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Abstract

We introduce the KEYed user interface, an ergonomic
and intuitive method for controlling music composition
software from a piano controll er by adding a momentary
foot switch. The piano keyboard mappings provide
increased spead and intimacy with the @ntrols for
enhancing the expressvity of the cmposer during the
composition. After describing the current practices and
design of the system, we discussthe results of our ealy
user testing during various editing tasks, comparing the
conventiona input devicewith ours.

1 Introduction

Modern musc composers use different computer
todsto aid their creative process Many todls are used
for recording the processes of music making, including
sonic materials. The use of these tools is mostly due to
the modern trend of composng with complex
production functions in mind. Further, these production
functions have become an integral part of the ideas and
constructs of the @mposer's mind, which are
externalized during composing and are critical in the
overdl output. For example, spatial podtioning of a
soundis not something which is added post-synthesis,
but plays an equal role alongwith other parameers such
as fundamenta frequency, formant frequency, and so
forth (Clarke 1999) during composition.

New interfaces for musical expresson are typically
thoudt about in the context of real-time performances.
However, we contend that the functionsand the inherent
complexity in the modern compasition process provide
oppatunities for new ways of expresson. Functions
such as the spatial positioning, fades and mutes of a
sound source ae performed real-time during
composition.

1.1 Composers And Recording Consoles

Indwstry standard sequencing peckages, such as
Cubase and Cakewalk, alow the compaoser to perform
those production tasks commonly dore by an audio
engineer, but in a dheger setup. Typicaly, compasers
record a sedion of atrack and then owerlay the musical
parameters asociated with the track on a separate MIDI

channel, or automate them directly on to the software
mixing-console’s faders and knobs. The modern
composer is thereby required to learn the functions and
signal flow of a complex mixing console, as shown in
Figure 1.

Figure 1. Solid State Logic Avant mixing console

These functions, which require high precision and
expressvity, are performed by the composer while
playing back the pre-composed track in real time
Further, other editing functions sich as performing cuts,
purch infout, and setting locators also contribute to the
overdl expresivenessof the composer.

Couding these facts together, we realize that new
interfaces to perform such production functions may
greatly enhance the musical expressve ailities of the
COMpOSer.

2 TheNeed For A New Interface

Due to the complexities of sound processng during
music composition, exiging user interfaces for
sequencing electronic music have become aimbersome,
as they require the use of multiple input devices like a
piano controller, a cwmputer keyboard, and a mouse.
Synthesizer software such as CSOUND, features the
ability to map a limited number of MIDI events to keys
on a piano controller. Standard electronic piano
controllers have alditiond diders, knobs, and dials that
can be programmed to trigger MIDI events. Systems
such as the E-scgpe, which was desgned for the
disabled, shows some interesting variations on these by
using one or more switches, and flexible use of the
existing mouse or console keyboard, by providing



options using menu selection (Anderson and Smith
1996.

One disadvantage of these mnventional methods is
the excessve physical space they occupy. More
importantly, the musician’s creative work is constantly
interrupted by the time spent switching between multiple
input devices and figuring out their functions.

KEYed user interface provides a mapping o these
control functions from the piano keyboard. This is done
using an octave structure, with key based segmentation.
We intend to add a touchpad for fine control of selected
continuows parameters. This customizable mapping
provides the musician with a familiar configuration o
space and sound, allowing him or her to focus on the
creative aspects of music composition. While the
touchpad is a new device for the composer, we are
caefully placing it to minimize the aquisition time &
discussed below.

3 KEYed ui System

For many computer composition functions, KEYed
user interface eliminates the need for the mputer
keyboard and mouse by relocating their functions to the
piano controller. An example of a macro that can be
relocated to the controller is the @py function, or
[Contral]-[C], which copies a selected sequence to the
clipboard. To distinguish between keysrokes that
represent notes and those that represent maaos, a
momentary foot switch is used as a mode switch,
thereby reducing mode arors (Sellen, Kurtenbach, and
Buxton 1992). Thouch a secondary body channel, such
as the foot, has a lower information processng
bandwidth, it sets the framework and the reference for
the primary body channel and the task in this system, as
shown in Figure 1.
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Figure 2: KEYed user interface system setup

In addition, the system state is reinforced by the foot
proprioceptive feedback, and the relocation of the
functions to a single input device minimizes the device
acquisition time (Sellen, Kurtenbach and Buxton 1990).

4 Design

We dose to use the Cubase sequencing program by
Steinberg on Microsoft Windows, which is a popular

setup among composers.  Macros from the different
Cubase windows were mapped to spedfic octaves on the
controll er keyboard for separation.

4.1 Keyboard Layout Design

The desgn of the layout incorporates the four
windows most commonly used by the @mmposer. The
functions associated with each window map to a specific
octave on the piano controller keyboard.

