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ABSTRACT

In this paper, we proposed a RTOS-based lighting control system to improve energy efficiency. This proposed
system, real time process was designed to the specified division of the LED streetlight control module for the
RTOS-based lighting control into three different tasks. The first task transmits LED lighting signal by measuring
illuminance, and the second task transmits motion detecting signal using motion detector. In the third task,
lighting control to LED was designed through passed control signal from other tasks The execution status was
examined ports that are directly to the ATmegal28 MCU for the verification of the system, and illuminance
distribution and operating conditions were verified through LED street field test. The proposed RTOS-based
lighting control system has brought improving system performance and also facilitate an addition of other

functions, and it was possible to optimize energy saving by intelligent lighting pattern control.
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Table 1. The LED control by level of multiple sensors

Illuminance i
level Motion level |y ppy iohting Motion

(max 10 level) (max 10 level)

3 level over | 3 level over LED off Non-detecting

3 level over | 2 level under LED off Detecting

3 level under | 3 level over SOEag}Rflﬁtgem Non-detecting

3 level under | 2 level under lﬁgﬁggll Detecting
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int cds_adc_f() {
unsigned char ADC_avr=0;
unsigned char illuminance=0;
unsigned int illuminance_level=0;
PORTA=0x01; // cds adc selection
cDATA(0); delay us(10);
sDATA(0); delay_us(10);

/| 10 loop sum of illuminance data
for(i=0 ; i<10; i++)

illuminance += ADC_Read(1);
ADC avr=illuminance/10;

/| 10 level divide to measured illuminance data
illuminance_level = ADC_avr / 102;
return illuminance_level;

L3 EE A ¥R nelE
Fig. b. The algorithm of measuring illuminance level
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void taskl_exe(void *p_arg)
{
/| create timer (30 seconds)
rtos_tmr_create(taskl_exe, AA_SIG_ILLUMINANCE , 0,
(30%1000));
for( ;) {
/| check signal
rtos_sigs_t sigs =
_RTOS_FALSE);
/| if receive to illuminance signal
if(sigs & AA_SIG_ILLUMINANCE) {
/| save to illuminance level
illuminance = cds_ads_f();
/| if illuminance level less than 3 level,
/| send to LED lighting signal
if(illuminance < 3 ) ledPower = 1,
/| Otherwise, sending to LED off signal
else ledPower = 0;

Rtos_wait(AA_SIG_ILLUMINANCE,

2 6. 2% =42 93 ez 19 S
Fig. 6. A Task 1 Algorithm for measuring illuminance
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void task2_exe(void *p_arg)
{
/| create timer (1 second)
rtos_tmr_create(task2_exe, AA_SIG_.MOTIONDETECT, 0,
(1*¥1000));
for(; ;) {
/| check signal
rtos_sigs_t sigs= Rtos_wait(AA_SIG_MOTIONDETECT,
_RTOS_FALSE);
/| if receive to motion detecting signal
if(sigs & AA_SIG_MOTIONDETECT) {
/| save to motion detecting level
motionDetector = motion_adc_f();
/| if motion detecting level less than 3 level,
/Il send to LED lighting signal
if(motionDetector < 3 ) motionOn = 1;
else motionOn = 0;
}
}

)
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void task3_exe(void *p_arg)
{
/| create timer (10 seconds)
rtos_tmr_create(task3_exe, AA_SIG_FLAG , 0,
(10*1000));
/| create timer (1 second)
rtos_tmr_create(task3_exe, AA_SIG_LEDon , 0, 1000);
for(; ;) |
rtos_sigs_t sigs = Rtos_wait(AA_SIG_FLAG,
AA_SIG_LEDon, _RTOS_FALSE);
/] check to FLAG signal
if(sigs & AA_SIG_FLAG) {
/[control signal for pattern rotation at 90 degrees
if(flag==0) flag = 1;
/[control signal for pattern reversion

else if(flag == 1) flag = 0;
}

/| check to LED control signal
if(sigs & AA_SIG_LEDon) {
ifledPower == 1 & motionOn == 0) {
/| reverse and rotate to pattern by flag signal
for(int i=0; i<1000; i++)
LEDON (patternLighting(flag));
Jelse if(ledPower == 1 & motionOn == 1)
// full LED lighting
for(int i=0; <1000 i++)
LEDON (fullLighting);
}
}

)
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Fig. 8. A Task 3 algorithm for lighting control process
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Fig. 9. The applied pattern of an even magic square

LED:E: FaF ARSsE] 913 et dare]Eo]
83k} webd 23 102 2] LED Matrixs
251*17& 7FAo R 90E R 3|Heta vHAA HES
3HA| ¥tk LED-E Wzolrbe H53kar, dAdste] A
%]+ LED7} 0157 wiitell LED®| Wikl 2
w5 A3HAZIck o]#gt H> LED® Aes M
A3} FAll BEAQl eqA] Hefe] 7lssiet

% 10. Asist daels
Fig. 10. The algorithm of pattern changes

3.1. E|AE Al&ZERx|o] M U AlE
el Ak ASAl] AxwE HS3)
$15led AVR A2 9] ATmegal28 MCUS} 2= AlA,
24 YEE], o8]z LED vEZEAY) ex=

