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Y
gUnsal W50 § Taz 1H1d 0.25-0.45 0.25-0.48
A Yo @
in3odlgainau 0.25-0.45 0.25-0.48
wun 0.20-0.45 0.15-0.35
Z
TATRERERLY 0.10-0.30 -

J
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10875 Zonal Cavity Method (Marc Schiler, 1992)

Typical Intensity |, _, 80 70 50 30 10 0 o
Distribution and
Per Cent -
T L Lamp Lumens | P%—*[50 30 10(50 30 10|50 30 10|50 30 10 50 30 10| O |ypaci,
Maint. RCR Coefficients of Utilization for 20 Per Cent F
Cat. sC | Effective Floor Cavity Reflectance (prc = 20)
25 1 13 0 |99 99 99|94 94 94|85 85 .85|.77 77 .77 |69 69 .69| .65
1 |87 84 81|83 80 77|.75 73 .71 .68 66 65|62 .60 .59|.56| .236
2 |77 71 67|73 68 64|67 63 60|60 .58 .55 |55 .53 .51|.48| .220
2234 M 3 |68 62 56|.65 59 54|.59 55 51 (.54 50 .47 [49 46 .44| 41| 203
E——_— 4 |61 54 48|58 52 47|53 48 44 |48 44 41 |44 41 38[.35| .186
5 |54 47 42|52 .46 4148 42 38|44 39 36 |40 36 .33| .31 .170
sl 6 |49 42 37|47 40 36|43 38 34|40 35 32|36 .33 .30|.27| .157
7 |45 37 32|43 36 32|.39 34 .30 (.36 .32 .28 |33 29 .26|.24| .145
8 |41 34 29|39 33 28|36 .31 .27 (.33 29 25 [31 27 .24|.22| .135
Porcelain-enameled reflector with 9 |37 31 26|.36 30 25|.33 28 24|31 .26 23|28 .24 22|.20( .126
35°CW shielding 10 | .34 28 24|.33 27 23|31 25 22|28 24 21|26 .22 20(.18| .18
26 1 1513 | O |95 95 95|91 91 91|83 83 83|76 76 .76 |69 .69 .69 .66
. 1 |85 82 79|.81 79 76|.75 73 71|69 67 .66 |63 62 .61|.58| .197
\ 2 |75 71 67|72 68 65|.67 63 61|62 59 57 57 55 53| .51 .194
7iM) | 3 |67 61 57|65 59 .55|.60 56 .52 |.55 52 .49 |51 .49 46| .44 184
4 |60 54 49|58 52 48|.54 49 45|50 .46 43 |46 43 .41|.39| 173
5 |54 47 43|52 46 42|.49 43 40|45 41 38 (42 39 .36|.34| .162
Fosent L | 6 |49 42 37(47 41 37|44 39 35|41 37 33|38 35 32| .30| 151
y 7 |44 38 33|43 37 32|.40 35 .31[.38 .33 .30 [.35 .31 .28|.27| .141
8 |40 34 20|39 33 29|.37 31 28|34 30 27 (32 .28 .26|.24| .132
Diffuse aluminum refiector with 9 |37 31 26/.36 30 26|.34 29 25|32 27 24 (30 .26 .23|.21| .124
35°CW shielding 10 |34 28 24|33 27 23|31 26 23|29 25 22|28 24 .21|.19| M7 |
27 1 1.0 0 (91 91 91|86 .86 .86|.77 .77 .77 |.68 68 .68 (61 .61 .61|.57
1 |80 77 75|.76 74 71|69 67 65|62 60 .59 |55 .54 .53, .50| .182
2 |71 67 63|68 64 60|.61 .58 .55(.55 .53 .51 (50 .48 .46|.43| .174
3 |63 58 .53|.60 .55 .51|.55 .51 .47 |50 46 .44 |45 .42 .40|.38| .163
4 |57 51 46|54 49 44|49 45 41|45 41 38 |41 38 .35(.33] .151
5 | 51 45 40|49 .43 39|.45 40 .36 (.41 .37 .34 (37 34 31).29| .140
6 |46 40 35|44 38 34|41 36 .32 (.37 .33 .30 [.34 .30 .28(.26| .130
7 |42 36 31|40 35 30|37 32 29|34 30 27 (31 .28 .25|.23| .121
8 |38 .32 28|37 31 27|34 29 26|31 27 24 |29 25 23|.21| .13
Porcelain-enameled reflector with 9 |35 29 25|34 28 25|31 27 23|29 25 22|27 .23 .21|.19| .106
30°CW x 30°LW shielding 10 {33 27 23|31 26 22|29 24 21|27 23 20(25 .21 .19(.17| .099
28 o |83 83 83|79 79 79|72 72 72 |65 65 .65 [59 .59 .59 .56
1 |74 72 70|71 69 67|65 63 62 |59 58 .57 {54 .53 .52|.50 | .160
2 |66 62 59|64 60 .57 |.58 .56 .53 |54 .51 .49 [49 .47 .46 |.44 | 158
3 |59 54 50 |57 53 .49 |.53 49 46 |48 46 .43 |45 42 40 |.38 | .150
4 |53 48 44 |51 46 42 |47 43 40 |44 41 38 |40 .38 .36 .34 | .141
5 |48 42 38 |46 .41 37 |43 39 .35 |40 .36 .33 |37 .34 .32(.30 | .12
6 |44 38 34 |42 37 33|39 .35 .31 |36 .33 .30 [34 .31 .28(.27 | .124
7 |40 34 30(.38 .33 29 (.36 .31 .28 |33 .30 27 |31 28 .25|.24 | .16
8 |36 31 27 (35 30 26|33 28 25 |31 27 24 |29 25 23|21 .109
Diffuse aluminum reflector with 35°CW 9 |33 28 24 (32 27 24|30 26 23 |28 24 22 |26 23 .21|.19| .102
x 35°LW shielding 10 |31 25 22|30 25 22|28 24 21|26 22 20 [25 .21 .19|.18 | .096
29 0 |75 75 .75 |69 .69 69 |57 .57 57 |46 46 .46 |37 .37 .37 |.32
1 66 64 62|61 59 57 (51 50 .48 (42 41 40 |33 .33 .32 (.28 | 094
2 |59 55 52|54 51 48 .46 43 41 |38 .36 .34 [30 29 .28 (.25 | .091
3 |52 .48 .44 |48 .44 41 |41 38 35|34 32 30 [27 26 .25|.22| .085
4 |47 42 38[43 39 35|37 33 31 (31 28 26 [25 23 .22|.19| .079
- 5 |42 37 33|39 .34 31|33 .30 27 [28 25 .23 |23 21 20(.17 | .073
6 |38 33 .29 |35 31 .27 |30 27 24 |25 23 21 |21 .19 .18|.16 | .068
7 |35 29 26|32 28 24 |28 24 21 |23 21 .19 [19 .17 .16 |.14 | 063
8 |32 26 23|29 25 22|25 22 .19 |22 .19 .17 [18 .16 .15 .13 | .059
Metal or dense diffusing sides with 9 |29 24 21|27 23 20 (23 20 17 [20 .17 .15 |17 .15 .13 [.12 | .056
45°CW x 45°LW shielding 10 [27 22 19|25 21 18|22 .18 .16 [19 .16 .14 |16 14 .12 11| 052
30 % 1.0 0 |61 61 .61 (58 58 58 |55 55 55 (51 51 .51 |48 48 48 .46
1 |54 52 50 |52 50 49 |49 .47 .46 (46 .45 .43 |43 .42 .41 |.40 | .159
2 |48 45 42 |46 44 41 |44 41 39 |41 39 38 |39 .37 .36 [.34 | .145
3 |43 39 .36 |42 38 35|39 .36 .34 |37 35 .33 [35 .33 .31 .30 | .132
4 |39 35 32 (38 34 31 (36 .32 .30 |34 31 29 |32 30 .28 .27 | .121
5 |35 31 .28 |34 30 27 [32 29 27 |31 28 26 |29 27 .25 |.24 | .111
6 |32 28 25|31 27 25(30 26 24 (28 25 23 |27 25 .23 {22 |.102
7 |29 25 22029 25 22 |27 24 22 |26 23 21 |25 23 .21 |20 | .095
8 |27 23 20|27 23 20|25 22 20 |24 21 .19 |23 21 .19 |18 | .088
Same as unit #29 except with top reflec- 9 |25 21 19|25 21 18 |24 20 18 [23 20 18 |22 .19 .17 [.16 | .083
tors 10 |23 20 17 |23 19 a7 |22 .19 a7 [21 .18 .16 |20 .18 .16 [.15 | .077
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Per Cent

