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Short Description:

This report describes the second interactive prototype built on 3D rendering on a 3D display
with joystick and touch screen interaction. The prototype is a combined clock and calendar
widget, based on a spiral staircase metaphor. Several design alternatives have been
considered and this report explains the current version of the prototype, as well as options
that could be considered in future designs.
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1 Introduction

The second interactive prototype implemented in the 3DPHONE project is a combined clock
and calendar widget, built on 3D rendering on a 3D display with joystick and touch screen
interaction.

The 3DPHONE Clock Calendar combines clock features, such as showing the current time, with
calendar features, such as looking at and creating upcoming calendar events. The widget Ul
(user interface) is based on a 3D spiral shape. It combines an analogue clock, which shows
time on a circular 2D surface, with a calendar that shows events as steps on a long one-
dimensional list (see figure 1.1).

Figure 1.1: PC rendering of 3DPHONE Clock Calendar in idle mod

Since visualizing time as a spiral works equally well for past time and future time, we have also
included the possibility to turn the Clock Calendar spiral as a proof of concept. When turned, the
spiral time layout can be used for viewing past events such as messages or photos
chronologically. Figure 1.2 illustrates the transition between future and past time views, showing
the spiral 3D layout from the side.



Figure 1.2: PC rendering of 3DPHONE Clock Calendar, side vienming transition

As lenticular graphics cannot be rendered in two-dimensional media, all images of the Clock
Calendar in this report are screen captures from a reference Ul made with 3D rendering for a
standard 2D display on a TlI Zoom 2 device. The reason we have created this reference Ul to be
able explain the Clock Calendar widget in formats that are 2D, such as written reports or videos
that can be published on the Internet. Another reason for the Zoom 2 version is that its 4.1”
WVGA screen is significantly larger than the modified lenticular display of the 3SDPHONE
device. Therefore it is better suited for touch screen input, which is the predominant input
paradigm for mobile devices today. Since both Zoom devices are based on OMAP 3430, the
two implementations are very similar.

1.1 Clock-calendar scenarios
The following common user scenarios for a clock-calendar widget were identified:
1. Checking the current time
2. Glancing at upcoming calendar events
3. Being notified of calendar event that is soon due
4. Taking a closer look at a future calendar event
5. Using the calendar to look back in time
6. Deleting calendar events

7. Creating new calendar events



We decided to support the first six of these scenarios. The seventh, input-oriented scenario of
creating a new calendar event is only partly supported, since the Zoom 1 device lacks a
convenient text input system. This implementation of the Clock Calendar application assumes
that the target hardware will be equipped with an external QWERTY keyboard. While it could be
possible to solve text input with an on-screen keyboard, it would become far too small to be
useful on the touch screen of the 3DPHONE modified Zoom 1 device. Furthermore, we believe
that it is beneficial to separate the text input area from the 3D interface space, so a 3D paradigm
always can be maintained on the screen.

2 Background

Clocks have been essential parts of personal digital devices for many years. They have almost
completely reduced the need for people to carry watches or own alarm clocks. Calendars are
also traditional personal information management (PIM) applications [1].

The advantages of using calendar applications on mobile devices include the possibility to get
reminders when calendar events are due. Another advantage is that digital calendar contents
can be shared with others and synchronized across devices, such as mobile phones, PCs or
web-based calendars. In addition to synching with other calendars, many people also create
new events and reminders directly on their mobile devices.

Because timekeeping is an essential feature of personal mobile devices, we think that a widget
that utilises time visualisation should be explored in the 3DPHONE project. As the lenticular
display of the 3BDPHONE hardware enables the design of user interfaces (Uls) in real,
stereoscopic 3D, it becomes possible to combine a clock and a calendar into one, coherent
widget.

2.1 Visualising time

People use many different metaphors for time [2] [3]. Most cultures have some type of circular
representation of time (see figure 2.1). This is a natural consequence of the patterns of daylight
and seasons caused by the Earth rotating around its axis (24 hours cycle), the Moon orbiting the
Earth (28 days cycle) and the Earth orbiting the Sun (365 days cycle). In some cases, time
circles can be even longer, such as the 12-year long cycle of the Chinese zodiac [4].



