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A Study on the Distance based Lighting Control System

using Fuzzy Theory

Nam, Young Cheol

Department of Electronics & Communications Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Recently Kyoto for worldwide emissions regulations in earnest and
representative international GEF(Green Energy Family) activity emissions
prohibited in order to preserve the global environment due to the energy
consumed by the energy crisis caused by global warming and high oil
prices Protocol(Kyoto protocol), RoHS(Restriction of Hazardous Substance
directive), and WEEE(Waste Electrical and Electronic Equipment), which
require the recovery of waste in order to minimize waste by integrating
lighting and communication.

In the case of LED(Liquid Emitting Diode) lighting devices which have
been commercialized at present, LED operating sequences are being sold in
a fixed state. In such a state, only external environment factors
(illumination, distance to the subject, etc.) are taken into consideration and
only the function as an illumination environment application is applied to
only a place. Changes in external environmental factors in Korea, which
have four distinct seasonal characteristics, make it difficult to create an
optimal lighting environment.
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Therefore, it was concluded that there is a need to input the external
environment value in real time so that the optimal illumination value can
be reflected in real time so that it can adapt more organically and actively
to the change of external environment factors.

In this paper, environmental data which is changed in real time by
external environment factors (llumination, distance to the object, etc.) are
checked by using microprocessor and external environment factors are
confirmed. In addition, RGB LED module illumination control is applied by
combining fuzzy inference system A possible controller was constructed. For
this, a fuzzy control algorithm is designed and a fuzzy control system is
constructed. The distance to the subject and the illuminance value from the
external environment element are inputted through the sensor, and these
values are converted into the optimum illumination value through the fuzzy
control algorithm to express through RGB LED module dimming control.

The external environmental factors such as temperature and humidity,
which are external factors of the existing environment, are generally used
most commonly. In this paper, CLCD(Character Liquid Crystal Display),
which can check distance and illuminance in real time using an illuminance
sensor and an ultrasonic distance sensor, We implemented a module lighting
controller. In the case of Illuminance, it is difficult to measure accurately
with a Illuminometer because it is a sensitive external environmental factor.
Therefore, it is difficult to make a clear comparison of results using
general lighting control system and fuzzy control system. Therefore, in this
paper, we compared and analyzed the results through Matlab simulation.

The microprocessor used in this paper is Atmel's ATmegal28A. After the
RGB LED controller programming is completed, the SMPS(Switching Mode
Power Supply)and power converter are configured to operate independently.
CLCD 1is added to control the color change by the distance between the
object and the illuminance, and to check these input values in real time.

KEY WORDS: Fuzzy theory, LED lighting, ATmegal28, Artificial intelligence

- Vil -

Collection @ kmou



WA ol gL o &% A7
zHA A2 o) BH AT

= 5o AT 243t E IFIEE AT YA 712 A AAZCE o4t
stebh Wi ESA7E 2ASIHI o|U A AHlo] @E AFEAEE HES] AT
) E 22l A2l GEF(Green Energy Family) s o]aldlets HjE: SA =
At wEAA(Kyoto protocol), RoHS(Restriction of Hazardous Substances
directive)oll M= §F & =4 AH&9#], WEEE(Waste Electrical and Electronice
Equipment)ol A& 29 SAETHCE HrVlE HASE HXHO=E HUiE 35
87t T B4 mge AAS
HA 712 483 o] ¢le LED(Light Emitting Diode) 2971719 4%,
LED &4 ANd27F 1140 ol A= HHE AwEa gtk o]¢ Z&
adnt A8He 24 4 EEE

o

£ 9% 87 ado] ;eHA 23 o J
Aol e FAET Ao 4L A1 Sueelq 9% 84 a9
Was Adoz AHe 29 84 2Ael olFA HEE 9% 84 899
Walel £ o 471201 FEHOR ALY + YR I 9% B ge A4
RO QEuel AAOE AA 27 Fhol WYY 5 YES sof B Bay

= Vil -

Collection @ kmou



2 el m@ WA 8 A2H< HEs] RGB LED & 24 A7t 7}
5% Aol71E TARYG olF skl WA Ao FmYEL AL, WA
Aol Axee FASRAG. 9% 84 2

>~
N
(o
fr
)
AC)
o
N
b
o
ot
r (o4
ot
e
30,
rir
O
-
O
9
O
=y
o
—
o
Q
D
—
=
o)
=
(@
)
—~
~<
A
&,

Al A skl

B =R AlgH nmlo|g2Z2AAE AtmelAle] ATmegal28A°]™, RGB LED
Aoj7] 2= 948 Foe= EAHor AL 4 UEF SMPS(Switching
Mode Power Supply) % A9 W2 RS FAsth 25 2 ARA| 99 A
#om MY WIE Aolsta, ol YU #e AAOER FT F UEF

CLCDE F7}3lith.

KEY WORDS: ¥ #] o]&, LED %%, ATmegal28, &A%

_iX_

Collection @ kmou



Al1d A E

L1 9+ A4

HT =0 AF 243t 9 A/F7EE Qg A A HIE A AAFHSE o]4tstE
A WETAIZE BASE I oA Lvld ;E AFEAES BESH] 93 tE A<
=A< GEF(Green Energy Family) &2 oJxtsletAh HlE A& 93 nES
A A (Kyoto protocol), RoHS(Restriction of Hazardous Substances directive)oll A=

Fo zm AMR97), WEEE(Waste Electrical and Electronice Equipment)ol A& %

o
W BAGHOE A7 HLHE BHOE AVE H5E LTHE 5 U7

ol# g = A Feofol wgtFr] fs 24 vEntt Aga AR g A4 nE
g4 fEFAE HAH R F3tEa v AAJERE ol gt fAHOE 1
d [T(Green IT) 7]1&o] T&sA HIALH, o] Z|eoA M7l d7he| x4

222 874491 LED(Light Emitting Diode)7} =&%3 ot LED= Pb, Hg &

[‘_

:c[)o

e x33HA gom, CO2, NO2, S02 & 2483 W& 7128 &Y +
Jom, GEF &0 Hitsts W87 w=A sfgoz Zhsgita ok o] g LED
E71E YR 88, KHY, REFEoE A3 du 285 =5 gAE A
o2 AW, x3 7EFH o WEA LAolr] wEd 1dk 29 Ao sy,
02 IT 713 §3o doe AHE 71¥Y. LEDE o] &3 IT §d71&€E 5
9 o] &3 EAI7|&el 7HABEA(VLC, Visible Light Communication) 7]<o] &

A A AAHCE FEI glom, wWo] A7H 1 JoH2] ~ [6].

2 35 Hebs vt FolAY Ad =
OlE‘r. TEutY] A ANAARE FALE 2020874 33713 100%, =71 A
A z9 60%= LED 2H oz A3stuz = 20600ZZAES X351 ot
[7].

