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Rock 'n’ Scroll isHereto Stay

Joel F. Bartlett*

Abstract

Using the example of an electronic photo album, a
novel user input method for digital appliances is intro-
duced. Based on tilting and gesturing with the device, the
Rock 'n’ Scroll input method is shown to be sufficient for
scrolling, selection, and commanding an application with-
out resorting to buttons, touch screens, spoken commands
or other input methods. User experiments with a prototype
system showed that users could quickly learn how to oper-
ate such devices and offered some insight into their expec-
tations. These positive results, combined with improve-
ments in the sensor technology, encouraged us to
incorporate this input method into an experimental hand-
held system.

1. Introduction

Not missing a chance to show off the latest pictures of
your children, you reach for your new photo album. As
you remove it from your pocket, it activates and you see a
display of photograph thumbnailsin the album. Tilting the
album on either axis scrolls through the thumbnails until
you find the pictures you want to show. A gentle fanning
gesture zooms in on the first picture, then you hand the
album to your friend. After admiring the picture, she ges-
tures to step through the rest of the album. The pictures are
in both landscape and portrait mode, so a simple gesture is
al that's required to reorient the album to best display
them.

Before putting it back in your pocket (where it will
automatically shut down), you stop to admire the album
itself. The album’s dimensions are that of the display with
the addition of a thin, black border. In keeping with its
spare, elegant design, it has no buttons or other visible
controls: all functions can be accessed by direct manipula-
tion.

While such an appliance has yet to reach the market,
my colleagues and | have constructed a prototype that
demonstrates the user interface we call Rock 'n’ Scroll.

The photo album is an example of a device with an
Embodied User Interface[1], where the control mechanism
is directly integrated into the album’ s display. The design
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of such a device draws on a long-standing interest in using
motion sensing for user input and the realization that iner-
tial sensing systems are the logical type of system to embed
in small deviceg2]. While researchers have anticipated
tilting a persona digital assistant (PDA) to navigate
through a document, only in the last two to three years have
the sensors become small, cheap, and sufficiently low
power that they can be embedded in a handheld device and
realize this vision.
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Figure 1: As the left edge of the device is dipped, that is,
rotated about the roll axis, the picture slides to the left of
the display.

2. Tilttoscroll

For desktop devices, scrollbars have become the de
facto control mechanism for paging through documents
larger than the screen. When user interface designers use
scrollbars on the smaller display of a handheld device, two
problems arise: both horizontal and vertical scrollbars are
often required, and the scrollbars occupy a larger percent-
age of the screen. Designers can recover the display area
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used by scrollbars by alowing scrolling by dragging the
document using a stylus or scrolling via a cursor key.
However, all these techniques still require the use of both
hands. One way to free ahand isto use the hand that holds
the device to control scrolling. As users rotate the device
in their hand about either or both axes away from a user-
defined neutral orientation, the device senses the motion
and the screen contents scroll appropriately, as shown in
Figure 1.

As described, scrolling is aways on, just like dexterity
puzzles that you tilt to get the rolling ball in the correct
hole. Thisisn't aways the desired behavior, so other sys-
tems that have investigated “tilt to scroll "have provided a
“clutch ” button to engage scrolling[3-6]. When pressed,
the device's tilt scrolls the display; otherwise, scrolling is
disabled.

The clutch button seems a good solution to accidental
scrolling, but it comes at some cost. In some simple user
tests that we conducted at the start of this investigation,
users complained about having to tilt the device and press
the button in a synchronized manner. For tasks like reading
a column of text, users often want to continuously scroll
and don’t want to keep their hand tensed to hold the button
down the whole time.

Finally, any time you provide a button, you make an
assumption about how the user will hold the device and
push the button. One solution to this problem is to add
more buttons. A more elegant one is to make the whole
device a button, where the user sgueezes it to enable
scrolling[4]. Or, you can make the scrolling behavior mo-
dal.

Rock 'n ’Scroll uses the last approach. We assume
scrolling is the device's norma mode and provide com-
mands to disable and enable scrolling and to set the de-
vice's neutral orientation. However, for this behavior to be
an improvement over a “clutch ”button, the application
designer must ensure that frequent mode switches aren’t
required.