Figure 2.1: The cyclical time metaphor of a clock. Image bya8t Caie [5].

Western cultures also commonly use linear metaphors for time, which possibly originates in the
religious belief that time has a beginning, and possibly and end. Calendars and any list that is
sorted chronologically illustrate a linear view upon time (see figure 2.2).

Figure 2.2: The linear time metaphor of a calendar. ImagedeyLhnman [6].

It is possible to merge a circular view of time with a linear time metaphor to combine features
from clocks and calendars in one layout. The idea of conceiving time as a spiral has been used
many times before as a metaphor, e.g. by Yamada et al. [7] or in Geology [8].
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Artists inspired by M C Escher [9], such as Robert Van Der Steeg [10] have applied recursive
effects to images of clocks so they look like spirals (see figure 2.3). Another example of this idea
is a wrist watch based on a spiral shape designed by Angular Momentum [11] (see figure 2.4).

Figure 2.3: A recursive spiral clock image. Image by Roberh\Zeer Steeg [10].

Figure 2.4: Angular Momentum wrist watch [11].



The spirals of these clocks are two-dimensional, although they imply a third dimension. Since
the 3DPHONE Clock Calendar widget is created as a real 3D Ul, it explores the idea of using
the X and Y plane for the circular (clock) aspect of time, while the linear (calendar) aspect of
time follow the Z axis.

2.2 Reference applications

Most clock and calendar applications or widgets conform to well-established layouts, whether
they are developed for mobile devices, desktops or web-based applications. While screen
transitions and movements of clock arms can be designed in interesting ways, significant
variations to these layouts are rare.

2.2.1 Clock widgets
Clock widgets generally look like digital or analogue clocks. Some more experimental time

visualisations can be found in applications such as Polar Clock [12] (see figure 2.5) or wrist
watches from companies such as Tokyo Flash [13].

Figure 2.5: Polar Clock screensaver for PC [11].



While these layouts just show time in aesthetically interesting ways, they do not add any new
functionality. An Android application by TAT shows how additional time related features, such as
setting an alarm, can be included in the layout of a clock widget Ul (see figure 2.6).

Figure 2.6: Clock widget with alarm clock feature for Andrdigt TAT.

2.2.2 Calendars applications

Calendar applications are commonly based either on list or on grid layouts. Typical examples
are Microsoft Outlook [14] or Google Calendar [15]. Some calendar applications for mobile
platforms, such as those from Left Coast Logic [16] and Synthesis AG [17], add tasks and
colour coded events to the standard calendar features (see figure 2.7).



Figure 2.7: Calendar application for iPhone by Synthesis AG.[1

Still, compared to other mobile applications, calendar applications are generally quite flat and
conservatively designed.

2.2.3 Chronological lists

Linear time representations are common in many different types of applications. For example,
most media players use progress bars when playing media to show how much time has passed.
Various types of applications include lists that can be sorted chronologically, such as photo
albums and lists showing conversation histories or other types of events. There are also many
examples of chronological lists and photo albums that are based 3D layouts, such as the social
networking 3D Ul by TAT shown in figure 2.8 [18]. Another example of a chronological list based
on a linear 3D layout is the Apple Time Machine application [19] (see figure 2.9).



Options Catch

Figure 2.8: TAT social networking Ul sorts event items chragitally in 3D [18].

Figure 2.9: Apple Time Machine sorts items chronologicallyeastack of cards in 3D [19].

2.3 Designing stereoscopic graphics

When designing user interfaces (Uls) for autostereoscopic screens, new challenges emerge
compared to traditional 2D Ul design. One important difference between 2D and 3D Uls is how
the possibility to position objects in depth (along the z-axis) affects information density. Another
important issue is how depth positioning of Ul elements affects the ability to control the Ul
though touch screen input, which is the predominant input paradigm for mobile Uls today.