Collection @ kmou



-
[¢)

LED7} =+
ol A A4

o =
= T

Z:z]’

=
=

E[l_

|

AF e 718 = ojolH A%

Hl =03, o8 EdE A2

5

714

A 71l &85 Hol = LED 2971719 4%, LED &2 Ald 27} iAol

)l 1

s At Ael 5

et sl
H 2

AAES SAE 7H eyl 5 &4

?l_

x40l oA ot agEE 9%

84 Jte AE8S A HAH.

SELE:

)|
—_—

ilin

i

A

Y53 0]

| A 7}

ON/OFF 715

e A7F o

1
) N

3

ZH S Ao

it

bl 71z 41X

i2st7] #s

zAHE 9

kis

= =edAe ol

73 Hl°lHE ol

Ly

He

o

-

ofpy

"TH

<]

.
e

—_—

X
oy

—

;OL
B

™

o
0
o

ofpy

ﬁo
o
o

st 9]

ojo
o

EAME
ted RGB LED R& %% Aozt 7}

5]

zE

stef 31

£ 9

g 7AHY o

b A o]7]

3
pul

-
[¢)

Fa, A Ao} A|2EHS F

S

Aol dagEe A4

Collection @ kmou



4 Bol AHEEY] Wi B =&
AAeE ALY 255 0T 4 3+ CLCD(Character Liquid Crystal Display)
£ F7}ste] RGB LED 2E %9 A7|& T8 o}ggu} Z59 AL Wd g

87 acloly] M el A= 3k Z4o] oj¥ Ing Yu
2l 2w Ao A2=gl HA AN 28-S o] &3 AF ghe WEe Bl oY
A Hrg B :=Fd M= MATLAB AE#oAS Edle Ax e nln BA3Y
}.

H =Ro AHgH mlo]a2Z 2 MM E AtmelAbe] ATmegal28A¢] ™, RGB LED |
2408 &AL 4 J=E SMPS(Switching Mode
£ FAsT. 25 2 AJAA 0 A o= A
Z AEE CLCDE F7}3}
AT

3 &Y 74

B oo AAAC FAHL T4 6/] FEOZ UFojAT) 1A= ATt o
St AAFRA ME YWES AEstHa, 28dAs o|l&8 1#EA LED 2949 7)
89 B9 9 LEDS A8te] wE Az EAE AYstgon, HAo]23 HZA

A 3 F8, 2123 LED Alo7] Aol ARE3 ATmegal28 vlol=2z HEED |
sl M= st dolld= LED x% Aoz 74 = AAl disl =< 33

AZSHAT. SHl s TEH LED %73 X1l°1719l ELE! /\l

g o
A5 EEsTh nAHo R A e AEOEA FFE AT WIFS AN

Collection @ kmou



A 2H o&F &

2.1 LED =99 718 ¥ B8A

2.11 LED z%¢| &4

A7 &Y A 2HI|ES B UE IR ABAARE HIATFY F
FToE duEe WHS7HA dAE gk 20471 REEAV|EY Mo Z nf
Mol FZolA Ho] WitstE Vleo] I EHIOH, HT 2P EOELE FEF W
RE=A &g tho] @ =(LED)7F 7H%El”“1 ol S8 MEE 2H7]&olid State

1901
Fluorescent

o, 1?’}“’ White LED Produiction White
1879 Tbe 1919 1970s :t‘ﬁm Lamp LED Lamp
Edison Light ~ Sodium  FirstRed p edg 0 demonstrates Exceeds 100
Bub  Vapor Lam LED »Urange, 1995  Incandescent 2005  Im/W
P P Yellow, & Green  "j; 2010
; & "High Efficacy  White LED White LED
ﬂ Exceeds 150

4’“

m‘ LEDs Brightness” (17 Im, Lamp

=< Blue, Green demonstrates 5 Im/W
iI d LEDs Fluorescent —
\ ‘ - Efficacy (70
| i =

o =

N
N
=2
b
m
AT
=,
> 5
ofo
Aul
G
i
2
N\
ol
O

19624 Holonyake] A& 7Nd3ste A3 EFo 2 AHSET LEDE W=
<o o7 ul=k GEZ} A& A4 LEDE 483} stk 1993 dEo] 4] 1
7HEEE dhAke] YX|o} 518kEq> F A LEDE skl 1997de= A4 LEDo
S JFAE AR kel Ble U= WA LEDE /dsksith LED= o 713

9 A3 QWA el HEA T W wEA Ak 53 94

=

Collection @ kmou



Hin

3l LED o] A4

ol

LED 72

& A = AT10]

£l

=i

H]

H

|

Ox

Power
range
10~100
60~500
4~40
4~96
40~2000
100~1000
220~660
<3

Life
time
1,000
1,500
12,000
7,500
12,000
9,000
12,000
40,000

(1))

100
100
61
84
40
70
60

(Ra)

temp.
x)
2,850
2,900
4,200
5,000
3,900
4,300
2,150

Color

Ballast
eff.
(%)
100
100
78.6
77.8
94.5
95.0
92.0
80.0

eff.
14
16
84
81
55
80
100
40

(Im/W)

Lamp

Total
Flux
(Im)

810

1,600
3,100
2,900

22,000

32,000

36,000

40

Rated
60
100
37
36
400
400
360

B3} LED3< 9
Power

=
T

CFL

Metal

71
Standard
Standard
Mercury

Halide

High P.
Sodium

Table 1 Comparison of LED light source and existing light source

(o)

L

Type
LED

Incande
scent
scent

Intensity

Fluore

Table 1

|

ofp

A

=

=

s}&oltt. ol wel LED

|

f i

o, &7 3

]

z

|

o

ks

ojo

oju
o

N

ofy

A
‘.mo
N
)

—_
o

|

—_
1o

e

ofp

=N
Jvmo
wjr

)

=8

7O
wjr
o

jant

=l

Y

M

(Y

>

ction @ Kmou

&
L

Coll



LED=R7171E <tdetAl dsA717] flsiA= LEDRZ 54 St= A& dds
¥ X (Ballast)7k &9tk BFAoR v A & ARe F Yo T
3t ge do] BAste 5 F2E 3 AR wstel de) vfg WAl &
S/do] wigan. ek 584 olde {7t 55 Ay, FHo] WE gasta A
wol A AStHER d§ AATF AA oo HHd dA2 o] A/

0.9

530 — Spectrum Locus
0.8 13
540 s Purple Boundary

i == == == Blackbody Locus
07 ¥ - 550

0.6

> 05

04 ¥

0.3 +

0.2 4+ 4 - o fe

P71 A7 2714 A

H
=l
4% 42 AU 9ok ©d LEDS A7 THEAGL SRAGEA)

o] YAeT AR A%k oM FAs BRI} ZvhaH,
leahs =

Collection @ kmou



=

=
| .
=23

L

2l

1

-

F52 10,0004 7ol H]

(6]