Baset 90 ‘4— -
Reflectance P = 0.8
Per Cent Wall
Refloctance | 0 80 70 60 50 40 30 20 10 0 | 90 80 70 64’50 }4g=30 20 10 0
Cavity Ratio Pw = 0.5
02 |89 88 88 87 86 85 85 84 84 82 |79 78 78 77 77 76 76 75 74 72
5 88 87 86 85 84 83 81 80 79 76
87 86 84 82 80 79 77 76 74 73
0¥ |87 85 82 80 77 75 73 71 69 67
1.0 |86 83 80 77 75 72 69 66 64 62
Per Cent -
Baset 40 30 (_Pr —0-2
Reflectance
Per Cent Wall
e a0 80 70 60 50 40 30 20 10 0 | 90 80 70 60 50 40 30 20 10 0
Cavity Ratio
02 37 36 36 | 31 31 30 30 29 29 29 28 28 27
04 |41 35 34 34| 31 31 30 30 29 28 28 27 26 25
06 |4 4 33 32 31|32 31 30 29 28 27 26 26 25 23
08 /33 32 31 29|32 31 30 29 28 26 25 25 23 22
10 32 31 29 27|33 32 30 29 27 25 24 23 22 20
@i s—t0-90-0b 34 32 30 29 27 25|33 32 30 28 27 25 23 22 21 19
: 42 39 37 35 33 31 29 27 25 23| 34 32 30 28 26 24 22 21 19 18
16 |42 39 37 35 32 30 27 25 23 22| 34 33 29 27 25 23 22 20 18 17
18 |42 39 36 34 31 29 26 24 22 21|35 33 29 27 25 23 21 19 17 16
20 |42 39 36 34 31 28 25 23 21 19|35 33 29 26 24 22 20 18 16 14
31 n.2 ' Y
310 n2 M3 p, ez p,
Typical Intensity . 0 o
Distributionand  |**° =
[ e s0 30 10(s50)30 10|¢
Typical Luminaire | Lamplumens | (f 10 @
Maint. sc RCR Coefficients
Cat. | Effective Floo
28 [ n aspa | o |63 83 83|f0 79 79]:
1 |74 72 70|77 7
66 62
59 54
53 .48
5 |48 .42
6 |44 38
7 |40 34 .
8 |36 31 . 0 o6
Diffuse aluminum refiector with 35°CW( {9 |.33 28 24 |32 27 24|)
x 35°LW shieldina ; P10 |31 25 2230 25 22].

519 1.3 MINIA CU

U
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= General Characteristics

Cap-Base

Bulb

Life to 10% failures
EM

Life to 50% failures
EM

Color Code
Color Rendering
Index

Color Designation
(text)

Color Temperature
Luminous Flux Lamp
EM

Lumen Maintenance
2000h

Lumen Maintenance
5000h

Lumen Maintenance
10000h

Lumen Maintenance
15000h

Luminance Average
EM

Chromaticity Coor-
dinate X
Chromaticity Coor-
dinate Y

Lamp Wattage
Lamp Wattage EM

Warnings and Safety

* A lamp breaking is extremely unlikely to have any impact on your

health. If a lamp breaks, ventilate the room for 30 minutes and

Electrical Characteristics

G13 [Medium Bi-Pin Fluorescent]
T8 [26 mm]
10000 hr

13000 hr

Light Technical Characteristics

54-765
72 Ra8

Cool Daylight

6200 K
2500 Lm

90 %
80 %
75 %
70 %
0.95 ed/em2
315 -

341 -

36 W
360W

TL-D Standard Colours

TL-D 36W/54-765 1SL

TL-D Standard Colors lamps (tube diameter of 26 mm) create

atmospheres from warm white to cool daylight. Lamps with moderate

efficacy and color rendering.

Lamp Voltage 103V
Lamp Current EM 0.440 A
Dimmable Yes

Environmental Characteristics

Energy Efficiency B

Label (EEL)
Mercury (Hg)

Content

Base Face to Base

Face A

Insertion Length B
Overall Length C
Diameter D

* Product Data

Order code

Full product code
Full product name
Order product name
Pieces per pack
Packing configuration
Packs per outerbox
Bar code on pack -
EAN1

Bar code on
outerbox - EAN3
Logistic code(s) -
12NC

ILCOS code

Net weight per piece

8.0 mg

Product Dimensions

1199.4 (max) mm

1204.1 (min), 1206.5 (max) mm
1213.6 (max) mm
28 (max) mm

928048505453
928048505453

TL-D 36W/54-765 15L
TL-D 36W/54-765 1SL/25
1

25

25

6923410770322

6923410770339
928048505453

FD-36/62/2A-E-G13
0.140 kg

remove the parts, preferably with gloves. Put them in a sealed plastic

bag and take it to your local waste facilities for recycling. Do not use

a vacuum cleaner.
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Long Lifespan(50,000Hrs)

Motable Energy-saving(70% ~80%)
Convenient instzllation

Healthy Ray, Mo UV or IR radiztion
High CRI[>75%)