In all Ul design, efficient use of screen space is essential. For touch screen Uls, the main
limitation is that interactive elements should be associated with a touch surface that is at least 1



x 1 cm square to be touchable by an average finger [20]. By following this layout guideline,
different Ul elements will consequently be well separated also from an information density
perspective.

For this reason, we concluded that the top layer of Ul elements should be large enough to
support finger touch input, while information could be denser in the underlying layers. As long as
the layers are separated in depth, the lenticular display enables users to focus only on a few
items at a time so the Ul will not appear as cluttered as it would when using 2D rendering [21].

In the 3BDPHONE Clock Calendar, text is positioned at display level, while the background layer
is positioned slightly below the text. This way, figure is separated from ground, which enhances
legibility [21]. The entire design is based on multiple planes that all face the viewport and user.
Since the lenticular display is relatively small, only the clock arms are positioned slightly in front
of the screen. All other objects are positioned behind the display level, except for text which is at
display level.

We want the touch interaction with the Clock Calendar to be simple and based on gestures that
closely correspond to the elements of the Ul. To avoid windows that pop up and interrupt the
flow of interaction with options that have to be accepted or rejected, we implemented a
“modeless” Ul, where events such as reminders do not block the Ul [22]. Our solution is to
dedicate a specific area to text output, while another area is more focused on input, similar to
the Ul of TAT RedDish [23]. As can be seen in figure 2.10, the text positioning of the RedDish
Ul is not optimal for a stereoscopic display, since it resides on planes that are at an angle in
relation to the viewport and user.

Figure 2.10: TAT RedDish Ul with separated input- and outpuented areas [23].

When splitting a Ul layout like this into two parts, where one part is the main input area, the user
should be able to decide on what side the input part of the Ul should be. The RedDish Ul in
figure 2.10 and the Clock Calendar layout of the images in this report actually work best for left-
handed input. If tapping the input area to the left with one’s right hand, there is a risk that the
hand covers the output area to the right.



Undeniably, depth positioning adds complexity to the design of Uls since more layout options
emerge. A stereoscopic 3D Ul looks quite different than a 3D Ul rendered on a 2D screen. To
designers without a lot of prior experience of the characteristics of stereoscopic design,
guessing the visual effects of positioning Ul elements in depth can be difficult. Therefore, an
iterative design and prototyping process has been even more important than usual when
designing the Clock Calendar Ul.

2.4 Sketching and prototyping process

To quickly assess different 3D Uls for the Clock Calendar, we used different sketching and
prototyping methods, roughly following a methodology described by Buxton [24].

We started by taking photos of spiral shaped objects (see figure 2.11), followed by rapid
prototyping using paper, cardboard and found objects (see figure 2.12).

Figure 2.11:Photos of spiral shaped objects

Figure 2.12: Rapid mock-ups made of found objects
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This was followed by the design of 3D sketches in Blender, a free, open source 3D content
creation suite [25] (see figure 2.13).

Figure 2.13:Blender 3D sketches of Clock Calendar

After narrowing down the different design alternatives, we started implementing a prototype Ul
using TAT Cascades. Deciding the depth positioning of Ul objects was one of the main
challenges, so we wanted to be able to test stereoscopic graphics on a normal PC screen.

We tested different alternatives for stereoscopic prototyping, such as rendering 3D models
where the camera alternates quickly between a left and right position. A somewhat useful
prototyping method was to render anaglyph graphics through TAT Cascades and viewing them
on a normal PC screen through red-blue glasses. This allowed us to quickly iterate the depth
positioning of objects in the 3D layout, since all changes could be done on a PC using TAT
Cascades.

Still, the red-blue colouring of the anaglyphic prototyping caused a significant loss of colour
information from the Ul design. Prototyping on device is clearly the best option when possible,
since this is the only way to experience the correct colours as well as other effects of the
lenticular display, such as reduced brightness.

