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Abstract 

 

The project aims to build an energy efficient light control system. The light dependent resistor 

is suitable to detect the levels of ambient light, which is given as input to a circuit to control 

the lighting system. This project demonstrates the concept of ambient light level based control 

using light emitting diodes (LED). The design and the theory has been initially explained and 

verified by the computer circuit simulation software. Further, the concept has been 

demonstrated using a real hardware circuit under various operating conditions.  

 

Also, we have tried to emphasize the relevance of this concept with an example showing the 

economic advantages when such a system will work in a real life scenario. The results show 

the energy efficient light control system has the potential to save energy, resulting in reduced 

lighting costs.  
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1. Introduction 

 

The chapter introduces the major theme of the project and its relevance in the current 

international situation. The aim of the project is a brief explanation of how to archive the 

conservation in design. And the scope is to extend the application of this system in practical. 

 

1.1 Background 

 

Lighting is an important and integral part of our daily life. It is connected with daily activities 

like reading, working etc. and also is crucial for the public safety. The invention of electric 

lighting has revolutionized the way we perform various activities, how we live and how we 

carry out various aspects of social life. According to the statement of European Commission 

in 2012, lighting accounts for a 30% of European total energy consumption right now. The 

development of alternative lighting systems with energy efficiency will have an essential 

impact on European energy consumption [1]. 

 

Electricity has always been an essential part of daily life. Citizens are aware of the knowledge 

of electricity consumption however less of them are willing to save the energy. According to 

the research report from the Energy Information Administration (EIA) in the US, the lighting 

tops the electricity consumes in the commercial building, and it is almost tripled than the 

second one, ventilation. In the Fig.1 presented the lighting consumption in the commercial 

building. It demonstrates the lighting is the most frequency and significant in the building，

and also in such massive quantity of the energy use, the lighting source could be wasted or 

overuse in some occasions [2]. 
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Figure 1: Lighting Consumes Most Energy in Commercial Building [2].  

 

The need for lighting depends greatly on the purpose, time, and nature of work. Depending on 

the varied usage situations energy saving solutions may be designed. The over lighting (light 

pollution) could affect the human’s health and wellbeing. The one research vaguely aimed in 

2012 on the United States area, 22,000 gigawatt hours a year are wasted with a conservative 

average of 0.1 dollar per kilowatt-hour, and the cost of that wasted energy is $2.2 billion per 

year. In other terms, 3.6 tons of coal or 12.9 million barrels of oil are wasted every year to 

produce this waste light [3] [4].  

 

In order to save lighting electricity, we need to save energy by switching light off when not in 

use is one of the good practice, moreover, the change the lighting bulbs to some more 

efficiency and low cost solutions like light emitting diode(LED) can also accelerate the 

conservation. In the Fig.2 presented the different type of the bulbs using in the distribution 

installed in Sweden [5], in the Fig.3 presented the efficiency of different types bulb [6]. 
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Figure 2: Distribution Of the Installed Power Per m2 for Lighting on Different Types of Light Sources in 

Sweden [5].  

 

 

Figure 3: Approximate Watts Used By Different Globes to Deliver The Same Light Output As One 100W 

Incandescent Globe [6]. 

 

Combining the Fig.2 and Fig.3, the fluorescent type of bulbs (T5, T8, and conventional ballast) 

use most in the Sweden up to 73%, and the fluorescent type cost as the second lowest among 

the all, it is almost same as the LED. The incandescent and halogen has really high cost of the 

energy and shares 19% of the lighting resource，these low efficiency types consumes most 

the energy and the fluorescent and LED type are good replacement. In such case, Sweden has 

done great job in processing energy conservation.   

 

1.2 Aim of the project 

 

In the previous section we have mentioned the social impact of lighting technology and the 

costs involved. The aim of the project is to build an energy efficiency lighting control system 

in view of saving the day-to-day energy costs in public buildings like schools, colleges and 

hospitals. 
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In order to achieve this goal one requires an intelligent circuit that can detect the ambient light 

and smartly understand usage activities, A timer can be programmed and turn the light off 

automatically after some time interval, in case of people leaving room with the light on. The 

mechanical switch as a basic on and off function which can switch light on and off manually. 

There are two comparators with a light dependent resistor to detect whether the illumination 

levels are sufficient enough or not. Logically a circuit is required to control the lighting levels 

based on the requirements. Thus leads to energy consumption and improves the energy 

efficiency of the overall system.   

 

 

1.3 . Scope 

 

In this lighting control system, it is a major challenge to find a trade between comforting and 

correct amount of light and energy conservation. Expanding this system into buildings, it 

could automatically control individual light or group lights on a signal interface or program. It 

can operate multiple light sources in room, or various light systems operate for different 

activities. For example, the public aisle in building, in the daytime this system could combine 

with a light sensor to satisfy the illumination intensity; in the evening, this system with the 

infrared sensor and timer which become an infrared detecting lighting system with time delay 

switch; or in the residence, with the photo detector to adjust the light bulbs’ illumination 

intensity.  
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2. Theory 

 

This chapter mainly introduces concept the light control system with the help of a block 

diagram. Further, the role of each circuit components is explained. Finally the functioning of 

the circuit is verified by computer circuit simulation software with the illustrations. 

