameras have increased in quality and decreased in cost. Point and shoot cameras, smart
phones and high end DSLR cameras can all be used to create 3D models. Higher quality
photos produce higher quality models. Cameras with higher pixel density and larger sensors
produce better photos. A fixed focal length lens and good lighting are important to the quality of
the model. Autodesk Recap has algorithms made to work with the GoPro camera and is
calibrated for that lens. The benefit of using a GoPro is the wide angle of the camera makes it
much easier to overlap photos over each other. (Another benefit; it allows for a low cost low
barrier to entry for modeling).
Using a tripod and remote is helpful to stabilize the camera. Any shakiness in the camera can
contribute to a slight blurriness in the photo which translates into a poor quality model. This is
especially true of the GoPro since it uses a rolling shutter. For our purposes, modeling
underground electrical vaults, lighting has been a huge challenge. Many times there isn’t
enough room to set up a tripod or lights. We have created a dual handed platform that
stabilizes the camera and houses bright LEDs to give continuous light in the direction of the
camera.

Basic methods
We have experimented with five main ‘styles’ of capture:
1. Surrounding the perimeter of the model. This produces some of the best results and is
the easiest of the four methods.

Figure 20 source: Autodesk

2. Interior photogrammetry. We use this inside areas that are not easily accessible. We
have endured a steep learning curve with this method as we do the opposite method
that is recommended by Autodesk (we use a method similar to the left image). After
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painful trial and error, we can now produce 100% stitch rates with this method.

Figure 21 source Autodesk

3. Grid method. This is the standard method using UAS for large areas.
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4. Spiral method. This involves a UAS circling a tall structure such as a tower or building for

tighter photos.
Figure 22 Pix4D

5. Corridor method. Much of our work involves corridors (streets, utility easements) and we
do not always have the ability to fly UAS. By using this method, we have created
detailed photogrammetry models for use in our planning.

Figure 23 Photogrammetry model of a trench (Remake)
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Figure 24 Figure 24 Registration of photos in Recap 360

Overlap is crucial for the software to successfully stich photos together to create a successful
model. A good rule of thumb is 80% overlap. This allows three pictures to contain a minimum
number of duplicate points of at least a 10% margin. The more overlap the better. Some of our
most successful models have contained photo sets with 97% overlap. This may be overkill but
often times in construction we only have one chance to gather the data.

Figure 25 Using contrasting targets is important when registering photos
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In order for the photo mesh to be scaled into real world coordinates, there must be known points
(i.e. surveyed points) in the model. Using surveyed targets is the preferred workflow, but using
known points (fence posts for example) is also possible.
Ultimately we want to create a point cloud for use in our
AutoCAD products. Recap 360 allows many file format exports
shown here. These point clouds can be used in a variety of
ways, including Civil3D, Infraworks, and import into Revit etc.
For a more in depth look into using this data in design see GEN
21132 referenced earlier.
Once the data has been captured it should be refined before
being taken to the next step. We recommend (especially in the
beginning) that the capture person handle the data. There is a
‘feel’ to creating this 3D data that can be difficult to explain. By
having the capturist handle the data, they can better understand
what works and what doesn’t. A back end data handler may not
understand why occlusion exists in a certain point; there may be
a hazardous condition prevention a full capture for example.

A quick example of Recap workflow with our vaults.
This data may be used right away in a design or it may be held in reference for a time. We have
created a workflow that attempts to standardize our processing. (We will go over the physical
capture in our session).
Importing point cloud into Recap: Here we would delete
stray points (example; we may delete the pipes leaving
the right side of the model-stray points may include
people or tools also).
We
would
then
region
the point
cloud.
For flat
planes
such as rooms or vaults we would use the plane
tool to select 3 points on each plane. Using the
fence or window tool allows the same
functionality. Each of these is then selected into
a region, similar to a layer in CAD.
By using the regioning tool, we can isolate different parts. These sections can be separated or
manipulated or exported into another CAD program.
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Figure 26 Here we have already removed the walls and have put the points for
the floor into one region labeled 'floor'

Finally, we will add
annotations to the model.
We do this because as a
long term record it is
assumed that many
disciplines will view these
models and we want a
comprehensive, clearly
understood model. This is
also important because
many parts of the vault are
too small to see in a point
cloud. This is especially true
of text.
Inside of these annotations

we will add
photographs or
documents for
further clarity.
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Using point clouds to verify subsurface utilities
The ASCE standard does not call for a format for deliverables. My intent is to broaden the
discussion for subsurface utility engineers to include 3D modeling, supported by reality capture
methods to increase the quality and accuracy of their work.
Subsurface utilities are typically a one shot deal; when the as-built is finished we hope that it is
correct. Looking into the past, we notice that this is not always the case. Older as-builts are not
always complete or may contain ambiguities.

