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ABSTRACT 
 

  Solid State Lighting has become a common form of lighting system in many commercial and domestic purposes. The use of LEDs 
has played a major role in reducing the total power consumption by various kight sources. Advanced lighting systems are fast switching 
to occupancy based lighting , which controls the various light sources used in a given area based on the presence or absence of people in 
the room. The following paper throws light on the various solid state lighting models, their advantages and disadvantages. We also 
investigate the major problems existing in the effective dimming of LEDs and the existing solutions for it. Through the paper we have 
done a comparative study of the different sensors used in the three main types of occupancy based lighting systems: motion detection 
based, image based and non image based. 
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INTRODUCTION  
 
 Lighting today utilizes approximately 22% of 
the total power consumption. Therefore it becomes 
highly necessary to optimally minimise the total 
power consumption by utilizing the light intensity to 
the maximum possible extent. An emerging solution 
to this problem is Solid State lighting System 
Control. It  refers to a type of lighting that 
uses dimmable type light-emitting 
diodes (LEDs), organic light-emitting 
diodes(OLED), or polymer light-emitting diodes ,as 
sources of illumination rather than electrical 
filaments, plasma (used in arc lamps such as 
fluorescent lamps), or gas. SSL control is a topic 
being researched upon and many models are being 
developed to optimise the total power consumption . 
In recent years an important part of SSL systems 
have been occupancy based control systems and 
effective LED dimming systems for commercial 
applications. 
 
II .Solid State Lighting Models: 
 The term "solid state" refers commonly to light 
emitted by solid-state electroluminescence, as 
opposed to incandescent bulbs (which use thermal 

radiation) or fluorescent tubes. Compared to 
incandescent lighting, SSL creates visible light with 
reduced heat generation and less energy dissipation. 
The aim of any SSL control system is to establish a 
relation between various factors like CRI, Colour 
temperature, illuminance etc so as to determine the 
ideal contribution factor that leads to optimisation of 
the activity vector. 
 
2.1. Different models for solid state lighting control 
systems: 
2.1.1. Light Grid Model: 
 It is a mathematical model for the dichromatic 
solid state lighting system. Based on the models, we 
can predict the behaviour of the system and simulate 
the light grid. The models are also very useful for 
developing and understanding the intelligent lighting 
controller. It has been implemented using 2 ways: 
 
2.1.1.1.Spectrum based Model: 
 The spectral output of each light source is 
measured using a spectrometer. The spectrum helps 
us find the relation between the irradiance of a given 
light source. There exists a relation between the 
irradiance and the distance of a light source from a 
given point . The colorimetric functions use this 
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relation to find the Colour Rendering Index(CRI), 
Colour Temperature in Kelvin(CCT) and  
Illuminance. The resultant irradiance is measured 
with respect to the irradiance of the ambient 
conditions. The main drawbacks of the Spectrum 
Based Model are: 
• Needs complicated instruments like 
spectrometer which makes the system less compact. 
• It measures the irradiance with respect to 
ambient conditions which might change from time to 
time thus, each time the readings are taken the 
ambient conditions calculations need to be performed 
again. 
 
2.1.1.2. Simplified Model:  
 It eliminates the need for calculating the 
irradiance for ambient conditions as irradiance is 
calculated as a ratio of cold light source to  a warm 
light source.  Generally the cool light has a higher 
CRI than the warm light. The values calculated are 
plotted as a linear relation between the ppower 
consumption and the illuminence. It's main drawback 
is that it needs complicated instruments like 
spectrometer which makes the system less compact. 
 
2.1.2.Closed Loop Control System: 
 The closed loop system uses feedback from the 
output so as to bring about the necessary changes in 
the lighting system as per the desired conditions. It 
comprises of a sensor or detection system to detect 
various aspects of the light source such as colour 
temperature, CRI etc.The calibration routine which 
helps find the relation between the contribution 
factor of  each light source with respect to a certain 
standard(dark conditions). The optimization routine 
is used to bring about the necessary changes to the 
calibration resukt such that the desired conditions are 
met . This develops the transfer function for the light 
source system such that the power consumption is 
optimised.Based on the transfer function developed 
the input to the controller(generally a PI controller) is 
provided so that the desired output can be obtained. 
 