S| % gtk 1y

7] F=2] 80%7+A
Wl LED9] <2 dA <F 40,000 ~

)

o] 2}

il

o
[¢}

=

B+
7He o whebx wd o] 1500417,

]

I

stH(11], o] 7|Eo=

S
x|

8

] LEDE 49 9]

S

of & =7A X
50,0004 7o =

L NI o 9P oo om )Y
ull o T Ry o LS e ML ™ o K
s T T3 kB T
Mﬁyummmmoq%wﬁ O}QM%ﬂ

N =% B 7o o oy

S L - P oR wE T M o o &
2SS ™ 5 By i EE R T
mgﬂﬂm&t:ﬂomﬁﬁr d.7mm%17¢
Lo 0 - o ~ ~ —_
- Wm ia i e M.u_ = oy U]L _ ®m ©
o = T o S o = B ]v_Al ~ -
= O N B oo 8 LS go T B o M_u
I R SR TR lewemﬁ

o) 0O _—

. O_”E ‘_HMO 'Be B &) - op 5 ,Ul
du.ﬁmaﬁu@%ﬂ% MH%F@W
S - F = - ]
“Fres Bl ETE
G T oo o oy JRTORY o

Vs e Em W g x a5 L
B F : < ¢
w%mommﬂgow% WA%%%
N O nmvu . rl o 8a) H_.W ,mllﬂ = T

S Yy % = = N = O <
o = oo M h gy X oo S oo M

e Mo g1 o X
o o) ® Ao = B NN
o oy Ml = ™ W o W o
) - A ﬂn
Eel o vm_ tlo il o o o8 oy mﬂ -
t o I- g e 5 —

T =~ o] = 3o ~ = 0
g TN o T o 5 e MoH = R
j I ° - T X = @
A W_u X o 4 W (AT g w
- R SRR )
T TR I - T T 5 _om

PeE R oW R = T oA
i T R )
%o ol =N T B W B o
< T 0 T o N <R ,]L | =
Nd @ -~ T = o) o 1% o

L e e [~ m o X ~— =
D B e o o G
P oo B R o) T dp g NF R T 3
wxow & X OTh B N ©oY Rl o

194171 ol A -]

1

| .

EEEE
= ygko g AAYE Hy JfFER v

Collection @ kmou

o}. 1875 Ponz



Fed A

o

Fod 2

[

Goldsteinel] ¢

=

)

A7

1

[
h A

&+ TH 131,

3

ne #2

]_ Y
=

57 Ao =83 FHor 1 By

o}ok

=
o

5

]

—_—t—
o

o

HoH 141,
oje} o] Aol Agel mA]

9
yil

l

S

] 571

o AHA

=1
LN

gk FA ol 7]

R

|

9

oz
_?_,

=y
il

CiR=y

L

S

A9 A
)
2 g3}
2%

R

Zlo] n}
710l

°

-

1

st

°

b ey A

(<

b1 glom, B3} w9 Moz

%
bl Abg

I

AHFE BHFE Ao F

o

I

°

Y

AYA
s

[e)

olmAI 7t AR L o4

AR, W "Hel A %

o] Hoj Moz &&

1

°
T

s Y
=y

9]
=

=
Al
AH

701-

o)
et AL, o FA ARE

o)
€]

Age] Hof A0 B4y
AR ol wea

°

&

b 2 Aol Ho]A]

=

=

Al
3l
A

°

eha,

o}F AF o)A
o]p)A
b 2

=

=

°©

1

°
i

o

L

}

o
e gl

[<]

-
o}

HH)-
o

5

] o]u] X

oAwAl AHE

R
5E
o
A

°©

3S 9 A
Collection @ kmou

e



of Hof BEHE 7 Ao AGHIL FFo| ofFA AFHA ZAo] Bk F
Fo Sele] Rl BE E R SHE F olLeln WA ol

Yz 9.

Aol g=sta glerng, AWk ow AEetHAE WEg Aow A Qth
webs A w3 gA ALEEE AdATES AF
FF o FA AHESHE A3 AETe STMAEH.

B4 - e gEsE doln Axs} gl WEe s ARG, wEY 5

8 - 4R 2uE, JPPolU Bae] g, MEolu B3 2o AAAEe
A
=

Z
F AHAT, AN 02 ED A AESHA 4om AT BxEe Al
g += QITHISL okel9] Fig. 3 Qztol =7le Zekel WA 74 otk

Warm Cool
(= H0l) (HHl)
=] P =

Fig. 3 Color image evaluation on color image scale
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FHE BF D AAR

getol & Zlo|th LED 7] WY o]

oR

—_
file)

Z % (llluminance) 7] &-&
717 KS A 3011 (1998) Table 2

ASZ=7F A 84 F

ol z

AEE7F 0] 875
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ol z
=

=
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°©
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3 2o oA

Tyt 25 2

ofp
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LOLN
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AR 2=

600~1,000~1,500

300~400~600

150~200~300

60~100~150
30~40~60
15~20~30
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Table 2 Recommended illuminance according to place and activity
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£ AFsol @ Zlolm, ofm @ £ Age] Mgt
A AT AA sersteln, Aol B =9 Aol U AEAY WS 3
Zhshe AR el e ATk A E ol Hrilel

=

2.2 HA Ao ANxH

221 HA o2 AL

A o]&L8 1965\, W= wFEuhste] Lofti Zedeh 7} ¢ H A H gHFuzzy

Sety'ol @ wES WEHANRLE AgHYom WA olge HA =YE XL 3
£ olgolM LARY PHEA B¢ =S FFF AOHITL & relE )
0 B PUOIRAAE EHT AATL FolW A Ya2A S3AY &3

h=h
2 FAY = F9 sholth. 2dU HA =g& swow = 1z Ho
Al

EX

£ ool AAL TH AREA 54 FF Ad ol AER &3Es} e AL 0
3} 14pole] $H 2 el ol & ade] ety @k oo s WA =
g7} Qe BHAT AEE OE ¢ YRS SFe, BN FX 9 g
Qghe] BAAF welH APS BAF FH W FHZ UBhd 5 Jhe 54

o] ATH18]

222 BE AT WA P L A%
1A% WA AFold Y xS 2P ehied, ofst gol A

7} HEe HEXHerisp set) A9t AAF T X9 dAE HE 0, BE A7
© 54%ge 4 D= 5840
{1, z=A
A7IA EAESE pe UIAT U g4 2o gk A ‘A&7 & FHIH,
BEAFAAE AA-E WY diof gk T3 Ao A& v &% A

HAAHT 45 AR w2, T BHFe F A& o7F ARG A0 24
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i(@)=l0,1] )
A= (x,MA (z)] xEX) 3)

Fig. 4= RERNES AAWTe) BAS e Ao T PeAtole] 2%

A X f S
/ \
I a \l
¢ c :
\ b !
d d "-._,.-"r
| B
b b
[e [ e
Cld [1d
(@) Crisp set (b) Fuzzy set
Fig. 4 Crisp set & fuzzy set
3714 AAAGol x2 wl AANHT 4E oj4tHolu 33 FeE AW
o= 24 W9 2o
~ U@ Pl e x;
G ) | ) ) "

T, Ty - x;

a8 3 A4l T3 Fe2 FdHE 2 659 2
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HA gk datels FRS, aAS, A" e TIEAHA Axtol eH
[19], =reF #A A& X el #HA AF 4,, 4,, 4, 7} EATT
of 8%, A, Af8E2 g 2ol, 4 0.M0,08=2 YHepd 5 .

