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Photogrammetry for cultural heritage

1 About this brochure

1.1 Intended reader

This brochure is intended for beginners with an interest in recording cultural heritage
and archaeological features utilizing photogrammetry (especially the use of SfM). No special
knowledge of photogrammetry or measurement is required.

1.2 Purpose

The recent improvement of techniques in photogrammetry and computer vision has
facilitated the use of straightforward 3D modelling for general users. However, there are several
tips and user techniques which could affect the end results. This brochure is intended to be a guide
of the fundamental concepts and methods including important know-how and should aid the work
in practice. Explanation of the technological principles of photogrammetry will be introduced
in an incremental manner and avoid complicated mathematical formulas. However, the actual
processing procedures using SfM software will not be explained in this brochure since there are
numbers of software and procedures differs among them (and also straight forward in most of
the case). The photographs themselves are the base data which are more fundamental rather than
the procedure from the viewpoint of archiving. It is also difficult for the beginners to isolate the
problem whether it is stemmed from the images or the processing, when encountering unexpected
results. At least, the causes for the unexpected results are easier to identify when you understand
the principles of photogrammetry and what SfM softwares are doing inside. In short, the aim is
to enable the appropriate use of this technique through gaining basic knowledge of the principles,
and to deepen understanding for what you are actually doing.

1.3 Where to read

Chapters 2 to 4 contain the history and basics of the principle techniques. Chapter 5 will
explain the devices and tools required to begin using photogrammetry methods. Chapter 6 will
outline basic preparation and “principles for practice”, to guide you during practice, and examples
to facilitate understanding. Chapter 7 will explain the basic procedures step by step and in detail.
Chapter 8 and 9 will provide additional information.



2 Measurement from images

2.1 Photogrammetry

Photogrammetry is a technique of making measurements from a photograph. It can be applied
to micro scale objects to global terrain, as long as there is an appropriate set of photographs or
images. Thus, photogrammetry is widely applied in industrial product evaluation, 3D modelling,
mapping and related fields. Another characteristic is that it can measure an object without physical
contact, which is an advantage in most of the case. Furthermore, photogrammetry is capable of
recording an object in a detailed manner rather than merely sparse points or lines. This is important
when archiving objects such as buildings or statues which have complex detailed shapes. There
are many studies and projects which use this technique to archive cultural heritage. Of note is the
reconstruction of Buddha statues destroyed by dynamite in Bamiyan, Afghanistan (Gruen et al.,
2003). This work thoroughly shows the effectiveness of photogrammetry, since this was the only
method that enabled reconstruction of the disappeared monument. This approach is increasingly
important at present due to unstable political conditions and many attempts have been made by
other researchers to record material in this way (Agarwal et al., 2009; Kitamoto et al., 2011;
Wahbeh et al., 2016).

2.2 Computer graphics and Structure from Motion (SfM)

Photogrammetry is a powerful technique for reconstruction and recording of cultural heritage
as stated in the previous section. Unfortunately, it was not really affordable for ordinary users
due to difficulty of operation and the need for professional knowledge, as well as monetary cost
during recent decades. However, integration with robot vision provided an affordable solution
called Structure from Motion (SfM). Robot vision research endeavors to correlate the eyes of
the robot, which requires automatic and robust measurement with the images. In short, the 3D
map of the surrounding environment and the position of the robot (camera) are calculated. The
basic calculation for measurement using bundle adjustment (a method to calculate the camera
parameters needed for measurement. See the following paragraph for details) is the same for
both methods. However, the complicated procedures required in traditional photogrammetry were
replaced by utilizing robust and automatic pixel matching in the case of SfM. Thus, highly straight
forward operation is achieved by using SfM software.



3 The basic concept of photogrammetry

3.1 Triangulation

The fundamental concept of photogrammetry is triangulation as shown in Figure 1. The
figure shows the geometric relationship between the stereoscopic camera system whose positions
are fixed. It can easily calculate the coordinates of the unknown points if the exact location and
orientation of the camera is known.

