5. Recording Strategies for Aerial Survey
Campaigns

Every pilot must be capable of autonomously manually surveying a documentation area
without relying on automated ight planning tools. Itis crucial to understand the structure to
be captured and systematically select the appropriate ight patterns and recording strate-
gies essential and successful for the subsequent 3D reconstruction process. This requires
not only a deep understanding of ight techniques but also precise knowledge of the envi-
ronment and the objects to be documented.

Often, there is only a short time window for such recordings, so small errors and oversights
may have signi cant consequences later.

While automated ight planning allows for covering large contiguous areas, additional record-
ing strategies are often necessary for successful 3D reconstruction to ensure precise and
detailed results.

5.1. Flight Preparation, Safety Measures, and Team Brie ng

In Section 4.1.1 of the previous Chapter, we have already introduced the essential rules for
the safe handling of multicopters and illustrated them with various examples.
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Figure 5.1.: Here are images from a documentation campaign in Bukhara (Uzbekistan) from 2015. Left: The rst
step involves preparing the hardware, including a series of measures such as charging the batteries, cleaning the
camera, and preparing the protocols. Middle: The documentation site must be secured because safety comes rst
in all multicopter ights! No one should be endangered during the recordings. Control points are positioned as
needed and surveyed before or after the ight. Right: Team brie ng is also an important step before each ight.
The tasks of the participants are coordinated, the planned ight maneuvers are presented, and communication
during the recordings is regulated.

At this point, let's take a closer look at the rst item on this list and examine in more detalil
what lies behind it:

Flight Preparation and Safety

The ight area is secured, and all parties involved are informed about the planned ight.

This rule encompasses very different things depending on the documentation site, which
must be considered and prepared accordingly. The necessary steps can be clearly described
through the following three parts (see Fig. 5.1):

| Preparation of the multicopter and the camera,
I Securing and preparing the documentation site, and
I Conducting a detailed team brie ng.

The responsibility for these points lies with the pilot. In a well-coordinated documentation
team, tasks can be distributed and carried out using checklists, saving time, minimizing risk,
and increasing the chances of success for the documentation
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Figure 5.2.: Left: Above, we see a typical situation during the ight preparation phase in Mongolia 2018. The mul-
ticopters are checked and prepared. Below, we see further steps that may often be necessary. The placement of
ground control points in Uzbekistan 2015, the measurement of distributed ground control points, and the docu-
mentation of these points through photos for quicker identi cation in large area models. Right: Preparation always
includes a team meeting with planned ights, task distribution, and roles. In the upper right, we see a situation
where the pilot team needs to be shielded from unplanned visitors, as seen here in Mongolia 2017. Coordination in
advance also handles such situations. (Photos by Niklaas Gorsch)

5.1.1. Preparing Multicopter and Camera

Flight preparations include many important points regarding the hardware used, which should
be checked off in a checklist before each ight (see Fig. 5.2 top left):

I Are the propellers cleanly mounted and the motors intact?
I Are all extensions of the multicopter securely attached and operational?

I Are the batteries (multicopter, controller) fully charged and thus is the multicopter ready
for operation?

I Is the camera lens cleaned and the camera mount intact?

I Are the memory cards empty and inserted?

I Is the camera's recording mode set as planned?

I Are the batteries for the camera (if separate power supply) charged?
I Is a protocol for the recording ights ready?

It would be a shame if an almost full memory card were responsible at the end of a ight for
not being able to complete a recording strategy fully and had to be repeated.
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5.1.2. Securing and Preparing the Documentation Site

Before conducting a ight, legal questions must naturally be clari ed, and written consent
from the owner must be obtained. Securing the documentation site may involve several
points that can vary greatly (see Fig. 5.2 bottom left):

I If necessary, securing the site with barriers or other measures.
I Placement and surveying of ground control points (GCPs) in the terrain.

I All team members wear highly visible safety vests, indicating to all non-participants that
a special situation is present and caution is required.

Preparations for the documentation site also include deciding in advance whether georefer-
encing of the structure or terrain model to be created is possible automatically or if ground
control points need to be placed in the terrain (see Chapter 7).

5.1.3. Team Meeting and Task Allocation

Before getting started, every participant must know their role in the ight campaign and how
the ightis planned (see Fig. 5.2 on the right). The roles and tasks include:

I Pilot: Who will y the multicopter?