- Y opg g @) = ey (@) Vg (@) (6)
© AT pg 5 @) = pg @) Apg (@) (7
o Xt ,z%(:c) =1- u;{(:c) 8

HA ol ZollA mHT AHEEE tnormsele T 22 A4 Qlor, o

5 44 4 ), (10, 4D, 12)= e At

- =g (ogical product) : aAb = min(a,b) 9)
<3 (algebraic product) : (10)
- A F(bounded product) : a®b = max(a+b—1,0) (11)
& F(drastic product) : aAb = (a, b=1%Y u] (12)
T
0, 71&

WA o] 2o A AFE AILEHE t-conormsollE ThEH e AAxr glon,

olE Z+Zt 4] (13),(14),(15),06).2 YEeEly AT
=] g(logical sum) : aVb = max(a, b) (13)

- th4-H(algebraic sum) : a+b = a+b—ab (14)
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- 3+AgHbounded sum) : aPb = min(a+b, —1) (15)

b, a=0
0, 7]E}

geol Fig. 5914 Fig. 7¢ HAREe A4l B4 FA%, B4 nAF, A
e YEd Aol

- A ¥ 3 (drastic sum) : a\/b—{ , b= Z g} (16)

o

M n4,

-74-1 S5

K=

Fig. 5 ;1'1 N ;1; of Fuzzy set

Fig. 6 Zl U ZQ of Fuzzy set

Fig. 7 Z?f of Fuzzy set
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223 HA F&

“Pol® Qolth” & 2 ZAWAE o] &3t o] FoAE FEoe, A9FE
(modus ponens)$} th$-3=2(modus tollens)o] Ytk o]} & HIHA] HAo o3k
dntslE A 3E(generalized

AAFE © G9FES AAYAZ AL Aol
(o)

modus ponens : GMP) ¥ xtsle o) -$-3=E(generalized modus tollens : GMT)o|th
[20].

A7IMe B =TollA AR datslE A9 FEH AT HA FE S22
A FEo digtodtt AWer|E St dutslE AY9FELS U3 H 2ol

(A1) P—Q: if "z is A theny is B”

(%ﬂﬂ]?);*: "pis A

o oIH Q'E Tt WG AV E P>Q R PE o]&F HABA
FA Aoz RE FH Fk= 2 A H(direct method)t, A A 2 Aoz 2 gk

g3le], po] pPlo) tig Aud A L(PS T, LP—Q L L(P)
%
_]

S Q3 WA LQE T F LQE l8del Qe Q' 73
1 NHE B =RolA ALgsHE "Mamdani's

"t gl od ol olAn, A @

N,
)
g
o
&

HAHE P>Q L PO
= ges gol A DR vehdth

Q

=P - (P—>Q (17)

NAM, 2AEA P—Q o B3 TAZQA o= Mamdaniz} A<t 2] (18)2]
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_ (18)

(7 @) Az (@) A s () (19)

2 vehdth & o =" @)Au () B Bk 714, wE P'Y P g A

7]

S
AN =

nEe @ Fee 2

E?{_f
bt
i
A
o
=
(o
fr
in
rfi
i Q
rlr
Q!
o
S
f
O
riu
rlr

» X

» X
(a) generalized modus ponens : X (b) generalized modus ponens : y

Fig. 8 Inference of Mamdani
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2.2.4 A Ao}7]1¢] 74

HAo e HAF ol ¢ AFon 2R 1AL T2 e S
9 cH21]

< T 74 #lo|~>

Hlo|E{ Hjo]~ W T H|o]x

H| x|}

\ 4

o N

x| 27|

i

T N N N N NN N CEN NN N N NN SN OHN N NN NN CHN NN NN NN CEN NN N NN GE o S

Fig. 9 Structure of fuzzy controller

o] Fig. 9= 7182 HA Ao71e =& HElL loeH, HA FEL 3§
7] el IF-THEN &4 =& qt2o] HastH, o|& “¥A IF-THEN+3” ©]
2tal o,

2 (20,2D¥ 22 2] FHoE 9 299 1&58e] A5 nefsEA
R'=1IFzxis A, ANDy is B, THEN z is C, (20)
R*=IFxis A, ANDvy is B, THEN z is C, @D

047101]/\1 Al’ Bl’ AQa BQ’ G[’ 0211:__._ ‘\—HX] Z\:]?:]—O]q— E?:S‘l-, Al’AQ - X BlvBQ
c Y, G,G C Zolth

212003 4 (2D 2 WA FA(fuzzy rule)ol Yol A HA 7R 944
o, T WA FH1Y AZAEE o= AYstH T 4 (22)7 Zo] P A
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o = g (20) A () 0t =ty (0) A1as (90) 22)
Mamdani F&WHolA @ -7 A 722 9 4 233 Zo] Hojd

pe (W) = oA g, (W) (23)
HFAJA AEZAY pu(Me Th5 24 249 2t

p (W) =,V o, = [og A, (M]V [ayAp, (W)] 24)

A7 p,(W)E AA Aol goz Agsr] YelAe A o=z nAXA 3}
(defuzzyfication)dto]oF gt} B =il = 2 (25 2 FA FAH(center of

gravity method)S A3} T

n
Z He (Zj)zj
p= (25)
Y on(z;)
j=1
ol# 3 HAFE AL E4Fo=7 YehfH Fig. 103 2t}
<#EL a1 Ha
11 Haar 5
______ J, IF ]: min Hy,
= i s
= & = Ty >y
<THE2>

iz

Fig. 10 Fuzzy inference process
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AgA SRl ARG o2 mgos WA AosE AAT W AP ok

Aojthdel FoAxd o - SHAEF

@3 3 <o} ghol W a4 B AYBTH)

Aol Bagh A FHA7RICE TP ZF Ao M, 047101]/‘1% if-then
o O E fHL HuE = AAR 5 iHE e
B Sog EEE HAY(fuzzy implication® A& L 71&stE HA$-S
gHoH 23]

o
fr
(i
G
k-l
=
)
=t
ruZi
4011
II
b
ol o
oL >

o
oh

el e AU Golng gl 44 0189 £ gons Y=y

o2 WAt Ahgsteof rH24].