3 3DPHONE Clock Calendar widget

The 3DPHONE Clock Calendar widget consists of a circular clock with arms showing the
current time in the foreground, as well as a calendar with events arranged in a spiral staircase
shape in the background. Looking into the staircase-shaped calendar, it is possible to clearly
see events booked up to 12 hours ahead. Parts of events that occur further into the future can
also be seen, however they are mostly occluded by the events of the first 12 hours (see figure
3.1).



Figure 3.1: 3BDPHONE Clock Calendar layout in idle mode

The space surrounding the area of the clock and spiral staircase is a flat information billboard,
which can show information of a current event or a previewed event. On the billboard space,
there is also room for on screen buttons, such as buttons for adding a new event or accessing
options.

In this application, all events are based on dummy data. There is no support for creating text
contents for new events and neither is it possible to modify the dummy events. As mentioned
earlier, the reason for this is that this application mainly focuses on 3D output, and we have
avoided addressing methods for text input since this easily can be solved by a hardware
QWERTY keyboard.

The Clock Calendar Ul design is optimized for touch screen input, however there is also full
support for joystick and soft key input. For the larger, Zoom 2 version of the Ul, we think that the
touch screen is the best input method, since it is intuitive and the predominant input paradigm in
mobile Uls today. However, on the 3DPHONE modified Zoom 1 hardware, joystick and soft key
input is useful, since the screen and thus also the touch surfaces of Ul elements are small (see
figure 3.2).



Figure 3.2: Screen size and position of joystick and two kefts on the 3DPHONE Zoom 1 hardware.

Figure 3.2 shows an edited image of the 3DPHONE Zoom 1 hardware. To show the actual sizes
of the Ul elements, we have superimposed an image of a 2D rendering of the Clock Calendar Ul
on top of the lenticular display area. The numbers indicate the upper soft key (1) the joystick (2)
and the lower soft key (3).

3.1 Idle mode

When starting the Clock Calendar application, it is in idle mode, as show in figure 3.1. This
mode shows the fundamental Ul elements: the clock with two arms, the calendar with events
arranged like steps in a spiral staircase shape and the information billboard on the side. Non-
booked calendar events are white steps, while booked calendar events are coloured steps with
icons.

As time passes, the calendar steps move slowly towards the clock window, so the current step
always is the one closest to the window. The front event disappears when the hour arm passes
it. This allows users to always see the closest upcoming events clearly. Events due more than
12 hours ahead are partly occluded by the first 12 events, however due to their colour coding,
the user can see what type of event is booked and when.

When no event is due, the information billboard on the plane surrounding the clock window is
used to show the current date and two buttons: Options (plus icon) and Time view (spiral icon).
The two buttons are positioned so they visually correspond to the two soft keys of the Zoom 1
device.
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If selecting Time view, the widget switches to a mode that looks back in time. If selecting
Options, the user can switch between Fast and Normal time modes (see figure 3.3). These
options are added for demo purposes, since time normally moves so slowly that the idle screen
might be experienced as quite static by onlookers. The “fast time” mode speeds up the clock
arms so 12 hours pass in 120 seconds, allowing onlookers to experience calendar events being
due without having to wait for hours to pass. After selecting one of the time modes, the
application returns to the idle screen.

Figure 3.3: Options menu, accessed from idle screen.

3.1.1 Options and input gestures

Option Touch gesture Joystick input

Open event Tap coloured event step Move to move highlight,
followed by centre push

Create new event Tap empty event step Move to move highlight,
followed by centre push

Enter past time view Tap Time view button (spiral Lower soft key




icon)

View options

Tap Options button (plus icon)

Upper soft key

Select time speed option

Tap button

Move highlight, followed by
centre push

3.2 Eventdue

When an event is due, this event moves to the very front layer of the clock window. The clock
arms and the frame surrounding the circular window are then filled with the same colour as this
event (see figure 3.4). The event details appear on the plane surrounding the window and this
text will be visible until the event is over and it disappears. To delete the event it is necessary to
open it, so all options are identical to idle mode.