3. Gestureto control

The commands that control scrolling can be issued in
any number of ways, including button presses or inter-
action with a touchscreen. The same inertial sensors that
control scrolling can also be used to recognize gestures as
commands - this is the method we chose for Rock 'n’
Scroll.  Levin and Yarin[7] have aso investigated this
method to implement a tilt-and shake-sensitive interface for e T b
drawing. ; S5

Other possible command gestures include snapping or -
shaking the device, tapping on it with the other hand, or
fanning it. Unlike Levin and Yarin's implementation[7],
we rejected snapping and shaking the device because of the
strain it places on the user’s hand and wrist. The mass of a
4-to 6-ounce device proves sufficient to strain users when
they repeatedly perform such a gesture. Tapping is attrac-
tive because it doesn’t require users to move the device, but
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Figure 2: The first frame of the sequence (top-to-bottom)
shows the thumbnail photo. In the next three frames, the
user fans the device. The fifth frame displays the full-size
picture.
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it does have the disadvantage of requiring a second hand to
operate.

We then tried slower fanning gestures about either of
the device axes. The gentler motion seems easier on the
hand and wrist than a snap, and the longer duration of the
gesture makes it easier to separate it from high-frequency
noise like hand tremors and vehicle vibrations. The se-
guence of pictures in Figure 2 illustrates how to select a
picture from the album with a downward fanning gesture
about the roll axis. The first frame shows the thumbnail
picture. Then the user smoothly dips and raises the left-
hand edge of the device to display the desired picture.

Three other similar gestures - upward about the roll
axis, downward about the pitch axis, and upward about the
pitch axis - can aso be made. When combined with
scrolling, they provide a vocabulary of commands more
than sufficient to implement the rest of the album’s com-
mands. step from a picture back to the menu of thumb-
nails, step to the next picture, disable and re-enable scroll-
ing, and reverse scrolling direction.

The gestures don’t require a large amount of space to
execute. For example, they can be performed with a user
seated with an elbow on a chair's armrest. When users
hold the device as shown in Figure 2, the device motion is
in front of them, and those seated on either side aren’t dis-
turbed.

4. Hold still toorient

The final gesture used in the photo album is holding
the device still for a couple of seconds, which serves two
purposes. Thefirst isthat it reorients the device. In Figure
3, the user moves the album from landscape to portrait
mode by positioning it vertically with the new top edge of
the album up. The user holds the album still in that posi-
tion for a couple of seconds, then the screen image rotates
to the new orientation.

The second purpose of the hold-still gesture is to
change the album’ s neutral orientation. To do this, the user
first gestures to disable scrolling, then holds the device still
in the new neutral orientation for a couple of seconds, and
gestures to enable scrolling.  While this operation takes
three gestures to accomplish, it’s not a burden to users be-
cause they perform the task infrequently.

5. Implementation

Now that I've demonstrated the mechanics of control-
ling the device, we can turn our attention towards its im-
plementation. Verplaetse[2] characterized the motion that
should be expected as accelerations from 0.1g to 1.0g and a
frequency of motion of 8to 12 Hz. The inertia detectors
must also meet the needs of a personal device: rugged, self-
contained, small, light, and low power. Finaly, we need
low-cost detectors to meet the manufacturing cost require-
ments for mass-market digital appliances.

With these design constraints in mind we chose a two-
axis, single-chip accelerometer - Analog Devices
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Figure 3: As shown in this sequence, the user positions the
album in the desired orientation, then holds it for a couple
of seconds to change the display from landscape to portrait
mode.

ADXL202 - to measure acceleration on each of the de-
vice's axes (see Figure 1). With the addition of one resistor
and three capacitors, we integrated it into Itsy[8], Compaq
Research’s experimental platform for “off the desktop
"computing. Every 10 ms, the ADXL202 reports accelera-
tion values in the range of —2g to +2g for each axis. These
measurements are averaged in groups of four, so the photo
abum application sees 25 sets of measurements per second.
These values represent a combination of gravitational ac-
celeration, user motion, and noise. Initial noise filtering
occurs by using a low-pass filter in the accelerometer set at
10 Hz. Exponentially averaging sequential results achieves
additional filtering. When plotted over time, the values
look something like Figure 4. At time tO the user is scroll-
ing the display by rocking it fore and aft. By time t1, the
user is holding the device fairly till. At time t2, a gesture
like that shown in Figure 2 starts and is completed at time
t3.

Figure 4 illustrates a problem with extracting both
gesture and scrolling information from the same data
stream. The user thinks the gesture starts at time t2, but the
device doesn’t recognize it until t3. During this interval,
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