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Abstract

This work considers the viability of interactive table-
tops as integral items of furniture in learning environ-
ments, as either an addition to, or replacement for, ex-
isting tables. Specifically, the problem of determining
table location is addressed. A technique is presented
that allows people to estimate the location of a table
by performing a simple procedure on each table. An
evaluation study is presented indicating that reasonable
accuracy for tabletop location can be established using
this technique that will allow for a number of spatially
aware applications.

1. Introduction and Background

At present, interactive tabletops are thought to pro-
vide an effective digital medium in which people can
collaborate on various collaborative tasks, including
learning [?, ?]. Interactive tabletop research is gen-
erally focused on collaboration between multiple par-
ticipants across a single tabletop. However, when a
number of tabletops are available where each tabletop
may have one or more people using it, an opportunity
arises for sharing content such as learning materials
between these tabletops.

Activities of content sharing in multi-display en-
vironments (MDEs) are becoming more common [?].
These mechanisms for passing content such as docu-
ments, images and on-screen objects from one table-
top to another can benefit from the establishment of a
coordinate system, known to all tables, that maps to
the physical environment. Such a coordinate system,
known by all tabletops, can facilitate natural content
movement, for example via sliding content to move or
copy items from one table to another - as content is

caused to move to the edge of one table, it would then
appear on the table next to it.

For this to be achieved intuitively, each table should
have information on where it is physically located in
the room, and have information of the location of the
other tabletops in the room for this to work.

It is possible to physically measure the location and
orientation of a tabletop and record this data on each
tabletop, and this strategy is suited for an environment
in which the tabletops remain in a fixed position for
long periods of time, and where accuracy of location is
important.

Learning environments, notably school classrooms,
are physical spaces in which furniture is frequently
moved and reconfigured to accommodate different
learning activities during the course of a day. Flexi-
ble furniture is known to be an important factor for
successful class room environments [?], and so if inter-
active tabletops are to become part of the furniture of
such learning environments, then it is essential that in-
teractive tabletops can be moved, and have the location
of the tabletop established quickly.

2. Technique

This paper establishes a mechanism by which a
tabletop can know its orientation and location in a co-
ordinate system that represents physical space. Each
tabletop has a local coordinate system used for draw-
ing objects on screen. For example, a pixel-based co-
ordinate system might use the bottom-left corner as
point (0,0) and top right corner as (1024,768). For
to be shared between tabletops, conversion is required
between this local coordinate system and the shared
coordinate system for the room.

Here, a technique for establishing the shared room
coordinate system is presented, illustrating the princi-



ples that this method uses, and demonstrating how a
tabletop can determine its location and orientation in
that shared room coordinate system.

2.1. Room pre-requisites

Establishing a tabletops position in a room requires
that room to have two points of reference that will be
used throughout the process for all tabletops. For rect-
angular rooms, a convenient pair of landmark reference
points can be taken from the corners of the longest wall
in the room at the same height as the surface of the
tabletop. The distance between these landmark refer-
ence points should be known.

In practice, these landmarks can be established as
the corners of the room, or more obvious landmarks
specifically placed in the room for the purpose. This
might be achieved by placing obvious marker-posters
on the wall of the room. Figure 1 shows a plan view of
a room with reference points taken to be the corners of
the room along the longest side.

Figure 1. Room reference points

The established two-dimensional Euclidean geome-
try can serve as the shared coordinate system for the
room and the tabletops in it. It is assumed that there
is some mechanism by which each of the tabletops can
communicate with each other, and that the length of
vector AB is known to each tabletop. Typically, this
would be achieved by sharing the data across the net-
work.

Each tabletop can now be configured individually so
that the tabletop has information of its own position
and orientation within this shared coordinate system.

2.2. Tabletop configuration

A user should perform the configuration steps for
each tabletop in the room. The steps are outlined first,
and detail given later:

1. From the center point of the tabletop, draw a line
parallel to, and in the same direction of, the vector
AB, called the north direction.

2. From the center point of the tabletop, draw a line
in the direction of and pointing to landmark ref-
erence point A.

3. From the center point of the tabletop, draw a line
in the direction of and pointing to landmark ref-
erence point B.

Step (1) informs the tabletop of its orientation
within the shared room coordinate system.

Step (2) gives an angle from the centre of the table-
top to point A. This angle, measured in the tabletops
coordinate system can then be converted to an angle
α in the shared room coordinate system. This is done
by taking into account the angle of the vector AB de-
termined in step (1).