Figure 27 Point cloud from photos showing measurements

Figure 28 Same area as the point cloud after work was completed. We have a point cloud for future design in this
area.
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In these during and after photos you can see the differences in the amount of information
displayed in the as-built vs the model. This information will be vital in other jobs as this area
becomes more congested. Considering the research needed in years to come, having fully
measureable 3D data to augment our other data sources will be increasingly valuable.
Capturing data during a quick and messy construction job is very demanding. There are multiple
disciplines vying for time and space. Timetables for excavation are usually very short. Road
closures, snow removal, paving and parking all play a part. Furthermore, construction hands are
often busy building and don’t have the time or inclination for data capture.

A typical open trench is a moving ditch and it can be difficult to accurately and quickly capture
this data. As one section is being excavated, the utility is often being placed and the rest is
backfilled on top of the new utility, all done within the same window of time.
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Different use cases
Capturing buried utility assets will require the ability for technicians to react quickly and to have
the tools readily available to them.
Laser scanners are the most accurate but take time to set up and process. Without proper
survey control they lose value. The data must still be processed and analyzed.
Structured light scanners can be helpful here as it requires almost no time to process which can
allow the operator to adjust as is needed. All of the structured light scanners I have seen so far
are not usable in direct sunlight (they are infrared systems) which is detrimental for outdoor
utility construction. (There are handheld scanners coming on the market that work in sunlight.)
Photogrammetry is very useful in this instance as a camera requires almost no set up and with
some training the operator can use it with considerable success. Photogrammetry is similar in
that it requires proper control. UAS is another high performance technology and although
regulations are relaxing, these systems are not available to everyone. Using a UAS to achieve
survey quality results may require a higher level of expertise. Another drawback to
photogrammetry is the processing required. Without high end equipment, much of this
processing will be outsourced, which takes time.
In my view processing time is one of the most hindering aspects of this level of recording. This
processing time can be detrimental when a trench is being covered up or a piece of equipment
is to be energized and it will restrict access. If the data wasn’t properly collected the first time,
there might not be a second chance.
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Comparisons of scope.
A fair comparison between
the different methods must
also take into account their
time commitments and
balance that against the time
constrainst as a cost.
In these three images the
first two, between the GoPro
and Faro, and the third done
with a UAS. The
approximent gathering time
for the go pro was 1 hour.
The Faro took 3 hours (11
setups) and the UAS took
approximently 45 minutes.
The Faro and Go pro Data
sets, running through Recap
and Recap 360 took hours.
The UAS data took a week
to get back from the
contractor. These should be
taken into account as well.

Figure 30 Point cloud made from
GoPro

Figure 29 Point Cloud from Faro

Figure 31 Point cloud from UAS
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Comparison of data
The difference between data can be stark. Where a laser is picking a specific point,
photogrammetry is relying on the software to calculate where each different point is based on
pixels from the photographs.

Figure 32 Point cloud from Faro

Point clouds will have clealy defined holes where the laser could not reach. Photogrammetery
will have extrustions in these same places. These can lead to a ‘mushy’ model. Where a laser
scan will omit points that are out of line of sight phtogrammetry models tend to blend geometries

Figure 33 point cloud from UAS, in the Mesh (not show) the extrusion artifacts are present.
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that it cannot properly extrapolate. For example the bottom of a car will spread out and blend
into a roadway, shadows from trees on a parking lot will create bumps, or building lines and
facades can appear wavy or distorted.

Figure 34 Point cloud from RCM exported to RCP taken with GoProA
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Conclusion
We live in a world where the future of making things will be digital; from capture to inception to
build and back to capture again.
Underground utility engineering represents a uniique set of challenges. The underground space
is becoming more crowded every year and growing populations require a robust infrastructure to
support them. As we move into the 21st century of growth and design, three dimensional record
keeping will add accuracy and clarity for the next generation of builders who come after us.
They will build upon the foundation that we leave them as we have built on the foundation of
those before us. We believe that records made with reality capture techniques and three
dimensional design will aid designers and engineers in the years to come..

Figure 35 Seeing underground, real and hypothetical underground assets in a design.
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