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ORIGINAL ARTICLE

Using a Multi-touch Panel to Control
Lights in Indoor Public Spaces
— Prototype Designs and User Studies

Abstract: An effective light controller helps users provide accurate and effective illumination in public spaces. Control
errors caused by confusion about the relationship between the controller and its corresponding lights can delay or
interrupt work, meetings or performances. Two novel light controller designs are proposed: (1) a map light controller
that integrates a gesture control and 2D CAD layout; and (2) an interactive map light controller that uses an interactive
3D color-coded display and gesture control. Simulations compared the performance of the proposed designs with that
of two commonly used light controllers. Qualitative (N = 5) and quantitative (N = 30) tests were conducted to validate
and compare the speed and performance of all controllers in controlling luminaries in a virtual lecture hall.

Keywords: Lighting Control; User Interface; Usability Test; Mapping Problem

Introduction

Figure 1. One-finger touch and two-finger-gesture lighting control
mechanisms.

Despite its importance, the topic of lighting
controls for public indoor spaces is not widely discussed.
Given the openness and wide accessibility of public
spaces, incorrect lighting controls could lead to confusion
and unwelcome interruptions. Mistakes in lighting
control occur when users are unfamiliar with the control
method, and do not understand the relationships
between luminaries and their corresponding switches. In
addition, accurate and precise lighting control helps
reduce energy wastage [1].

To help users achieve more accurate lighting
control, two comprehensible and easy-to-learn
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controllers were designed: (1) a map light controller
(MLC) and (2) an interactive map light controller (IMLC).
Both controllers are operated using "gestures" (Figure 1),
and these control mechanisms are explained in their
respective interfaces. This paper focuses specifically on
the user interface employed in lighting control.

Our objective is to develop a more comprehensible
interface for lighting controls in public spaces, thus
improving lighting control accuracy. Specifically, the MLC
prototype integrates a 2D computer-aided design (CAD)
layout that displays a floor plan made up of simple lines
and geometric figures. Meanwhile, the IMLC design
includes an interactive 3D display which depicts a floor
plan using colored geometric lines and figures to improve
clarity. Moreover, users receive immediate feedback on
lighting control status from the illuminated display.

The main contributions of this paper are:

The control area is efficient and easy-to-use.

Because the control area of a rocker light switch is
approximately the size of a finger, users focus on the
controller. Conversely, because the entire control panel
of the MLC or IMLC is the control area, users seldom
focus on the controller.
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The gesture mechanism increases

effectiveness.

lighting control

Using the gesture control mechanism can reduce
the frequency of eye movements between the light
controller and the environment. Hence, toggling whole
luminaries can be accomplished with a single gesture.

The inclusion of the floor plan significantly improves
lighting control.

The floor plan provides visual information to help
users understand the relationship between luminaries
and switches, helping avoid confusion when using the
control mechanism.

Related Research

Accurate lighting control is an important aspect of
many applications (e.g. meetings, reading, and working)
[2, 3]. Early research, such as the work of Carmichael and
Dearborn (1947), had pointed out that proper lighting
conditions can help people work and read continuously
without causing eyestrain [4]. In 2004, Bommel and Beld
claimed that good quality lighting in offices helps
improve worker performance [5]. In another major study,
Queins et al. (2000) highlighted the need to provide safe
illumination for all occupants of a room [6].

Accurate lighting control can reduce energy
consumption through eliminating wastage, either
through turning off lights in unused areas, or by avoiding
excess illumination.

Ready access to sufficient information on the
interface helps users improve lighting control accuracy.
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For example, a controller with "ON" and "OFF" indicators
informs the users as to the states of the luminaries, thus
aiding precise control [7]. In 1986, Norman [8] found that
adding a floor plan to the light switches could help users
understand the relationship between the switch and the
light. An alternative approach is to provide an
explanation in the interface of the relationship between
the luminaries and their corresponding switches; public
spaces usually include numerous lights, making it very
difficult to map the layout of the switches [9]. Recently,
considerable research has been devoted to the
development of lighting control methods, such as
automatic controls [10, 11], switching controls [8, 12],
dimming controls [2, 13], and remote controls [14].
However, while researchers have recently begun to show
interest in developing and improving user interfaces [15,
16], the interfaces of manual lighting controllers is still
largely poorly understood. Information provided by the
user interface can assist users in making decisions.
Despite extensive research on user interfaces for
cell-phones, software, web pages, and games [17, 18], no
study has specifically addressed the interface design of
lighting controllers.