The unknown point [a] is placed in [a’] in right image and [a”’] in left image. The triangle
formed by [a’] and moved [a”] and lens center (i.e. /la) and the triangle formed by [a] and lens
center of two cameras will be similar figures. The location of this unknown point can be calculated
if the ratio of the size and camera position are known. Thus, the position of camera and the
unknown point can be identical to its general triangulation (Figure 2).
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3.2 Triangulation for the pairs of cameras with an unfixed location

The geometry of the cameras and the points to measure will be robust when the camera
position is fixed as in the previous paragraph (Figure 2). Matters are complicated when the
positions of the cameras are not fixed, for example when trying to make a measurement with the
aerial photographs, or using photographs taken from handheld cameras. Aerial photogrammetry
is an important application for photogrammetry and mapping, and was studied and applied for
a long period. Airplanes fly within turbulence and cannot be perfectly stable when taking aerial
photographs, which results in spatial dis-orientation between the cameras (Figure 3 (c)). Hence,
the location and orientation of the camera is unknown, which is essential for measurement. The
main concern here is how to determine the precise positioning of the all cameras when the area
was photographed (Figure 4). Precise geometry of the camera positioning is determined by its
position (i.e., X,Y,Z) and rotation (i.e., k,p,®), and also by calibration of the errors occurring
inside the camera system. The former factors are called “exterior orientation” and the later
“interior orientation”. These factors are explained in the following paragraphs.

3.3 Exterior orientation

Thus, to determine the location and orientation among the set of photographs (i.e. camera
position and orientation when photographs are taken) is an essential procedure to begin
measurement. So, the unknown parameters to be solved will be the location (X,Y,Z) and the
orientation of the camera (k,¢,®) which is the rotation along those axis (Figure 3 (b)). Exact
camera position and orientation, which is reconstructed with these six parameters, is called
“exterior orientation”.

When taking aerial photographs of the focus area, it is common to take several courses,
over lapping photographs with nearby photographs (Figure 4). Over lapping within a course and
between the course is very important, since the overlapping forms the fundamental geometry
to make the measurement possible (see Figure 1 and Figure 2). Conventionally, appropriate
overlapping of the photographs within each courses were said to be 60%, but 80-90% are

recommended in case of SfM.

3.4 Interior orientation

Logically, measurement can be implemented when exterior orientation is determined.
However, when discussing precise measurement, the effect of slight dis-orientation of the lens
center and the CCD center, or distortion of the lens are not negligible. Strictly speaking, these
dis-locations which cause errors are unique to every camera, even within the same model. The
geometry within the camera system is called its “interior orientation”. There are parameters for

calibrating film curvature, lens distortion, dislocation of lens center and principle point, and focal
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length for examples. Using target with lattice pattern to calculate the distortion are the common
way to eliminate these errors inside the camera. Errors can also be eliminated during bundle

adjustment, procedure to calculate the parameters and processes using appropriately placed GCPs.

3.5 Bundle Adjustment

Bundle adjustment is a procedure to calculate the whole parameters (i.e. X,Y,Z,k,¢,0) of
all cameras within the whole “block (see Figure 4)”. Thus, in digital photogrammetry, the bundle
adjustment itself is the procedure to determine the exterior and interior orientation. The tie-points
are the points which can be identified among the different photographs. Tie-points are important
to connect the adjacent photograph and courses into continuous area block. The camera positions
and orientations included in the block are calculated simultaneously by referring the sets of tie-
points. Some of the tie-points should have precise known XYZ values, when giving absolute
coordinates to the external orientation, and the measurement results. The points with known XYZ
values used to add coordinates are also called “Ground Control Points (GCP) “. There is extensive
literature on how bundle adjustment is calculated or computed. But for the ordinary user, it should
be sufficient to understand what bundle adjustment means. The final measurement algorithm of

most SfM software also uses bundle adjustment.