I Is there a co-pilot responsible for communication with other participants or for keeping
an eye on the multicopter?

I Who is responsible for securing the documentation site?
I How will communication be handled during the ight?

I Who will manage the provision of batteries and memory cards during multiple ights or
monitor cooling batteries and recharge them if necessary?

I Who will take on the role of recording?
I Are all participants wearing highly visible warning vests?

This is important for several reasons. Firstly, multiple sets of eyes can monitor the ight
from different perspectives and provide useful feedback during or after the ight. Secondly,
unexpected events, such as the appearance of uninvolved persons, can be better managed
by the team (see situation in Fig. 5.2 on the top right).

Here, we can derive another important rule:

Communication is handled through the co-pilot

The pilot must not be disturbed during the ight, and communication with other participants
is exclusively conducted through the co-pilot.

Clear agreements and established processes not only expedite the documentation process
but also ensure safety.
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Figure 5.3.: Left: In orthogonal ights, the camera is oriented vertically downwards, effectively covering the upper
areas of the images. Right: In oriented ights, the camera is angled and can capture objects from a slanted top or
side perspective depending on the angle.

5.2. Manual Recording Strategies Ideally

In most cases, a combination of automatic ight for overall georeferencing and manual
ight for capturing complex structures will lead to success. Therefore, fundamental manual
recording strategies in ideal conditions and their signi cance in the context of 3D recon-
struction will be presented rst.

5.2.1. Orthogonal versus Oriented Recording Flights

In most cases, a camera is mounted below a multicopter, allowing us to capture objects and
structures only from above and the side. For further classi cation of recording strategies,
we distinguish between ights where either a vertical (orthogonal) or an angled (oriented)
camera position is maintained throughout the entire recording (see Fig. 5.3). An angled
camera has the advantage of seeing objects and structures from the side. However, since
we can only see one side in one ight direction, in most situations, we need to conduct more
ights compared to when using a vertically mounted camera.

If the goal is to fully capture a documentation site, the structural characteristics determine
the choice of recording strategy. The goal could be an orthophoto, a 2.5D model, or a 3D
model. For the rst two cases, orthographic recording strategies are often suf cient. If the
documentation site exhibits a higher level of complexity, such as cube-like, simple buildings,
then oriented recording strategies are already needed.

Structures become challenging when they have overhangs, for example, where an additional
camera must be used. Itis also crucial in such cases to bring together the image sets at the
end and consider the necessary overlaps.
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Figure 5.4.: Left: In the Orthogonal Grid Flight, parallel paths are own back and forth. Although Area B was cap-
tured in the images, due to the lack of overlap, the smaller Area A is delivered at the end of the reconstruction
process. The pilot in green and the co-pilot in yellow walk together along the ight paths. Ideally, at the end of the
ight paths, another team member can take over the monitoring of the recordings and the documentation area.
Depending on the complexity and size of the documentation site, additional eyes can monitor the process. Middle:
In the Orthogonal Double Grid Flight, additional ights are taken at a 90° angle. Right: The distance between the
ight paths relative to the altitude above ground determines the available image overlap. Here we see the relation-
ship between the overlaps of the parallel ight paths: To ensure that a pixel can be accurately determined as a 3D
position from the parallel ight paths, the percentage overlap must be chosen large enough to intersect three paths
(shown in green).

5.2.2. Orthogonal Grid Flight and Orthogonal Double Grid Flight

The crucial criterion for successfully determining a 3D position from a set of images is the
overlap of the image contents. Only when we have seen an image element in the context of
other image elements from different perspectives can we determine 3D points from them.

When we are traveling in one direction and systematically capturing images, we can inde-
pendently control the overlap in one direction. To ensure overlap in the second direction as
well, a parallel ight must exhibit the corresponding image overlap (see Fig. 5.4 right).

Recording Strategy: Orthogonal Grid Flight

To illustrate this concept, let's consider the orthogonal ight as an example. By ying a par-
allel offset return ight, the required overlap can already be ensured. In this way, rectangular
areas can be systematically own over and captured.

These speci ¢ shooting strategies are referred to as Orthogonal Grid Flights and represent
the most basic approach (see Fig. 5.4 left).
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Figure 5.5.: Here we see a suitable situation of a large at area for the Orthogonal-Grid-Flight, recorded in 2013
during road construction on the B95 near Leipzig in cooperation with the State Of ce for Archaeology in Saxony.
The aerial survey of a at documentation site is by far the simplest.

