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Abstract— The aim of the project is to analyse issues that are related to energy-saving LED lighting and develop an innovative product that meets the initial guidelines of supervisors.
In particular, the analysis included the currently used technologies and similar products placed on the market. The research tasks was elaborately discussed and divided within group members. In the result, it was built a prototype of Modular LED lamp which is able to change colors and brightness. Besides this, the project contains the topics that are necessary for launching the final product into the market, e.g. schemes, branding and other problems connected with sales. The new LED lamp allows potential customers to run their business in complaint with sustainability policy requirements that are related to energy consumption, environmental and ethical issues, as well as people’s well-being.
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I. INTRODUCTION
I
n the past and even at present incandescent lamps are very popular. The positive thing of these lamps is that they are cheap, but there are more disadvantages than advantages. For example incandescent lamps have low efficiency. For an incandescent light bulb to work, electrical energy has to pass through a filament for it to be converted to heat. It is when the filament becomes hot enough that light is produced. Since this process generates more heat, about 90 percent of its output, than light, a great deal of electrical energy is wasted [1]. Also incandescent lamps have short lifespan and they are not environment friendly. It means that we need some kind of alternative to replace incandescent lamp. LED lamp seems to be good solution of that problem. This issue motivated us to develop Modular LED lamp. Main objectives for the lamp were: possibility to change only one LED at the time, it should change colors and it should fit to the universal socket.

We designed branch-shape light bulb, which changes colors using the remote control, it fits to the E27 socket and includes automatic brightness control system.
The paper is organized into six sections. Firstly, LED Lighting solutions that describes related products and technologies. Then overview of used materials technologies. Thirdly, Project 

development is presented, the design of the product and the steps of building a prototype are introduced. Next, Test chapter talks about made tests and results. In the end we talk about future developments, after this there is discussion and final conclusions. 
II. LED Lighting Solutions
At the beginning the modular system and method for providing power for LED lighting systems are described to get to know more about LED system details. The power source unit comprises a power supply that converts alternate current voltage to regulated direct current (D/C) voltage, a configurable intelligent gateway module that receives the regulated D/C voltage and places it on a power bus to which one or more power node modules and any accessories in need of power, such as motion detectors or cooling units, are coupled, and an intelligent power node module that converts the regulated D/C voltage to a regulated D/C current and provides it to the particular LED Light Module (LLM), and which also receives data from the LLM, such as temperature data, and adjusts the regulated current accordingly. The gateway module also may receive control data from control devices, such as dimmers or wireless controllers, and instruct the power node module to regulate its output current accordingly [2].

In this chapter we are introducing similar products to developed project, studying specifications of lighting system.
Related products

There are a lot of similar products in the market. Table 1 and Table 2 includes different kind of LED lighting solutions which are currently in the market.

Table 1: Related products

[image: image1.png]Product Features Price
[EUR]
TumRomd [6] |Available in fixed and adusiable versions, dimmable; [111
125 and 40° beam angles; high-Power LED technology.
iColor Flex MX _|Strand consists of 50 individually addressable LED _ [352
71 Inodes; each node produces full-color light output of up|
0 1.44 candela. Flexible form factor. Multiple lens
loptions: clear dome and translucent dome lenses as
standard; clear flat and translucent flat lenses also
lavailable. Standard and custom lengths andnode
spacing.
(€W Flex SLX [8] |Strand consists of 50 individually addressable LED _ [300

Inodes; each node produces full-color light output of up|
0 1.44 candela Flexible form factor. Works with.
|complete Philipsline of controllers, as well as third-
[party DMX controllers. Multiple lens options: clear
|dome and translucent dome lensesas standard; clear
flat and ranslucent flatlenses also available. Standard

land customlengths and node spacing.





Table 2: Related products 2
[image: image2.png]Product Features Price
[EUR)
iColox Tile MX — |Panel 597 x 397 mm; 134 mdividually addressable, 133
LED light panel [high-intensty, fullolor LED nodes,liht output 599
forstuming |nits. Designed forrecessed andsurface mourtingon
effects andlarge- [wall or celings. Quick set-up. Works with complete
scale video [9] |Philips line of controlers, as well asthird-party DMX
|and Ethemet controllers.
HDE® Remote |Operates n standard gt sockets 5 watt 16 clor LED: [1.2
ControlGolor [solor: zed. green, blue and white; adjustable shades and
Changing 16 LED brightness; batteries: CR2025; size: 2.5°/ 6.35 cm;
Light Bulb with [package conterts: 1x LED Light Bulb; 1 x remote.
RC[10]
LivingCalors | Chioose among 16.000.000 colors, dimmable, ight |72
Bloom White [11]|output 120 humen, easy-to-use remote control,
|adjustable colorintensity, automatic colos changing.
Imode, nice diffusedlight effect, 2 buttons o store your
[Favrite colors
The ColorFuse | Advanced colormixing and superior calog consistency. [213
Rosercars [12]  |Light output of 380 humens per fixture. Rotationin 10°
lncrements through ful 180° forprecise aiming and
Jcolor mixing.
ColarBlast [Medumbeam angle 36" Color: white, dimmable. 431

Posvercore [13]





As tables of related products show there are many different LED light bulbs and lamps. There are still room for developing mood lighting market, existing products are very expensive and variety of Europe products is not very big. Our team concentrates to mood lighting lamp and takes challenge to make mood lighting more affordable.
III. Methods and technologies

In order to build working prototype which meets the requirements different technologies have to be used. This chapter gives overview of main technology issues which raised developing the Modular LED Lamp.
1. Which LEDs to use?
2. What kind of brightness sensor to use? 