3.6 The measurement

After finishing the bundle adjustment, we can now proceed to the measurement phase.
Identifying the same points among the overlapping photographs is the actual procedure (see
Figure 1). If it is possible to identify the corresponding sets of every single point (“pixels” in case
of digital imagery), then you can measure (i.e. generate a 3D model) of the whole overlapping
scene (see Figure 2).

4 Digital image processing within STM

4.1 The basic flow of the STM

The basic flow of the SfM is shown in the following flow chart. If you only need the relative
3D model and do not need the absolute coordinate, GCPs are not necessary. There are no essential
difference what it is doing between “relative” and “absolute”. Please keep in mind that the term
“Absolute (relative) bundle adjustment” is just used for descriptive purpose here, and NOT a

general term.
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Figure 5. Flow of the SfM

4.2 Pixel matching

As stated in 3.6, after camera position is fixed, identifying the same points among the
overlapping photographs is almost equal to measurement itself. Not only in this final stage, pixel
matching is also fundamental for the preparation stage of bundle adjustment since this procedure
requires tie-points to solve the equations. Thus, pixel matching can be considered a key procedure
in digital photogrammetry. SIFT and RANSAC, are the popular algorithms used in SfM to
implement the pixel matching.

4.3 Key point (tie-point) extraction

A set of tie-points are essential to implement bundle adjustment. As bundle adjustment is
the basis of measurement, the tie-points have to be as precise as possible (i.e., perfectly identified
and correctly placed among the overlapped images). This also includes preciseness in coordinate
values if tie-points are used as GCP. Two algorithms called SIFT and RANSAC that improve
robustness (as well as automation process) are explained in the following paragraphs. Tie-point is
called key point in these algorithms.

4.3.1 SIFT (Scale Invariant Feature Transformation)

As its name shows, SIFT is an algorithm which enables identification of the same points

among overlapping photographs, even if the scales are different. SIFT is also capable of being



used in differently rotated images and images taken from different viewpoints. Of course, the
smaller the change in viewpoint, the greater possibilities of precise matching. It uses the concept
of “scale-space” and “octave”, which roughly corresponds to a “set of images with different
resolution” and a “set of images smoothed with different sized kernel”. Kernel is another name
for “filter” or “window” used in image processing. The extrema found in adjacent pixels of
focusing pixel from the differential of these sets of images shows the robust key points among the
overlapping images (See Lowe (2004) for details).
4.3.2 RANSAC (Random Sample Consensus)

RANSAC provides a solution to calculate data sets which include outlier values, instead
of using the least means square method. The least means square method is known to be strongly
effected by the outlier values included in the data. This problem of outlier values is caused by pixel
matching difficulties in photogrammetry, as the estimated matching points usually contain many
miss-matches. The idea of applying this method is to cull the correct matching points which are
expected to follow the correct geometry model. Thus, applying RANSAC after SIFT will result
in a robust set of matching points (i.e. key points). Bundle adjustment will then be implemented
using this robust set of key points.

- -

Figure 6. Example of a calculated key point (same pixel is identified among three different
photographs)

5 Tools

5.1 Camera

StM is basically free from camera types and lens parameters. The key features to be



considered will be the resolution, CCD size, and lens type for selecting the appropriate camera.
Simply, a higher resolution (and size of CCD), provides a better result. An ordinary lens of around
24mm — 35mm (not fish-eyes or wide angle lens) is sufficient in most cases. Wide-angle lens can
be used (some software have modules for dealing with wide-angle lens) but the image sometime
ends up skewed in 3D models, and usually the image is not better than one from an ordinary lens
(Agisoft, the Photoscan developer, suggests S0mm to be the best, and to avoid ultra-wide angle
and fish-eyes lens in their manual). Logically, it is possible to use different cameras and studies
using different camera models are presented in 2.1. However, sometimes use of different camera
models creates gaps when the images are connected. Thus, empirically, a single (or at least the
same type and setting) camera is better when taking the whole target object. Many people use a
Ricoh GR2 especially when they are using UAV or a high pole as a platform, since this camera has
an interval timer from 1 sec which is not common in other compact digital cameras. Additionally,
the GR2 has a large CCD size compared with other compact digital cameras. Recent UAVs from
DIJI comes with an affordable camera system installed. Especially after Phantom 4, the CCD size
increased and they are capable of 4K movies. High-resolution movie can be another solution for
StM. Although the resolution and sharpness are slightly inferior to cameras, it has the advantage
of recording continuous frames of photo.