Total Harmonic Distortion (THD): < 15%

Extensive Ranges of Applications
APPROVAL MARKS: CE, RoHS

Specification:
Ttem No
Wattage
Dimension(D=L)
Material
Input Voltage
Power Efficiency
Luminous Flux
Warm White
MNature White
Day White
Cool White

L

LED Color

CRI

Light angle

Life span

Waorking Temperature

Environment Humidity

Rotatable Cap
Certification

PET-T82-10W
1w 18w
B 605mm P26x1215mm
Aluminum +pc cover
DC 1224V
= 832%

1620 LM
2B00-3000K
4000-4500K
2500-6300K
6300-7000K

=75
156Deqgree
50000Hrs
-20~40 °C
(1%-05%
Fittings Selection
CE, ROHS

PET-T84-18W

Q00LmM

164Degree
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v3.  eazdeavoyavedlulnsneuInsaes Arduino Atmega 328 4 UNO R3

Arduino Uno

N NS AT WU N N N W
. e wa

UNO ™ U

"ARDUINQ IS A ! ~

Arduino Uno R3 Front Arduino Uno R3 Back

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital input/output pins (of
which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a USB connection, a power jack, an
ICSP header, and a reset button. It contains everything needed to support the microcontroller; simply connect it to a
computer with a USB cable or power it with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it features the
AtmegalbU2 (Atmega8U2 up to version R2) programmed as a USB-to-serial converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put into DFU mode.
Revision 3 of the board has the following new features:

» 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins placed near to the RESET
pin, the IOREF that allow the shields to adapt to the voltage provided from the board. In future, shields will be
compatible both with the board that use the AVR, which operate with 5V and with the Arduino Due that operate with
3.3V. The second one is a not connected pin, that is reserved for future purposes.

« Stronger RESET circuit.

« Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcom\'n? release of Arduino 1.0. The Uno and version 1.0 will be the
reference versions of Arduine, moving forward. The Uno is the latest in a series of USB Arduino boards, and the reference
model for the Arduino platform; for a comparison with previous versions, see the index of Arduino boards.

Summary

Microcontroller ATmega328

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz
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Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB of EEPROM (which can
be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(), digitalWrite(), and digitalRead()
functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and has an internal pull-up resistor
(disconnected by default) of 20-50 kOhms. In addition, some pins have specialized functions:

« Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins are connected to the
corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

« External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a rising or falling
edge, or a change in value. See the attachInterrupt() function for details.

« PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication using the SPI library.

« LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is on, when the pin
is LOW, it's off.

The Uno has 6 analog inputs, labeled AQ through A5, each of which provide 10 bits of resolution (i.e. 1024 different values).
By default they measure from ground to 5 volts, though is it possible to change the upper end of their range using the AREF
pin and the analogReference() function. Additionally, some pins have specialized functionality:

+ TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:
» AREF. Reference voltage for the analog inputs. Used with analogReference().

« Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to shields which block the
one on the board.

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmega8, 168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or other microcontrollers.
The ATmega328 provides UART TTL (5V) serial communication, which is available on digital pins 0 (RX) and 1 (TX). An
ATmegal6U2 on the board channels this serial communication over USB and appears as a virtual com port to software on
the computer. The '16U2 firmware uses the standard USB COM drivers, and no external driver is needed. However, on
Windows, a .inf file is required. The Arduino software includes a serial monitor which allows simple textual data to be sent to
and from the Arduino board. The RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-
serial chip and USB connection to the computer (but not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also supports I12C (TWI) and SPI communication. The Arduino software includes a Wire library to simplify
use of the I2C bus: see the documentation for details. For SPI communication, use the SPI librarv.
Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno from the Tools > Board
menu (according to the microcontroller on your board). For details, see the reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new code to it without
the use of an external hardware programmer. It communicates using the original STK500 protocol (reference, C header
files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial Programming)
header; see these instructions for details.

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The ATmegal6U2/8U2 is loaded
with a DFU bootloader, which can be activated by:

« On Rev1 boards: connecting the solder jumper on the back of the board (near the map of Italy) and then resetting the
8u2.

« On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground, making it easier to put into
DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to load a new firmware.
Or you can use the ISP header with an external programmer (overwriting the DFU bootloader). See this user-contributed
tutorial for more information.
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Automatic (Software) Reset

Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is designed in a way that
allows it to be reset by software running on a connected computer. One of the hardware flow control lines (DTR) of the
ATmega8U2/16U2 is connected to the reset line of the ATmega328 via a 100 nanofarad capacitor. When this line is asserted
(taken low), the reset line drops long enough to reset the chip. The Arduino software uses this capability to allow you to
upload code by simply pressing the upload button in the Arduino environment. This means that the bootloader can have a
shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.

This setup has other implications. When the Uno is connected to either a computer running Mac OS X or Linux, it resets
each time a connection is made to it from software (via USB). For the following half-second or so, the bootloader is running
on the Uno. While it is programmed to ignore malformed data (i.e. anything besides an upload of new code), it will intercept
the first few bytes of data sent to the board after a connection is opened. If a sketch running on the board receives one-
time configuration or other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can be soldered
together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset by connecting a 110 ohm
resistor from 5V to the reset line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and overcurrent. Although
most computers provide their own internal protection, the fuse provides an extra layer of protection. If more than 500 mA is
applied to the USB port, the fuse will automatically break the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB connector and power jack
extending beyond the former dimension. Four screw holes allow the board to be attached to a surface or case. Note that
the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple of the 100 mil spacing of the other pins.

Share|
©Arduino | Edit Page | Page History | Printable View | All Recent Site Changes
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V4. 31802108ATNAVDIVIIANDNNUADIVINAIAN (Raspberry Pi 2 Model B)

“’ Raspberry Pi

Raspberry Pi 2, Model B

Product Name

Raspberry Pi 2, Model B

Product Description The Raspberry Pi 2 delivers 6 times the processing capacity of previous

models. This second generation Raspberry Pi has an upgraded Broadcom
BCM2836 processor, which is a powerful ARM Cortex-A7 based quad-core
processor that runs at 900MHz. The board also features an increase in
memory capacity fo 1Gbyte.

