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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. 
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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 

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 lighting control 

effectiveness. 

     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. 

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) 

 
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 

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 proposed and existing 

controllers 

     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  
 

 

 

     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 (○○○) 
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denotes excellent, two (○○) denotes good, and one (○) 

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 

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

(a) SketchUp model containing two types of lights (LBlack board and 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 

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 (NB1), and 100% light-on 

(NB2). Conversely, the six seat lights have four states (NS1, 

NS2, NS3, NS4). 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 (NB1, NB2, 

NS1, NS2, NS3, NS4); 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 

 



I-Ling Chen and Shih-Chung Kang 

www.ausmt.org  115      auSMT Vol. 2 No.2 (2012) 

Copyright ©  2012 International Journal of Automation and Smart Technology 

     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 

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. 

 

 

 

 
Figure 5. User testing process. 

 

 

 
(a)         (b) 

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

 
 

Table 4. Paired time comparison between the four controllers. 

 
 
Table 5. Paired time comparison between the four controllers. 

 

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 Task1 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. 

     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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     (a)          (b) 

 

 
     (c)          (d) 

 

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

 
 

 

 
     (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. 

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. 
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