{o
S
o
&
N
rE o
N,
=
[
N
N,
=h
@D
NTY
ot
oft
ol
ol
&
&
R\
Ei

2 3=
Tsukamoto®] ¥, Takagis} Sugeno®] WHo =z 7T 4 Utk FAd o F&
Holl&= Zadehe] ®H, Mamdanie] ¥, Larsen®
=9 ¥R g vHA s wye 24
ZEA 29 A= AoFL FAZHQA Frolojof stEE HA|FQ F
AR Ao 2 HEste #AHo] HQsH, o] 7|5E Fdse A

(center of sums method), 3 ti

1o
o
E
ol
5
%0
&
Do
=

ol
(=T
E
=}
[N
=5
@)
o
=
[ab)
>,
=
o
=t
@
oy
o
[N
Q
=
@)
[aV)
=
o

maxima method), 5] %‘4[26].
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obelol Fig. 11 oA A this WA Azde Yy 72 9
JER Zol o

=

74 g

i

=
=

) =] &
o |§
jﬁﬂ == ( .m X, s By =¥%;

A
1

X"S RS] ‘l
\

X
R
O"‘z S

Xg—P-Q—)OX K. =T /

Fig. 11 Block diagram of variable structure of the fuzzy system

2.3 ATmegal28 ulo|Z2 2 HEE

2.3.1 AVRY 718

AVR & Alf(Bogen) Vergard(Wollen) Risc o] <kzLZ A ATMELAFo Al A2+ RISC
TFZ9 MCU olt}. 7FAAR] SHo s ¢zt artehes @o] 2oy 1 cycleol 1
instructiono] 3 FH = 149 MCU=Z= A, ISP(In System Programming)o] &= 7]
S 3l wWe AHsA ML E S F5ZT o= A, RISC E}?Jolil, Harvard
Architecture®] EH o2 CAoA 3 d5& HI3vhe A, 44T 45 A

27t FRE ATHEGE A, olytel ADC, PWM, SPI *5'59] s e &9
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T3 AVRY ZHO2 #E F i 2e AL @ohdel WAVRASM 3 43
S

S5 ATmegal2se] 54< Aeahd ofejet 2},

-HEQ A A2 Aol &olsttt. (USB, 1Y, SDRAM ¢14)

L
Yed

ANzF A

IS

ofr

P 7150l glof FWs)7) Abole] ME AEAY gl A,
L2717 A3 AR SERok] AFsiek

A5 54, F5F L& Bol4 55 nA

2.3.2 ATmegal28¢] 74

AEH RISC 725 7HAH, 133708 243 B¥E oS 1Clock Cycleol A& 3
ok 32709 W& A 2B FH A Ao HA2LE7E o, 16Mhzel Al 16MIPS
A Asol Y2 4 ok 2Clock Cycleo] AQ %= FA1717F Aol WA= Sl

3 Z2a#3 dgoly wWEHS kA 128Kbyted ISP(In  System
Programming)2 A X213 7}53% YA WE2gE WAsta Ao

4Kbyte EEPROM2 100,0003] €171 | 227]7} 7}&3tal, 4Kbytee] SRAMo] 7%=
o] At} 64Kbyte7bA] o) F7bste] AR 4 U= WiRE FIto]l o, SPI
AJEjH o] ~Z o] &3 ISP(In System Programming)-& AR-&3+c}.

THAAZE 270 8HIE Elo|w/7heE7F Jlon, ¥EY Zg2Ad et Bl
R Fzbo] 7hsta, e ZgaAdY, v B, Y B2
o] 16¥E EolH/7}HE At Ut

ol¢} TjEo], Azt Elo]m 7}-2E], 6719 PWM A, 9 ulw 2E#Ho|H, of
27 ¥ny], 10ME AD M37)s 52 7HA I ot

_2"_
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2.3.3 ATmegal289] Ul T+=x

- =
PED - PET PAG - Pa7 PCO- PCT 7 |§
& | 1 3 & * f & LS )
b (ot Lo el i ke ot Sl bt === +=1=4=<F=-1-+1-==- ===
fvec! 14344 177 1]
! 1 L ] X ¥ Yy
' PORTF ORIVERS FORTA DRIVERS FORTC DRIVERS |
L
{ |
DATA REGISTER DATA DHFL DATA RECISTER DATA DL DATARECISTER oatacE. | |
c

i PORTF REG. PORTF PORTA REC, POATA POATC REQ, POHT | i

| i 1 1 T T | ;

| P [ = |

et I " I |loowon —— |

E g N g | el M
- R j:iw"k—-—ﬁwl_m#

BUOLINDARY.

SN ||Ngg£:-$

:
i
! |
¥
FER | | PROCRAUMING mm.-c:'rm -]
DECOOER
.
'
r

l e m

" GENERAL COUNTERS

PURPOSE
AEGISTERS [+
X

ETATLS
REMSTER
1
'l—:! | . TWO-WIRIE SERIAL
USARTo [ WESARTY “ INTERFACE

- = ==
i - 1>:

£

£ ¥ ¥ :
BE DATA REGISTER| CATA DIR DaTA REGESTER DATA DIFL DATAHEL'-?STEH DATA IR DATAREG. || DATA CER :
2%/ PORTE REG. POATE PORTE AEG. POATE PORTD REG. PORTD PORTG | |REG. PORTG|
ig H
g
i FORTE DRIVERS PORTE DRNERS PORTD DENVERS PORTTG DESVERS !
]
: - :
ey 1 = R 1O O R i J T I I O
v %5 v
PE-PEF POS - POT PCO- PGA

Fig. 12 Block diagram of ATmegal28

gHol HAAHRS Z233 7hEH7L A YA 2B 2§

% c
of AL st ATL v, WYoldle WA=, eWAE, AW A% AF 93
3

gEol Hats WPl dAZHY WIHIEE YAt Aol AE AA,
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s ZAHE 2o A HolH, 22 W4, £28 $59 B 24 5 A

Asta, 28 EE(Stack Pointer)= 2®e] TOPS A& st 54 #A2E ot
g dolH7E ARE, 28 302 AXA HH, 28 EAE Y Fhe wE
Froll A W gto@ 7HashA "ok PUSH WHole A4 Holgrt g A4
a, ojuf 28 ZRIE&= 14 Z 4Tt POP BWH o= HolHE 289 TOPAA 7

MEes T2 99 dues dold 9o Wrez ud 5 Qed, 220

2 99 WEgs PCE AZ 71538y, ol 949 W zg = Data Adress® A
o] 7}ttt o Fig. 139} Fig. 4= 7 sl=e® 9e 3held 4 9.
0x0000
28zzqz5
HE mzae
OXFFFF

Fig. 13 Program area memory map of ATmegal28
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3271 2|X|AH 0x0000 — Ox001F
64 1/0 2| X|AH 0x0020 — Ox005F
160 &} /O 3|X|AE] | 0x0060 — 0x00FF
0x0100
LHE SRAM
(4,096HI0|E)
Ox10FF
0x1100
2|£ SRAM
OXFFFF

