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Abstract. Presenting historical content and information illustratively and inter-
estingly for the audience is an interesting challenge. Now that mobile devices
with good computational and graphical capabilities have become wide-spread,
Augmented Reality (AR) has become an attractive solution. Historical events
can be presented for the tourist in the very locations where they occurred. One
of the easiest types of historical content to present in AR is historical photo-
graphs. This paper presents mobile applications to show historical photos for
tourists in Augmented Reality. We present several on-site pilot cases and give a
summary of technical findings and feedback from test users.

1 Introduction

To make the historical information more easily available for larger audiences it is
important to make the educational content and learning more interesting. One ap-
proach for this is using audio, video, games or other interactive media for this pur-
pose. The idea of combining education with entertainment has been widely used, and
terms like “learn through play” or “edutainment” are common in describing this ap-
proach [1]. While educational entertainment has already been studied for many years,
it is still debated how much actual benefits the approach can provide for the learning
[2].

Many tourists are interested in the history of the city they are visiting, and there is
a lot of information available in books and local museums. However, now that mobile
devices with good computational and graphical capabilities have become wide-
spread, Augmented Reality (AR) has become an attractive alternative: Historical
events can be presented visually for the tourist in the very city locations where they
occurred [10-14]. Naturally, the same visualisation technologies can be applied also in
museums. For example, the usage or historical surroundings of a historical artefact
can be shown to the visitor.

In this paper we present mobile augmented reality application for visualizing his-
torical content for tourists. More specifically, the application presents historical pho-
tographs in Augmented Reality. Various versions of this application were tested on
four on-site pilots in Finnish cities of Turku and Helsinki.



The applications described in this paper were created in projects Futuristic History
and StreetSmart, which both investigated how to present information visually for
tourists. Futuristic History [4, 9] was a two-year Tekes project (2013-2014), and it
provided tools and workflows for museums and cities to create historical content for
virtual and augmented reality. The StreetSmart project was an EIT ICT Labs (2014)
project with main focus on mobile retail applications, but where we also investigated
application possibilities that could be interesting for tourists.

Using animated 3D visualizations is a very attractive approach for bringing cultural
heritage to life in virtual and augmented reality applications [1]. In the Futuristic His-
tory project advanced visual content of historical events (3D models, animations,
avatars etc.) were created and visualized using VTT’s augmented reality tracking
software. However, creating 3D content and animations is tedious and thus expensive.
Therefore, we also investigated in both of the above projects also an easier approach
that is described on this paper: presenting historical photographs in AR using mobile
devices.

We created several versions of a mobile application for visualizing the photo con-
tent. The application was first tested first in Turku in two pilot cases and later an up-
dated version of the same application was tested in Helsinki in a third pilot. These
three pilots used image-based tracking for making the augmentation. Finally we had
also a separate technical demo of more advanced 3D pointcloud-tracking technology
that  was  also  piloted  in  Helsinki.  All  four  demo  applications  were  tested  by  project
partners or larger user groups.

First this paper presented the problem: how to present historical events and content
to the audience in an attractive and informational way (this section). Augmented Real-
ity provides a good solution, and Augmented Reality and its tracking methods are
covered next (section 2). Then we present the pilot software (section 3) and the actual
pilot cases (section 4). Finally we give a summary of the results for all the pilot cases
(section 5) and the conclusions (section 6).

2 Augmented Reality

In  Augmented  Reality  (AR)  virtual  content  can  be  added  to  the  environment  by
overlaying it on live camera view. For example, the users can walk on-site around the
planned building and view it from various directions, e.g. through the screen of a
tablet. Or, an already demolished historical building can be shown in its previous
location.

In order to merge the virtual objects seamlessly into the physical reality, the pose
(i.e. position and orientation) of the camera must be computed for each video frame.
The 3D tracking is still one of the main research topics when making AR solutions
[3]. In the applications presented in this paper we used two visual tracking techniques:
image-based and pointcloud-based tracking. In addition we used also the sensors of
the mobile device (GPS, IMU and Compass) for providing rudimentary 3D tracking
as a fall-back solution in case the visual tracking methods fail.



Many augmented reality applications use fiducial 2D-markers that are designed to
be easily recognizable from the video. Image-based tracking uses similar 2D tracking
targets, but instead of using specific markers uses natural reference images. The im-
ages are matched with the video by using natural features that can be identified in
both views. The AR application can contain a number of known reference images,
and if it detects any of these images, it can compute the camera pose in relation to the
predefined reference position of that particular image. The images used for tracking
can be drawings or photos, but also any flat object like a façade of a building can be
used for this purpose. Image-based tracking works also in situations where the track-
ing target is not planar, but then the viewing direction is limited more to the direction
where the reference image was originally taken.