The piano keyboard has been laid out as follows:

*  The octaves used are the central ones fourd on

every standard music keyboard. This layout is

shown in Table 1.
WINDOW OCTAVE USED
Transport bar C3toB3
Arrange Window C4toB4
Key Edit Window C5toB5
File Handling C6 to B6

Table 1. Window-Octave Layout

e The midde four keys (E, F, F# and G) are used
either for going up @ down the tracks or parts,
or punching in or out, as $own in Figure 3.
They correspond to the computer commands
et L, M, s The first nate, ‘C, of the
different octavesisdesigned to ‘open’ windows.

* The remaining mappings are desgned in
accordance with the timbre assciated with the
notes.

e The highest note, ‘C7’ isused as an ‘Enter’ key
for all confirmation functions. We anticipate
that musicians can conveniently hit this key asit
isat the extreme end and hence, doesn’t need to
be looked for.

For example, the transport octave is used to pay,

stop, record, mute, and solo a sequence or a specific
MIDI channel.

Record Stop Punch-In Left locator

Right locator
(oc} B3
Open/ Close Stat Rew  Fwd Solo Qick

Punch-Out
Figure 3: Transport Octave

* For continuots parameters, we intend to add a
single point sendtive touchpad. The touchpad is
used for constrained verticd or horizontal
adions, for a single degree of freedom (DOF)
task like dliding a fader, and to perform a full
2DOF task like drawing a modulation graph. A
douHe note combination seleds parameters like
the volume, pan, effects, modulation, pitch shift
and more. Finer controls of these parameters are



performed using the single point sensitive touch
pad, which is integrated on to the top of the
piano controller for faster acquisition, as siown
in the Figure 4. For example, depressng ‘C3’
and ‘E3' simultaneoudy seleds the volume for
the selected track, and a volume graph can then
be drawn using the touch pad. The key
combinations were desgned with the
composer’ s familiar fingering patternsin mind.
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5 Experiment Design

For our preliminary user studies, two interaction
methods were tested: the Computer Keyboard and the
Piano Controller. Tasks were desgned for functions
which are commonly perfomed using the computer
keyboard. Hence the touchpad was not needed in our
ealy experiments.

A total of 6 subjects with sequencing experience
performed the tests with these two methods in a pre-
asdgned arder. Subjects were given a practice run to
explore different modes and strategies. To test for the
mean completion time, two tasks invalving repetitive
sequencing and editing were performed twice, thereby
requiring the subjects to switch badk and forth between
the modes on their own. Some of the components of the
tasks used in our experiments included opening
windows, setting locators, recording a section o track,
soloing a specific track, creating new trads, performing
cuts and pastes of the recorded track, and so forth.

We chose to turn the sourd on while the piano
controller was in the mntrol mode in order to observe
the effectiveness of the asciated earcons (Mynatt
1994). After the tests, the subjects were asked to rate the
input deviceson a0 (terrible) to 6 (great) scale, based on
their experiences. During testing, we explicitly chedked
for any mode errors while using the piano controller.

6 Evaluation

With an average leaning time of approximately 5
minutes, subjects performed both tasks sgnificantly
better with the piano controller in Test1 (p<0.05, paired
t-Test). Although Test2 (p<0.06, paired t-Test) was done
faster than Testl, as $rown in Figure 5, the performance
was not significant with the piano controller. We suspect
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Figure 5: Mean Time with 95% Confidence Error Bars

this was due to the minimd learning time, and small
number of subjects used for the study.

Subjects gave the computer keyboard a significantly
lower rating than the piano controller (p<0.021, t-Test).
They found the piano interaction intuitive axd an
effective link between playing and editing. Thouch the
no-sound condition was not tested in our study, from the
guestionraires we leant that the earcons (Mynatt 1994)
were effective for performing the tasks This was
because subjects had aready acquired auditory
familiarity with the piano. Such afeature could facilitate
complete control and use of the sysem by compasers
with visual disabilities.

Interestingly, no mode errors were detected duing
testing using the piano @ntroller. We suspect that this is
due to the subject’s familiarity with damper and sustain
pedals, which are momentary pedals as well, and are
commonly used in the industry.

7 Conclusion

In essence, the functions and the inherent complexity
in the modern composition processprovide new ways of
expresson. Expressve controls for these functions can
benefit from new interfaces sich as the KEYed user
interface.

The KEYed user interface also illustrates how an
appropriate mapping of layout, feedbadk, and context is
important in the design of modern composition user
interfaces. The system leverages on the musician’s
gpatial and auditory memory of the piano keyboard.

Feaures for complex sourd editing and control are
integrated into the sysem; therefore the user interface
requires far fewer operations to achieve various
production tasks. This helps the composers focus on
musical rather than operational issues.

From our ealy user studies we fourd that the
current computer keyboard interface impairs the flow of
creative ideas for expresson.

8 FutureDirections

This system is undergoing cortinuing devel opments,
which will allow it to expand in its range of usefulness
Our future reseaich includes

* Integrating atouchpad to the existing system

e Continuing user studies



* Applying the @ncepts of KEYed user interface
to other musical instruments

»  Exploring musical structuresfor goad mappings

* Investigating dfferent key bourdaries
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