Fig. 14 Data area memory map of ATmegal28

HE dA2HE el wAzEe & HA2H AR d 5 ST, b
olg] @A A5 RO ~ RBZHA &7 Hof glon, HolHE AAsts d4g<
Pt F4& HAZHE R26 ~ R3IZMA 27 FHoj slow, HA2YH T4 F4

P& 9% PR 2E ol WRE F4 0x1A ~ 0xIFd si33to)

-

4

o

A
[ RO 1 ox00
R1 | 0x01
glo|Ef a1|x|¢a< : Ri4 OXOE
' R15 | ox0F
\ R25 0x19
4| R26 loxtA  x-#XIAE Low
' R27 loxiB X-3IXIAE| High
< R28 0x1C  Y—3l|X|AE] Low
A HX|IAH
R29 loxiD  v=&XIAE High
, R30 |oxtE  Z-IXIAE Low
L R31 | Ox1F 7=2{|X|AE High

Fig. 15 Address assignment map of register file of ATmegal28
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Y AALEE b H2e] A9E Asdie] A3 Jug
0 ok gl A9SE BEads] BB Aol Acld dBE E. AR

9, QHHEL BHAL W YE) AA2EE FEdot AFOE AR, BA HA
%3 2TZEOIHOR A, B AL FYstelok Bk obd) Fig. 1654 Table
3 7t HE W 2% o] td Ao
HIE 7 6 5 4 3 2 1 0
SREG | T H S Vv N Z c

U7|/M7] R/W R/W R/W RW R/W R/W R/W R/W
EPAR 0 0 0 0 0 0 0 0

Fig. 16 Configuration of each bit of status register

Table 3 Status register Description for each bit

WER | gr /27 | 23g% 4
A9 AHPE FYS} ME
~ o] MEZ} lo] 1, APBAQ) JHAE B43) WET} 1o]
s ojop B YET} AEFTh
I RIW 0 | - JHYE Aux TRl AYHW AFOE 00 i, RET
BHow JHYE AHA FHo] FRHY 4FOE 10|

Ho

- :rEI HHow |, CLl M3 o2 0 s 5 Qo

HE BA [ A HE

T R/W 0 - BST W&oz A 2EQ g HEE T HE EAlsit

- BLD HyEog T HEES #A2H 3 HEd Bt
4 sl gl(Harf carry) B E

H RIW 0 - A Azt ME 304 HIE 42 Aels} wystE 1o BT}
- BCD(Binary-Coded Decimal) $A4Fol| -f-&3}tt.
313 HE
S R/IW 0
-NDV, &4 Zeh19) 20 B oWZTE Ze1o] wiEkd OR
29] B3 OWER E¥
A% R/W 0
- A4 Az b7 PDbe, vIE 73 HIE 62 HlEFE OR
<5 EYa
N R/IW 0
! - @4t A} MSB/E 1019 4 Eelovh lo] €.
Az EYa
Z R/W 0
/ sk A3 wE WE 00w AR o)1) 10] Ak
7] EY 1
C R/IW 0 s A

- A2k A3 MSBolA s 7F @St 1o] ®Th
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A3 AFASH LED =% Aojr1e 74 9 AA

2 ol LED 29 AzEle] Azmege] Zuod T4 2 4AS A%
stk WA dueE T4 @ Aol e Y, wNA 54, MATLAB A
gejoldow T 9uk

31 ¥A dagEF 74

rorr
||
o
Y
il
[
f
>
X
i
1A
AR
i
rr
ion

o
S HAALoR LED 29 Ao 3

Ao AR o] Aol R ol

[ R ———————————

LED DISPLAY

Fig. 17 Block diagram of fuzzy system
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Rt
o
R
i
i

AX Agd d=EE Ao AL th5o| Table 49 2

Table 4 Setting the Language Variables of Fuzzy Inference

ZE=08 Ao

AGYY Ao

LEDEY <Ao<

] -5 EeHVW) -~ = (VL)  2(VA)
STHW) 2 oHL) 2 2(A)
2 FSTHO) 2 3t eHS) HE5O)
o] 55 THD) 7 eHO) B (H)
- &35 THVD) ] -¢- 74 EH(VO) Z th(VH)

3.2 ¥ A #WwW4 <4 (Fuzzy Membership Function)

7 %Y Wsrse 53
FrE FIIFAL 25E
o A7

B B

ZE(lux)

5709 Fe A2 YFra o) ue} HEEE
o5 olwt, olwt, AQett, wo, v Hrho
7]&2 Cds AlAlel =4 ®e7F 0 ~

b 2 7 50 529 HHE VHARE

[

0=
oy

o4 of St

----- ofEct

XSt

--- gt

------ o4 et

Fig. 18 Function of illuminance membership
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9 o FTH o A4S 2E7E 0 lux o3 £ lo]H 25 lux A 2&E

E 7HA A ok aEal fAgEit o A 25 luxollA ek 19 AEEE A
™, 0 lux o4 50 lux AlolollA] A28 make] A&EE 71AA "k HA W4
s o WHe g 2o dF 9 2271 125 k! A5 F3Eine
HA wWq e 05, olw Y HA e Ss 1olH, ulg olFTHY HA|

0
d dae 0501, YA 59 32 fgHg o= 00tk

o,

g
thgozE Aol B dofus Aol W Ag gel WHE WS Wk W
o, Aualt, AR, A4 AT o sRgew ol WA Wwd $4E ¥
Shlth The Fig 195 A48F A2 WA olth
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Fig. 19 Function of distance membership
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E /M4 doh. 283 ‘HFZeitk o A 25cmol A 4EE 19 AHEE 1A
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73 2.5cmoll Al e 19 ALEE 7HA M, OcmollAl 37.5cm Afolol A A E A<l
g 7HAA "t

AZI7AA 7L Aol gk W o €%ela, LED =34 B3
o wet LED &9 e MAE A4, Hg, BE, B, A 5 F
H2 ANy T T ATk 1A g 9 W9 Fig 20
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29 mope) a%EF )

P
B Ho
JS I

B

2t}

_28_

Collection @ kmou



b

H P B>

btogoojr ¥
2 oo ofm oo b

RGB LED &8

Fig. 20 Function of RGB output membership

?1e] RGB LED &9 HZA W4 q+E Higo=E =

RGB LED &#€W & F7lete] 25, 7431 Mot wE du
== 34tk Red, Green, Bluee] LEDe| $12] & A WHgdS &9 Al 71K
Aol &3t ¥o] PWM(Pulse Width Modulation) &3 =o At} 99 RGB £8<&
HIE o2 137FA 9] A4fo] Z¥Em, A4S RED, YELLOW, GREEN, CYAN,
BLUE, PURPLE, LIGHT PINK, ORANGE, GREEN YELLOW, LIGHT CYAN, DODGER
BLUE, MAGENTA, VIOLET Mo =& o]Folx Sltt 7+ Ao =¥ W9+ Table
58} Zth.
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Table 5 LED Fuzzy and Crisp Output Color Values

q g

Y E Ao =9

A4 8 PWM &9 3t

Red

Green

Blue

Red

Red: #oj(VH)
Green : H2A(VA)
Blue : #4(VA)