Recently, investigators have examined the energy
saving effects of effective lighting control, and the
development of an automatic lighting controller using
sensors [13, 19], has contributed additional energy
savings. More accurate and automated lighting controls
also help reduce energy consumption. Presently, several
developments in the field of lighting control have led to a
renewed interest in individual light control methods [20,
21]. A number of researchers have reported that people
belonging to different age groups and professions have
different lighting preferences, and lighting influences
peoples’ mood and working efficiency [22-24]. It is
difficult for general lighting to satisfy everyone present in
a particular environment and light controllers have been
produced with sufficient information on the interface to
satisfy individual preferences through increasing the
accuracy of control light mechanisms.

Proposed Light Controllers

Following Norman [8] a floor plan was added to
the lighting control interface to increase the accuracy of
lighting control by helping users understand the
relationship between the controller and lights. To
simplify whole lighting control, a multi-touch panel is
used to differentiate between individual lighting controls
and whole lighting controls. One finger can operate one
luminary, while two fingers can directly operate whole
luminaries (Figure 1).
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A floor plan was integrated into two multi-touch
controllers designed specifically for lighting control: a)
the Map Light Controller (MLC), and b) the Interactive
Map Light Controller (IMLC).

Map Light Controller (MLC)

Figure 2. Updating the 2D CAD layout of the map light controller (MLC),
by swapping out the existing picture.

To increase overall controllability, the MLC
integrates a 2D CAD layout with gesture controls. Figure
2 shows that the MLC is composed of two major parts: a
touch module, and a map module. The touch module can
be mounted on a wall, and links the system’s various
power lines and signal cables. The touch module is
equipped with a programmable chip, used to address the
control problems associated with various lights and
setups.

Interactive Map Light Controller (IMLC)

| - N | -
) o)== (o)
Figure 3. Feedback obtained from the IMLC interface: (a) all lights are

100% switched-on, (b) 75% of the front and 25% of the back lights are
switched-on.

The IMLC is fitted with a colorful, interactive 3D
display, providing a more realistic depiction of the floor
plan than is possible using a 2D CAD layout. As shown in
Figure 3, the display provides feedback on the lighting
controls, which helps users immediately identify the
states of the lights. Using a single main module, the

control method of the IMLC is similar to that used in MLC.

The main module of the IMLC can be mounted on a wall,
and linked the power lines. It also includes a
programmable chip used to address the control problems
associated with the various lights and setups. The
interactive display in the main module presents a 3D
layout of the indoor environment. Because the IMLC can
be programmed to produce an interactive map, it can
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control lights in different types of environment. As shown
in Figure 1, the multi-touch display enables users to
control lights using gestures.

Comparison between the

controllers

proposed and existing

To verify whether the MLC and IMLC can improve
lighting control accuracy, we compared them with
existing controllers, such as the rocker light switch (RLS),
and light control bar (LCB). To ensure an accurate
comparison, the four controllers were set up on a
FUJITSU LifeBook T900 multi-touch tablet (13.3-inch,
Intel® Core™ i5-540M).

The comparison criteria can be divided into two
main classes based on the accuracy of the lighting
control: (1) the interface of the lighting controller, and (2)
lighting control methods. Table 1 provides an overview of
the comparisons drawn between the four controllers.
The left column shows the comparison criteria used,
some of which are used to evaluate the user interface,
namely floor information, gradient information, visual
feedback, and sound feedback.

