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ABSTRACT

An Intelligent Lighting Control System (ILCS) was proposed and designed by considering
ergonomic setting and energy efficiency. The integration of CompactRIO as a main hardware
and National Instrument Laboratory Virtual Instrument Engineering Workbench (NI
LabVIEW) 2012 as a platform to design an interactive Graphical User Interface (GUI) as well
as integrating components within the system. The proportional-integral-derivative (PID)
controller programmed in NI LabVIEW provides autonomous dimmer control and adjustment
of the light-emitting diode (LED) lamp with respect to present Lux value. Performance tests
conducted shows the developed system capable of controlling the luminosity of the LED lamp
based on the luminance set point. Moreover, the result also showed the average power saving
of up to 33% compared to normal use. However, several modifications and improvements are
desired before the system could be applied in actual environment.
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1. INTRODUCTION

Nowadays, many efforts in emphasizing for green environment and energy saving which
becoming more prominent. Electrical appliances, automobiles, airplanes and security system
demand the ability of these systems to adapt according to the current situation and capable of
autonomously analyzes data and responds to the preset requirement [1]. Although various
systems in the real world are becoming more intelligent, only a few of these intelligent
applications have been applied to lighting systems which are necessary and important part of
human life [2]. Energy saving and Intelligent Lighting Control System (ILCS) are the
important trends of lighting technology scenario. Designing of the ILCS that is automatically
capable of providing an appropriate illuminance to an arbitrary location as well as allowing
other lighting to compensate illuminates in response to the failure of a lighting device has
proved to be a challenging task. Moreover, the system should be able to flexibly react and
respond when lighting or illuminance sensors are added or when room partitions are changed.
The lighting control strategy has an important effect on people’s perception and it should be
the trend for future ILCS, which combining the human needs with lighting control technology
[3]. The increased adoption of light emitting diodes (LEDs) in luminaries, lighting systems
can be flexibly and dynamically controlled for illumination rendering [4]. [llumination effects
may be designed for better visual comfort and energy-efficiency. The breadth of lighting
applications is further enhanced due to the greater amount of sensing, communication,
computation and control functions embedded across the lighting system even up to the
luminaire-level. An ILCS can save energy, money and significantly contribute to a
comfortable working environment making it an indispensable component in modern
commercial buildings [5]. Moreover, the ILCS can reduce energy consumption as
automatically controlling the intensity of illumination through situation awareness such as
awareness of user movement or brightness of the surroundings [6].

Moreover, in the related of previous studies have described about the significant findings and
importance role of this research. For examples, in [7] has designed a smart house control
using LabVIEW, research by [8] have implemented an energy efficient smart home based on

wireless sensor network using LabVIEW, in [9] explained about a RS-485/MODBUS based
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intelligent building automation system using LabVIEW, research by [10] presents about an
energy efficiency of alternative lighting control systems, in [11] proposed a design of
intelligent residential lighting control system based on Zigbee wireless sensor network and
fuzzy controller, research by [12] shows a smart home energy management system for
monitoring and scheduling of home appliances using Zigbee, in [13] illustrated a
Labview-based fuzzy controller design of a lighting control system, research by [14]
demonstrated a hybrid system for daylight responsive lighting control, in [15] Indicated an
emergency lighting monitoring system using LonWorks, research by [16] applied a lighting
control system in buildings based on fuzzy logic, in [17] has developed a fuzzy controller
design of lighting control system by using VI package, research by [18] used a ZigBee
wireless technique for an intelligent house lighting control system, in [19] measured an
advanced control system for reducing the energy consumption of public street lighting
systems, research by [20] analyzed High-power-factor electronic ballast with intelligent
energy-saving control for ultraviolet drinking-water treatment systems, etc.

Therefore, the main objective of the research project is to design an ILCS that is capable of
controlling and responding an appropriate amount of illumination within simulated lighting
environment which in turn providing reduction of energy consumption compared to a normal
usage. The ILCS module consists of a presence sensor or motion sensor, light sensor and a
main controller. The light sensor can measure luminance values at all calculation points in its
associated local zone. The presence sensor detects the presence of occupants within its local
zone. The local controller will collect the information from the presence sensor and light
sensor during the control procedure. The local controller will match the luminous of LED
lamp to a user specified set point by using the PID close loop system to control the dimming
of the LED luminaries by using pulse width modulation (PWM).