RS Part Number 832-6274

Specifications
Chip

Core architecture
CPU

GPU

Memory
Operating System
Dimensions

Power
Connectors:

Ethernet
Video Output

Audio Output
USB
GPIO Connector

Camera Connector
JTAG

Display Connector

Memeory Card Slot

Broadcom BCM2836 SoC

Quad-core ARM Cortex-A7

900 MHz

Dual Core VideoCore IV® Multimedia Co-Processor

Provides Open GL ES 2.0, hardware-accelerated OpenVG, and 1080p30
H.264 high-profile decode

Capable of 1Gpixel/s, 1.5Gtexel/s or 24GFLOPs with texture filtering and
DMA infrastructure

1GB LPDDR2

Boots from Micro SD card, running a version of the Linux operating system
85 x 56 x 17mm

Micro USB socket 5V, 2A

10/100 BaseT Ethernet socket

HDMI (rev 1.3 & 1.4)

Composite RCA (PAL and NTSC)

3.5mm jack, HDMI

4 x USB 2.0 Connector

40-pin 2.54 mm (100 mil) expansion header: 2x20 strip

Providing 27 GPIO pins as well as +3.3 V, +5 V and GND supply lines
15-pin MIPI Camera Serial Interface (CSI-2)

Not populated

Display Serial Interface (DSI) 15 way flat flex cable connector
with two data lanes and a clock lane

Micro SDIO

W03 GPIO Y94 UPSA Raspberry Pi 2 Model B
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Raspberry Pi2 GPIO Header

Pin# NAME

o1 3.3v DC Power

03 GPIO02 (SDAT | IPC)
05 GPIOO3 (SCL1 |, PC)
07 GPIO04 (GPIO_GCLK)
08 Ground

71 GPIO17 (GPIO_GENO)
13 GPI027 (GPIO_GEN2)
15 GPI022 (GPIO_GEN3)
17 3.3v DC Power

79 GPIO10 (SPI_MOSI)
21 GPIO08 (SPI_MISO)
23 GPIO11 (SPI_CLK)
25 Ground

27 ID_SD (I°C ID EEPROM)
29 GPIO05

31 GPIOO6

33 GPIO13

35 GPIO19

37 GPIO26

39 Ground

Rev. 1
26/01/2014

.l....@.............

.'..'.@.....'..'..'.

NAME Pini#

DC Power &v 02

DC Power Sv 04

Ground 06

(TXD0) GPIO14 08
(RXD0) GPIO15 10
(GPIO_GEN1) GPIO18 12
Ground 14

(GPIO_GEN4) GPIO23 16
(GPIO_GENS5) GPIO24 18
Ground 20

(GPIO_GENS) GPIO25 22
(SPI_CEO_N) GPIOOS 24
(SPI_CE1_N) GPIOO? 26
(I*C |D EEPROM) ID_SC 28
Ground 30

GFIO12 32

Ground 34

GPIO16 36

GPIO20 38

GPIO21 40

hitp:/Avw.element14.com
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LT
ELN e t Energy meter & Electrical Powermeter

Energy meter & Electrical
Powermeter

Technical Data

Power Requirements:

Dimensions (HxWxD):

Shipping Weight:

Environmental:
Operation.
Storage.
Humidity

Front Panel Protection

Memory size:

Communication

RS485 port:

Ethernet (TCP/IP):

90 ~ 250 VAC
110 ~ 280 VDC
60/50 Hz

9VA

96 x 96 x 80 mm
0.65 Kg.

-20 ~+70°C
-20 ~+70°C
0 ~95RH%
non-condensing

P64

Flash memory dedicated for 6

months of daily energy and
additional IMB memory.

Up to 115200 bauds
Modbus and BACnet
Optional &

Web browser capability

ELNet LT energy powermeter is a compact, multi

functional, three-phase powermeter, especially
designed to meet the stringent needs of power and
energy measurement in any electrical installation.

ELNet LT includes history data logging and
supports standard communication protocols BACnet
and Modbus with simple integration into Building
Management Systems over RS485 or Ethernet TCP.
An indispensable tool for the Building Engineer, it
aids efficient use of electricity by showing Power

Factor, Max and Min demand, Current in Neutral

Input & Output Rating

Accuracy:

Voltage: Line-Line
Line-Neutral
Maximum
Burden

Current: Rated
Overload
Withstand
Burden

Display:

Maximum Input Current:

Digital inputs:
Digital \ pulse output:

Maximum Input Voltage:

Line and Harmonics up to 64th.

Active energy 0.2%
Reactive energy 0.2%
0~ 950 VAC RMS

0~ 550 VAC RMS
1000V RMS Continuous
< 0.06VA

0-1A or O-5A

50 A RMS Continuous
100 A for | minute
<0.05 VA

High resolution color LCD
display 320x240 pixels

1000V

6A

2, 230VAC (ON)

1, dry contact maximum
load 250mA

CONTROL APPLICATIONS Lud.
-
Supervision & control system

[ Tek: 497236474998 Fax:+ 97236474598 24 Habarzel St. Tel Aviv, 69710, bsrael
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Wiring Diagrams
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fAl. Meter wiring diagram

Ot 4,
*xO|K
OlL
Switching or Meter O TI2
immi K USB to RS 485
Dimming O L TH .
Control Box Power Measurement [ K onvertor
(Load <5A) - »0 A
o ~ Np VI V2 V3 —5 R t
oB
[0 0 00 QO O]comm| |}
- y
L
—l USB
L A\ 4 \ ® \
2 2 Raspberry Pi
230 Vac i
N ®

184



MANHIN 3

=3 Y
!E‘U‘lJET@TJ%]]N?\'JHJWQW@%]%@Q@‘U“H

(Y] L Y v A d Y v L
’i%'l.l‘ll‘i]ﬂfn'5‘WENQ1‘H"l‘ll‘lw1!!ﬁﬁﬁ31ﬂ1uﬂ1ﬂ1'§w1m“ﬂﬂ!!QZU1H‘Wﬂf’J1ﬂU

= J Y
HUUEU N ¥ 2 U Usenauaie
J ~ 9 Y
qA3UN 1 maya@mammuﬁauam

' ~ =< 9 a A @ [ Y '
aIuUn 2 ﬂ'J’llI‘W\TW'E)Glfl]GUENﬁﬁ%ﬂiﬂ’liﬂu@]’E]igllllfl]ﬂﬂ’liWﬁ\i\ﬂu'lV\l‘V\hLLﬁ\iﬁTl\i

1 d' v Y
aIuN 1 VayapnIdNUUVadVDIN

1. ne [] e [ ]

2. g lFau [] ewnswdiad [] fiwsine

=

1N

\J d' = Y A d‘d )\ (Y] U Y| ]
aiIun 2 ﬂ’J1NWQW®1§]ﬂI®Q@‘UU’§ﬂ1§ﬂNﬂ@’izﬂ‘lﬁ]ﬂﬂ]’i‘l"lﬁﬁ@ﬁﬂ‘ﬂl‘ﬂh!!ﬁ@ﬁ’ﬂﬁ

nzan ¢ Tuszauanuiawelvvesdldamludiuvesszuoiamswasan Ifuesadneh

1 ¥
Mmune laau

1 J J
2.1 ﬂ'ﬂlll;!ﬁﬂ@nq5$1’T'J'Nﬂ'licl(’]§'lq']u1’faf]ﬂT‘I@jﬂ@ﬁalcﬁu@Lla$ﬁa@@ LED

[] hiuanens
[]  umnsing

185



A 9 ~ J o
22 STUUNTMI e alanTy Occupancy control

U =
FzAUANNNINB]D

18MI ]