In pointcloud-based tracking we can have a lot more reference images for each tar-
get object. The natural feature matches between the reference images can be precom-
puted and we can automatically estimate both the camera locations and the 3D posi-
tions of the natural features to make a sparse 3D reconstruction of the environment
(i.e. the pointcloud). Increased number of reference images and better 3D understand-
ing of the environment gives this approach more flexibility compared to the image-
based tracking. However, pointcloud-based tracking is computationally more expen-
sive. Therefore, in our implementation only one pointcloud could be active at any
given time. Still, if we want to support several pointcloud targets it would be possible
to automatically change the active pointcloud based on device GPS coordinates, for
example.

VTT [6] has created and published a program library for Augmented Reality called
ALVAR (“A Library for Virtual and Augmented Reality”) [7]. The desktop version of
ALVAR is open-source and free, whereas the version for mobile devices (“Alvar
Mobile”) is commercial. Alvar Mobile has implementations for both the image-based
and pointcloud-based tracking methods that were used in the presented Pilot software.
The algorithms in Alvar Mobile use Eigen and OpenCV libraries.

3 Pilot Software

The VTT demo application used in first three pilots was written for Apple mobile
devices, i.e. iPhones and iPads (iOS6, 7, 8). These applications are test programs that
have not been validated for AppStore. They run in VTT devices only, and they have
been tested in an iPhone 5 running iOS7 and an iPad running iOS6 (and later iOS8).
The technical demo used in the fourth pilot was used in Windows Tablet (ACER Ico-
nia Tab W500).

All demo applications contain an AR view that uses VTT Alvar Mobile library for
tracking. The first three pilots use 2D image-based tracking (assuming flat targets),
while the fourth pilot uses 3D pointcloud-based tracking. The fourth pilot was a sim-
plified technology demo and it did not have other functionalities besides the full-
screen AR view. More details about the user interface for the demo applications for
the first three pilots are given below.



User interfaces are scaled between iPhone and iPad screen sizes, and it is designed
to be used with the mobile device in portrait orientation. The main user interface is in
Finnish, and it consists of four tabs: “Kartta” (i.e. “Map”), “Kompassi” (i.e. “Com-
pass”), “Kamera” (i.e “Camera”), and “Info”.

Fig. 1. Four tabs of the user interface of the Pilot 1 application in iPhone

The first tab (”Kartta”) shows the target locations on map using green pins. One of
the targets can be the selected target, and this target is shown using a red pin. A pin
showing a target location can be tapped, in which case target name is shown in a bal-
loon help window. The user’s own location (as reported by the device’s GPS sensor)
is shown as a cyan sphere. The application uses the standard maps of Apple, but more
accurate map images can be overlaid, if necessary.

The second tab (”Kompassi”) uses the compass and GPS location of the device. It
shows a live video from the device camera and augments text fields into the view,
which show the name of each target location and the user’s distance to it; each target
location is shown in the correct compass direction, so the user knows how to navigate
to a specific target.

The  third  tab  (“Kamera”)  is  the  Augmented  Reality  view.  It  shows  a  live  video
from the device camera and augments virtual content into the view, if the tracking
algorithm recognizes the view. In other applications the virtual content is historical
photos, but in Pilot 1 application it is explanatory texts. If the application fails to rec-
ognize the view but the user is within 10 m from a target, the application draws the
virtual  content  to  the  view  anyway  (to  the  correct  compass  direction).  Thus  if  the
tracking fails for e.g. illumination reasons, the virtual content can be seen neverthe-
less, but the virtual content does not snap to the physical target, it just “floats” in the
approximate direction. The reference image that the application tries to track is shown
in the upper-left corner, so the user knows how to point the camera.

The fourth tab (“Info”) contains more accurate information about each target loca-
tion. There are separate pages for each target location. The pages are HTML pages, so
besides text there can be images, photos etc.



The user interface described above was used in the two first demonstration applica-
tions. However, for the third demo application the “Kompassi” and “Kamera” tabs
were merged into a new “Kamera” tab, where the historical photo is augmented to the
scene, if the view is recognized (like the earlier “Kamera” tab), but if not, the applica-
tion shows all the photos in their correct compass directions (like the earlier
“Kompassi” tab, but with photos in addition to texts). Also informative texts were
removed in all tabs, so the actual content could be presented in full size.