3.2.1 Options and input gestures




Option Touch gesture Joystick input

Open event Tap coloured event step Move to move highlight,
followed by centre push

Create new event Tap empty event step Move to move highlight,
followed by centre push

Enter past time view Tap Time view button (spiral Lower soft key
icon)
View options Tap Options button (plus icon) | Upper soft key
Select time speed option Tap button Move highlight, followed by

centre push

3.3 Opening an event

It is possible to open a booked event by tapping on it or by moving the highlight to the event and
pressing the centre joystick button. In idle mode, the next 12 upcoming hours are possible to
reach by this gesture. When tapping on a booked event, it moves forward to the display plane.
The event text is displayed on the billboard outside the clock, together with a Back (< icon) and
a Delete (x icon) button. The two buttons are positioned so they visually correspond to the two
soft keys of the Zoom 1 device.

When an event has been opened, the application returns to idle mode when the user selects
Back, or after 10 seconds if the user does not do anything, which is visually indicated by the
event step slowly returning to its original depth position. If the user selects Delete while the
event is previewed, the calendar event will be deleted, and the corresponding hour is then
represented by an empty step in the calendar. Both actions will make the application return to
idle mode.




Figure 3.4: Opening an event, with Delete and Back options

3.3.1 Options and input gestures

Option Touch gesture Joystick input

Open event Tap step with booked event Move to move highlight,
followed by centre push

Close open event Tap Back button (< icon) or Lower soft key or wait 10 sec
wait 10 sec
Delete open event Tap Delete button (x icon) Upper soft key

3.4 Creating a new event

By tapping on an empty calendar step in idle mode, it is possible to create a new calendar event
for that hour. When taping on an empty step, a menu of colour coded event buttons appears on
the plane outside the clock (see figure 3.5). Tapping one of these event buttons, the application
returns to idle mode and a new event with dummy text content is created for the previously
empty calendar step. It is also possible to tap a Cancel (x icon) button to return to idle mode




without creating a new event. In a real application, the dummy text for events should be
replaced by user defined text, which could be entered via a hardware keyboard.

Figure 3.5: Creating a new item by selecting an event category

3.4.1 Options and input gestures

Option

Touch gesture

oystick input

Create new event

Tap empty event step

Move highlight, followed by
centre push when on an
empty step

Select event type

Tap type of event

Move highlight, followed by
centre push

Cancel creation of new event

Tap Cancel button (x icon)

Lower soft key




3.5 Navigating time to preview items

In idle mode it is possible to navigate time in two different ways to preview calendar events. One
way is by dragging the hour arm of the clock to control speed of time manually. This is
controlled via a circular touch gesture that follows the edge of the clock window in a clockwise
or counter-clockwise movement (see figure 3.6). This gesture will result in previewing the
calendar events that the clock arm currently points to. On finger up, the hour arm returns to the
correct time with a “rubbery” ease in and ease out movement, which starts slowly and then
accelerates back to the current point in time.

Figure 3.6: Touch gesture for manual navigation in time, m@ iptions

The second way to navigate time to preview events is used for faster navigation. A swiping
horizontal gesture downwards over the clock window will scroll the calendar events quickly
towards the user as if they were a scrolling list (see figure 3.7). A swipe that covers the entire
screen moves the list 24 hours. This way, it is possible to quickly navigate forward in time with
downward swipes or backwards with upward swipes. The clock arms will disappear during this
quick scrolling and no events are previewed. When the movement comes to a halt, there is a 3
second delay before a rubbery return movement begins. During this delay, calendar events can
be tapped to be opened, or new events can be created. No side buttons are visible until the
application returns to idle mode and then the clock arms also return. If an event is opened or
created, the rubbery return movement is delayed until this event is closed manually or
automatically after a delay.



Figure 3.7: Vertical touch gesture for fast forward scrollingime

The corresponding ways to navigate time can also be done with the joystick by moving the
highlight sideways, one hour at a time, or upwards, 12 hours at a time. Since the joystick only
controls a highlight, the clock arms are not affected. When this highlight movement comes to a
halt, there is a 3 second delay before a rubbery return movement begins. During this delay,
calendar events can be opened, or created by a centre push of the joystick button.