Step (3), in a similar fashion to step (2), establishes
the angle from the centre of the tabletop to point B.
By using the same conversion process as step (2), the
local angle can be converted to an angle β in the shared
room coordinate system.

The accuracy by which users are able to achieve
these steps will have a direct bearing on the accuracy
to which each tabletops position and orientation can
be established.

2.3. Location

Establishing the location of the centre of the table-
top (x,y) is a trivial step. The problem is trigonometric
when simplified as shown in figure 2.

Each angle of the triangle in figure 2 can be deter-
mined through the rules of corresponding angles from
parallel lines, and that vertical angles are identical.
This gives:

σ = 2π − β (1)

φ = β − α (2)

ρ = α− π (3)

Using the sine rule, and given distance d, the lengths
r and s can be determined as:



Figure 2. Trigonometric problem
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From this, distances x and y can be determined as
follows:

x = r.sin(σ) (5)

y = s.cos(ρ) (6)

The values of x and y give the location of the centre
of the tabletop in the rooms coordinate system. It is
assumed that each tabletop knows its own dimensions,
and can share this data with other tabletops along with
its location and orientation information.

3. Study

A controlled laboratory study was conducted to de-
termine how accurately people are able to estimate the
two angles α and β, and therefore determine how accu-
rately people can estimate the location of a tabletop.

Software for the study was constructed on top of a
multitouch framework called SynergySpace. The soft-
ware allows the users to follow the steps outlined in
section 2.2 and logs the results for later processing.

Four interactive tabletops running the software were
placed in the laboratory room at location and orienta-
tions shown in figure 1. This configuration was chosen
to maximise the use of the four available tabletop de-
vices in a non-symmetrical layout. The orientations
were chosen to include (i) orientations in line with the
room coordinate system (tabletops 1 and 3), (ii) reflec-
tion, between tabletop 1 and 3, and (iii) orientations

not parallel to the room coordinate system (tabletops
2 and 4).

Sixteen participants took part in the study. These
participants were selected by convenience sampling.
The profile of this sample is as follows:

• 87% male (n=14)

• 94% right-handed (n=15)

• 100% use computers daily

Each participant was instructed to follow the table-
top configuration instructions given in section 2.2
above, using software that would record the estimated
angles and corresponding location and orientation.

Video footage of the experiment was recorded to al-
low for further analysis. One researcher was present
during the experiment to observe and answer questions
from participants.

4. Observations

From the in-experiment observations, it was clear
that there was variance in the degree to which par-
ticipants understood and followed instructions. Post-
experimental analysis of the video footage focused on
obtaining data for the following variables for each setup
of an individual table:

1. Comprehension of the north direction some par-
ticipants did not understand that the direction of
north was parallel to the wall in the direction from
point A to point B. Some tried to point to geo-
graphical north. This variable was measured as
either Good or Poor based on their apparent un-
derstanding as seen in the video footage.

2. Comprehension of pointing to the reference points
rather than corners of the tabletop some partic-
ipants misunderstood the concept of point A and
point B being physical reference points; instead,
drawing lines to the corners of the tabletop. This
was measured as either Good or Poor based on
their apparent understanding as seen in the video
footage.

3. Stoop or stand some participants would remain
standing through the setup of a table, whereas
some participants would sight the line to the ref-
erence point by stooping down to obtain a better
viewpoint. This was measured as Stand only or
Stooped to indicate whether they, at some point,
stooped down during line drawing.



4. Movement around the table some participants
would freely move around the table to draw lines.
Others would attempt to draw lines to reference
points without movement, and draw lines over
their shoulder. This was recorded as Yes or No
based on whether they, at some point, changed
their position relative to the tabletop during line-
drawing.

5. Re-checked the line after drawing some partici-
pants would re-check the lines, once drawn. Some
would not. This was recorded as Yes or No based
on whether they re-checked lines once or more af-
ter they had initially drawn them.

These variables are used along with the results data
obtained from the software.

5. Results

Results of the experiment are described below.
Three aspects are presented: (i) an analysis of the re-
sults when all participants are considered, (ii) a con-
sideration of the results when some participants are
filtered from the data set, and (iii) an evaluation of the
experimental data.