3. What kind of remote control type to use?
LEDs
As we are developing LED lamp it is necessary to choose right LEDs for our project. Requirements for LEDs are that they must be small and it is possible to change colors. RGB LEDS are the best solution for our project. They are small and includes red, green, and blue emitters, which allow for it to combine the three primary colors in different amounts to produce new colors with incredible precision. There are literally millions of possibilities of color combinations with today’s increasingly sophisticated controllers [3].
Brightness sensors
Modular LED Lamp contains automatic brightness system for detect movements, therefore brightness sensor has to be used. We were considering using laser or ultrasonic sensor. As laser sensor is too big and expensive, ultrasonic sensor was chose. Ultrasonic sensors work on a principle similar to radar or sonar which evaluate attributes of a target by interpreting the echoes from radio or sound waves respectively. Ultrasonic sensors generate high frequency sound waves and evaluate the echo which is received back by the sensor [4].
Remote control

The most common remote control types are WIFI, Bluetooth and Infrared. For WIFI it is necessary to have internet connection and for Bluetooth it is necessary to open some application in your phone. Infrared seemed to be the most easiest and cheapest way to control the lamp. The signal between a remote control handset and the device it controls consists of pulses of infrared light, which is invisible to the human eye, but can be seen through a digital camera, video camera or a phone camera. The transmitter in the remote control handset sends out a stream of pulses of infrared light when the user presses a button on the handset [5].
IV. Project development
In this chapter components of Modular LED Lamp, electrical schematics and also design of light bulb are introduced.

First of all, Table 3 in appendix describes all the necessary components for building Modular LED Lamp.
Architecture

In order to start building prototype, electrical schematics for the lamp and remote control has to be done. Figure 1 shows electrical scheme for the light bulb and Figure 2 introduces electrical scheme of remote control.

[image: image3.jpg]Ultrasaric

4,

: petzrers
L von Vs
> ] () DI KCCPIPASRNQTICITIOSIOSC LCLKINTAS RAUANICPSICIINY DACOUTTX(XCK(YSDO1)SS(VPIB(YMDOUTICSFDAT
[ 3] MDCIN2TIG(YPIBONTX(1VCK(ISDOCLKR/CTINI-TIOSOICLKOUT/OSC2ICPSYANYRAL RAVANIICPSIVREF/CIINO-SRIRX(1VDT(1VSCLISCKMDMINICSPCLK
MCLRVPTIGSSRAT RAZANS CPS2ICIOUTISRQ TOCKLCCPI(IYPLAFLTOSDA SDUNTADCINI
i o
d;‘
) w

I

o |
INdaE
X POWER

L §

X LED_COLOR
2 GREEN
2z 2 '
1
con: 3
X LED_POWER
|
@™ BLUE
2 '

aNp
vs
vo

TXOSSIEW





Figure 1: LED Lamp electrical scheme
In our Modular LED lamp we are using 12V power supply, because it will give enough tension to the system to drive 4 red, 3 blue and 3 green LEDs.
 We have to include a regulator guarder by a diode to get the right amount of voltage to drive the PIC microcontroller. To the PIC output 3 MOSFETs are connected, one for each color of LEDs. It is necessary to control the color and intensity of the LEDs with PWM modulation. IR receiver is connected to the PIC microcontroller for the communication  between the remote control. Ultrasonic sensor is also connected to the PIC for distance detection.
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Figure 2: Remote control electrical scheme
As it was necessary to do schematics to LED panel and driver, it is necessary to do circuit design to the remote control as well, so it would work like required. Main idea in remote control schematics is to have 5 buttons for different functions.
We have 12V for the circuit, but for the microcontroller it is necessary to regulate voltage to the optimum level. Therefore it is important to use regulators. We don´t need any calculations, because datasheet gives us exact information about size of the condensators.

Design
As our team wanted to create something unique, special light bulb design was made. Light bulb is inspired from nature and has similarity with wood branch. 

In the design, there is one main tube where three other tubes are coming out. Three tubes are meant for LEDs and one for Ultrasonic sensor to sense movements. Also near to the socket, where goes power supply, there are cuts inside material for cooling. For fixing the electronic parts certain inner design was made as well. Two kinds of hallows were cut into the walls to slide there different PCB-s, we are wiring power supply to the lattice which is in the leg where goes also ultrasonic sensor. For ultrasonic sensor there are 2 round holes, we are placing sensor into the holes and screw it to the tube wall. Tubes have removable covers to make LED changing more easier. LEDs are pressed into the removable covers where are LED-shape holes.