=

y o
nnnga | thunan | veanga

1. Usz@ansmnmsmauYees UL

2. HANTZNUADMTIINY (STUVFINAT

Tadldtdszansnmmsihavanag)

3. szuuldaude

4. YA NUNUENY

5. wamsUsznganasny

1 FYAl a g’/
6. M 1FelUMTANAITLUL

)
VDIAUDUUY

A Y = < o . .
23 320UNIMS 1FONealeansy Time Scheduling

(Y] =g
sTAUANNTIND D

ANUMAI ;
=

y o
niga | hhunas | vesnga

1. UszansmnmsmMauue9s UL

2. HANTTNUABNITINNIY (FTVUTINAN

T4z @nsnmmsihauanas)

3. szuulFaude

4. U NUNUENY

5. wamsUsznganaaany

1 Y a g}./
6. Mg uMsAnAITZ UL

JorauDIUY

186



A 9 ~ Jd o .
24 sEUUNTMI IFNeaTanTuy Daylight Control

U =
FzAUANNNINB]D

18MI ]

=

y o
nnnga | thunan | veanga

1. Usz@ansmnmsmauYees UL

2. HANTZNUADMTIINY (STUVFINAT

Tadldtdszansnmmsihavanag)

3. szuuldaude

4. A NUNUENY

5. wamsUsznganasny

1 FYAl a g’/
6. M 1FelUMTANAITLUL

)
VDIAUDUUY

A 9 Jou A 1 v 3 =
2.5 §$°U°]J‘Vlllﬂﬁclﬂﬂ/;lﬂﬁ\?ﬂ“]ﬂ!‘]/lLW?J'I%ﬁiJi’JiJﬂuL‘]JUfw‘U‘LImEJ’J

(Y] =g
sTAUANNTIND D

ANUMAI ;
=

y o
niga | hunas | vesnga

1. UszansmnmsmMauue9s UL

2. HANTTNUABNITINNIY (FTVUTINAN

T4z @nsnmmsihauanas)

3. szuulFaude

4. U NUNUENY

5. wamsUsznganaaany

1 Y a g}./
6. Mg uMsAnAITZ UL

JorauDIUY

187



A 9 ~ Jd o . @ o 1 9
2.6 srUURMIIFOURealan T Daylight Control (s2UVAMNsUSUIEADUAIN9]A)

U =
FzAUANNNINB]D

18MI ]

=

y o
nnnga | thunan | veanga

1. Usz@ansmnmsmauYees UL

2. HANTZNUADMTIINY (STUVFINAT

Tadlddseansnmmsihauanag)

3. szuuldaude

4. YA NUNUENY

5. wamsUsznganasny

1 FYAl a g’/
6. M 1FelUMTANAITLUL

)
VDIAUDUUY

A 9 Jou A 1 v 3 = o o
2.7 §$1J'1_|1/]3Jﬂ’lﬁchﬁ/;lﬂﬁ\?ﬂ“]fuT]LW?J’]gﬁllﬁ')llf]ULﬂuﬁgﬂﬂlﬂﬂ') (53“Uﬁ’]ﬂ’]iﬂﬂiﬂ5$@‘ﬂ

naraa91d)

(Y] =
szAUANNNIND D

ANUMI v
=

y o
mnnga | hunans | vesnga

1. Usz@ansmnmsmauYeesZuL

2. HANTENUABMTINGIY (FLVVTINAT

Tndlatisz@nsnmmsihauasas)

3. szuvulFanude

4. A NUNUENY

5. wamsUsznganaaay

1 Y a g}./
6. Mg uMsAnAITL UL

JorauDIUY

188



189



Ref.
MNo.

5041

504.2

5043

5044

5045

S 04: Building and Home Energy Management in Smart Grid |

Time: 13:00 - 15:00
Room Assignment: Lotus 13

Chairperson: Dr. Manisa Pipattanasomporn (Virginia Tech - Advanced Research Instiwte, USA)

Title, Authors, Affiliation

Building HVAC Load Profiling Using Energy Plus
Dong Wang, Abhisek Ukil and Ujjal Manandhar
Schoal of EEE, Nanyang Technological University, Singapore

Multi-5tage Scheduling for a Smart Home with Solar PV and Battery Energy Storage - A Case
Study

Baotchu Rojasekhar and Noran Pindoriya

Electrical Engineering, Indian Institute of Technology Gandhinagar, India

Intelligent Multi-Agent System for Smart Home Energy Management
W. Li, T. Logenthiran and W.L. Woo

School of Electrical and Electronic Engineering

Newcaste University, Singapore

An Intelligent Lighting Energy Management System for Commercial and Residential Buildings
Siriporn Bannamas and Peergpol Jirapong
Department of Electrical Engineering, Chiang Mai University, Thailand

Laboratory Smart Home Energy Management System
Ciprian lonut PAUNESCU, Lucian TOMA, Mircea EREMIA
Department of Electrical Power Systems

University POLITEHMICA of Bucharest, Romania

190

Country of
Origin

Singapare

India

Singapare

Thailand

Rormania

I5GT Asia 2015
reference code

053

079

127

166

176



www _ieee-isgt-asia-2015.org

IEEE ISGT ASIA 2015

IEEE
ES 4 -6 November 2015
Power & Energy Society ™ Centara Grand and Bangkok Convention Center at Centralworld

Pathumwan, Bangkok, Thailand

(”;4 ABOUT THE CONFERENCE

, The IEEE PES Innovative Smart Grid Technologies 2015 Asian Conference, sponsored by the IEEE Power and Energy Soci-
! ety, will be held on 4-6 November 2015 in Bangkok, Thailand. The conference will be hosted by the IEEE PES Thailand
Chapter.

ISGT Asia 2015 Bangkok will be a venue for stakeholders from the academia, electric utilities and the power industry to share
and exchange experiences and new ideas which will contribute to the development of Smart Grid and related technologies.

ISGT Asgia 2015 Bangkok will cover keynote addresses and panel discussion from distinguished personalities in Smart Grid. It
iz alzo expected to attract papers not only from Asia from around the world in the field of smart grid and related technologies.
Deadline of full paper submission is 15 May 2015.

ISGT Asia 2015 Bangkok will also conduct tutorials on related topics. For more information, please contact the Conference
Chair at jsgiasia2115@iese org More details are also available at the conference website, www ieee-isgt-asia-2015.org.

T

The following list iz only indicative of the key thematic areas but will not be restrictive.