Recording Strategy: Orthogonal Double Grid Flight

To increase the overlap of the different ight paths and thereby improve the reconstruction,
another ightata 90 offset can be performed. This recording strategy is called Orthogonal
Double Grid Flight (see Fig. 5.4 in the middle). The double coverage of the recording area
is particularly preferable in challenging recording situations, where, for example, wind may
cause poor individual shots or slightly offset ight paths. However, the time required for
recording doubles, and it often quadratically increases the computational complexity.

Application Locations for Orthogonal Grid Flight and Orthogonal Double Grid Flight

The two very similar recording strategies, Orthogonal Grid Flight and Orthogonal Double
Grid Flight, are particularly suitable for relatively at terrain structures without signi cant
differences in height. They are used to create orthophotos or 2.5D models that provide an
accurate representation of the surface. The situation along the B95 near Leipzig, recorded
in cooperation with the State Of ce for Archaeology in Saxony in 2013, was well suited for
these recording strategies (see Fig. 5.5).

In the archaeological investigations conducted here, settlement structures of late Neolithic
cultures were identi ed, as documented in the publications by Dalidowski et al. [51, 52].

5.2.3. Oriented Grid Flight and Oriented Double Grid Flight

When the camera is angled, it's evident that perhaps only one side of objects and structures
has been accurately captured, and it may be necessary to capture all four sides. To imple-
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Figure 5.6.: Left: In an Oriented Grid Flight, two particularities arise: on one hand, we must consider the camera
angle at the start and end points of a ight path, illustrated here by an earlier takeoff compared to an Orthogonal
Grid Flight. On the other hand, during the return ight, where the camera faces the opposite direction to the rst
path, we must y closer. This means that the paths with the camera facing one direction must have the same
distance as in an Orthogonal Grid Flight. Therefore, with this recording strategy, due to the overlap generated by
narrower ight paths, we have to cover more than twice the distance. Right: Here we see the captures in a path
where a side view is taken. Here, if necessary, we may need to cover all four directions with one recording strategy
using an Oriented Double Grid Flight.

ment this consideration into a concrete capture strategy, let's consider the parallel return
ight as a capture ight for the backside, while the original ight captures only the front
sides (see Fig. 5.6). This ensures comprehensive and precise capture of all sides of the
objects and structures.

Recording Strategy: Oriented Grid Flight

The key here is to halve the distance between the ight paths, compared to the grid ights
from Section 5.2.2, as the overlap, analogous to the Orthogonal-Grid-Flight, applies only in
one direction. This means that with one ight, we can capture two sides, but we need twice
the ight path and thus double the ight time.

Recording Strategy: Oriented Double Grid Flight

If we want to complete the side views, we need to perform an additional Oriented Grid Flight

rotated by 90°. This, however, doubles the effort during the capture. Compared to the Orthog-
onal Grid Flight, we end up with four times the number of individual captures and therefore

require four times the time for the capturing process.

In Section 5.2.4, it will be explained that the increase in the number of images quadratically
affects the calculation process in 3D reconstruction and what this means in practice.

130



5.2. Manual Recording Strategies Ideally

Figure 5.7.: This excavation on Galeriestraye in Dresden represents a typical situation for such a ight. The exca-
vation by the State Of ce for Archaeology in Saxony was accompanied by several ight campaigns in 2013-2014.
The excavation area represents a depression. Here, to capture the inner side walls, we need to choose a capture
strategy that includes an angled camera position. In this case, an Oriented Double Grid Flight was selected. The
dif culty increases due to the higher structural complexity as well as the location within the city.

Application Locations for Oriented Grid Flight and Oriented Double Grid Flight

The capture strategies Oriented Grid Flight and Oriented Double Grid Flight are particularly
suitable for challenging terrain structures when the goal is to create detailed 3D models.
They enable precise capture and reconstruction of complex terrain forms such as excavation
cuts or elevated structures (see Fig. 5.7). These strategies provide an optimal solution to
comprehensively represent ne details and the spatial geometry of such objects and spaces.

5.2.4. Comparison of Capture Effort and Computational Complexity

For the recording planning, it's not only the time required for the ights that's relevant but
also the resulting time needed for the subsequent 3D reconstruction, which we shouldn't
overlook here (see Table 5.1).