Prototype is made of plastic with 3D printer. Figure 3 presents design of developed Modular LED Lamp. It is possible to see shape of the bulb as well as inner design.
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Figure 3: Design
V. Tests
VI. Future developement
VII. Conclusion

A conclusion section is not required. Although a conclusion may review the main points of the paper, do not replicate the abstract as the conclusion. A conclusion might elaborate on the importance of the work or suggest applications and extensions. 

Appendix
Table 3: Material List

	MATERIAL LIST

	Nr
	 NAME
	QNT
	DESCRIPTION

	1
	Micro Controller
	3
	Microcontroller  de 8 bits - MCU 1.75KB 64 RAM 6 I/O Ext Temp PDIP8

	2
	Mosfet
	5


	MOSFET N-CHANNEL 60V 200mA

	3
	Connector
	1
	Pluggable Terminal Blocks 3 Pos 5.08 mm pitch Through Hole Header

	4
	Connector
	1
	Pluggable Terminal Blocks 3 Pos 5mm pitch Plug 26-14 AWG Screw

	5
	Connector
	1
	Pluggable Terminal Blocks 3 Pos 3.5 mm pitch Thru Hole Pin Strip

	6
	Transistor
	2
	Transistors Bipolar - BJT Med Pwr Biplar Trans 45V, 100 mA

	7
	Switch
	5
	4.5 x 4.5 mm footprint

0.55 mm height

Top actuated

Gullwing termination

	8
	Infrared
	2
	Infrared, Red

940 nm, 635 nm

20 mA

1.4 V, 2 V

	9
	IR receiver
	1
	38 kHz

45 m

2.7 V to 5.5 V

5 mA

	10
	Ultra sonic sensor
	1
	5 V

2 mA

2 cm - 4cm

	11
	Battery
	1
	3V CR2032

	12
	Power supply
	1
	Input Voltage: 90 to 264V ac

Input Frequency: 47 to 63 Hz

Output Current: 1.5A

Output Voltage: 12V dc

Cable Length: 150cm

Power Rating: 18W

Efficiency: > 78%

Overcurrent protection: continuous, auto restart

	13
	Capacitor
	2
	Capacitance: 0.1 uF

Voltage rating: 50 V

Tolerance 20 %

	14
	Capacitor
	2
	Capacitance: 47 uF

Voltage rating: 16 V

Tolerance 20 %

Load Life: 2000 h

	15
	Battery socket
	1
	Product: Battery Holders

Battery Cell Size: BR2025, CR2032

Number of Batteries: 1

Material: Phosphor Bronze

Mounting Style:
Through Hole

	16
	Regulator
	2
	Output Type: Fixed

Output Voltage:
 5 V

Output Current:  1.5 A

Load Regulation: 100 mV

Input Voltage MAX: 35 V

Line Regulation:
 100 mV

	17
	Diode
	2
	Forward Continues Current: 0.3 A

Max Surge Current: 2A

Max Power Dissipation 500 mW

Max Diode Capacitance: 4pF

	18
	Resistor
	3
	Resistance :
120 Ω

Power Rating :
250 mW

Tolerance :
1%

Temperature: 100 PPM

Voltage :
100 V

	19
	Resistor
	4
	Resistance :
180 Ω

Power Rating :
250 mW

Tolerance :
1%

Temperature Coefficient :100 PPM

Voltage :
100 V

	20
	Resistor
	4
	Resistance :
5.6 kΩ

Power Rating :
250 mW

Tolerance :
1%

Temperature Coefficient :100 PPM

Voltage :
500 V

	21
	Resistor
	4
	Resistance :
39 kΩ

Power Rating :
250 mW

Tolerance :
1%

Temperature Coefficient :100 PPM

Voltage :
500 V

	22
	Cable
	10
	Type:
LED Flex Strip Connector

Contact Plating:
Silver

Current Rating:
10 A

Voltage Rating:
25 V

	23
	LEDs Green
	5
	Luminous Intensity:
20000 mcd

Wavelength/Colour Temperature:
527 nm

Viewing Angle:
30 deg

Lens Colour/Style:
Tinted, Clear

Forward Current:
20 mA

	24
	LEDs Red
	6
	Luminous Intensity:
5100 mcd

Wavelength/Colour Temperature:
624 nm

Viewing Angle:
30 deg

Lens Colour/Style:
Tinted, Clear

Forward Current:
20 mA

Forward Voltage:
2.1 V

	25
	LEDs Blue
	5
	Luminous Intensity:
11000 mcd

Wavelength/Colour Temperature:
470 nm

Viewing Angle:
15 deg

Lens Colour/Style:
Tinted, Clear

Forward Current:
20 mA

Forward Voltage:
3.2 V

	26
	Connector
	1
	Product:
Headers - Pin Strip

Number of Positions:
3

Pitch:
3.5 mm

Termination Style:
Through Hole

Current Rating:
8 A

Voltage Rating:
160 V
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