Smart grid technologies (for power generation, transmission Sensing. communication and smart metering infrastructures
and distribution systems, and energy conversion and stor-

Demand side management, smart buildings and home automation
age devices). Diagnostics, self-healing and reliability of smart grids

Smart grid communication and information technologies. Power quality issues and FACTS devices

LerihiE sers e e Electricity markets, incentives, regulation and pricing

Electric wehicle charging technology and system integration Smart grid interoperability, standards and codes

Micro-grid applications and islanding operation

Demand response and management through smart grid technology

Smart grid measurements, protection, control and operation Renewshle energy integration and storage

Physical, eyber and system security for smart grid

Smart grid planning. economic, environment and policy issues
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An Intelligent Lighting Energy Management System
for Commercial and Residential Buildings

Siriporn Bannamas and Peerapol Jirapong*
Department of Electrical Engineering. Faculty of Engineering. Chiang Mai University
239, Huay Kaew Road, Suthep sub-district, Chiang Mai, Thailand, 50200
*Levinson331@gmail.com

Abstract—This paper presents an intelligent lighting energy
management system which is combined with six lighting control
functions i.e. occupancy control, time scheduling, daylight
control, task control, personal control and variable power
shedding. There are two modes in the proposed lighting
management system, which are the automatic and the personal
control. Users can also control the system through the lighting
management program and an internet web server. The lighting
management system utilizing both natural and artificial light
consists of the hardware, which is microcontroller and
Raspberry Pi, and the software, which controls and manages the
system. Furthermore, this paper proposes not only a method for
choosing suitable functions in each area, but also a priority
sequence method conforming to the two basic principles of
efficiency in performance and effectiveness in light energy
conservation. The experimental results showed that the
proposed system could efficiently and effectively manage energy
consumption. The system can be used to avoid energy waste, and
saving energy consumption by a maximum of 68% in both
switching and dimming control during typical days.

Index Terms—davlight; energy savings; energy consumption;
intelligent lighting system: lighting control; lighting system.

I. INTRODUCTION

Energy is considered very important for modem life
especially electrical power wluch 1s widely used for human
activities. Every commercial and residential building also
consumes a great deal of electrical energy through lighting
systems. Therefore. energy management and conservation
must be developed for reducing energy consumption in the
systems durmg typical days. It can be clearly seen that
controlling time and power 1s the most significant strategy to
reduce energy consumed in the systems. A smart lighting
system could be used to reduce energy consumption without
affecting visibility and work effectiveness; moreover, it could
mncrease convenience and safety [1].

According to lighting standards and legislation (EN12464-
1) [2]. any luminaries must be designated appropriately for the
work environment. Selecting different types of lamps could
affect light efficiency and electrical energy utilization [3] A
lighting control system was proposed to manage power
consumption by regulating luminance levels. Light could be

controlled by dimming the luminaries and reducing lamp
usage by dividing rooms into small sections [4]. There was a
case study of an advanced lighting control system designed for
classrooms. One was arranged only with on/off switching
control without changing the luminaries. The other could
change the luminance levels with a dimming control. Test
results showed that the dimmer system installed in classrooms
could avoid energy waste for unoccupied daylight hours [5].

Arrival time of trains and on/off switching lighting control
could be utilized in an automated system. However, this
method was only suitable for some locations for a certain
period of time [6]. An automatic switching control utilizing a
web camera was developed for controlling light to illuminate.
When 1t did not detect any movement, light would be
automatically tumed off to save energy [7]. Other research
investigated passive infrared (PIR) sensors, which could be
used to detect movement in a space. The advantages of PIR
sensor are low cost and small size: moreover. it consumes low
power and requires little mamntenance [8]. Another study used
pressure sensors installed at every chair to detect users. The
result showed that the electric power usage was decreased by
30%. However. the pressure sensor is difficult to install and
more expensive than PIR sensors [9].

One of the mteresting studies was involved in separating
room space mto three areas by distance from window and
utilized sunlight for each divided areas. Less luminance was
required for any working areas which were nearer the window
but more if farther away. This method could decrease energy
consumption and save money [10]. Finally, a lighting control
system was developed for controlling power consumption in
buildings. When the power usage reached the maximum level,
some unnecessary luminaries would be dimmed to reduce
power consumption [11].

Lighting control systems, which were automatically
controlled by daylight and movement, have been used in many
smart homes. Moreover, people could also control the systems
directly from both personal computers and remote control
systems [12] or even though their own smart phone with an
Android application [13]. Another lighting control system in a
smart building was proposed to control a lighting system
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depending on the principle of occupancy mn order to reduce
lighting usage when a room was unoccupied [14].

As mentioned above, most of the effective methods were
developed independently and many researchers applied only
some of them in a general lighting system, even though these
methods could be integrated into an efficient system to
manage energy consumption effectively. Therefore, the
purpose of this study was to develop an intelligent lighting
energy management system which combines six lighting
control functions, ie. occupancy control, time scheduling,
davlight control, task control. personal control and wariable
power shedding, into a unique system for saving electrical
energy consumption in commercial and residential buildings.
Each function could be chosen to operate with the others
which depend on suitable working environments, activities
and task equipment to find out the most effective way to
manage and conserve energy.

II. LIGHTING ENERGY MANAGEMENT SYSTEM

The main concept of the proposed lighting management
system 1s an integration of the six major functions that can be
selected to use for reducing electrical energy consumption
Each function 15 described i the following sections.

A.  Function 1: Occupancy Control

This function 1s an automatic lighting management system
which detects occupancy inside a room. Light will be
automatically tumed on when detecting movement of an
occupant and turned off after the last occupant leaves the
room. Passive infrared sensors were chosen for this task. For
wide spaces and high security situations, the use of web
cameras 15 suggested.

B. Function 2: Time Scheduling

Time schedule is the most noticeable feature in this
function. Light can be programmed to automatically turn on or
off for all required periods of time.

C. Function 3: Daylight Conirol

This function wses the benefits of sunlight A room 1s
divided into multiple sections based on the distance from
windows. Each separate section will get a different amount of
sunlight. The sections near the windows which have already
received a great deal of bright light will automatically dim the
light, while in more distant areas luminance levels need to be
increased. According to this scheme, power usage can be
saved and the light level in each section 15 still controlled by
the recommended luminance standard in EN 12464-1 [2].

D Function 4: Task control

This function divides the room area into small sections.
Light can be switched on only in specific working areas such
as a table. a notification board or a bathroom murror. In other
words, the light will be turmed on only in the area where
people are functioning.

E. Function 5: Personal Control

Users can control the lighting system as required through
using a computer program. This flexibility can help users

work more convemently. Furthermore, if this function 1s
recommended being applied in large buildings, the energy
conservation will be more effective.

F. Function 6 Variable Power Shedding

This function calculates maximum power required for a
building. When the total power usage 1s equal to the default
setting, the program will set off an alarm to warn the users as
well as showing the quantity of power consuming. Then, the
users can choose to switch off unnecessary luminaries or
allow the system to cut off automatically.