 

2.1  Concept of Light Control System 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Motion Sensing 

 

All human beings radiate some amount of heat in the form of inferred radiation to 

their surroundings. The system use infrared sensor as motion detector, this sensor 

could detect the infrared radiation of people on the range. If there are some people 

inside the room, a high voltage output will drive the comparators start to work. 

 

 Manual Switch 

 

The manual switch is a regular circuit component, it could be manipulated to switch 

on or off by hand. It can directly turn the light on and off in any situation. 

 

 

 The Comparator with Ambient Light Sensing and Reference Lighting 

Figure 4: Block Diagram of the Light Control System. 
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In the Fig.4, the ambient light sensing block is driven by the motion sensing, and only 

if it is active, the ambient light sensing with reference lighting will input to the 

comparator to determine the lighting level in the next block. The light dependent 

resistor (LDR) can sense the variation of the illumination intensity, as its internal 

resistance change linearly with the intensity of light. 

  

Before the sensing, the comparator need pre-input a reference value which depends on 

the desired lighting level, and the reference lighting is voltage value transformed by 

the illumination, this illumination value could set as desired.  

 

If the ambient light sensing value is higher than the reference value, the output of the 

comparator will be high voltage, and then drive the next block work. On the contrary, 

the low voltage output will not drive the next block work. 

 

 Lights 

 

The required illumination level is set by a reference value; the ambient light is 

compared with the desired level by using a comparator. In this system is designed with 

two comparators, which means two desired levels. When the ambient lighting value 

inputs to the comparators to compare, there are three situations could appear: the 

ambient value is higher than both desired levels, or between the two levels, or lower 

than both two levels.  

 

For three different situations correspond to three different numbers of bulbs to switch 

on, which is also means three different lighting intensity supply. The results of the 

lighting level correspond to the right number of the lights on. And also, the manual 

switch could directly drive any number of the light on and off. 

 

2.2  Electronic Component 

 

2.2.1 Light Dependent Resistor  

 

Light dependent resistor (LDR) is a photo resistor, when the light is incident on the sensor; 

the internal resistance varies because of the semi-conductor element inside of it. In general, 

when the luminance is increasing, the internal resistance would decrease down to the 

minimum value. On the contrary, the internal resistance would increase up to the maximum 

value when luminance is decreasing. 
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Figure 5: LDR Component Basic Diagram [7]  
 

In the Fig.5 presented the LDR component basic diagram, it consists of two terminals and one 

cadmium sulfide track. The light energy triggers the release of extra charge carriers on the 

track, therefore its resistance falls while the level of illumination increases. This could be 

considered as a varister with varies resistance divide the voltage on it, though the wire 

terminals to the circuit. 

 

In dark, the resistance is extremely high which as up to 1 MΩ; however when it exposed 

under the light, the resistance would drop down to a few ohm rapidly. The LDR includes a 

photosensitive semi-conductive material, when the photons hit the semi-conductive material 

would be absorbed to excite the electrons insides of the material and free them. The free 

electrons carry the electricity; the more electricity caused lower resistance. When the lights 

off, no more photons to excite the electrons, therefore, there is no more electricity carrying 

inside of the material which caused the resistance increasing [7]. The chart relation between 

luminance and resistance by practical measurement is presented in Fig.6. 

 

 

Figure 6: The Relation between Resistance and Luminance. 
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2.2.2 Operational Amplifier 

 

The operational amplifier is a component used to perform some mathematical operation to the 

input signal. Use the different resistor or capacitor in the different part of the operational 

amplifier, the operation amplifier can do operations like: adding, multiplying, integration, 

comparing, etc. The system will compare two luminance values to decide the lighting level; in 

this case the operational amplifier will be used to do the comparing operation as a comparator. 

The comparator do not need any feedback circuit from the output, it compares the two signal 

then output two different voltage level to make people understand the comparing result [8]. 

 

A standard op-amp has two inputs: the inverting input and non-inverting input; one output and 

two dc supply voltage: one is positive and another one is negative. LM741 includes a standard 

op-amp and put the all the inputs, output and voltage supply on an 8-pins chip [10]. 

 

Generally, the input signal applied in only one input: the inverting one or non-inverting or on 

the both inputs. If only one input is applied, the Op-amp would amplify the signal. The gain 

factor of the amplification depends on the resistances on the either inputs. If two input 

voltages are applied to a circuit and it produces an output which is at either one input or both 

to comparing less or greater than each other, this is consider as a comparator. In this program, 

the comparator is applied because as the intensity of the ambient light varies, the input voltage 

varies on the input also varies proportionately. A decreasing intensity of the illumination 

intensity will cause the resistance of the temperature sensor increasing; by the means of the 

voltage of temperature sensor on the input port is increasing. When the voltage of the output 

hits one specific level of the transistor, the voltage would via the transistor to turn on the LED. 