The 3 main closed loop control systems that have 
been developed are: 
2.1.2.1.Sensor  Board Based Model: 
 The sensor plays the role of  a feedback element 
in this model.  It comprises of a sensor board which 
is embedded with the various sensors to be used ,the 
linear analog lux sensors are used for this purpose. 
The lux sensors then measure the illuminanace 
values of the various light sources. The sensor values 
are feedback to the input of the system . to set a 
standard for reference the illuminance of dark 
conditions are measured.The calibration routine uses 
the difference in the on and off state values in 
comparison to the values of dark conditions to find 
the contribution factor of each light source, which  is 
then used to optimise the power consumption .The 
drawbacks of the Sensor Based Model: 

i) The sensor board is large and not compact. More 
efficient and smaller sensors should be used so as to 
develop a compact sensor board and the values are 
calculated for a given position and area that is 
marked manually. It doesn’t have features for 
automatic detection of change in position. Thus it 
needs constant human monitoring to avoid any 
change in position. 
ii)  The calibration routine is not calculated 
continuously, it’s plotted only for a given set of 
recorded values. The system should be updated in a 
manner that the changes in the illuminance are 
sensed and plotted to obtain the desired relation, 
continuously throughout the entire time frame. 
 
2.1.2.2.Webcam based Model: 
 This system uses a USB webcam as a feedback 
element. The webcam helps find the luminance 
measure of each light source. The luminance is 
measured as proportional to the intensity of the green 
component of the light beam. The user gives input to 
the system by drawing the area of interest where the 
luminance needs to be measured. The calibration 
routine and the transfer function are calculated in the 
same manner as in the sensor based model. The 
output of the webcam is an 8 pixel image which is 
then evaluated to find the desired transfer function. 
 
Drawbacks of the Webcam Based Model: 
a) It considers average area element among the 
multiple points which have been given as input, this 
approximation leads to a certain error factor in the 
output and is insensitive to gesture and position. 
b) The calibration routine is not calculated 
continuously, it’s plotted only for a given set of 
recorded values. The system should be updated in a 
manner that the changes in the illuminance are 
sensed and plotted to obtain the desired relation, 
continuously throughout the entire time frame.. 
 
2.1.2.3.Adaptive Control Model: 
 This model was developed as an advancement to 
the previous 2 models . it overcomes the problem of 
the calibration routine being developed for ne single 
instant of time rather than continuously . The 
adaptive control as the name suggests automatically 
adapts to any change in the area of interest and 
develops the calibration report as a continuous 
function of time. 
 
2.2.Major Issues Faced by Existing SSL Models: 
User Interfacing:  
 Most of the existing SSL models require that the 
user manually input the area of interest and also the 
desired illuminance as set point for the controller. 
This makes the entire system less user friendly and 
reduces it’s feasibility as the lay man would not have 
sufficient skills and knowledge to implement such 
complex systems. 
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Effective Dimming:  
 The SSL control systems work effectively for 
switching the lighting in a room completely on or off 
, however dimming the lighting as per the 
environmental requirements is yet to be implemented 
effectively. This reduces the practical applications 
and feasibility of most SSL control systems. 
 Differential light control within a given area: In 
most SSL control systems the average coordinates of 
a given area are considered and the same result is 
applied to the area as a whole. Thus different 
illuminance of different points within a given area 
cannot be achieved in a single go.The points have to 
be given as different inputs which makes the process 
time consuming and less effective. 
 
Cost:  
 The sensors used in the SSL control systems are 
complex and high cost ones. This makes it 
economically less feasible and makes it highly 
impractical for commercial applications.  
 
III. Effective LED Dimming Techniques Occupancy 
Based Control: 
 Occupancy based control systems can take 
action in two basic ways to reduce energy 
consumption: motion based light switching and 
motion based light dimming. Although light 
switching is simpler and cost effective, dimming of 
light gives a better performance in terms of energy 
consumption and user satisfaction. In this review we 
have analysed the dimming techniques currently put 
to use, its problems and optimization techniques. We 
have also focussed on the sensors that are used for 
smart lighting and their interfacing techniques. 
 