5.1. All participants

In all, 16 participants performed a total of 70 table
setups. It was expected that each participant would
perform 4 tabletop setups, resulting in 64 tabletop se-
tups in total. The discrepancy is accounted for by the
fact that some participants asked to retry one or more
table setups during their session.

Let a setup instance i be a participant setting up an
individual table. For each instance, the actual angles
for α and β were compared with the estimated angles
α′ and β′ provided by the participant to give errors as
follows:

erri(α, α′) = |α′ − α| (7)

erri(β, β′) = |β′ − β| (8)

The mean errors for all instances of table setups can
then be calculated for both angles:

mean error(α) =
1
n

∑
i

erri(α, α′) (9)

mean error(β) =
1
n

∑
i

erri(β, β′) (10)

For all setup instances across all participants, the
mean error size for α is 13.90◦and the mean error size
for β is 11.73◦. Corresponding errors in the estimated
location of the table from the actual location of the
table were also calculated. The mean distance that
tables were determined to be away from their actual
location was 2.45m.

The importance of error distance should be kept
within the context of the size of the tabletop. For a
tabletop with a diagonal size of 0.5m, for example, er-
rors of 2.45m could be too great. A tabletop of diagonal
size 1.5m might perhaps be more acceptable.

Data was then filtered as a result of the observations
in section 4 to determine whether better results are
achieved by those participants who best understood
and followed instructions.

5.2. Filtered Data

Mean errors for both angles and distances were re-
calculated on only those setup instances where par-
ticipants had Good understanding of the north direc-
tion, Good comprehension of the instruction of point-
ing lines to the reference points, who stooped down
to draw lines, who moved around the table, and who
re-checked lines.

Applying this filter yields 18 table setup instances.
For these, the mean angle deviations were 8.17◦for α
and 6.39◦for β. The corresponding mean distance error
in tabletop location from actual location is 1.00m.

5.3. Experimental Evaluation

Findings in the data from the tabletops, and the
observations of the filmed experiments suggest that the
instructions given to the participants in the experiment
could have been improved.

6. Room Accuracy Profile

Accurate location information is only possible if
users are able to accurately estimate the angles α and
β. The location of the tabletop in relation to A and
B will affect how accurately the location of a tabletop
can be determined. Assuming that a typical user will
always estimate angles with an error size of 8.17◦for α
and 6.39◦for β, it is possible to see the impact this will
have on the size of location error for tables at different
positions in the room.

A heat map diagram can be drawn to show the mag-
nitude of the error distance of the estimated tabletop
location from actual location. A profile of a room can



be constructed by assuming constant angle error devi-
ations for a sample of locations in the room, and cal-
culating the error distance at that point.

Figure 3 is a heat map diagram that shows location
accuracy profile for the constant angle deviations iden-
tified above (8.17◦for α and 6.39◦for β). For figure 3,
the map has been produced for a room that is 6m by
6m. A tolerance is represented such that when the er-
ror is greater than a threshold (2m in this case), the
colour red is used.

Figure 3. Heat map

In a 6m by 6m room the region of the room most
likely to produce more accurate location estimation is
towards the left-of-center area. The cross-hatched re-
gion on the left hand side of figure 3 indicates regions
in the room that would be likely to produce inaccurate
location estimation.

Such heat-map diagrams can be useful for determin-
ing how accurately users might be able to determine the
location of a tabletop at various positions in a room.

7. Conclusions

Using angle estimation on the surface of a table-
top to room landmarks, it is possible to determine the
location of a tabletop to reasonable accuracy. This
study has shown that for users who are appropriately
trained, and follow the procedure properly, they are
able to achieve location accuracy within 1m of a ta-
bles location, for a room that is approximately 6m in
length.

For this method to be used, users should undergo
training to ensure that they fully understand the prin-
ciples of what room landmarks are, and how best to
draw lines towards those landmarks.

Predictions can be made on which areas of a room
will produce more accurate results by drawing a heat
map diagram using typical user errors.

8. Further Work

Further study is required to determine how the size
of a tabletop might affect the accuracy to which its
location can be determined. A larger tabletop, for ex-
ample, may allow for longer lines to be drawn.

The ways in which lines can be constructed, moved
and changed may also affect how accurately users can
judge angles to landmarks.

Whilst this study indicates that the location of a
tabletop determines the accuracy to which its location
can be estimated, this relationship is not fully under-
stood. For example, the distance the tabletop is away
from landmarks will most likely affect the accuracy of
angle estimation.
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