Otherwise the low level could not via the transistor and the LED would not be turned on. 

 

 

2.2.3 Transistor 

 

Transistor is a semiconductor with multiple functions like amplification and electronic switch. 

A typical connection for NPN transistor is given in Fig.7 Below. There are at least three pins 

(or terminals) for each transistor. The voltage and current come into one pin caused the output 

current change because of the eternal resistance changes which could consider as a switch, 

which to control the circuit to turn on or off. As for the output current change, the output 

power could be greater than input, which means the transistor could also as an amplifier. 
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Figure 7: Typical NPN Transistor Connection [11]. 

 

For the light control system, the transistor will be used as a switch. The different base voltage 

will generate the different base current. The low base current will make the transistor in an 

switch off status, and a high current will make the transistor in the switch on status. The 

system use this way to control the LED on or off automatically. 

 

2.2.4 Timer 

 

The NE555 is one branch of 555timer, which can produce the accurate time delay, oscillation 

and flip-flop operation. The NE555 timer has eight pins on the chip with different function 

[12].  

 

The eight pins are connected as follows: GND is always to the ground, Vcc is voltage supply 

between 4.5 V to 16 V, OUT is output, NC with no internal connection, RESET connects to 

voltage supply to active reset to output. CONT outputs 2/3 VCC controls comparator THRES, 

allows bypass capacitor connection, DISCH open collector output to discharge timing 

capacitor. For TRIG to the voltage supply, DISCH and THRES connect to a resistor and 

capacitor network. When TRIG is active, the capacitor starts charging, the OUT is high until 

TRIG > CONT, then output low. The time interval between the high and low is adjustable by 

the resistance and capacitance. 

 

There are three general modes of any 555 timer: the Mono-stable, Astable, and Bistable. An 

Astable mode function could work as an oscillator which can use as a light flasher, security 

alarm. The Bistable mode, operating as a flip-flop which is to produce two logic output: ‘1’ or 

‘0’. A Mono-stable mode applies in the 555 as timers, pulse-width-modulation, touch 

switches and so on. In this case, the 555 is only one shoot pulse generator. In order to make a 
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time delay, the 555 only need to connect to an external resistor and a capacitor network [13]. 

Therefore, the Mono-stable mode is suitable to apply in this system. 

 

 

2.2.5 Passive Infrared Sensor   

 

Passive infrared sensor (PIR) is a pyroelectric component which could detect the object’s 

motion by infrared radiation emitted and surrounding by the object. The sensor could track 

the infrared radiation change in any sudden. In this system, the ST-00081Wide Angle PIR is 

applied in detecting. When it detected the motion, which is the input of the sensor is high, and 

then its output is on a high voltage. With 180degree wide detecting angle caused low 

probability miss the motion. The infrared sensor front and back sketch is presented in the 

Fig.8 [14]. 

 

 

 

Figure 8: The Front and Back Sketch of ST-00081[15]. 

 

There are four pins on the sensor: the GND is ground and connect to the ground, the Ucc is 

voltage supply, OUT is output, and EN is PIR enable. The Ucc is from 3.3V to 6V, the output 

is identical to the Ucc in general when it’s HIGH (motion detected), and the output is 0Vwhen 

it’s LOW (motion undetected).  

 

The PIR reacts in the wavelength between 5.5μm to 14μm; the human infrared radiant 

wavelength is 12μm mostly [15] and it’s on the range. However, the sensor could be affected 

by: the size and other thermal object nearby; the environment condition including the ambient 

light and light source. 
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 2.3 Luminous Efficacy 

 

The power supply of the lamp could never transfer to the visible light fully: one part will 

transfer to the visible light and the rest of another part will transfer to the thermal which is not 

useful. The luminous efficacy describes how much quantity of the visible light was 

transformed by electromagnetic radiation from a source produces: the radio of the luminous 

flux to the power. And the power could be any kind of the sources such as electricity and 

chemistry, in this system the source is specified as electricity. The measure of visible light is 

one category of radiant flux which is the total power from an emitted source. Therefore, the 

definition of the luminous efficacy refined as the ratio of the luminous flux to the radiant flux 

 

Even though some of the electricity power has transferred to the visible light, due to the 

different range of both visible light spectrum of and the human eye’s sensitivity, some visible 

light still can’t be seen by the human such as ultraviolet and also uselessly for lumination. So 

another description of the luminous efficacy is how well of radiation energy detected by 

human eyes.   

   

This efficacy value is between zero and one, the unit is lumens per watt (lm/W). The one is 

corresponding to the 683 lm/W which is the maximum possible efficacy [18]. In the 

classroom 99416, the compact fluorescent light (CFL) of band OSRAM HE 35 W/830, the 

luminous flux is 94lm/W at the 25 ℃ according to the datasheet [19]. Therefore the luminous 

efficiency of the CFL η2 is given by:  

 

𝜂2 =
Luminous Flux

Maximum Radiant Flux
 

=
94 𝑙𝑚/𝑊

683 𝑙𝑚/𝑊
 

≈ 13.8% 

 

Hence, the only 13.8% of the power supply of the CFL is transformed to the in visible light. 