3.1.Issues faced in LED Dimming: 
3.1.1Change in LED Colour: 
 Changes in the current through an LED affect 
the junction temperature of the device, which can 
shift the spectral power distributions . Red and 
yellow colours have larger spectral shifts than blue, 
green. This colour shift is a major deterrent factor for 
most LED dimming systems. 
 
3.1.2.LED Flickering due to Dimming:  
 When dimming many LED lamps, they can 
demonstrate a pronounced and obvious flicker when 
they are attached to traditional leading edge dimming 
circuits. Other flicker sources are caused by mains 
power instability common in many installations. 
Traditional lamps can store heat and electrical energy 
within the unit and this allows it to compensate for 
momentary supply dropouts and voltage spikes. LED 
lamps are unable to store any energy in the same way 
and if there is a drop in the supply the lamp will 
simply switch off producing a noticeable flicker as 
the lamps driver circuitry tries to keep the light 
output constant. 
 

3.2Existing Solutions: 
3.2.1.Solution for colour change: 
 Most of the current LED dimming circuits use 
analog dimming since it is simple and cost effective . 
The colour of the light emitted depends upon the 
dominant frequency and wavelength of the photons 
emitted by the LEDs and this in turn depends upon  
the average recombination path length.  When analog 
dimming is used changes in forward voltage alter the 
volume of the recombination zone in the chip and 
therefore the recombination path lengths, shifting the 
dominant frequency of the output spectrum. Thus 
reducing the forward voltage – to dim the output – 
moves the dominant frequency to a slightly shorter 
wavelength.  
 The above problem is overcome by PWM 
dimming instead of analog dimming. In this  
technique we keep the forward voltage (and forward 
current) constant, but use pulse width modulation 
(PWM) to rapidly cycle the LED on and off. By 
altering the duty cycle of the pulse train, the light can 
be dimmed, but because the forward voltage during 
the “on” period is kept constant, there is no shift in 
the chromaticity coordinates, and the color is 
consistent.   
 
3.2.2.Solution for flickering of LEDs 
 To avoid flickering of LEDs while dimming  a 
complex switching load device is required, that 
provides enough draw current for a leading edge 
dimmer when required at that critical point within the 
duty cycle for it to operate correctly. It then removes 
itself from the circuit for the rest of the duty cycle, 
ensuring the most efficient operation possible.  
 To overcome light flickering due to the mains 
instability issue a dimmers’driving circuitry needs to 
be timed by incorporating analogue circuitry within 
the dimmer device, so it can rapidly respond to 
changing power demands as it moves across the 
dimming range, ensuring that an adequate output 
load is maintained. If it is not compensated correctly, 
it is more likely that the dimmer may keep the output 
off for a number of duty cycles of the supply and 
cause the lamp to flicker  
 
IV. Occupancy Sensors:  
 The advent of modern light-emitting diode 
(LED) techniques enables us to develop novel 
lighting systems with numerous previously 
unavailable features. Specifically, by using the 
fixtures for both illumination and to interrogate the 
space, source-to-sensor communication becomes 
possible at very low cost. Most such lighting systems 
have a set of sensors to capture the occupancy 
information in the space. With knowledge of the 
room’s spatial occupancy distribution in (near) real 
time, a lighting system can adjust the spatial and 
spectral distribution to reduce energy consumption 
and enhance human comfort, well-being, and 
productivity. 
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4.1.Occupancy sensors - A Comparative Study: 
4..1.1.Motion Detection based Occupancy Sensors:  
 

Sr. 
No 

Sensor Principle Advantages Disadvantages Key Components 

1. PIR Sensors 
Detecting change in 

temperature pattern in sensor's 
detection zone 

-Does not emit any energy itself 
(passive sensor) 

-Low cost 
-Widely Used 

-Sensitivity dependent on distance of 
subject from sensor (Greater the 

distance, lesser the accuracy) 
-Prone to False Off errors 

Solid State pyroelectric 
detector 

2. Ultrasonic Sensors 

Doppler Effect: Emitted 
ultrasonic sound waves 

compared with reflected wave 
(equal - object is static, 

unequal - object is moving) 