The suatable default power setting is calculated by load
factor which refers to the working time. During a typical day,
appropriate load factor should be at 80%.

III. SYSTEM DESIGN AND CONSTRUCTION

The imntelligent lighting energy management system
consists of two parts: hardware and software. The hardware 1s
comprised of two control systems: switchmg control and
dimming control The hardware includes switching circuit,
dimming circuit, motion sensors, light meters. microcontroller
and Raspberry Pi The software used was the Gambus
program in Raspberry Pi. The operating station receives and
manages any orders from vsers and data from a power/energy
meter. Users can control the light operation through a touch
screen display. Furthermore, the program can control both
luminance levels and time to switch on or off in each zone. In
addition, the users can control the system through an internet
web server.

A.  Egquipment

Equipment used in this proposed system consists of
various components as follows:

s  Fluorescent lamps (36 Watt, 230 V) and LED lamps
(14 Watt, 12 V) which have similar luminance.

s  Switching power supply used for supplying (12 V.,
29 A) voltage to LED lamps.

s  Power/energy meter used for measuring power which
1s consumed in the system.

s USB to RS-485 converter used for commecting an
RS485 interface with USB.

s  Arduino UNO B3 with 20 digital mput/output pins
used for controlling the system.

s  Raspberry Pi 1s used as the operating station which
receives and manages data metering and orders from a
user.

s  Ambient Light Sensor Module (BH1750FVI) 15 a
digital Ambient Light Sensor IC for [2C bus interface.
It 1s possible to detect between 1-65535 lux, and small
measurement variations (+/-10%).

* PIR motion sensors are used for detecting motion
from pets or humans from about 6 meters away. They
are small. mexpensive, low-powered and easy to use.
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Circuit diagrams. (a) Switching contrel for fluorescents.
(1) Dimming control for LED lamps.

Figure 1.

B Circuits

Two circuits were used in this experiment. One was the
switching cirenit used for controlling onfoff i the
fluorescents. The other was the dimming circuit used for
controlling the LED lamps which were supplied by the
switching power supply.

In addition, the LED lamps have full dimming capabilities;
as a result, they are compatible with the dimming control
system. In addition, therr life expectancy 1s not affected by
frequently turning them on/off and the LED lamps can help
reduce carbon dioxide emissions. On the other hand. dimming
controls are not recommended for the fluorescents because
effective dimming ballasts that can reduce energy are very
expensive.

Figure 1 (a) shows the switching circuit. The simple circuit
operates switching on/off utilizing relays when the system 1s
in the automatic mode Figure 1 (b) shows the dimming
circuit. The simple dimming circuit uses MOSFET (IRL540)
to control voltage across lamps with pulse-width modulation
(PWM). The PWM waves can control different levels of light
wntensity from 0% to 100%. The luminance levels have five
different values of light output: 0%. 25%, 50%, 75% and
100%. This circuit is also used to control the LED lamps.

C. Operating station

The Gambus program 1s a graphic application program
used for designing the Graphical User Interfaces (GUI) of
lighting management programs. It can also link to the MySQL
database, in which all data such as current, voltage. power and
command of lighting management system 1s kept. The
program manages and checks the operating orders from the
users in the database. Then. it transmits the commands to
activate the microcontroller 1o operate lights in the system.
The users can control luminance levels and report load
profiles through the GUL

IV. SYSTEM OPERATION AND CONTROL

The proposed six functions and system equipment were
chosen by cost and suitability, and they were utilized 1n each
function depending on location, worlung environment,
installation. cost, user satisfaction and compatibility. It is
important that users consider which functions are effectively
compatible with other functions to avoid overlapping control.
The next step 1s selecting the most suitable functions for each
investigated area. Figure 2 shows the sequence of the steps
used 1 selecting functions. Then, the most suitable functions
will be integrated to work interactively as a unique system.

Figure 3 shows the steps of the prionity sequence method.
The occupancy control function interacts with time
scheduling. Some unnecessary lights will be tumed off to save
energy by the occupancy control, whereas the time scheduling

< >

N s s T

¥ ¥
r—{ Select an area for installation Jémm———— Vanable Power Shedd:

sensor in

N
| Install PIR sensor at the enfrance |

each zone .
o T—
——=—""_ Aure there windows? —
—— T
¥ i N
Dayhzht Control Diade room mto small
fiunction sections by working

[ Personal Control function
I

¥ ¥
[ Touchscreen | [ Manualcontrol | [Computer Program|
L 1 |

L]
| Suitable finctions for this area |

(2

Figure 2. Flow chart of selecting suitable functions for the intelligent
lighting energy management system.

Figure 3. Flow chart of lighting control system.

194



Purchase automatic
control system

Build electronic

control system

Select equipment

o buld s

L___d___C__;s‘l of m\m@________‘—

B Y

| Design/Createlinstall the system

N Y
Yy

| Intelhgent Lighting Energy Management System |

N

i

e . T
— - -
-_____L_s_er saus.fact_ml_;d____-
—

Figure 4. Steps to build the intelligent lighting energy management system

function 1s more suitable for some working areas determined
by schedule. Each investigated area is timed to turn off at a
specific time, but if people are still detected in the room. the
time control will be overridden and light will stay on. The
system further calculates the total power consumption of the
building and compares 1t with the power setting to warn users
when 1t reaches the maximum level. Next. the areas are
divided into smaller sections. Each section will be dimmed
based on luminance levels. The luminance levels depend on
two factors. One 1s user operation and the other 1s the level of
sunlight. After that, the system will be controlled sequentially
according to the priority of each function. This priority
sequence method will make the system easier to control, more
effective in saving energy and have fewer malfunctions in
operation.

Figure 4 shows the final steps used to complete the
lighting management system. After selecting the suitable
functions and designing a framework using the priority
sequence method, the system can be controlled by two modes:
the manual mode and the automatic mode. Most of the
systems operate automatically to help the users work more
efficiently.

V. CASESTUDY

To investigate the efficiency and effectiveness of the
proposed lighting management system. an experiment was
implemented in an 8 m * 8 m test room, including two
different window sizes: 5 m wide * 2 m high and 1 m wide =
2 m high. There were nme lamps installed symmetrically as
shown in Figure 5. There were three lighting systems
consisting of the manual switching system, the lighting
management system with fluorescent lamps. and the lighting
management system with LED lamps set up in the same room
(Figure 6).

There were seven case studies with different scenarios
classified by lighting control functions, lighting control
strategies. and type of lamps as shown in Table I. Case 1 was
prepared as the baseline using manual switching control. In

cases 2 to 5. the lighting management systems were arranged
using automatic on/off switching controls. In cases 6 and 7.
the dimming controls were added to adjust the lumunance
levels in the system. The fluorescent lamps were tested only 1
cases 1 to 5. while the LED lamps were tested 1n cases 1 to 7.
The monitoring hours of the room were from 09:00 to 16:00.
The additional details of each case study are further described
below the Table L.