5.2 SfM software

There are many SfM software available. These include free software like Visual SFM (http://
cewu.me/vsfim/), Bundler (http://www.cs.cornell.edu/%7Esnavely/bundler/) and commercial
software like Photoscan (Agisoft, http://www.agisoft.com/) and pix4D mapper (Pix4D, https://
pix4d.com/), for example. Evaluations have been done on some of these software (J. Schoning
and G. Heidemann, 2015).

5.3 Computer

SfM requires intensive computer resources particularly if working with a large amount of
photographs. It is better to have graphic boards installed. If considering performance, it seems to
be faster to have two decent graphic boards than having one extreme graphic board. The Agisoft
suggestion of required hardware to run Photoscan is useful (http://www.agisoft.com/downloads/
system-requirements/).

5.4 GNSS (Global Navigation Satellite System)
GNSS is sometimes referred to as GPS but there is a gradual shift to use the term GNSS.
Recently, not only GPS but we also have Galileo, Beidu, Glonass as a satellite navigation systems.

Thus, it is now called GNSS instead of GPS. GNSS can be a very convenient solution to set



GCPs in the focus area, as long as the area is in an open area without surrounding walls or trees.
There are now low-cost L1 RTK GNSS in the market, that cost around $600-$2000 for a full
set. This L1 RTK achieves an accuracy of less than 3 cm if the surrounding conditions are good
(However, the base line between the base station and rover station should be within 1 km for
precise measurement). GNSS can be a powerful solution especially when working with UAV
(especially when placing GCPs) or with comparatively wide areas.

6 Preparation

6.1 What you should keep in mind

The actual steps for measurement are introduced in the next section, but as is often the
case, unexpected circumstances are encountered when you are working in the field. This chapter
tries to provide the fundamentals and priorities in photographing for SfM, and to help decision
making if you are confused in the photography phase.

6.1.1 First principle : It can only measure “visible things” within the photograph

Be careful when photographing uneven objects or complex stone features. If the aspects of
the stone are not taken or hidden, the “dead spots” will cause an error within the 3D model, and
can reflect severe distortion. Try to photograph all aspects of the object (not just the “front” but
also the side, above, and dead spots). Observe the object and check the area which needs careful
photographing (e.g. areas which tend to contain “dead spots”™).

The side will not be properly photographed

Figure 7. Photographing with appropriate overlapping

6.1.2 Second principle: “The quality of photograph” equals “accuracy of the 3D model”
Remember that SfM is totally dependent on the set of photographs. For example, if the
resolution is reduced by half the accuracy will be reduced accordingly. If the photograph is
blurred, pixel matching will not work properly. If the contrast is unbalanced, the possibility of
pixel matching failure increases. Try to take balanced and clean photographs.
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6.1.3 Third principle: The camera is a theodolite
Asexplained in 3.1, photogrammetry is kind of a triangulation. Thus, appropriate overlapping
is fundamental for making an appropriate measurement (You only can only sense “depth” when
you use both eyes). It may feel easier to take an overlapping photo by standing in one position
and just changing the angles, but this will provide a poor result. It is easy to understand why
turning the camera in the same position results in failure, even if it looks like creating an overlap
in the photographs (Figure 8 (c)). Turning the camera is not enough, move your position while
photographing. In the case of SfM, the area intended for 3D modelling should be overlapped
several times in images taken from different positions. An overlap of 80-90% between the
photographs is recommended (perhaps around 70% is affordable in practical use). Of course the
object should not move during the photography session. If considering theodolite measurement
this means that the measuring object is moving. For example, if it is windy, swaying grass and
vegetation may cause error during processing (not over the whole model but the area surrounding
it). Change of shadows shape or its position can also cause the same problem.
6.1.4 Third principle: If you find it difficult to examine the photo so does the software
Maybe in some objects, you may find this method not working as expected. Some textures
with repeating same patterns or mirror like surface which reflects the lighting can end up in poor
results. At least you can try, but the one of the fundamentals in processing is the pixel matching,