Table 1. Comparison of the four controllers

Fockerlight Light control Map light Interactive map
switch bar controller light controller
Controller | | =
Interface ﬂ f
. - Jouo
Comparison
Criteria w
==l | (D00
RLS LCE MIC IMIC
Floorplan
information © © Qo olele
Gradient N N
None None
nformation 000 o
Visual .
feedback O 0o one 0G0
Sound
feedback ol 0o 0o 0o
Control
o 00 000 000
Touch
wmmel OO 00 00 00
Gesture N
ontrel one o 000 000
OO0 Excellent © OGood O Acceptable

The lighting control method is evaluated according
to the following criteria: control area, touch control, and
gesture control. The four columns on the right indicate
the performance measures of each controller (RLS, LCB,
MLC, and IMLC). In this table, three degrees (000)
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denotes excellent, two (00) denotes good, and one (0)
denotes acceptable. If the controller lacks a particular
feature, it is classified as "none."

The following provides a description of the items
used for comparison in Table 1, which is divided into four
parts: (1) rocker light switch, (2) light control bar, (3) map
light controller, and (4) interactive map light controller.

Rocker light switch (RLS)

The RLS interface includes seven switches in the
floor plan, but it does not display gradient information.
The control area of a RLS is the size of a finger, and is
operated by touch. During lighting control, users can
obtain audio-visual feedback from the indicator area.

Light control bar (LCB)

Similar to the RLS, LCBs are inserted into the
controller’s floor plan but, unlike the RLS, the LCB
interface displays gradient information. Every region of
the LCB can be used as the control area. Users operate
the LCB by touching or dragging a finger, and receive
audio-visual feedback in the form of displaced bars.

Map light controller (MLC)

The MLC integrates a 2D CAD layout, but does not
display gradient information on its interface. Users are
able to send control commands from any region on the
panel, and can operate the MLC by touch or gesture.
Users receive audio feedback, but no visual feedback.

Interactive map light controller (IMLC)

The IMLC contains highly detailed floor plan
information, features a color-coded interactive 3D layout,
and displays basic gradient information. Users can
control lighting from any region on the panel and, similar
to the MLC, it can be operated by touch or gesture. Users
not only receive both audio and visual feedback.

Development of Testing Environments

.....

Controller

(b)
Figure 4. Simulator consisting of the virtual lecture hall and controller:

(a) SketchUp model containing two types of lights (Lsiack board @Nd Lseats),
(b) display of the A (RLS) mode.

Quantitative and qualitative tests were conducted,
involving two questionnaires and a four-stage usability
test - one for each controller. To compare the speed and
performance of the four controllers, each stage of the
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usability test had three lighting control tasks. In addition,
the qualitative test used an eye tracker (Eyelink), to
measure user eye positions during the light control
process.

A virtual lecture hall model was developed using
virtual reality (VR) concepts to provide participants with
realistic feedback in a realistic test environment (Figure
4a) [25, 26]. As shown in Figure 4b, the simulator
includes the controllers and the virtual lecture hall model.
In the simulator users could switch between the 4
controllers without exiting the simulator.

The virtual lecture hall model (shown in Figure 4)
was built using the software application "SketchUp". The
model contained seven independent light sources of two
types. One light source was at the front of the virtual
lecture hall directed at the black board, and only had an
on-and-off function. The other light sources were
directed at the seats and featured both on-and-off and a
dimmer function. Table 2 shows that the black board
light has two states: 0% light-off (Ng;), and 100% light-on
(Ng,). Conversely, the six seat lights have four states (N,
Ns,, N3, Ng,). Thus, there are a total of 8192 illumination
scenarios for this lecture hall model.

As depicted in Table 2, we placed two different
luminaries to obtain the six illumination states (Ng;, Ng,,
Ngi, Ns,, Ngs, Ng,i); one luminary was an LED lamp while
the other was a Bulb.

Table 2. Overview of the lights and scenario images used in the model

Position Elackboard (B=1) Seat (n=f)
Fumbarof 2 4 4 4 4 a4 1
Statas (M) -
Total Momber of Inagas (5" - 129 2. 4% = 8192
LED lsmp Bulbs LED lamp Bulbs
i Y e Y
s o O o 0
- 1 Val] Q@ 0 Valy Q@
i o O ! o 0
0% % 0% 0%
LED lamp Bulbs
Mo Hona Hona 0% OOO
Valt
[ oo
20% 0%
LED lamp Eulbs
' Y
Vi Hona Nona A OOO
Vaolt O D
B0% 2%
LED lamp Bulb: LED lamp Bulbs
- 7 a ' »
Ha: 100% OOD 100% OOD
M Valt O D Walt O D
100% 100% 100% 100%
Qorr O
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The principle difference between LED lamps and
Bulbs is in terms of general illumination. An LED lamp
provides more light by increasing the voltage, whereas a
Bulb (five luminary units) provides more light by lighting
up more luminary units.