For example, in an Orthogonal Grid Flight with a pre-planned overlap in both directions, cap-
turing 1000images in 15 minutes and requiring an hour for the 3D model calculation, a Dou-
ble Grid Flight would indeed mean double the time for the ights at 30 minutes. However,
due to the 2000 captured individual images, the processing time might not just double but
could even increase up to ten times. So, there is a linear relationship between the number
of captured images and the time complexity for the capture, and a quadratic relationship
between the number of captured images and the processing time for the reconstruction.
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Table 5.1.: In this table, we start in the rst row with the Orthogonal-Grid-Flight, where n individual images are cap-
tured. The time required for this is in linear relation to the number of images. This means that roughly double the
time is needed for double the number of images. It's different for the 3D reconstruction, where all images need to
be correlated with each other, here we require quadratic effort. Now, if the Orthogonal Double Grid Flight variant is
used instead, doubling the number of images and thus the required time, it must be clear that the computational
effort grows quadratically.

recording strategy number of individual time complexity for time complexity for 3D
images captured capture reconstruction
Orthogonal Grid Flight n ( n) ( n2)
Orthogonal Double Grid Flight 2n (n) ( n2)
Oriented Grid Flight 2 n (n) (n?
Oriented Double Grid Flight 4 n (n) (n?

5.2.5. Circle Flight and Helix Flight

A very important capture strategy is the circular ight around a structure with the camera
facing towards the center, at nearly equal distances. This ight variant is highly challenging
and requires a high level of concentration and practice (see Fig. 5.8 left). At various ight
altitudes and possibly with different camera orientations, multiple circular ights can cap-

ture the object or structure. With a uniform circumnavigation and a slight ascent after the
rst round, we achieve the highest form of capture strategy, known as the Helix Flight (see
Fig. 5.8 right).

Application Locations for Circle Flight and Helix Flight

Here, for example, excavation cuts or elevated structures can be well captured and recon-
structed (see Fig. 5.9).

5.2.6. Calibration Flight for Camera Parameter Estimation

In the 3D reconstruction process, both external and internal camera parameters are esti-
mated (see Section 2.6.3). If we use a camera with a xed focal length without any changes,
the determination of the camera parameters is particularly accurate. Additionally, various
capture strategies with many crossing points between ight paths can positively in uence
the parameters. A particularly effective capture strategy, which considers not only the cross-
ing points but also combines different ight heights, was examined and presented by James
and Robson in 2014 [74].
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Figure 5.8.: Left: With the camera facing inwards, we rotate in a circular motion around the freestanding object.
Since the ight maneuver is very challenging, the pilot remains stationary during this process. The opposite side
needs to be secured. Right: During the Circle Flight, the drone ies around the freestanding object at a constant
height with the camera orientation unchanged. Various shots at different heights or the combination to Helix Flight
provide the necessary video data in the end.

Figure 5.9.: Elevated, freestanding structures often require a complex recording strategy. In this case, we see a
Huastec temple complex in Tamtoc (Mexico), some parts of which span over 100 meters. The reconstruction of this
and other structures and the surrounding area was carried out in 2013 in collaboration with the Instituto Nacional
de Antropologia e Historia (INAH) and the Universidad Autonoma de San Luis Potosi (UASLP). For manual capture
using a DJI Phantom 1, several Helix Flights were chosen in combination with an Oriented Double Grid Flight.
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Figure 5.10.: Left: First, an Orthogonal-Grid-Flight is captured as a standard ight at a constant altitude h;. Center:
Subsequently, a reverse ight is performed on the same ight paths, rotated by = 20 , at an altitude of h,
(approximately 5%height difference from the rst). Right: Here we see the ight maneuvers again from an oblique
side view.

The analysis? of this ight strategy in OpenDroneMap is very illustrative and forms the basis
of Figure 5.10. After employing such a capture strategy using a camera with a xed focal
length, we can use the estimated internal camera parameters from the reconstruction pro-
cess for other capture strategies as well.

5.3. Manual Recording Strategies in Reality

In the previous Sections, various capture strategies were presented with respect to the ideal
characteristics of documentation sites. However, in reality, documentation sites exhibit
much more complex structures and properties, requiring a combination of different cap-
ture strategies. As an example, we consider the documentation campaign in Punta di Zam-
brone (Italy) in April 2014, which was conducted in cooperation with the Austrian Academy
of Sciences in Vienna and the Universita Federico Il in Naples under the direction of PD Dr.
Reinhard Jung and Prof. Marco Pacciarelli (see Fig. 5.11).