 

As for the different type of the bulbs has different luminous efficacy, this efficacy affect the 

quantity of the radiant flux of the visible light which is produced from the electricity power. 

In another way to define: under the same Watt unit of electricity power supply, the different 

quantity of lumens the will be produced by different type of the bulbs. In general, the 

incandescent bulb has overall lowest efficacy; the fluorescent and LED are around same but 

some sub-categories of both two has a slightly difference, in the later chapter has a specific 

comparing between these two type of bulbs.     
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2.4 Simulation Software 

 

The simulation software used to model the circuit in the computer is NI Multisim. This 

software is one of the few circuit designed which is widely using in the academia for 

simulating the circuit component and electronic design. This software can fabricate most 

electronic circuits virtually in the computer to know it performance, could also check the 

indicators about the voltage, current, frequency etc. the physical quantity when it connects in 

real. This could reduce the issues when people connecting the circuit in physically. All of the 

errors could be observed in the software without any damage makes the connection safer.  

 

 

2.5  Energy Conservation Calculation Methodology   

 

In general, the energy consumption Eh of a light bulb for every single hour is: 

 

𝐸ℎ = 𝑃𝑜𝑤𝑒𝑟 × 𝐻𝑜𝑢𝑟                            (2.1) 

 

The total consumption Et1 with a number of light bulbs in one time interval is: 

 

𝐸𝑡1 = 𝐸ℎ × 𝑇𝑜𝑡𝑎𝑙 𝐻𝑜𝑢𝑟𝑠 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝐵𝑢𝑙𝑏𝑠                 (2.2) 

 

In this energy conserved system, we have two desired luminance value levels, assuming they 

are level 1 and level 2 (level 1 value > level 2 value). For different levels of the luminance has 

different numbers of the light bulbs will be switched on. Applied the energy conserved in the 

lighting system in one time period, check the ambient luminance value: for the X hour(s) of 

the ambient luminance over the level 1, which has A number of the bulbs on; for the Y hour(s) 

of the ambient luminance between the level 1 and 2, which has B number of the bulbs on; for 

Z hour(s) of the ambient luminance under level 2, which has C number of the bulbs on. 

Therefore, the total energy consumption Et2 is: 

 

𝐸𝑡2 = ∑ 𝐸ℎ × 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝐹𝐿𝑠 

= 𝐸ℎ × (𝑋 × 𝐴 + 𝑌 × 𝐵 + 𝑍 × 𝐶)                   (2.3) 

 

The specific explanation of value of the level 1 and 2, number of A, B and C and the relations 

between these numbers will be introduced in the next chapter.  

 

The conservation efficiency η1between the Et1 and Et2 is: 
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𝜂1 =
Et1−Et2

Et1
× 100%                       (2.3) 

                        

For one whole year, the conserved electricity energy Ey is: 

 

                                                                     E𝑦 = (Et1 − Et2) × 365                      (2.4) 
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3 Concept Implementation 

 

This chapter presents the implementation of lighting control system circuit. Firstly, is the 

overview of virtually assembled circuit, then the explanation of this circuit connection by its 

working procedure. The calculation and the relationship in the circuit components are also 

presented. Finally the observation of the circuit simulation to present how it works in different 

situations.  

 

3.1 Circuit overview 

 

 

Figure 9: Circuit Overview 

 

The whole system is connected as in Fig.9. The output of PIR sensor drives the luminance 

collecting circuit. The luminance value will compared by the comparator with the reference 

value, then send a signal to the NPN transistor, help the system turns the LED on or off. The 

timer output will connecting to the collector port of the NPN transistor, this offer the supply 

voltage for LED and also will close the LED after a setting time. There is also a manual 

switch connecting directly to the LED, this can control the light on or off independent. 
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3.2 Process of luminance collecting 

 

LDR is the most important component in the whole system. The resistance of the LDR 

changes regular with the luminance increasing or decreasing. People find some special value 

of luminance represent different indoor brightness levels in the life. In this system, the two 

desired reference lighting luminance levels are: luminance less than 100lux is defined as 

“very dark” for the lower level, and the suitable luminance for a classroom should be at least 

300lux [16] as the higher level. All the luminance value collecting from the LDR will be 

changed to a corresponding voltage level in the system, so we need to obtain a mathematical 

relation between the resistance of the LDR and the luminance is necessary.      

 

With the help of a lux meter and ohmmeter we have measured the value for different lux and 

the corresponding LDR resistance given in Table.2. 

 

Luminance(lux) 100 200 300 400 600 900 1000 

Resistance(kΩ) 13 8.95 6.75 5.55 4.35 3.6 2.55 

Table 1: Luminance and Resistance Data 

 

Uses Excel to get the regression curve equation for these values. The curve is presented in the 

Figure.6 in the chapter 2. The relation between LDR resistance and luminance in the Figure.6 

is given by: 

 

Resistance = −3937ln(Luminance) + 29709            (3.1) 

 

The luminance collecting circuit is a basic voltage dividing circuit. The diagram is given in 

Fig.10. 