In addition to the simulator described above, the
user tests involved two questionnaires, a task card, and a
timekeeper. One questionnaires apiece was used for the
pre-test and post-test. The former recorded the test
subject’s gender, background, experience with touch and
multi-touch, and degree of confusion during lighting
control. The post-test questionnaire had four questions
designed to ascertain which light switch control the
subject preferred. The task cards provided the test
subjects with a description of the user test, a manual for
each controller, and text descriptions of the three tasks.
These task cards were designed to help participants
thoroughly understand the objectives of the user test,
thus reducing the possibility of task misinterpretation.
Finally, a timekeeper recorded the lighting control time
for each controller.

User Test

The user tests were conducted to achieve three
objectives: (1) evaluate the usability and performance of

Pretest

Prepared work |:>

Figure 5. User testing process.
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the proposed MLC and IMLC, (2) compare the speed and
performance of the four controllers, and (3) measure the
eye positions of users during lighting control. Figure 5
shows the simple process involved in the quantitative
survey. After reading a description of the research
project, all participants were asked to sign a consent
form, and took the pre-test. Participants were then asked
to conduct the four stage test using one controller at a
time (RLS, LCB, MLC, and IMLC). Each stage had three
lighting control tasks. Upon completion, all participants
(N = 35) were asked to take the post-test, and were
subsequently interviewed by the facilitator. Five
participants were also asked to perform the various tasks
for each controller while using Eyelink to track their eye
movements.

Participants and Environment

The sample set consisted of 35 students, between
the ages of 18 and 28. The percentage of participants
that had made mistakes in controlling lights in indoor
public spaces was 96.67%. All participants had used
touch device, whereas only 63.33% had experience using
a multi-touch. We conducted 30 quantitative tests and 5
qualitative tests in the controlled environment shown in
Figure 6.

Four tasks Posttest

Interview

> 0O N

O Participant

A Researcher
‘ Observer
Laptop

O camera

Y o] . Eyelink

(b)

Figure 6. (a) Quantitative test environment, and (b) qualitative test environment using EyelLink.
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Table 3. Paired time comparison between the four controllers.

Controller Controller
RLS LCB MLC IMLC
T; p=0.000* T; p=0.000*% T; p=0.000%
RLS T, p=0.000% T; p=0.000% T; p=0.000%
T3 p=0.086 T3 p=1.000 T3 p=0.018*
T; p=0.000% T; p=1.000 T; p=1.000
LCB T2 p=0.000% Ty p=0.172 T, p=0.011%
T: p=0.086 T: p=0.689 T: p=1.000
Ty p=0.000* T; p=1.000 T; p=0.389
MLC T, p=0.000% T p=0.172 T, p=1.000
T3 p=1.000 T3 p=0.689 T3 p=0.214
Ty p=0.000% T; p=1.000 T; p=0.389
IMLC T, p=0.000* T, p=0.011* T, p=1.000
T; p=0.018* T; p=1.000 Tz p=0.214

*p = 0.050 : significant
Ti: Taskl
Tz: Task2
Tz Task3

. turn on one specific light and control its illumination
. turn all lights to the 100% light-on position

. turn on more than three specific lights and control their illumination

Table 4. Paired time comparison between the four controllers.

Task Mistaken control Controller
RLS LCE MLC IMLC
Task 1 Mapping problem 10 1 1 0
Control problem 4 1 8 4
Task 2 Mapping problem 0 0 0 0
Control problem 3 0 0 0
Task 3 Mapping problem 7 3 1 0
Control problem 7 0 6 3
N=30

Table 5. Paired time comparison between the four controllers.