“H-LED Training Kit"2h= A|E-3 o]83ldc) A

1024

5 752 913l PColl Al =71 WinAVR}
7t 2 gel9l AVR Studio 45 A8l
JTAGS E3l 24 A1 RTOS 7]HEe] ZH5Ao]
x2a3E ARl 283sich 7ot 27 23.0 KB
o] Algalels A8 5= 9lolw, 18 113 7o) =&
Tle] Ao R FAgRS E91d 4 9lgick

of

LR N B B I I B
L B S B T R A
L O S B B B R
LI B S B O
- e
I o B T

(a) Pattern lighting (b) Full lighting
2811, HeE meagel B s
Fig. 11. The activity validation of the test program

71E2] " AlefE Sste] Fl=E 2] <Yy
7 Aoks Add Wik 2 U} FA-E 0]-83 I
H45 de]Ee LEDE -5 H5shs whyolrh
upeba] o] o 32 Aol B38| il
)8 AREIE & o siek 2|ar |lAdsted]
A55= LED®] 7t gol57] wlstell Wimdd 2
=7F AtEr SAteow <l AEE Y,
7], g Ws} Sell iz AsAist 8919 LA 3l
o] 73tk

3.2. LED 7}2S J—é

AlZ| LED 7}25-9] 4 o
st glell A% LED 7} = gae e Al
P APk Aol BE 2UES
25y 3 129} o] vl ZeEo] Al
°] 9l Hmote24202] AF =
delElE ek welaws delm S dlo]
HE suol nelE 5 gl RERE ol8sld =
T2 =435k

II'I
>
o

fo
o>
-
r
T
E{&n:

I3 12 2% A4S 98 A 74
Fig. 12. The device configuration to measuring illuminance



=1/ RTOS 718ke] thgAl4 LED 7hes A5l A28 AA

rE HAX *%H LAzt 7tES
3N Aares
Ad=]sle] EAsICE A A=y A" AHSA19
723 Yr(lux) 2 223 WS Byl
T+

OLO}‘ﬂr :LEL]_ 24 fdEE Ei 229L 717
@ 7ol AA LEDZ} A5l s vl 1207
Hz W7k 0% AsEgiek a9 1339 o
2 14 D= YL Ej) gabdow Zabye n
s e AEAe AA AEAY z2EE
LabView = o]83}e] =A% Ax}= vJehdl 7ok

(a) The image while pattern (b) The image while full
lighting lighting
12l 13. LED 71252 d= Ag nd
Fig. 13. The appearance of LED streetlight in the field

D mms- zum: somiss gz zoorsd

(a) The measuring illuminance while pattern lighting

0680 200720 200TES 00SI0 SOGRED OGN DOORED 01016
Mz

(b) The measuring illuminance when motion detecting

2R 14 B g 25
Fig. 14. The measuring illuminance about lighting way

B Rl fETe Wehd oA A3

dige] 7] upe] AAE AREe 7)E
QT F 40%, AE A 408 Aolo] FEATE =

-2 A%, 2T Fole 45 QA7) udk
ov, A% Aol §5 A7} 714 fe Ao
24w|ode), 2 9le] Rtk AZeels malAle] L
Eejo] vj$- mlnlgh Ao vehte) el =

oA Aokl AHTAo] A 2HE HLshcid ok
40% ool elulA Azt EAE e+ glee

ahl)3ick

w
w
2
o
i
1]>I

% fof Al sl
D 7k 5 eleloA|Zel Slsfel

3 i Feow gt e Egow
g HI3D] alEol 29l 7, LEDS]
Q%je) LEDS] 3 AT

- 2R} AR S Asde 2 A6 9@

ARZE A a53e] oUAE Ak slay, HRIAS
A= E3+ LEDS] E2} A7) 50% 2 24Aa s 918t
o An|HHo] 46% A% ¥k ofel LEDS]

2w 19% 7w sich =3k LED2] A2 ARS-
B2 Qlsle] o] 50%o1 A =ar, Al
A 7165 B3l BEAQ 2HANE F 5 9ddeh
¥ 2= 7|52 LED A 5A12=87} Aok A5A]~H
< Hlaste] vehdl Zlolr

F 2. 711w ARk Ao zjeld
Table 2. The differences between previous system and
proposed system

The existing The proposed Function

Item lighting system | lighting system | evaluation
Operating 50.0%
LED 64 32 reducing
Power 46.0%
consumption 9.6 376 reducing
19.3%
Heat(C) 57 46 reducing
Luminous 39.4%
efficiency 3 45 reducing
Lifetime | 10000-50000 | 15000-80000 30.0%
improving

];;l%ltlltllonf Full lighting Pattern lighting |Energy saving
Design PLC-based RTOS-based Improved
method design design availability
Fs;:f;;ggy Power control by nggggf l})s(i)rger Realtime
method time schedule illuminance sensor control
. Install to Efficiency
Motion o Detected by the PPN
detect additional motion detector lighting
devices control
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