 

 

Figure 10: Luminance Collecting Circuit. 
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The resistor R1, LDR and R2 is series connecting. The output voltage can be seen as the 

voltage across the resistor LDR and R2.      

 

Uout = Uin ×
RLDR+R2

RLDR+R2+R1
                     (3.2) 

 

The setting input voltage for the luminance collecting circuit is 5V. The output voltage for 

100lux and 300lux luminance are in Table.2 

 

Luminance(lux) Resistance of LDR(kΩ) Output voltage(V) 

100 12 2.7 

300 7 2.5 

Table 2: Voltage Output in Different Luminance. 

 

These two different outputs will help the comparator control the LED, the specific method is 

given in process of light control part.  

 

3.3 Process of Light Control 

 

3.3.1 Comparator Circuit  

 

The operation amplifier is commonly used in the comparators. The comparator provides a 

very fast switching time, generate only two states output based on the different inverting and 

non-inverting input voltage [7].  

 

 

Figure 11: Comparator Circuit. 

 

Fig.11 shows a basic comparator circuit. The voltage difference between the inverting and the 

non-inverting input will be amplified by the open loop gain of the operational amplifier. The 

open loop gain for operation amplifier is 200,000 [9]. According to the equation before, a 

very small difference between inverting and non-inverting input will generate a very high 

output voltage. The very high output voltage only appears in the ideal situation, but 
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commonly the output voltage is limited by the supply voltage of LM741. Choose the 

V+ = 9V and V− = 0V for the LM741 device, which means if non-inverting input is greater 

than inverting input, a high level voltage (9V) will be send out otherwise a low level voltage 

(0V) will be send out as output. 

 

The dark and very dark sensing is designed by this theory; the circuit is given in Fig.12 

below. 

 

Figure 12: Dark and Very Dark Sensing Circuit. 

 

The inverting part of the comparator is the reference voltage, and the non-inverting input is 

the luminance measured.  

 

Very dark sensing: 100lux luminance is the boundary line for dark and very dark, the 

comparator can use 2.7V as the reference voltage (got from Table.2). Choose R3 = 120KΩ 

and R4 = 150KΩ. 

 

VRef = U ×
R4

R4+R3
= 5V ×

150KΩ

150KΩ+120KΩ
= 2.7V                 (3.4) 

 

If the measured luminance is smaller than 100lux, the non-inverting input is greater than 2.7V, 

which means a high level voltage (9V) will be send out, otherwise a low level (0V) is the 

output. 

 

Dark sensing: over 300lux luminance for classroom is enough, but smaller than 300lux is dark. 

This time set reference voltage to 2.5V, means R3 = 100KΩandR4 = 100KΩ. 

 

VRef = U ×
R4

R4+R3
= 5V ×

100KΩ

100KΩ+100KΩ
= 2.5V                (3.5) 
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If the measured luminance is smaller than 300lux, high level voltage (9V) will send out, 

otherwise a low level voltage (0V) is the output. 

 

The high and low level output for the comparator is the key to control the LED on or off, this 

will introduced in the NPN transistor switch part.  

 

3.3.2 NPN Transistor as a Switch 

 

The NPN transistor is not used to amplify some signal this time, the system operate it changes 

between cutoff and saturation states to realize the switching function of it. The transistor 

circuit diagram and different states is in Fig.13.   

 

 

Figure 13: Different States of NPN Transistor. 

 

In Fig.16 a: If a low level voltage (0V) was send from the comparators part (Fig.13 a-1), the 

transistor is in a cutoff condition because the base-emitter junction is not forward biased, this 

situation can be considered as an open circuit (Fig.13 a-2).  

 

In Fig.16 b: If a 9V voltage was send from the comparators (Fig.13 b-1), both base-emitter 

and base-collector junction are forward biased. In this situation the transistor is easy to reach 

its saturation value because the base current is large enough. Now the transistor can be seen as 

a short circuit (Fig.13 b-2) and the LED is on [16]. 

 

3.3.3 Switch off time delay 

 

The individual completed timer circuit is presented in the Fig.14; however in the system 

circuit, the output of the LED1 in the Fig.14 is connecting to the transistor instead of the 

ground. 
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Figure 14: Individual Completed Timer Circuit from the System. 

 

In the previous theory chapter introduced the working principle and pin function of the 

NE555 timer. In order to produce time delay, the 555 timer should work as the Mono-stable 

mode. The DIS and THRES are connecting between the R1 and C2, the RESET and VCC 

connecting to the voltage supply; TRIG connecting to the supply voltage with an additional 

switch in order to trigger the TRIG port; the GND and CTRL to the ground. 

 

The Mono-stable is initiated when the TRIG voltage falls below and triggers the threshold. 