Controller

Question

RLS LCB MLC IMLC
Preference 1.30 260 263 3.47*

3.20

Controllability 2.20 . 2.07 233
Mapping information 130 203 3.00 367
Feedback 1.57 297 210 337
N=30

Highest score=4.00; lowest score=1.00; deviation=1.00

*Highest average score
Results

Repeated ANOVA measures were used to assess
the performance of the MLC and IMLC, with ANOVA
results presented in Table 3. Specifically, a paired
comparison of the time required to finish each task was
made between the four controllers. In Taskl and Task2,
the ANOVA results show no significant difference at p =
0.000 when using the RLS and the other controllers.
However, in Task 3, there is a significant difference (p =
0.018) between the RLS and IMLC, but no significant
differences exist (p = 0.086, p = 1.000) between the RLS
and the remaining two controllers (LCB and MLC). The
most striking result is that no significant difference was
found between LCB and MLC for any task.
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Table 4 shows the number of participants who
misinterpreted the controls while using each controller
while performing the three tasks in the usability test. A
control mistake indicates either a mapping problem or a
control problem. A mapping problem signifies an
incorrect mapping between a specific light or group of
lights and its corresponding switch(es) on the controller.
A control problem indicates that the users are confused
by the illumination control mechanism. Table 4 shows
the number of incorrect mapping incidents was
significantly higher for the RLS than for the other three
controllers, especially in Task 1. However, all participants
mapped correctly when using the IMLC. Only three
participants experienced a control problem during Task 2
when using the RLS. In addition, when using the MLC and
IMLC, control problems were a more significant issue
than mapping problems.

Based on the results of the post-tests, as shown in
Table 5, the average scores of the controllers were
compared to determine: a) which controller users
preferred for lighting control, and b) which controller
offered the greatest accuracy, mapping and feedback
information.

Differences in the way the controllers were used
were observed and recorded using Eyelink. The following
sections highlight three important aspects: (1) touch
control of the four controllers, (2) gesture control of the
MLC and IMLC, and (3) feedback information from the
IMLC.

Touch control of the four controllers

Figure 7 depicts the eye movement of users
between the control panel and virtual lecture hall when
using the four controllers. When using the LCB, the user’s
eye is mostly centered on the control panel, but with
frequent glances at the virtual lecture hall to verify the
mapping and to determine whether or not a particular
lighting environment is required. While using the MLC
and IMLC, however, the eye is focused on the virtual
lecture hall during the initial and final stages of lighting
control, such as when turning a light on or off.

Gesture control of the MLC and IMLC

Figure 8 shows results for MLC and IMLC operation
by gesture. The eye was entirely focused on the virtual
lecture hall, and not on the control panel.

Feedback information from the IMLC

Figure 9 displays some of the main characteristics
observed while using the IMLC. When using both touch
and gesture mechanisms, the user’s eye focused on the
feedback provided by the control area during lighting
control.
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(b)

(c)

Figure 7. Eye movement when using the: (a) RLS, (b) LCB, (c) MLC, and (d) IMLC.

(d)

(a)

(b)

Figure 8. Eye movement during gesture-based lighting control when using the: (a) MLC and (b) IMLC.

Figure 9. Users relied on the real-time feedback when controlling lights.
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Discussion

According to Table 4, more users made mistakes in
controlling the lights while using the RLS, which provides
little visual information. The LCB display is particularly
useful for controlling dimmer-equipped lights and even
first-time LCB users were able to effectively and correctly
identify particular luminaries based on the gradient
information provided in the interface. As a result, test
subjects preferred the LCB for its gradient information,
and preferred the MLC and IMLC for the floor plan
information provided in those two controllers.

Controller efficiency is found to depend on the
control area. Table 1 shows that the control areas of the
MLC and IMLC are excellent, whereas that of the RLS is
merely adequate. Using the MLC or IMLC, users
completed the three tasks significantly faster than with
the RLS. In addition, MLC and IMLC were preferred due
to its use of gesture control for turning on or off whole
luminaries.