Later in Chapter 11, we will see how automated and manual recording strategies can be
successfully combined.

https:/www.opendronemap.org/2019/09/self-calibration-of-cameras-from-drone- ights/
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Figure 5.11.: Here we see a complex coastal situation captured during a documentation campaign in Punta di Zam-
brone, Italy, in April 2014 [72]. The challenge was to place a suf cient number of markers visibly and plan and
execute the ight for parallel captures.

5.4. Checklists, Protocols, and Post- ight Procedures

For a safe and smooth operation of a documentation ight, the completion of checklists
and the maintenance of protocols is indispensable. This ensures that each capture can be
attributed to a speci ¢ pilot at any time.

Well-maintained protocols are particularly crucial during long documentation campaigns for
later assignment, as thousands of captures can be generated within a short period (see Fig.
5.12 on the left).

5.4.1. Protocol for Flight Recordings

Whether a protocol? is kept digitally or on paper is initially not important. There are various
apps available for protocol management. A protocol can also be customized according to
the needs of a documentation campaign.

However, the following contents are crucial and relevant for each execution:
| Date and location

| Flight ID

| Multicopter device and pilot

I Camera settings

| Start and end time of the ight

2Download: https:/www.vividus-verlag.de/3d_rekonstruktion
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Figure 5.12.: Left: When maintaining protocols, calmness and diligence are required. Things that are recorded in-
accurately or incorrectly in the protocol can, if at all, often only be reconstructed with great effort. As shown in
this example, even the batteries used are noted in the protocol. On the right, we see a protocol maintained during
the documentation campaign in Mongolia 2018, where 204 individual ights were conducted in the end to capture
more than 50 km2 (Photos by Niklaas Gérsch).

I LiPo ID and remaining capacity
I Wind speed (in km/h) and peculiarities

If multiple devices are used simultaneously, the protocol can indicate the copter, or each
device can have its own protocol.

Correct start and end times, as well as synchronization of various system clocks at the be-
ginning of the campaign concerning the recording location (copter, wristwatch, smartphone,
tablet, computer), facilitate the assignment of image recordings to ights and thus to mis-
sions and ight areas afterward. With the LiPo ID, the number of charge cycles is tracked,
and the team is sensitized to not push the battery to its limit with the remaining capacity.
Here, we can also recognize good and safe ight planning focused on safety. The maximum
ight time for a Phantom 4 Pro is stated to be over 20 minutes.

During mission planning in Mongolia, it was considered that the recording location is approx-
imately 1500 meters above sea level, with temperatures between 5 and 15 degrees Celsius
expected. The missions in the Mongolia campaign of 2018 (see Fig. 5.12 on the right) were
therefore planned to be completed in less than 12 minutes to accommodate this.

Under peculiarities, things related directly to the recording can be noted, such as if a ight
had to be interrupted and repeated or if there was a change in weather. Then, special atten-
tion should be paid to the recorded data (see Fig. 5.13). A good strategy is to have enough
memory cards and keep them as an additional backup.
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Figure 5.13.: Here we see the post-processing phase of a documentation day with more than 30 ights in the yurt.
The captured images are assigned to the planned missions using the protocols, reviewed, and then double-secured.
At the same time, all batteries are charged and prepared for the next day. This phase often takes a long time and
should also be carried out carefully (Photo by Marco Block-Berlitz).

5.4.2. Post-processing Phase Immediately after an Aerial Survey

We distinguish here between the immediate post- ight phase, which takes place after the
landing of a multicopter, and the post-processing of a complete documentation day with
multiple survey ights.

After the multicopter has landed and the device has been powered off, the battery must be
replaced in any case. Additionally, it must be determined whether the memory card used
for recording should be replaced for data backup purposes or remain in the copter. Before
ights near water or in other uncertain situations that pose a risk to the data collected so
far, the memory cards should de nitely be secured by replacing them.

Review and completion of the protocol

The protocols are often the only records of the location and time of data collection and must
be reviewed, completed, and secured.