The ILCS will create a safety and health condition in the workplace and also reduce energy
consumption to avoid excessive illumination. Appropriate lighting should be maintained at all
times through testing and regular maintenance. Under the Health and Safety at Work Act of
1974, an employer has a duty to ensure the health and safety of employees. The act includes a

duty to provide lighting to ensure that work can be done safely and that employees health or
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eyesight are not jeopardized. Regulation no. 8 of the Workplace Regulations Act 1992 states
that employers must ensure that:
(1) Every workplace has suitable and sufficient lighting.

(i1) This should be natural light, so far as is reasonably practicable.

Suitable and sufficient emergency lighting shall be provided where needed. In addition, ILCS
also provides longer lamps’ life that led to environment protection. This system is
economically applicable where the visual task is relatively long for example in the classroom
lighting and office lighting. The research focuses on an ergonomically design of the ILCS that
can provide an appropriate lighting intensity, which eventually fight for the human being’s
visual requirement. For that reason, several objectives are to be met:

1. To design and build a prototype of energy saving smart LED lighting system with

integrated sensors.
ii. To design a Graphical User Interface (GUI) using National Instrument LabVIEW

software.

iii. To test the performance of the ILCS.

2. MATERIALS AND METHOD
ILCS comprises of three main modules that were uniquely integrated to represent the lighting
intelligent system. This system capable of automatically controlled the intensity of

illumination, which proportionately reduces consumption of energy.

2.1. Sensor

Basically, the system uses three types of sensors which are dynamically acting as input
signals. These sensors provide different information which eventually being analyzed by the
system to trigger further appropriate actions necessary based on presetting condition. First, the
lux sensor or commonly known as photoresistor or light dependent resistor (LDR) whereas
resistance decreases with increasing incident light intensity. This device also can be used to
measure the amount of light level that falling on a surface of the device area in a unit of lux.
Secondly, the motion sensor is used to sense human presence by detecting the change in

incident infrared radiation and actuated by the difference in temperature between human body
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(which is a heat source) and floor, walls and other objects forming the background as shown
in Fig. 1.

A third sensor is the PWM. PWM task is to control the amount of power going to the LED
lamp. This is accomplished by generating a square wave. The duty cycle of the square wave is
modulated by the output signal coming from the analog output module. LED lights must be
driven with a constant current or voltage source. When reducing the forward current or
voltage across an LED, it will dim slightly and then quickly drop off to zero light output.
PWM can control the pulse width and duty cycle causing an LED light to vary its intensity as
shown in Fig. 2. This works by turning the current off for an extremely short period of time,
which eventually turned off the LED. The frequency could range from a hundred modulations
per second to as high as hundreds of thousands of modulations per second; this makes the
LED appear to be continuously lighted without any flickering. To produce an increased
dimming effect, the LED will remain off for a longer period of time per duty cycle so the
smaller the duty cycle the dimmer the light output. The eye will visually detect the LED as a

continuous stream of light that only appears dimmer.
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2.2. Lighting System

Measuring and maintaining the intensity of light is an imperative task because if the system
could not supply adequate light would result in employee fatigue, muscle strain, and costly
mistakes in work, particularly if an employee is exposed to insufficient lighting over long
periods of time. The same is true for excessive light (or lux) levels. Glare and reflected light
can distract an individual and impair his or her vision, which is particularly dangerous when a
job requires the worker’s full attention such as working with machinery or hazardous
chemicals. Lux is a unit of illumination of one square meter, which is one meter away from a
uniform light source. The amount of light (or lux) required to suit in the workplace depends
on the type of work being done. Table 1 gives an indication of the light (or lux levels)
required for different types of working environments. The extent to which good quality
lighting enhances work performance depends on the visual component of the task. A task with
an important visual component will benefit more from good seeing conditions than a task with
a less important visual component. Table 2 summarizes that increase in task performance and
reduction in the number of rejects as a result of improvements in lighting level [21].