4 Pilots

VTT demo applications:

Luostarinmäki (Turku): Using AR in orientation and guidance
Kauppatori (Turku market square): Presenting historical photos in AR
Helsinki (market square, senate square): Presenting historical photos in AR
Helsinki (market square, senate square): Testing  pointcloud-based tracking in AR

4.1 Pilot 1: Turku, Luostarinmäki

In this pilot the application helps the user to navigate to one of six possible high-
light targets (using the map and the compass). When a highlight is found it directs the
user’s attention to some details in the view, and provides more information about the
highlight.

This application is using 2D image tracking, although some of the targets are not
flat. This seems to work well enough, if the user is standing in the correct location. In
practice, the sample image in the upper-left corner seems to provide enough infor-
mation for the user for this purpose.

The 2D image tracking augments another image on top of a detected physical im-
age. In other pilots the augmented images are historical photos, but in this application
we augment explanatory texts that describe particular objects in the scene. Because
the augmented image can be partially transparent, we get explanatory texts by creat-
ing  an  image,  which  is  mostly  transparent,  but  where  the  opaque  parts  consists  of
white texts and arrows (the text backgrounds are 50 % transparent black). The sizes of
the augmented images are the same as the tracker reference images, and the texts and
arrows have been positioned by overlaying them with the reference images.

4.2 Pilot 2: Turku, Kauppatori

In Turku, especially around the market square, many older decorative buildings
were replaced by modern-looking buildings during the 1960s and 1970s. Later many
Turku residents have lamented the loss of the old buildings, so showing photographs



of the old buildings on top of the corresponding current buildings was considered
interesting.

This pilot application shows black-and-white historical photos of demolished
buildings around the Turku market square. There are 12 older buildings that can be
viewed over 9 current buildings, but some of them have multiple viewing points, so
there are 14 viewing points. As before, the viewing points are shown on map, and the
user can see the distance and direction to each viewing point from the user’s current
location.  If  the  user  walks  into  a  viewing  point  and  points  the  device  camera  to  an
existing building (so that the live camera view matches the sample image), the histor-
ical photo is augmented to the live camera view. And finally, there is more infor-
mation about the existing and demolished buildings.

Figure 2 shows an augmented photo of the earlier Lindblom building overlaid over
the view of the current Wiklund department store. Top-left corner shows a detail of
the current Wiklund building, where the user should aim to start the tracking.

Fig. 2. Augmented Reality view of the Pilot 2 application in iPhone



4.3 Pilot 3: Helsinki, Kauppatori and Senaatintori

The purpose of the application is to show historical photos of the life in Helsinki in
19th and 20th century;  and  also  to  help  the  user  find  the  correct  locations  (using  the
map and the compass), and to provide more information about the historical photos.
The user interface is in Finnish.

There are 34 historical photos around the Helsinki market square and Helsinki sen-
ate square, each with its own viewing point. The viewing points are shown on map
(figure 3, left). The AR view shows the 34 photos in their correct compass directions;
the further away a viewing point is, the smaller the corresponding photo is shown. On
top of each photo, a semi-transparent text shows the distance to the viewing point
from the user’s current location (and other pieces of information). If the user walks
into a viewing point and points the device camera to the correct direction, the histori-
cal photo is augmented to the live camera view. As before, there is more information
about each historical photo (figure 3, right).

Fig. 3. Map and info views of the Pilot 3 application in iPhone



Figure 4 shows a scene in Helsinki market square, and figure 5 as seen through the
AR view of the application when it cannot recognize the scene: all available photos in
the current compass direction are shown, closer ones larger.

Fig. 4. A scene of Helsinki market square

Fig. 5. AR view of the Pilot 3 application in iPad, not tracking



Figure 6 shows another scene in Helsinki market square, and figure 8 as seen
through the AR view of the application when it does recognize the scene: the corre-
sponding historical photo is augmented to the scene.

Fig. 6. Another scene of Helsinki market square

Fig. 7. AR view of the Pilot 3 application in iPad when tracking



4.4 Pilot 4: Technical Pointcloud Test in Helsinki

The 2D image based tracking that was used in the three first pilots has some limita-
tions. It is more suitable for flat targets, and the tracking works best when the target is
viewed in conditions that closely match the situation when the reference image was
taken.

In this fourth pilot, the tracking uses a 3D pointcloud that was reconstructed using
photograph taken in various weather (sunny, cloudy) and lighting (day, night) condi-
tions. In this particular case we used 120 photographs for the reconstruction. This
approach gives the tracker more robustness about the viewing direction and the light-
ing conditions.

This application presents three historical photos in Senate square of Helsinki. One
of these photos shows a Graf Zeppelin behind Helsinki Cathedral photographed in
1930. Figure 8 shows this photo aligned with the pointcloud, so that the augmentation
seems relatively “correct” even when viewed away from the place where the original
photo was taken.