3.5.1 Options and input gestures

Option Touch gesture Joystick input

Control hour arm for preview | Circular swipe Sideway move to move
highlight in 1 hour steps

Fast forward time Vertical swipe Up or downward move to
move highlight in 12 hour
steps




Preview event

Tap coloured event step
before automatic return

Move highlight, followed by
centre push before auto return

Create new event

Tap empty event step before
automatic return

Move highlight, followed by
centre push before automatic
return

3.6 Viewing past time

Since visualizing time as a spiral works equally well for past time and future time, it is also
possible to turn the Clock Calendar spiral, so it can be used for viewing past events as well as
future events. Turning the time spiral is done by selecting the Time view button. This turns the
entire time spiral around, revealing created and received content, such as images and
messages that, organised chronologically in a spiral shape (see figure 3.8). One turn of the
spiral can represent 12 hours or a week, depending on how much content there is to show.
While this view could also show past calendar items, these are not included in this demo.

Figure 3.8: Viewing past time.

The possibility to look back in time is mainly a proof of concept in this application, rather than a
functional feature. This mode supports similar navigation options as idle mode the Clock
Calendar, such as "open event” as described above, also could be supported in past time view.
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3.6.1 Options and input gestures

Option

Touch gesture

oystick input

Enter past time view

Tap Time view button (spiral
icon)

Lower soft key

View past content element

Tap element

Sideway pull to move
highlight, followed by centre
push

Close past content element

Tap element or wait 10 sec

Push centre joystick button

Step wise forward time

Circular swipe

Sideway move to move
highlight between objects

Fast forward time

Vertical swipe

Up or downward move to
move highlight quickly

Return to idle screen

Tap Time view button (spiral
icon)

Lower soft key

4 Design alternatives and limitations

While working with the 3DPHONE Clock Calendar, several ideas and design alternatives have
been considered. The currently implemented application is not a fully functional calendar since
many use cases are limited or not supported. This chapter describes some features that could
be further explored in a complete application or in other applications or widgets based on similar

3D layouts.

4.1 Stretch of time

The calendar events are arranged in a 3D spiral shape, which enables users to only see parts of
events that lie more than 12 hours ahead in the future. For this reason, the spiral should be
stretched enough along the z-axis so calendar events do not completely occlude the events that
are positioned behind them. On the other hand, the first 12 hour steps should be as close to the
clock face as possible in order to be accessed by touch input. If the spiral is too stretched in
depth, events that are less than 12 hours ahead become too small to be accessed (see figures
4.1 to 4.3 for alternatives).



Figure 4.1: A stretched spiral layout

Figure 4.2: A medium stretched spiral layout
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Figure 4.3: A compressed spiral layout alternative

In theory, the time spiral continues infinitely away from the clock window. When attempting to
render many days ahead in time, the steps of the spiral staircase become very small and
cluttered towards the centre of the circle (see figure 4.4). Therefore, there is a need to limit how
far ahead in time steps can be seen. In the implemented application, the steps fade out so it is

only possible to see 48 hours ahead in time.



Figure 4.4: Viewing events far ahead in time

4.2 Staircase and step shapes

The implemented application is based on dummy calendar data, separated in hour-sized steps.
Obviously, this is not a complete solution, as it does not support event bookings that are shorter
or longer than one hour, such as those shown in figure 4.5. Neither does the current
implementation support overlapping events, or events that start at any other time than at the
start of an hour. All of these things should be implemented in a fully functional Clock Calendar
widget and the current 3D layout is flexible enough to also support these scenarios.



Figure 4.5: Clock Calendar with one and two hour long events

One design consideration is whether empty, non-booked hours should be represented by steps
or not. One advantage of associating empty hours with steps is that it enables users to create
new calendar bookings by tapping on an empty step. Another important advantage is that by
filling the spiral staircase with steps, its shape becomes much more comprehensible, making it
easier to estimate how far ahead in the future a booked event is. A drawback of rendering
empty steps is that it limits the visibility of underlying events. Preferably, empty steps should be
close to transparent, so they can be accessed with touch input without occluding underlying
events (see figure 4.6). One drawback is that transparency effects, such as alpha blending are
usually more performance heavy.