which in many case, cannot be so better than manual matching by human eyes.

.

. Base line
It is impossible to measure points by just turning the

theodolite in one position. Also the accuracy is low if
base line is too short.

In this case the
parts which look
‘over lapped” will
not be modeled.

o Turning camera in the same _/
(a) (b) position will result in failure

Only overlapped area can be processed as 3D model (c)

Figure 8. Appropriate way of taking overlapped photographs.
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6.2 Examples of “success” and “failure”

Typical errors will be introduced with examples to help further understanding in this section.

6.2.1 Camera location

A typical mistake in taking photographs for SfM is “pointing the camera from the same
position”. The photograph seems to have overlapping when its sequence is observed (see Figure
9 upper example). However, it provides a poor result (see Figure 9 lower example). Only the top
part of the arch seems to be processed appropriately while the others seem not to be (the lower part
is not even modeled in this example). The reason can be understood by considering geometry (see
lower left image). The photograph was taken from two positions by rotating the camera in each
position. Thus, the part which happen to have the overlap (i.e. the top of arch) was the only part
to be calculated appropriately. The set of photos from a single location means the same geometry
is shown in Figure 8 (c)(i.e. Third principle : Camera is a theodolite).

Set of photographs used for processing

D —

Figure 9. Poor result due to “pointing the camera from the same position”

6.2.2 Focus (blur)
When the images are blurred, the chance of precise matching obviously decreases (Figure
10). As a result, the processed model will be skewed, and in the worst case scenario will not
match, due to the dis-location of the identical points. See the result in Figure 10 for example, the
edge of the square building is distorted and corrupted. This reflects the second principle, “The
quality of the photograph” equals “accuracy of the 3D model”.

12



result

Figure 10. Blurred pair of images and the processed result

6.2.3 Large change in view point
SIFT claims to have the ability to detect identical points even when the viewpoint is
different. This is basically correct but not always assured. If the angle position changes drastically
the chance of precise matching decreases (Figure 11). Changing the angle incrementally is more
appropriate and try to avoid large changes in angle between the overlapping photos. When the
view point is largely different, it is even impossible to identify points (Figure 12). This is because
the viewpoints have changed radically and are beyond the ability of SIFT to identify the points
(see 4.3.1 or Lowe (2004) for details). Additional photographs to complement the images (as in
Figure 14) are needed to avoid this problem.
6.2.4 Closure of object
If the aim is to make a perfect 3D model from every aspect, be sure to take photo from all
directions (as in Figure 17). In Figure 13, lack of overhead photo resulted in severe skewing and

Figure 11. The left two reflect almost a perfect match while the third image shows dis-location.
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Photo from UAV =/ Photo from Ground

Figure 12. Failure of combining UAV photo and ground photo.

O

Figure 13. The image on the left is corrupted due to lack of photography from above.
The image with additional photograph from above gives a better model.

Set of images from above Set of images from above

Set of images from side Set of images from side

Figure 14. connecting photo from side and above.
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holes. This kind of error often occurs when photographing wall like structures as overhead photos
are difficult to obtain.

It should be kept in mind that an overhead photo also needs gradual continuation from the
side image (Figure 14).

The third principle, “the camera is a theodolite”, should be remembered.