The IMLC display provides instantaneous feedback,
allowing for continuous and immediate user awareness
of lighting control status. Moreover, the interactive 3D
plan of the IMLC was found to be more readable than the
2D CAD plan of the MLC, which is in agreement with
Laakso et al. [23], who showed that 3D plans are more
readable, and hence more preferable.

The five qualitative tests using Eyelink showed that
eye movements between the light controller and the
virtual lecture hall were reduced when using MLC and
IMLC. It was also found that users focused more on the
controller when using RLS and LCB, and more on the
virtual lecture hall when using MLC and IMLC. This
disparity may be related to layout of the control area. For
example, the RLS control areas are just the size of a finger,
thus potentially prompting users to focus more on the
controller. However, for the MLC or IMLC, the entire
control panel is the control area, and users were found to
focus considerably less attention on the controller. In
addition, access to floor plan information in the MLC and
IMLC may reduce the need to shift attention between
the controller and the lighting environment. Users must
check whether specific lights are being operated correctly,
and a floor plan helps users understand the mapping at
the outset of lighting control, thus preventing errors.

In addition, when using gesture control on the MLC
and IMLC, some users did not feel compelled to focus
their attention on either the controller or the virtual
lecture hall. The simplicity of gesture control allows users
to easily perform tasks and ensure that all lights are in
their correct states, freeing their attention and their eye
positions were found to be random.
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Conclusion

Two innovative light controllers, the Map Light
Controller (MLC) and Interactive Map Light Controller
(IMLC), were developed to achieve improved lighting
control in public spaces. The MLC provides mapping
information on the controller to enhance the users'
understanding of the layout of the lights. The MLC also
includes a multi-touch panel, allowing users to control it
using one- and two-finger gestures. It can also be
integrated with a 3D display to depict the lighting setups
in a 3D view of the room. With the incorporation of
additional real-time feedback, the IMLC allows users to
control the lights without being physically present in the
room.

Two user tests were conducted to validate the
usability and applicability of the controllers. MLC and the
IMLC performance was compared against that of two
commonly used controllers, the RLS and the LCB. The
first user test was a quantitative survey taking 30
participants through four tasks for each of the four
controllers. In terms of control speed, the MLC and IMLC
significantly outperformed the RLS. A post-test
questionnaire found that users preferred the IMLC and
LCB over the other two controllers. The second test was
involved tracking user eye positions during the tasks
using Eyelink, an eye-tracking device. The IMLC and MLC
were found to reduce repetitive eye movements
between the controller and the lighting environment.

A virtual lecture hall was designed as the testing
environment, and testing in actual lecture halls is needed
prior to broad implementation. Such studies could also
establish whether the MLC and IMLC can be
implemented using the available technology, are cost
effective, and marketable.

The MLC and IMLC prototypes are found to provide
an improved means of controlling lights in public spaces.
From the user’s point of view, these controllers can
reduce misinterpretation errors caused by the confusing
relationship between lights and controllers. With further
hardware and software development, these controllers
could potentially contribute to greater reliability and
flexibility in lighting control.

Acknowledgement

This research was supported in part by Taiwan’s
National Science Council (NSC), under contract NSC
98-2218-E-006-246-P5. The authors are grateful to the
Center of Innovation and Synergy for Intelligent Home
and Living technology, National Taiwan University, for
their kind support with the User Experience Lab (UXLab).

aUSMT Vol. 2 No. 2 (2012)

Copyright © 2012 International Journal of Automation and Smart Technology



References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]
(9]

(10]

(11]

(12]

M. C. Dubois and A. Blomsterberg, "Energy saving
potential and strategies for electric lighting in
future north European, low energy office buildings:
A literature review," Energy and Buildings, vol. 43,
no. 10, pp. 2572-2582, 2011.

doi: 10.1016/j.enbuild.2011.07.001

S. Escuyer and M. Fontoynont, "Lighting controls: A
field study of office workers’ reactions," Lighting
Research and Technology, vol. 33, no. 2, pp. 77-94,
2001.