Figure 4.6: Clock Calendar with semi-transparent steps

4.3 Step sizes and layouts

Since a step representing a one hour long calendar booking is limited in size, we have decided
to use icons and colour coding to represent the booking when viewed in the clock calendar,
When an item is due or being previewed, the event details will become visible on the
presentation plane surrounding the clock window.

Since the steps are small and often seen from a distance, text on steps is rarely legible.
Therefore, we decided to only use graphic icons to indicate the type of meeting, with additional
colour coding for clarity. On larger displays, events could contain a text preview of the event
description.

5 Implementation

The 3DPHONE Clock Calendar has been implemented using TAT's Ul framework Cascades.
The current version (2010-01-29) runs on a Tl Zoom 2 platform, which is OMAP 3430 based,
like the 3DPHONE Zoom 1 device.

The Clock Calendar is a scrolling list with a custom 3D layout, where the items are placed to
form a cylindrical shape along the depth axis. Each booked event step, as well as empty hour



steps, is represented by a mesh (see figure 5.1). Depending on granularity of the calendar
different meshes - even automatically generated ones could be used.

Figure 5.1: A wireframe rendering of the mesh describing arhou

The implementation uses Cascades built in OpenGL ES2 support to render the Ul. Every step
mesh is shaded using a diffuse lighting term calculated using the dot product of the light
direction vector and normal vector in real time. The real time calculated lighting is combined with
an offline rendered calculated lighting term consisting of an ambient occlusion factor and a static
diffuse lighting term.

Depending on how the scene is animated, a real time diffuse term could be approximated by
using the absolute value of the normal direction aligned with the camera space depth axis.
Using a color-index texture or using a vertex color attribute all meshes could have been
rendered in a single call which might improve performance further. The current implementation
uses a per-mesh color uniform upload and modulates this color with the (monochrome) lighting
term.

When using stereoscopic rendering the frame rate is dropped to half. For a luxurious and solid
experience when interacting with touch screens, TAT recommends 60 fps. Regarding
transparency, it is never easy to handle alpha blended objects when rendering real time
graphics. For most blend modes some kind of depth sorting must be implemented if multiple
transparent objects are present. The architecture of the OMAP 3430 (true for the 3630 as well)
is particularly bad with huge performance penalties when rendering transparent objects.

The visual on-screen buttons have unusual shapes, such as wedges and triangles. To aid the
user when tapping on them, the associated touch areas are larger than the actual graphics. For
example, a twelfth of the touch area of the clock surface is associated with each wedge-shaped
step. This is solved by an invisible collision mesh.

For detection of touch screen input, Cascades uses a screen projected, axis-aligned bounding
box for detecting hits (a.k.a. poly picking). In the case of a stereo camera setup this corresponds
to the focal plane. However, other options might work better for picking objects at greater



depths. One such option would be to project a ray into the world space and sort the detected
intersections by depth (in camera space).

Navigation in time is implemented using a Pl-regulated camera trying to match a moving target.
The moving target consists of a moving term, as well as a user controlled offset. The moving
term typically advances the depth of a one-hour segment in one hour (if not sped up for
demonstration purposes). The user offset is set by swiping up or down or using the joystick. A
time-out makes sure the user offset is animated back to zero if the user does not interact with
the application (which would make camera target correspond to the moving target after some
short time).

In the implementation the cylinder of events is aligned along its axis so that up in the world
space corresponds to noon or midnight. This matches the metaphor of the focal-plane being a
traditional watch. Other methods such as instead using the up-direction for now and spinning
the cylinder around its axis instead were also explored.

Regarding text input, we assume that the device that runs the Clock Calendar widget has an
external keyboard for input. A traditional, 2D on-screen keyboard (such as those on Android or

iPhone devices) could be implemented, however this would not enhance the 3D experience or
explore any novel Ul solutions, which is the main ambition of the 3BDPHONE Clock Calendar.
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