6.2.5 Continuity of the photograph

The 3D model is generated from the overlapped photographs, which means there will be
several discontinued 3D models if overlapped sets of photo is discontinuous. If this occurs, relative
location between each model will be unknown, which may fail to produce a continuous model. In
the Figure 15, part of the arch appeared in the wrong location with a completely different scale. It
is not as severe as Figure 15, but Figure 16 is another example of dislocation within the 3D model.
This is due to poor continuity or disconnection in overlapping (Figure 17).

The portion of the arch appeared in the wrong location with different scale.

Figure 15. Dislocation caused by poor continuity in the overlapping (case 1).

Figure 16. Dislocation caused by poor continuity in the overlapping (case 1).
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Models to be
generated are
divided(red line).

The spatial relation
between two models
cannot be calculated .

Photographs should be taken continuously (order does not matter), or else model will be
divided and each part cannot be located properly.

Figure 17. Photographing an object with continuous overlapping

6.2.6 High contrast image
It is better to avoid unbalanced high contrast when taking a photograph. However, there
is a chance of pixel matching even if it seems quite difficult from the original photograph. If
comparable values remain, SIFT will search for the key points. If the image is almost completely

over (or under) exposed, matching becomes difficult or impossible.

(After image ncement) Photol (Before image enh 1t) Photo2 Photo3

el

—

N

N

The precision of key points is low since pixels around are over exposed and lacks valid values (within dotted circle)

Photol .
(After image enhancement) (Before image 1t) Photo2 Photo3

agml
| ]
\\_fl

The precision of key points is reasonable since surrounding pixels still contains comparable values (within dotted circle)

Figure 18. High contrast image
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7 Practice

7.1 Work flow
The basic work flow in the field to take photograph will be as following (Figure 19).

How do | take continuous tShhouI'c-lnI fh?nrg?nt?s seﬁlntg °7f
photos of the roof? ¢ camera for inside photos?

Be careful with the blind
angle behind the pillars.
Image around this entrance
. . will be connected to inside. z
Setting the scale (and a mark to set the axis) ‘X\I
It is best to have GCPs if possible but if it is difficult at least set the
measurement scale. Also setting marks to set axis are preferable.
Am | leveled??
a———I'Z

- & ? 5m
[ Adjusting the camera } —

Look for positions that avoid blind angles (e.g. bumpy texture, high walls),
Consider the best position to take a continuous set of photographs.

( Look around the site

d

<

.

Adjust the setting of the camera for taking appropriate photographs. The shutter . Set scales and marks for axis X Y
speed, iris, resolution, and depth of field should be considered

Make sure to have overlapping among blocks
31 block 2" block { 15t block

Taking a photographs \ 7
Pt is safe to set a “block” with clear boundaries to know which section is taken and }__,

\

which is not. For example, use the pillar as a boundary marker.

Using pillar for marker of boundary

Figure 19. The basic work flow in the field

7.2 Preparation: Looking around the site

The very first thing to do is, of course, to look around the site and get an overview and
basic information for later photography. The appropriate strategy to take continuous photographs,
existence of blind angles, severe shadow, and how detailed should the model be (this is related to

how close you should be from the object when taking photograph) are the main things to confirm.

7.3 Setting the scale / GCP

If there is a set of overlapping photographs, the output will have relative coordinates, where
length and orientation (e.g. if the model is leveled or not) are unknown. The most precise way
of adding information is to use several known points with precise XYZ coordinates (GCPs).
If these GCPs are placed appropriately inside the photographs, coordinates and orientation will
be automatically added to the outputs. However, this is not always possible. If this is difficult,
it is recommended to add scale inside the photographs. It can be a real scale, or a set of points
within the photographs where the distances between them are known. The difficulty is in the
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orientation. This is important when exporting orthophoto, which can be used for making plans.
The orthophoto can be skewed if it is not leveled or properly oriented (Figure 20).