- Ultrasonic waves are reflected by 
room surfaces, hencce do not 

require a field of vision as compared 
to the PIR sensors 

-More effective in detecting 
occupant motion indoors 

-False On errors due to added 
sensitivity 

-Accuracy reduces with distance 

Piezoelectric and 
capacitive transducers 

3. RFID 
Tags used for personal 

identification 

-Small size, affordable cost 
-Used as supportive technology to 

existing systems 
-Minimize False On and False Off 

errors 
-Minimize time delay 

-Increased energy savings 
- Provides both occupant density 

and occupant profile 

-Simple gateway approach may fail to 
register a tag. Can be overcome by 

using active RFID system 
-Active signals from active RFIDs 
may also be misinterpreted due to 
interference. Can be overcome by 

using multiple readers 

 

 
4.1.2.Imaging Based Occupancy Sensors: (Added benefit of daylight harvesting): 
 

Sr. 
No 

Sensor Principle Advantages Disadvantages Key Components 

1. Webcam Obtain RGB Image 

-Minimize false detection and non-
detection 

-Efficient in determining human 
presence, occupant density and profile 

-high privacy concerns of 
occupants 

-Required light must not be too 
dark 

CCD or CMOS Array 

2. Scanning LiDAR Depth Image -Any kind of light can be detected -Very Expensive 
Laser, oscillating mirror, 

silicon avalanche 
photodiode 

4. 
RGB-D Sensor 

(Kinect) 
RGB and Depth Image 

- Most accurate occupant information, 
maximum resolution 

-Expensive 
-high privacy concerns of occupant 

(Light must) 

Infrared laser, infrared 
sensor, RGB Camera 

 
4.1.3.Non Imaging based Occupancy Sensor: 
 

Sr. 
No 

Sensor Principle Advantages Disadvantages Key Components 

1. 
Non Imaging 
colour sensor 

Detects change in visible light field 
caused by blockage of light paths 

or by  Tomographic Image 
obtained according to attenuation 

in received signal strength 
(difference between empty room 

and room with occupants) 

-Transmits only a few 
values 
-Cheap 

-Can measure any 
controllable light 

-No privacy concerns 

-Cannot measure disturbance 
since it is a passive sensor 
-Reflections due to mirrors 

and other objects might 
interfere 

-Photodiode, colour sensor 

2. 
CMOS based 
Photodetector 

Obtain colour temperature and 
intensity of light source, provide 

luminance information 

-Can differentiate between 
daylight and other 

fluorescent or incandescent 
light sources, 

-Simple and high 
performance circuits 

 

-No need of extra masks for 
colour filtering 

-Limited Spectral Selectivity 
Stacked photodetectors 

 
4.2.Problems faced in Occupancy Sensing and its 
Solutions: 
 Effect of Time Delay: Almost all Occupancy 
Sensors have a preset. Time Delay TD setting of an 
occupancy sensor is the time after which the lights or 
any other load will be switched ‘‘off’’ after the last 
motion is detected by the sensor. This preset may or 
may not be user adjustable. If this TD is long then, it 
will have less energy savings, as the load will remain 
‘‘on’’ during unoccupied period also. At the same 
time, if the TD is kept short then it may result in 
unwanted switching ‘‘off’’ (False Off) of the lights 
when no motion is detected during periods of 
occupancy. Hence an optimum value of TD needs to 
be selected to achieve a balance between energy 
savings, product reliability and user satisfaction. 
Higher the delay, greater the costSince the activity of 
occupants varies all throughout the day, the time 
delay setting also must change. This setting if made 

dynamic can have a lot of benefits. Various methods 
have been developed for the same. A particular trend 
specific to every occupant's activity level  throughout 
the day can be inferred using these methods:By 
measuring the maximum inactivity period during a 
small time interval of the day over several days to 
obtain a trend. The method is simple but takes a long 
time to formulate the trends and cannot correct the 
False Off errors 
 
V. Conclusion: 
 As technologists, it is our responsibility to make 
human life simpler. Smart solid state lighting 
systems have  various applications ranging from 
home lighting to critical lighting conditions in labs, 
classrooms and professional workplace 
environments. They can also be used as disabled and 
elderly assistive technologies. Thus it becomes 
imperative to reduce power consumptions at all 
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possible avenues, hence bringing down the overall 
cost of the system significantly. This will not only 
make the system under study more feasible and 
sustainable but will also be able to attract a larger 
section of the commercial market. 
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