The THRES and TRIG port would be trigged at two-third and one-third voltage supply. In the 

time delay mode (Mono-stable mode), when the input signal at TRIG port fall below the 

one-third level, the pulse will begin which means on the OUT port the voltage is on the high 

level, the led on the OUT port will on. When the input signal hits two-third level, the pulse 

will stop which means the OUT port voltage level is low and the LED is off. The duration 

between the pulse on and off is the time delay. The specific delay time is depending on time 

constant of the resistor (R1) and capacitor (C2).  

 

In additional to see how the timer works, three oscilloscopes add on the TRIG, OUT and 

capacitor C2.The voltage signal in the oscilloscope of the TRIG, capacitor C2 and OUT is 

presented in the Fig.15. 
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Figure 15: The Voltage Signal of the TRIG, Capacitor, and Output in the Oscilloscope. 

 

In the Fig.15, the TRIG is given a high signal, the capacitor start to charge, the OUT is on the 

high level, the LED1 in the OUT is on. After a sometime the capacitor hits approximate 

two-thirds of the VCC and then falls down to zero; at the same time, the OUTalso drops to the 

zero, the LED1 is off right now.  

 

The specific time T of delay is given by: 

 

T = RC × 1.1                            (3.6) 

 

The R1=1MΩ, C2=10μF, therefore the time delay T is approximate to 11s. 

 

3.3.4 Simulation 

 

1. In Light Condition. 

 

The completed light control system has two comparators and two timers, both two of them 

share the same working principles. Therefore, in the simulation could be simplified as a single 

comparator and one timer. The LDR has replaced as a fixed resistor in the Figure.19 because 

the specific resistance number of the LDR component in the simulation could not be observed 

in the screen, the Mutimeter-XMM1 is an ampere meter and the Mutimeter-XMM2/3/4 are 

voltage meter; these meters are for the purpose of testing the system if it is working or not. 
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Figure 7: The Simulation of the Partial Light Control System in the Light Condition. 

 

In the Fig.16, the system is in the “light condition” because the LDR has a low resistance, the 

voltage of the non-inventor port (the practical voltage) is less than the inventor port (the 

reference number), and both numbers could be observed in the XMM3 and XMM4, so the 

output of the comparator is on low level, which could be observed in the XMM2 and it is 

approximate to 0. Hence, the transistor is not forward biased and transistor is considered as an 

open switch, so the LED1 is off now, also the XMM1 is considered on the open circuit. 

 

2. In the Dark Condition with Timer Delay Starts. 

 

 

Figure 17: The Simulation of the Partial Light Control System in the Dark Condition with the TRIG Port of 

the Timer555Is Trigged and Time Delay Starts 
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In the Fig.17, the system is on the dark condition; the voltage on the non-inverting port is 

greater than the inverting port, which makes the output of the comparator is on the high level 

voltage, the transistor is forward biased, the transistor considered as a closed switch. The 

timer is also working with the TRIG is triggered (Switch S2 closed for one time), the timer 

starts to time delay with output of the timer is high, so the LED1 is on. 

 

3. In the Dark Condition with Time Delay Passed. 

 

 

Figure 18: The Simulation of the Partial Light Control System in the Dark Condition with the TRIG Port of 

the Timer555 Trigged and Time Delay Passed. 

 

In the Fig.18, the system is under the same condition as in the Fig.18 except the time delay 

has ended. The transistor is still as a closed switch but the output of the timer is very low (the 

current of the XMM1 is very low which is down to 10
-12 

A) and could not turn the light on. 

 

3.4 Process of master switch 

 

3.4.1 Infrared sensor as a master switch 

 

The infrared sensor here is actually a motion detector. It has a large detection angle of 180° 

and can detecting 9.14 meter away. The circuit is given in Fig.19 [13]. 
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Figure 19: Infrared Sensor Application. 

 

If the sensor detected the motion in front of it, the sensor will generate a 5V output; it can be 

the supply voltage for the luminance detecting circuit. 

 

Otherwise it will generate no voltage output; which means there is no voltage sends to the 

non-inverting input of the comparator. This will caused the LED off every moment whatever 

how dark the room was. 

 

3.4.2 Manual switch 

 

The manual switch is mechanical switch controlled by human and it is an isolated switch 

without affected by any other situation. The switch could be turn on or off whenever and 

whatever the light in on or off; the switch is drove by 9 V supply voltage to a LED, an 

additional resistor in the circuit on the purpose of the protection as in the Fig.20.  

 

 

Figure 20: The Manual Switch Section in the Light control System. 

 

 

 

 

 

 

 

 

 

 



Jingwei Wang and Ziqi Zhou                           Energy Efficient Light Control System 

27 

 

4 Results and Discussion 

 

In this chapter would introduce the result of the circuit: how the physical circuit works 

corresponding to the virtually circuit simulation in the previous chapter. How much energy 

and money can be saved due to this system based on the practical experiment. And finally, 

there are some considerations about the improvement and the limitation to this system.  

 

4.1 Results 

 

The results are shown in the Fig.21-24 below. Fig.21 shows the situation when there is no one 

stands in front of PIR sensor, in this case the LED will never on. 