-«

Plane of the plan Plane of the plan

Orthophoto Orthophoto

Figure 20. Orientation and orthophoto differences

7.4 Adjusting the camera

As is stated in the overview, pixel-matching is one of the core processes in SfM. It is easier
to identify a pixel when the image is heterogeneous. This can be easily understood by imagining
you were told to identify the same pixel between completely white images. This means if the
photograph is highly exposed or under exposed, the pixel- matching will be unsuccessful. Thus,
the camera settings related to exposure should be tested in several different sets before taking
photos for records. When taking photographs without a tripod or using long poles, the camera may
shake and become unstable resulting in blurred images. The shutter speed should be considered
when taking photographs. The basic settings to be considered are shutter speed, F-value, ISO
value (lower the better (usually around 400-800)), and any other exposure parameters (like +/-
exposure rate).

7.5 Taking the photographs

Keep the principles and examples in section 6 in mind and take photographs. Idea is not
just to cover the whole object with image. But to cover the object with a continuous set of “stereo
image”. The recommended overlapping of the photo is said to be 80%-90%. However, it can be
processed with less than this overlap, but should be larger than 60%. It is better to set a boundary
and divide the photographing object in block to remember which part is finished and which part
is not, when the object is large. Also consider the weather, time and season. If you manage to

18



take photos in the morning and afternoon, the direction of shadow and brightness and color of
the photographs will be different. Sometime these differences can cause problems. Remember
that removing shadow afterward is impossible, even though processing is possible. Changing
focal length (using a zoom lens for example) is acceptable, but empirically, it is better to use the
same focal length for the entire procedure. As discussed in the section 3, it is possible to eliminate
factors inside the camera (i.e., interior orientation). However, the correction may be acceptable
but not perfect, with slight errors included in every camera model. Actually the author has not

confirmed this but internal camera differences is a possible cause of errors.

7.6 Processing

The procedure is different depending on the software used but the basic flow of the procedure
will be the same as shown in Figure 5. If the set comprises 100 photographs or so, a laptop
computer can be used. Generally, it will take around 3 to 4 hours for 600 hundred photographs
using a computer with GPU graphic cards included. However, This will change dependent on the

power of computer and the stability of the set of photographs.

7.7 Mapping

Orthophotographs exported will be the result closest to a map. Digital traces of this
orthophotograph will give you the final plan image. However, the masonry joints or ridge line
of the stones are hard to see according to the condition of the photograph (e.g. lighting, shadow,

and resolution)

8 FAQs

8.1 Can it be used for recording artifacts?

Yes. What you have to be careful is that the result will be affected even with slight movement
of the object. If you accidentally move the object during photographing, it is better to do it over
again. The object must not move at all.

8.2 Can it be used for recording features and grid plans?
Yes. It is best to set several GCPs around the features or grid to make the processing and

mapping easier.

8.3 What should we do with the “digital” results?
This is what we have to discuss for future work, since this method requires extensive photos
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and a large data set. The large file size, file sharing and maintaining these digital data is a difficult

matter.

8.4 How long does it take to learn the whole process?

The best way is to learn is practice. But it will be easier if you understand the basic principles,
at least things written in this brochure. For anyone who has used this method, several days should
be enough to pick it up. An additional week may be required to install additional methods such as
UAV or GNSS. Additional lectures may be required for proper use of GNSS.

8.5 So, what is the difference between this and traditional methods?

Short measuring time and minimum staff required in the field. Also dense point cloud
enables recording of detailed 3D structures, which is quite difficult using traditional measurement
methods such as leveling lines and scales. The monetary cost and its straight forward operation is

different when compared with conventional photogrammetry software.

8.6 How much do you need to start the whole procedure?
A digital camera and computer are the main equipment necessary if you use free software.

8.7 s there any cost for maintaining this methodology?
Basically, no. however, when we think about systematic and long-term archiving, we have

to consider the management of digital data storage (same with FAQ 8.3).