2955

0

0

Yellow

Red: & oij(VH)
Green : o (VH)
Blue : HA(VA)

255

255

Green

Red: & 2A(VA)
Green : FHth(VH)
Blue : #24(VA)

255

Cyan

Red: H4A(VA)
Green : F o (VH)
Blue : #ti(VH)

295

255

Blue

Red: & 4 (VA)
Green : & 2&(VA)
Blue : Ht(VH)

255

Purple

Red: B.E(S)
Green : HA(VA)
Blue : EE(S)

128

128

Light Pink

Red: o) (VH)
Green : 2-S(H)
Blue : 2<(H)

255

182

193

Orange

Red: #dj(VH)
Green : Z-<(H)
Blue : #4(VA)

255

165

Green Yellow

Red: 23H)
Green : F o (VH)
Blue : #4(VA)

173

295

47

10

Light Cyan

Red: #d(VH)
Green : ZH(VH)
Blue : A (VH)

224

295

295

11

Dodger Blue

Red: #4(VA)
Green : HE(S)
Blue : Foj(VH)

30

144

295

12

Magenta

Red: #d(VH)
Green : HA(VA)
Blue : H(VH)

255

255

13

Violet

Red: #d(VH)
Green : HE(S)
Blue : #oj(VH)

238

130

238
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3.3 X Ao} & (Fuzzy Control Rules) A%

o281,

!
p
=

non 240 2 fe

[[ ReD | [GReen) [ BLUE }]

Fig. 21 Multivariate fuzzy algorithm block diagram

2ol Fig 21. HA &g
Table 622 UERfATE €
= DSZ Yepdth =3 &3 #2 RGB
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Table 6 Fuzzy rules table

u [e]
=z H T = = [e)
2= un | olE% | AYsd | owd | e g
A = (0Lux °J8h) | (30Lux ©l8) | (40Lux ©]&}) | (50Lux ©]3h)
(10Lux ©]3h
Dodger
a9 Purple Magenta Cyan . & Blue
T (R:128.G:0,B:128) (R:255,G:0,B:255) (R:0,G:255,B:255) ue (R:0,G:0,B:255)
Vi RED - 1% RED : #1) RED : H4 (R:30,G:144,B:255) RED : A2
(10cm ©]3h GREEN : # 4 GREEN : Hx& GREEN : it} RED : &4 GREEN : R4
BLUE : % BLUE : #Ht BLUE : At GREEN : 2% BLUE : Atj
BLUE : At}
Light . Light Dodger
Pink Violet C Cyan .
7}z ok m (R:238,G:130,B:238) yan (R:0,G:255,B:255) ue
o|3s ' T T 5 -
(20cm o] 3} RED : A1) GREEN : n% RED : E]FH GREEN : #t} RED : H4
GREEN : ®¢ BLUE : d GREEN : #ti BLUE : At GREEN : 1%
BLUE : %2 BLUE : Htj BLUE : #Huj
Green Light
Yellow o Green Cg Cyan
A3t} | ®55625580 QUow (R0,:255,5:0) yan (R0,G:255,B:255)
10 - (R:173, G:255, B:47) RED : H2& (R:224,G:255,B:255) RED : HA
(30CII1 o]%}_) RED : H4j e c HA ° LA
GREEN : 1) RED : B GREEN : #1j RED : 50} GREEN : 37
BLUE : #4 GREEN : o BLUE : H4 GREEN : 4 BLUE : At
BLUE : #2 BLUE : At
Green .
Orange Yellow Vell Violet Magenta
Ht} (R:255.G:165,B:0) (R:255,G:255,B:0) clow (R:238,G:130,B:238) (R:255,G:0,B:255)
(40cm ©]&h) RED : #uj RED : Atj (R:173,G:215},12:47) RED : A1) RED : #7
GREEN : %& GREEN : 1) RED 77450 GREEN : B% GREEN : 2
BLUE : #4 BLUE : #4 GREEN . Hti BLUE : Hd) BLUE : At
BLUE : #2&
Light
Red Orange Yellow P'g K Purple
uH.?_ %1;]_ (R:255.G:0,B:0) (R:255,G:165,B:0) (R:255,G:255,B:0) m (R:128,G:0,B:128)
L3 RED . -%]EH RED . ?::]EH (R:255,G:182,B1193) RED . HE
(50cm o] 3} RED : i ' ' . N
GREEN : 4 GREEN : %& GREEN : #uj RED : i GREEN : 4
BLUE : #& BLUE : 2 BLUE : 2 GREEN : @& BLUE : %
BLUE : %<

$1¢] Table 72] Fuzzy rules tableS If-Then T#2 o2 W33l Fuzzy rules 25

A Fmoz FAFHAC

-Rule 1:If 2% = v]-$ o5t} and A&l = w]$ 7}zt} then Color = Purple
- Rule 2 : If 2% = 1% o5 and A& = 7t} then Color = Light Pink
- Rule 3:If 2% = v]-¢- oJ5tt and A2l = A 33t} then Color = Yellow
-Rule 4 : If 2% = v]$% o5 and A& = 99 then Color = Orange

- 32 -
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- Rule 5 : If 2% = v|-¢- oJ5t} and A = »-% Hr} then Color = Red

- Rule 6 : If 2% = oJ%th and A& = wl-$ 7}4t} then Color = Magenta
- Rule 7 : If 2% = oJ&Y and A2l = 74t} then Color = Violet

- Rule 8 : If 2% = oJwt} and 72| = &3ttt then Color = Green Yellow
- Rule 9 : If 2% = oJ55t+ and #1&] = Ht} then Color = Yellow

- Rule 10 : If 2% = oJ&t} and A = wj-$- Hc} then Color = Orange

- Rule 11 : If 2% = 93t} and Agl = wl$ 74 then Color = Cyan
- Rule 12 : If 2% = A93lt and Azl = 713tk then Color = Light Cyan
- Rule 13 : If 2% = A93}t}; and A = 233t then Color = Green

- Rule 14 : If 2% = A3ttt and A = "otk then Color = Green Yellow
- Rule 15 : If 2% = &3t} and A = vj$- =t} then Color = Yellow

- Rule 16 : If 2% = ¥t} and A&l = w]-$ 717t} then Color = Dodger Blue
- Rule 17 : If =% = g9t} and A& = 7}t then Color = Cyan

- Rule 18 : If 2% = ¥t} and A& = A3tk then Color = Light Cyan

- Rule 19 : If 2% = 9t} and Ag] = 2t} then Color = Violet

- Rule 20 : If =% = ¥t} and Al = vj-$ 2t} then Color = Light Pink

- Rule 21 : If 2% = v}-% ¥} and A=l = wj-% 7ot then Color = Blue
~Rule 22 : If 2% = < gttt and A = 712} then Color = Dodger Blue
- Rule 23 : If 2% = v]-$ ¥t} and Al = A3t} then Color = Cyan