 

 

Figure 8: No one in front of PIR sensor 

 

Fig.22 and Fig.23 show the result of dark and very dark sensing. If the system identified the 

room is dark, then one LED will on. If the system says the room is very dark then two LEDs 

is on. 
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Figure 9: Dark Sensing 

 

 

Figure 10: Very Dark Sensing 

 

Fig.24 shows the LEDs will on when the user switch on the manual switch. 
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Figure 11: Manual Switch On 

 

The luminance of the daytime test started from the 8.am to 4.pm during November11
th

 to 13
th

, 

2014in the room of 99416 in the Gävle University. The data updated on every hour and 8 

hours per day, the data is the average number during the three days. The data is presented in 

the Table.4 and the trend of the luminance is presented in the Fig.25. 

 

Time, 

hrs. 

11
th

 Luminance, 

lux 

12
th

 Luminance, 

lux 

13
th

 Luminance, 

lux 

Average Luminance, 

lux 

8 50 54 59.5 54.5 

9 119 126 139 128 

10 149 155 147.5 150.5 

11 170 175 217.5 187.5 

12 213 205 233 217 

13 137 132 140.5 136.5 

14 79 102 75.5 85.5 

15 32 39 35.5 35.5 

16 3 3 4.5 3.5 

Table 3: The individual and Average Luminance Varies from November 11th to 13th in the Room 99416s. 
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Figure 12: The Trend of the Individual and Average Luminance Varies from November 11th to 13th. 

 

The properly luminance in the classroom is from the 100 lux to 300 lux; as we expressed in 

the chapter 2, level 1 is 300 lux, level 2 is 100 lux. The luminance under 100 lux is very dark 

need to full CFLs light on; between the 100 lux to 300 lux is dark need half CFLs light on; 

over 300 lux is bright, no extra light needed. Therefore, from Table.3, four hours needs full 

light, four hours need half-light, and zero hour with extra light needed. 

 

In the room 99416, there are 21 of OSRAM HE 35 W/830 band of CFLs. The Energy 

consumption every hour Eh for each CFL from formula is 𝐸ℎ = 35w × 1 h = 0.035 kWh                   

The total consumption Et1 with 8 hours and 21 lights per day in the room 99416 is: 𝐸𝑡1 =

0.035 kWh × 8h × 21 = 5.88 kWh.                             

According to the experiment data comparing to the desired level references, the introduction 

in the chapter 2, especially the formula 2.4: 3 hours of the illuminance under the 100lux so 

these 3 hours with full 21 bulbs on, corresponding to the X= 3, A=21; 5 hours of the 

illuminance between the 100lux and 300lux so another 5 hours with half number of bulbs on 

which corresponding to Y=5 ,B=
21

2
 ; and 0 hour of the illuminance over the 300lux, so only 0 

hour with no light, which corresponding to Z=0, C=0. Therefore, the total consumption of the 

power Et2 is: 𝐸𝑡2 = 0.035 kWh × (3 × 21 + 5 ×
21

2
+ 0 × 0) = 4.0425 kWh. 

 

The conservation efficiency η1between the Et1 and Et2 is: η1=
5.88 𝑘𝑊ℎ−4.0425𝑘𝑊ℎ

5.88 𝑘𝑊ℎ
=31.25%. For 

one whole year, the conserved electricity energy Ey is: E𝑦 = (Et1 − Et2) × 365 = 670.6875 

kWh. For average electricity price in 2013 is 0.92 SEK/kWh, so the totally 670.6875 

kWh× 0.92
SEK

kWh
≈ 617 SEK saved per year in the class 99416. 
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4.2 Discussion 

 

Though, the result has shown the significant conservation of the electricity power which is 

about 31.25 % of power could be conserved. However, the result does not have 

representativeness and conclusiveness. The experiment is tested only in three days in 

November at one classroom 99416 in the Gavle University in Sweden. And In the 

northern hemisphere, November is winter has one of the minimum sunlight intensity and the 

sunlight duration seasons in one whole year: short daylight and long night means the people 

has a high requirement for lighting inside room. By this reason, our results could be higher 

than the average level during one year testing. In the summer time, the effectiveness of energy 

conservation in the system could be less than which in the winter. So this result only 

expresses, this energy conservation has a high potential to save powers. 

  

In spite of the season time, this results would also change if the following condition change: 

the installed position of the light control system: when detecting the luminance of ambient, 

the intensity is depending on where the system installed: if the system more closer the 

window, the number shows bigger, if the point of measurement is away from the window, the 

number could be smaller. 

 

Although these conditions could change the result number of the efficacy of the conservation 

but could not change the fact the system has potential to conserve the energy. Limited the 

time in the November, and the consideration of position installing of the system is beyond the 

research purpose, therefore, the result is still acceptable. 

 

However, if we want to apply this energy conservation system into practical use, there are 

some improvement:  

 

Firstly, the brightness statements of the luminance could be added. Not only just two 

statements, different working circumstances require different brightness density, which could 

be more depending on the circumstances.  