doi: 10.1177/136578280103300202

D. Maniccia, B. Rutledge, M. S. Rea, and W. Morrow,
"Occupant use of manual lighting controls in
private offices," Journal of the Illuminating
Engineering Society, vol. 28, no. 2, pp. 42-56, 1999.
P. R. Boyce, J. A. Veitch, G. R. Newsham, C. C. Jones,
J. Heerwagen, M. Myer, and C. M. Hunter,
"Occupant use of switching and dimming controls
in offices," Lighting Research and Technology, vol.
38, no. 4, pp. 358-376, 2006.

doi: 10.1177/1477153506070994

P. R. Boyce, Human factors in lighting. London ;
New York Taylor & Francis, 2003.

T. M. Goodman, "Measurement and specification
of lighting: A look at the future," Lighting Research
and Technology, vol. 41, no. 3, pp. 229-243, 2009.
doi: 10.1177/1477153509338881

W. J. M. V. Bommel and G. J. V. d. Beld, Lighting for
work: Visual and biological effects. the
Netherlands: Philips Lighting, 2003.

D. A. Norman, The design of everyday things. New
York: Basic Books, 2002.

S. Queins, G. Zimmermann, M. Becker, M.
Kronenburg, C. Peper, R. Merz, and J. Schafer, "The
light control case study: Problem description,"
Journal of Universal Computer Science, vol. 6, no. 7,
pp. 586-596, 2000.

doi: 10.3217/jucs-006-07-0586

V. Rialle, F. Duchene, N. Noury, L. Bajolle, and J.
Demongeot, "Health "smart" home: Information
technology for patients at home," Telemedicine
Journal and e-Health, vol. 8, no. 4, pp. 395-409,
2002.

doi: 10.1089/15305620260507530

R. Samuels and J. A. Ballinger, "Quality and
efficiency in lighting: Social and environmental
responsibility," SolArch, The University of New
South Wales, Sydney, Australia, Final Report to
Pacific Power, 1992.

D. A. Norman, "Design rules based on analyses of
human error," Communications of the ACM, vol. 26,
no. 4, pp. 254-258, 1983.

doi: 10.1145/2163.358092

ww.ausmt.or

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

[22]

(23]

119

w
@ Copyright © 2012 International Journal of Automation and Smart Technology

I-Ling Chen and Shih-Chung Kang

D. Lindelof and N. Morel, "A field investigation of
the intermediate light switching by users," Energy
and Buildings, vol. 38, no. 7, pp. 790-801, 2006.
doi: 10.1016/j.enbuild.2006.03.003

G. W. Bryde, D. J. Wolbert Ill, S. P. Hakkarainen, and
J. S. Spira, "Lighting control with wireless remote
control and programmability," USP6169377, 2001.
W. H. Chan and A. H. S. Chan, "Movement
compatibility for rotary control and digital display,"
Engineering Letters, vol. 14, no. 1, pp. 2-7, 2007.
Available:
http://www.engineeringletters.com/issues v14/iss
ue 1/EL 14 1 2.pdf

W. Lidwell, K. Holden, and J. Butler, Universal
principles of design. Gloucester, Mass: Rockport
Publishers, 2003.

E. Costanza, S. B. Shelley, and J. Robinson,
"Introducing audio d-touch: A tangible user
interface for music composition and performance,"
London, UK, 2003.

Available:
http://eprints.soton.ac.uk/270957/1/dafx.pdf

G. S. Weinbren, "Mastery: Computer games,
intuitive interfaces, and interactive multimedia,"
Leonardo, vol. 28, no. 5, pp. 403-408, 1995.

doi: 10.2307/1576225

J. D. Jennings, F. M. Rubinstein, D. DiBartolomeo,
and S. L. Blanc, "Comparison of control options in
private offices in an advanced lighting controls
testbed," Journal of the Illluminating Engineering
Society, vol. 29, pp. 39-60, 2000.

G. R. Newsham, M. B. C. Aries, S. Mancini, and G.
Faye, "Individual control of electric lighting in a
daylit space," Lighting Research and Technology,
vol. 40, no. 1, pp. 25-41, 2008.

doi: 10.1177/1477153507081560

L. Halonen and J. Lehtovaara, "Need of individual
control to improve daylight utilization and user
satisfaction in integrated lighting systems," in
Proceedings of the 23rd Session of the Commission
Internationale de I'Eclairage, New Delhi, India,
1995.