8.8 What is the major defect of the method?

The biggest problem is perhaps that you cannot be sure with the result when you are in the
field. Another problem is that it is difficult to evaluate the accuracy of the results. Results can
change by the quality of the photographs, setting of the SfM software. This is the reason that
you need maximum effort to take appropriate photographs as possible. (and this is the aim of this

brochure)

9 Further reading (selected from “web available” source)

9.1 Application

S. Agarwal, N. Snavely, I. Simon, S. M. Seitz, R. Szeliski, 2009, Building Rome in a Day,
International Conference on Computer Vision, Kyoto, Japan. (https://grail.cs.washington.
edu/rome/rome_paper.pdf)
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A. Gruen, F. Remondino, L. Zhang, 2003, COMPUTER RECONSTRUCTION AND
MODELING OF THE GREAT BUDDHA STATUE IN BAMIYAN, AFGHANISTAN,
International Archives of Photogrammetry, Remote Sensing and Spatial Information
Sciences, Vol. XXXIV-5/W10. International Workshop on Visualization and Animation of
Reality-based 3D Models, 24-28, Tarasp-Vulpera, Switzerland (https://www.researchgate.
net/publication/244129801_COMPUTER_RECONSTRUCTION_AND_MODELING _
OF _THE GREAT BUDDHA STATUE IN BAMIYAN AFGHANISTAN)

BigSFM: Reconstructing the World from Internet Photos (http://www.cs.cornell.edu/projects/
bigsfm/)

A. Kitamoto, E. Andaroodi, M. R. Matini, K. Ono, 2011, Post-Disaster Reconstruction of Cultural
Heritage: Citadel of Bam, Iran, IPSJ SIG Computers and the Humanities Symposium 2011.
(https://www.researchgate.net/publication/268206143 Post-Disaster Reconstruction
of Cultural Heritage Citadel of Bam Iran) Switzerland (https://www.researchgate.net/
publication/244129801 COMPUTER_RECONSTRUCTION_AND MODELING_OF
THE GREAT BUDDHA STATUE IN BAMIYAN AFGHANISTAN)

W. Wahbeh, S. Nebiker, G. Fangi, 2016, ISPRS Annals of the Photogrammetry, Remote Sensing
and Spatial Information Sciences, Volume I1I-5, 2016 XXIII ISPRS Congress, 12—19 July
2016, Prague, Czech Republic (https://www.researchgate.net/publication/303827540
COMBINING PUBLIC DOMAIN_ AND PROFESSIONAL PANORAMIC
IMAGERY_FOR_THE_ACCURATE_AND_DENSE 3D _RECONSTRUCTION_OF _
THE DESTROYED BEL TEMPLE IN PALMYRA)

9.2 Principles and evaluation

M.A. Fischler, R.C. Bolles, 1981, Random Sample Consensus: A Paradigm for Model Fitting
with Application to Image Analysis and Automated Cartography, Communications of
ACM, Vol.24, no.6, pp.381-395. (http://www.cs.columbia.edu/%7Ebelhumeur/courses/
compPhoto/ransac.pdf)

D.G. Lowe, 2004, Distinctive image features from scale-invariant key points, International Journal
of Computer Vision 60(2), 91-110. (https://www.cs.ubc.ca/~lowe/papers/ijcv04.pdf)

D. Skarlatos, S.Kiparissi,2012, COMPARISON OF LASER SCANNING,PHOTOGRAMMETRY
AND SFM-MVS PIPELINE APPLIED IN STRUCTURES AND ARTIFICIAL SURFACES
SPRS, Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences,
Volume [-3, XXII ISPRS Congress, 25 August ? 01 September 2012, Melbourne,
Australia, http://www.isprs-ann-photogramm-remote-sens-spatial-inf-sci.net/I-3/299/2012/
isprsannals-1-3-299-2012.pdf

J. Schoning and G. Heidemann, 2015, Evaluation of multi-view 3D reconstruction Software,
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Published in the proceedings of CAIP 2015, https://ikw.uni-osnabrueck.de/~cv/publications/
caipl5.pdf
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