 

Secondly, the number of the lux meters (or LDRs) could be added. One more meter could 

install lower place on the wall (probably at the same level with the working place), a corner, 

or somewhere near the table. After the light turned on, the brightness may still not enough due 

to the power of the CFL too weak or the distance from the CFL and the working level is too 

far, this data could feedback to the system combine with the reference value and if it is not 

enough, the more CFLs can be trigged on. This could also fix the problem if some CFLs is 

broken cannot light on. 

 

As more and more statements and measurement adding up to the system, the simply just 

adding the circuit components would be more and more complicated, therefore, the computer 

software can be involved to collecting the lux data, comparing and output signal to control the 
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CFL and only need to keep the essential and necessary circuits component on the board; and 

also an analog to digital converts needed to be set if this applied to communicate between the 

signal value and computer.   

 

The following reasons about the lighting bulbs themselves tied effectiveness of the efficacy 

conservation. 

 

 The Productions Fail Rate and Lifetime 

 

In this CFL type OSRAM HE 35 W/830, this production has life cycle up to 24000h and 90% 

of the production could throughout the service of life time [19]. For one whole year, one CFL 

working time is 365d × 8h/d=2920 h if working fulltime. It seems like one CFL can use 

about 24000h/2920h ≈ 8.22 year till its lifetime served.  

 

As for 90% of the production could throughout the service of the life time, which means there 

are some possibilities, 10 % number of the CFLs will broke during the using and then be 

replaced. This 90% is a random average probability number: we cannot say neither the bulbs 

are certainly will broke when they are severing nor the number of the broke are just exactly 10% 

of total. This percentage comes from huge number of testing; this may happen, may not. For 

example, if there are two groups and each have 10 of bulbs, first group all of them severed till 

the lifetime end and second group 2 of them broke half way. Therefore, 2 of 20 are broke, 

which is also 10%, but neither of these two groups have 10% failure. This production failure 

is only an average level of this production and happens randomly. In addition, the 10% of 21 

bulbs in the classroom is 2.1, 2.1 bulbs is not a realistic number either.  

        

So we assuming in those 21 bulbs, 10% will broke halfway serving and then they will be 

replaced to the new bulbs. For every OSRAM HE 35 W/830, the price on the market is 

51sek/pc. Therefore, one lifecycle time of a bulb in classroom 99416, the total energy could 

be saved with the 10% of the production fail rate is Elifecycle= Ey× served time-Σ Production 

cost =617 SEK × 8.22 − 21 × 51SEK − 21 ×10%× 51 SEK =3893.64 SEK in theoretical. 

 

One more thing could about the life of the CFL: according to the research of the ENERGY 

STAR in US, the operation of the turn on and off the CFLs frequently could lower the life. If 

the CFLs’ life rapidly reduced, the money conserved by the system could not even afford a 

new CFL, which also make the conservation less meaning. The result of the ENERGY STAR 

recommends if people out of room 15 minutes or less, then leave it on; and if people out for 

more than 15 minutes, then turn it off [20].For this situation, the time delay of the system 

should be set greater than 15minutes to extend the lifetime of the CFL bulb. 

 

 The Luminous Efficacy Between CFL and LED 
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In the previous chapters mention the luminous efficacy between the CFL and LED. In this 

system we use 94lm/W CFL, for the same illumination production of LED, only need 24W 

power [21]. Therefore, 35W of CFL can be replaced to 24W LED, and with another 31% 

power off, higher lifecycle up to 50000h, it is twice than CFL about 24000h. As for the 

purchase cost, the LED cost about 32 USD which is 250 SEK, and it is 60 SEK over the CFL.  

 

However, if both two types can serve until the life cycle end, one LED can match two CFLs 

and this is beyond the 60 SEK. For the electricity cost in lifecycle, one LED is 

50000h×0.024kW× 0.92SEK/kWh=1104SEK. In such served interval, one CFL is 

50000h×0.035kW× 0.92SEK/kWh=1610SEK. So the LED is could save about 

1610-1104=506SEK, which can afford two new LED. 

 

For more conservation, even though the CFL is very efficient comparing the incandescent 

bulb but it is still less efficient than LED. The facts of the requirement for the same lumens, 

the LED needs the least the power, then is the CFL, and the incandescent bulb needs the most. 

For example, the lumens for the 150W incandescent bulb, the CFL need 30W to 55W, and 

LED needs only 25W to 28W [22]. The LED bulb could save up to approximate 50% 

comparing the CFL and 83% to the incandescent bulb. Therefore, the CFL is replaceable for 

more conservation.  
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5. Conclusion  

 

The previous chapters discuss the energy efficiency light control system in detail. The scientific 

calculations show that: the system has the potential to help the classroom 99416 to save 

670.6875kWH electricity every year. This number is 31.25% of the energy cost without using the 

energy efficiency light control system. The system will help to save about 617 SEK every year, 

contrast with the low manufacture cost; it can help the user to energy and save money effectively.   
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