S. H. A. Begemann, G. J. van den Beld, and A. D.
Tenner, "Daylight, artificial light and people in an
office environment, overview of visual and
biological responses," International Journal of
Industrial Ergonomics, vol. 20, no. 3, pp. 231-239,
1997.

doi: 10.1016/50169-8141(96)00053-4

T. Moore, D. J. Carter, and A. I. Slater, "A field study
of occupant controlled lighting in offices," Lighting
Research and Technology, vol. 34, no. 3, pp.
191-202, 2002.

doi: 10.1191/13657828021t0470a

dUSMT Vol. 2 No.2 (2012)


http://dx.doi.org/10.1016/j.enbuild.2011.07.001
http://dx.doi.org/0.1177/136578280103300202
http://dx.doi.org/10.1177/1477153506070994
http://dx.doi.org/10.1177/1477153509338881
http://dx.doi.org/10.3217/jucs-006-07-0586
http://dx.doi.org/10.1089/15305620260507530
http://dx.doi.org/10.1145/2163.358092
http://dx.doi.org/10.1016/j.enbuild.2006.03.003
http://www.engineeringletters.com/issues_v14/issue_1/EL_14_1_2.pdf
http://www.engineeringletters.com/issues_v14/issue_1/EL_14_1_2.pdf
http://eprints.soton.ac.uk/270957/1/dafx.pdf
http://dx.doi.org/10.2307/1576225
http://dx.doi.org/10.1177/1477153507081560
http://dx.doi.org/10.1016/S0169-8141(96)00053-4
http://dx.doi.org/10.1191/1365782802lt047oa

(ol{[cI\\W.VAR[6N= Using a Multi-touch Panel to Control Lights in Indoor Public Spaces — Prototype Designs and User Studies

(24]

[25]

@

w

P. R. Boyce, N. H. Eklund, and S. N. Simpson,
"Individual lighting control: Task performance,
mood and illuminance," Journal of the llluminating
Engineering Society, vol. 29, pp. 131-142, 2000.
Available:
http://www.Irc.rpi.edu/resources/pdf/67-1999.pdf
Y. C. Chan, Y. H. Chen, S. C. Kang, and T. H. Lee,
"Development of virtual equipment for a hydraulic
mechanics experiment," Tsinghua Science and
Technology, vol. 13, no. S1, pp. 261-265, 2008.

doi: 10.1016/51007-0214(08)70159-7

ww.ausmt.or

Copyright © 2012 International Journal of Automation and Smart Technology

120

[26] A. Maciel, T. Halic, Z. Lu, L. P. Nedel, and S. De,

"Using the physx engine for physics-based virtual
surgery with force feedback," The International
Journal of Medical Robotics and Computer Assisted
Surgery, vol. 5, no. 3, pp. 341-353, 2009.

doi: 10.1002/rcs.266

aUSMT Vol. 2 No. 2 (2012)


http://www.lrc.rpi.edu/resources/pdf/67-1999.pdf
http://dx.doi.org/10.1016/S1007-0214(08)70159-7
http://dx.doi.org/10.1002/rcs.266

	Using a Multi-touch Panel to Control Lights in Indoor Public Spaces  — Prototype Designs and User Studies
	I-Ling Chen and Shih-Chung Kang*
	Introduction
	The control area is efficient and easy-to-use.
	The gesture mechanism increases lighting control effectiveness.
	The inclusion of the floor plan significantly improves lighting control.

	Related Research
	Proposed Light Controllers
	Map Light Controller (MLC)
	Interactive Map Light Controller (IMLC)
	Comparison between the proposed and existing controllers
	Rocker light switch (RLS)
	Light control bar (LCB)
	Map light controller (MLC)
	Interactive map light controller (IMLC)


	Development of Testing Environments
	User Test
	Participants and Environment
	Results
	Touch control of the four controllers
	Gesture control of the MLC and IMLC
	Feedback information from the IMLC

	Discussion

	Conclusion
	Acknowledgement
	References