8 meters —— 4

Front

=2 =2 &=
\

~ Middle
H = =2 o= ||

T Back

== o2 o=

a

W indowy

B
g

Window

z Manul swirch

E E Switching control bax
. Dimming control box
% ,/}__} PIE. sensor
N Lo meter

(c)
Figure 3. The test room with different light management settings: (a) the

normal room with mannal switches; (b) the lighting management system with
flnorescent lamps: (c) the lighting management system with LED lamps.

Figure 6. The actual test room with three systems (1) the manual switching
system, (2) the fluorescent system, and (3) the LED system

TABLEL FuncTioNs UseD ¥ EacH CASE STUDY.
Function *
Case Remark

1|23 |4]|5]¢6

1

2 o Fluorescents and LED

3 N lamps

4 M (switching control)

5 S ]

4§ + LED lamps

7 4 |l v | ] v (dimming control)

 indicates the function{s) used in each case study

* Function 1: occupancy control
Function 3: daylight control
Function 5: personal control
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Descriptions of the case studies:

Case 1: The baseline using only the manual switching
control without the proposed lighting management

system.

The lighting management system will operate
automatically when the presence of people inside
the room (room occupancy) 1s detected by the PIR
Sensors.

The system will awtomatically activate and
deactivate 5 mnutes. before and after work
schedules. respectively. The workmg hours 1n the
room are divided into two periods: 09:30 to 12:00
and 13:00 te 15:00.

Case 2:

Case 3:

Case4: The system will be automatically shut down when
the average natural lummance i the area exceeds

300 lux.

Case 5:  All six functions are integrated to operate as one
unique system. Moreover, the working hours in the
room are still divided into two periods: 09:30 to
12:00 and 13:00 to 15:00. However, the users are
not allowed to use maximum power dumng the
break time, which starts between 12:00 to 13:00
and 15:00 to 16:00. Dunng these periods, the
system 15 set at 80% of the maximum power to
limit power usage.

This case operates similarly to case 4, but the
luminance can be dimmed to five levels.

Case 6:

Case 7:  This case operates similarly to case 5, but the

luminance can be dimmed to five levels.

The power usage in each case study was recorded every 5
minutes, and each case was monitored for 3 days. Then, the
total energy consumption was averaged per day.

VI. IMFLEMENTATION RESULTS

Table II shows the average energy consumption (Wh/day)
which were measured in each case study during a typical day.
According to the results, the switching control system of both
fluorescent and LED lamps (in cases 2 to 5) managed by the
proposed functions consumed energy less than the system
without control (in case 1). Similarly. in cases 6 and 7 the
dmming control of LED lamps also consumed less energy
than case 1 as well. Therefore. the results show whether the
system with the switching and/or the dimming control can
reduce energy consumption effectively.

TABLEIL AVERAGE ENERGY CONSUMPTION 1M EACH CASE STUDY
Average Energy (Wh/day)
Without - Dimming
T f
i:l::: 1 Switching control . 1
Case Case | Case | Case | Case | Case | Case
I 2 3 4 3 3 7
Fluorescent 3,027 2440 | 2346 | 2,180 | 1,359 - -
LED 961 736 760 729 422 | 529 | 308

£ 100%

£ %% | S
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Figure 7. Comparision of percent energy savings in different case studies
using the switching control system.

In case 1. when the LED system was compared with the
fluorescent system, the mteresting point 1s that approximately
2,066 W or up to 68% of daily energy consumption will be
conserved since the LED lamps uvsually consume less electric
power than the fluorescents.

As shown in Figure 7. case 5 of both lamps of the
switching control system. which 1s considered the proposed
efficient lighting management system. consumes the least
amount of energy when compared with case 1 to 4. Moreover,
the total power consumption of the proposed system durmng a
typical day also decreases energy consumption by up to 48%
in the fluorescents and 56% imn the LED lamps when compared
with case 1.

However. 1t 1s noticeable that the average energy
consumption in cases 2 to 4 with the LED lamps is dissimilar
to the results of the fluorescent lamps due to differences in
daily usage and activities. Moreover, the actual energy
consumption can vary according to the period of time spent in
each activity and the suitability of each function used in each
area.

In Figure 8 the average percent energy consumption of the
LED lamps with dimming control are compared with case 1.
As seen from the chart, it 15 obvious that the dimming control
can reduce the energy usage more effectively than the
switching control. For example, the luminance level i case 6
which is changeable based on the daylight availability can
save energy by up to 34% when compared with case 4. Also.
the proposed intelligent lighting system in case 7 consumes by
far the least electrical power up to 12% when compared with
case 5.
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Figure 8. Comparision of percent energy savings in different case studies

using the dimming control system.
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i the baseline case (case 1) compared with the proposed system (case 5 with
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Figure 10. The LED system load profiles shown in W of the baseline case

(case 1) compared with the optimal proposed system (case 7 could change

the lumimance but case 5 could not)
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Figure 9 shows the example of the fluorescent system load
profiles. The wvertical axis represents power (Watt), and the
horizontal axis represents working time (hour). The load
profiles were recorded from 9:00 to 16:00. In case 1, the
electric power usage stayed constantly because lights had been
turned on continuously for seven hours. On the other hand. the
electric power shown in case 5 was not stable because the
lighting system could be controlled to switch onfoff
automatically depending on the users’ actual needs and the
natural luminance durng typical days to avoid unnecessary
ENergy waste.

Figure 10 shows the example of the LED system load
profiles. In case 5 the graphs of both fluorescents and LED
lamps power usage were similar. Furthermore. when the load
profiles are compared, it can be seen that the lighting control
system which can adjust the luminance levels based on the
daylight availability (case 7) uses less electric power than case
5.

The switching control system is considered one of the
effective ways for both fluorescents and LED systems to
manage energy consumption. However, the dimnung control
system was proven to be far more efficient and effective than
the switching control system.

VII. CONCLUSIONS

The proposed intelligent lighting energy management
system m both automatic and manual control modes was
implemented in an actual room. The six effective lighting
control functions, consisting of the occupancy, ime schedule,
daylight control, task control, personal control and vanable

power shedding, were applied and integrated nto one nmique
system. The luminance levels were controlled by the suitable
working environments, activities and system equipment. Qur
research found that the dimming control system together with
the adjustment of the luminance levels could conserve more
energy than the switching control system. However, the
proposed systems of the switching control (both fluorescent
and LED system) and the dimming control (only the LED
system) were shown to work efficiently and effectively n
terms of great performance and energy savings, and have
potential to use m actual commercial and residential buildings.
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