Fig. 8. The photograph of Graf Zeppelin aligned with the pointcloud (left) and presented in
Augmented Reality (right).

5 Results

5.1 General

The Pilots 1 and 2 were tested by the Futuristic History project partners. Pilot 3
was tested with a small test group by VTT’s StreetSmart project partner, Forum Viri-
um Helsinki [8].  For the pilot 4, some on-site technical tests were made.

The general approach for the pilot application used in pilots 1-3 was considered
useful in all tests. Furthermore, the Augmented Reality view tested in pilots 2-4 was
considered useful. For example the users liked that they could compare the present
with  the  past  in  pilots  2-4  by  comparing  the  scene  to  the  view they could  see  in  the
screen of their tablet.

Below, we give more specifics from the user tests for the pilot application 3. We
also have more details about our findings regarding the augmented reality tracking.



5.2 User Tests in Helsinki (Pilot 3)

The City of Helsinki and Forum Virium Helsinki [5] have developed and tested
digital wayfinding for a few years now. Digital wayfinding services are seen as vital
part in complementing the physical signage of the city. However, it is still a new and
experimental territory. The vision for the future is to make all the content of the way-
finding services mobile-friendly and responsive.

In December 2014, Forum Virium Helsinki and VTT tested a new wayfinding con-
cept  linking  the  past  and  present  when  walking  the  streets  of  Helsinki,  the  Pilot  3
mobile application. This demo application takes the user out on a historic tour, show-
ing how the places used to look like a hundred years ago. The historical photos are
fetched from the Helsinki City Museum’s archives.

The demo application was introduced for a small test group. The aim was to get
feedback, and to test the concept as a whole.

In general, the test group considered the app useful and intriguing. However, they
were not satisfied with the historical photos only; they would have liked to have short
stories explaining the scenes in the historical photos. This supported the original plans
for the concept.  In the current demo the descriptions of the scenes are only a couple
of sentences long. Clearly, the test group would have liked longer, more in-depth
stories.

The test group also desired an audio guide linked to the historical path. Audio
guide would make the service easier to use and provide a better experience. Staring at
the device all the time may present a safety hazard in a busy city environment.

Later the app was installed to one of the Helsinki City Museum’s iPads, so in the
future the app can be presented and tested further.

5.3 Tracking

It turned out that 2D-tracking of modern buildings used in pilots 2-3 was error-
prone in the changing environment. Many modern buildings have a large number of
repetitive features and reflective surfaces, which both introduce challenges for cam-
era-based tracking algorithm. Furthermore, the environment can change quite much
depending on weather, time of year, time of day etc. and reference images used for
the tracking can get outdated.

Therefore, several algorithms were tested, and for some buildings there are multi-
ple viewpoints (target images are different parts of that building). Also a compass-
and-GPS augmentation fall-back was implemented: If the user walks into a viewing
point and points the device camera to the correct direction, the historical photo is
augmented to the live camera view, whether the tracking succeeds or not. Thus the
user can see the historical photo in the approximately correct direction, even if the
tracking fails.

After this fall-back code had been implemented, it was natural to merge the func-
tionalities in the earlier “Kompassi” and “Kamera” tabs into a new “Kamera” tab,
where the historical photo is augmented to the scene, if the view is recognized, but if



not, the application shows all the photos in their correct compass directions. This was
done for the pilot 3 demo application.

We also tested more complex 3D pointcloud tracking in the pilot 4. It turned out
that this approach could be made robust in various illumination and weather condi-
tions, if there were a sufficient number of reference photos taken in various condi-
tions. Also the pointcloud tracking can support a larger viewing area, because it can
have a lot more reference images compared to the 2D image-based tracking. Howev-
er, the 3D pointcloud requires more computation power and in practice only one tar-
get area pointcloud can be in use at any given time.

6 Conclusion

We created a few relatively simple mobile applications, which present historical
photos in the locations where they were taken, and guide the users to those locations.
We wanted to find out whether users would find such applications useful.

The chosen locations made a good ensemble, which used two different markerless
tracking methods (2D image, 3D pointcloud). On the other hand, a similar code base
and user interface could be used in three locations, so there was synergy in the pro-
gramming effort. The applications turned out to be useful, both in guiding the tourists
to the correct locations and in presenting additional historical information. There were
some challenges especially in 2D-tracking of building façades, but sufficient work-
arounds were found. 3D pointcloud tracking could be made robust in various illumi-
nation and weather conditions, if there were a sufficient number of sample photos,
taken in various conditions.
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