Table 1. Lux level and environmental requirement

Environment Required Light Level
Storage area/plant room (minimal movement) 150-200 Lux
Construction area and loading bays (minimal movement) 300-500 Lux
Factories and kitchen (higher perception of detail) 500-750 Lux
Inspection welding and machinery (demanding work) 750-1000 Lux
Electronics and textile production (repetitive work) 1000-1500 Lux
Technical offices (accurate detail) 1500-3000 Lux

Jewelers and goldsmith (precision detail) 3000+Lux
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Table 2. Lighting level and task performance

Type of Work Lighting Level (Lux) Increase in Task Reduction in
Before After Performance Number of
(%) Rejects (%)
Camera assembly 370 1000 7 -
Leather punching 350 1000 8 -
Composing room 100 1000 30 18
Fine assembly work 500 1500 28 -
Metal Industry 300 2000 16 29
Difficult visual task in the 500 1600-2500 10 20
metal industry
Miniature assembly 500-1000 4000 - 90
Weaving mill 250 1000 7 -

2.3. Graphical User Interface

The design of the GUI using LabView allows users to interact with electronic devices using
graphic icons rather than text commands. LabVIEW is a programming environment that
features a data flow-based Virtual Programming Language VPL (called G) designed to
facilitate development of data acquisition, analysis, display and control applications [22-28].
The program developed by National Instruments is widely used in the industry for a variety of
applications. One of these important applications is the automation of information gathering.
Since many experiments are done under controlled conditions, changing these controlling

conditions becomes a major part of this research.

3. RESULTS AND DISCUSSION

3.1. Hardware Development

The system can be explicitly divided into two parts. The first part deals with hardware
development which involved the connection of light sensors, motion sensor and LED lamp to
host computer via LabVIEW Data Acquisition. The second part deals with the software
development which involved programming of LabVIEW for GUI window to control the
luminosity of light through PID controller. Both parts are integrated in such away in order to
provide a real time control of the intensity of illumination. The Passive Infra-Red (PIR)

motion sensors are placed near the LED lamp will detect the movement or presence of
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humans. When the human passing through the cover area, the motion sensor will transmit the
signal as an input to the CompactRIO Real Time Data Acquisition. The signal from the PIR
motion sensor will trigger the system to get ready to control the illumination of LED light
base for ergonomic setting. The light sensor that is placed under the LED lamp will measure
the light level in lux unit. The measured light level will then be compared to a desired
luminous setting using PID controller. The host computer will display the current luminous of
LED lamp and the other information through the GUI, which was designed with LabVIEW

environment. Fig. 3 shows the block diagram of an ILCS.

Motion Compact RIO | Host Computer
Sensor | geilTuﬂe ; LED
ata {
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Fig.2. Block diagram of ILCS
3.2. Software Development

When the hardware circuit is determined, the system software is programmed using NI
LabVIEWthat used to create a GUI in this research project. The overview of the software
component modules as shown in figure 4, which displays the important information that needs
to analyze the prototype of the ILCS. The main important information is to obtain the PID
graph which will display the ability of the PID system to control the LED lamp. To show the
system developed can achieve the objective of the project, the graph will display the stability
the luminous of LED lamp in the lux unit in a real time performance based on the desired
luminous set point. Other information which will be used to analyze the system such as

luminous, intensity, current and the voltage of the LED lamp will also be displayed.
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Fig.3. Main GUI for ILCS

The software and hardware developed were then physically integrated to form one complete
prototype of the ILCS system as shown in Fig. 5 and Fig. 6. The schematic model diagram of
the hardware and the software illustrating the interconnectivity of the system designed is

shown in Fig. 7.
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4. CONCLUSION

Prototype of the ILCS has been developed using the NI CompactRIO as a main embedded
hardware. The test conducted 4 hour of running time showed that the ILCS creates a safety
and health condition in the workplace to avoid excessive illumination, as well as provided an

average power saving of up to 33% as illustrated in Fig. 8.
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Fig.8. Result of power consumption
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However, several other improvements are recommended in order to further improve the

system accuracy and efficiency.

e Use high precision and sensitive of a digital light sensor such as TSL2561 instead of using
analog LDR sensors which can sense and reading light level more accuracy. The TSL2561
luminosity sensor is an advanced digital light sensor, which ideal for use in a wide range
of light situations.

e Install the ILCS system in the classroom or other compartment to replace the existing
lighting to obtain more accuracy validation data in actual condition.

e Replace the NI CompactRIO hardware with NI MyRIO hardware, which can minimize the

hardware cost without losing the efficiency of the hardware.
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