An important aspect of the post- ight phase is the completion of the protocol. It must also
be determined whether the pilot needs a break and if task distribution should be adjusted
accordingly. In a well-functioning team, each member can, in principle, take on any task, and
coordination among team members works effectively.
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5.4.3. Post-processing Phase of a Documentation Day

Typically, larger survey missions require multiple days of data collection. It is especially im-
portant, after a successful day of capturing data, to secure the data and prepare the equip-
ment for the next day. After a documentation day, double-checking the recorded data and
ensuring the correct assignment of captured images or videos to missions is a crucial factor.

Here, we must leave nothing to chance and minimize the risk of data loss:

Data veri cation and multiple data backups

Checking and multiple backups of data after a documentation day are important components
of documentation work, and their signi cance must not be underestimated.

During data backup, a simultaneous check of the data for completeness and quality can be
conducted. What good are the best ight maneuvers in perfect recording weather on an

important documentation day if, at the end of a documentation campaign, it is discovered

that all the work was in vain due to a faulty hard drive or a defective memory card? Parallel
to data backup, time can be used effectively to inspect the devices and, for example, charge
the batteries.

5.5. Conducting Team Exercise Scenarios

For a successful documentation campaign, the safe and practiced handling of the equip-
ment is very important. Especially the ight maneuvers and typical procedures presented in
Section 5.2, which are necessary in the preparation, recording, and post-processing phases,
should be practiced regularly.

Experienced and trained pilots can conduct the exercise scenarios presented in this book
with beginners, gradually preparing them for the safe handling of multicopters. For all pro-
posed exercise scenarios, a work ow is provided, which must be followed each time (see
Appendix A). The sequence of steps is very important, something that the experienced pilot
can and should explain.

The proposed ight scenarios can be found in the Appendix B and should be performed in
the speci ed order with intervals for breaks. Regular handling of the equipment, or at least
refreshing and reactivating knowledge before a campaign, should be part of the standard
repertoire of a practiced pilot. Some exercise scenarios with varying levels of dif culty are

provided in Appendix C.

5.6. Summary and Outlook
In Chapter 3, the basic recording strategies were introduced and explained. We were able to

apply this knowledge in aerial survey campaigns using multicopters and learn about various
manual recording strategies. Before commencing with the recordings, we conduct thorough
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ight preparations, secure the area, and hold team meetings. For successful, particularly
safe, 3D documentation, checklists, protocols, and careful post- ight processing are indis-
pensable.

Additionally, training scenarios were presented in the Chapter to further deepen the acquired
knowledge.

5.7. Comprehension Questions and Exercises
After reading the Chapter, answering the following comprehension questions should help
summarize the key points independently.

1. Whoisresponsible for preparing the multicopter, securing the documentation site, and
conducting detailed team meetings?

2. Name at least four important points that are part of preparing the multicopter and the
camera.

. What are the tasks of the co-pilot during the aerial surveys?
. Explain the difference between orthogonal and oriented survey ights.

. What recording strategies are suitable for at, large-scale documentation areas?

o U A W

Why are the Circle and Helix Flights considered particular challenges, and when are
these recording strategies needed?

~

Sketch the ight pattern suitable for a Calibration Flight.

8. Whattasks need to be completed in the post- ight processing phase immediately after
a survey ight?

9. Why is the post- ight processing phase of a documentation day particularly important,
and what needs to be done?

The comprehension questions should be fully answerable based on the contents of the
Chapter.

5.8. Practical Assignments

The focus of this internship component is the free software COLMAP.

EXERCISE 1Download the current version 3.6 of COLMAP? as a ZIP le and choose the
variant (with or without CUDA) suitable for your computer. After extracting, we can start the

le COLMAP.exedirectly. Try again with the following photo set # (242 shots, DJI Phantom
4 Pro, 720p, 188MB) from a short section of a YouTube video® of the Amphitheater in Pula,

Shttps:/demuc.de/colmap/
“https:#www.vividus-verlag.de/3d_rekonstruktion/datenpakete/pulaArena_2017.zip
Shttps:/www.youtube.com/watch?v=VgwU2Vov2pwé&t=1s
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Croatia. First, save the project and link the image folder. Then, we perform feature extraction
followed by feature matching with the default parameters. Now we have everything prepared
for bundle adjustment, which we start via Reconstruction start

Make a note of how your computer handled the calculation with the given dataset. This
includes CPU and hard drive usage as well as checking the clock to see how much time
each process step took approximately.
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