- Rule 24 : If 2% = o}-% ¥t and A2l = Ho then Color = Magenta

- Rule 25 : If 2% = v|$- ¥} and A2l = w$- At} then Color = Purple

9 A s BEUE e WA s 44 g 2ol 4 ©26), @DE YERd

T Ao
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25

R = V {LX, NOUT}} (26)
i=1
25

R, = V {DS;NOUT} 27)
i=1

3.4 v]¥ 2 3H(Defuzzification) =4

AN AL HA3L " 3= AFH =Y(LED Displayd F4aHo =2 A&

T o IYERE AAZ A8V ES X2 "I 8] Defuzzifier(w] 31 A
3h AAS AAk gk HIHAEE A o WHol Joey FE tg 4
(28)37} o] A SR (Center of gravity method) o2 3T},

rol

et dAe] A%< a, bt & o,

¢ = i1 ’ (28)

o] HH A5 @ A3} c= LED A4S TFAZ 5 U= 4
A =8 golt. &8 el AgL RED, Yellow, Green, Cyan, Blue, Purple, Light
Pink, Orange, Green Yellow, Light Cyan, Dodger Blue, Magenta, Violete] 137}%] &
o8 yroen zZpzte] k& LED 99 A 54 FolEE HA gho] ofd
Crisp #kolojof gty Ao Zhe 2TVl g o FRolA s Bgo= AFE
Aol wparo] 71 oAl &S <l Blue, Green, Red £2.& AY styom Age
- "ok oA we Mg 2 A4S A9 aAs g2 HolAd 1 <l Red,
Green, Blue =02 I3ttt d& E° Red E%, Green: 25, Blue: 89|
HoA =¥ RGB Aol 41Ql Hot Pink A4o] oA 2 Aotk oA Ag3t
259k Ao gt dY Fell whEt A =3 HA o] =¥ ol AXT
Aol z3oz FHE Ao|tH29]
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3.5 MATLAB Al &d o)A

v 23t @ Axes FAZFAR(Center of gravity method)& ©]-&3Fo] MATLAB
Algdolde XAstAT. ofef o] Fig. 222 MATLAB HA 14te] E5%= ot

L MaM FuzzySMURGE_1708(5 2 : : :
/ g
DS

Fig. 22 Block diagram of MATLAB fuzzy

olg] Fig. 23 ~ Fig. 252 2& oA A3t =%, A, &9 371A 9w g &
TE MATLAB Al &g o] Aol & &3k Aot

ot poimts:
A il . Membership function plots °*** i
r"‘ 6V, | WD D 5 W YW
FAVAS

pein

Blue

||! 20 a5 ]
inout vanable "LX°

Fig. 23 llluminance membership of MATLAB fuzzy
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i 4 oot ooints, |
FIS Variables _Membership function plots Ll 181

e c 8 L L

[ 20

Bs Green

Biuve

e

inout vanabip "5

Fig. 24 Distance membership of MATLAB fuzzy

S . Memberstip function plots ° **"= ol
WA A 5 H WH
"W
DO PN
300
DS &i

Blue

_H; L

Fig. 25 Output membership of MATLAB fuzzy

9 W VIEE, A 2 WERCE) 1S 34l 2RF 7250
A

& A Atbe APt e APSAT.
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A 4 A QAFTASYY LED =9 Aojr]e T3

4.1 st=4o A4

segos T4
gste] WA Ase

o

Fig. 26 Block diagram of LED lighting system
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42 LED =% AoHE

421 AA/F

o
3 Age AR F ARAYGE FYste AXojth ojn A{F Y Ay 2949
ON, OFF d#ol& AFozn o]Fofzitt. AHEA AgEE Ho et
12VDC o|E= 220VACE 12VDCE W3t AAF+= AC/DC HAWEE AHEsth 30WE
o] SMPS+ Ml & Ze gaFo|m g th9] RGB LEDE FAlo Alojstr]o F=3ho]
9ltkal wekste], RGB LED Module 47 &S 71202 2709 RGB LEDUHS: A}-8-8H%)
o SMPS®] -&&o] 200W oldd 725 A 20047§¢] RGB LEDE A& 4 ot =
239 Ag AlA, =% AlA, ATmegal28 MCU, CLCD9] 7% Typical Agte] 5VDC o] =
2 A48t 4£A¢1 Bipolar linear IC KIA78052 o] &3l AYS A FF3dch
RGB DRIVE®-9] 74-¢- 12VDCE Al&st2=Z SMPSeollA dEH &= 242 BYPASS AAE
o=y 2 ARE9] M FARE tdstA AASS. 32 Fg 279 2ol
ettt

Linear regulator E44 FolUAE Sall e Astr7]17] sl 44 Edo] 3l

o v g I3 Heat sink)S A2Fs}9th

L2
DC 3V

WIN VOUT

GND
7805

DC 12V

Fig. 27 Circuit of KIA7805
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4.2.2 AVR Aoj&

B A|2"e] MCUE AtmelAl ¢ 8BIE RISC mlo]a2 HAEZ# 2 ATmegal?28 RdlS
AHgERoH, 32 tha-9 Fig. 289 Zth

U1 <t 0 Odo— g o — ‘
- |‘°|‘°%?§?’i“-?§ﬁ1§?” FP L:” Fﬂ
COLsCRETGEoEoYsTa
O = W _ NZo
028588285053 3%
i.i.i.ivBZaE} o=y
Prornagga
aaaaisgg
=F L ELI:
LSt S T I 4
PEN S PA3(AD3) a@
PEO(RXDO/PDI) PA4(AD4) F————
PE1(TXDO/PDO) PAS(ADS) Fr————
[+~ PE2(XCKO/AIND) PAB(ADS) g————
PE3(OC3IAAINT) PA7(ADT7)
‘l—r PE4(OL,3EHINT4} PG2(ALE)
E5(OC3CANTS) PC7(A15)
PEE(TSIINTB‘» PCB(A14)
PE7(ICP3/INTT) PC5(A13)
L+—| PBO(SS) PCA4(A12)
12| PB1(SCK) PCA(A11)
PB2(MOSI) PC2(A1 0)
PB3(MISO) PC1(A9) Fag——
{=—| PB4(0CO0) PCO(AS) Fg—————
= PB5(0C1A) PG1(RD) :é;
U PBB(OC1B) _ PGO(WR) I
— ﬁﬁN 8
e PESL
= e =
OO e =
S0 @ ) < i £
Q0O DOX=<GOTN
oEEn -0 6FEOxie
TR oY o ot g i
m O e e Y (O CHEY ()
oo =0xxxaononooon

!
%

ATmegai2s

Fig. 28 Circuit of ATmegal28

AVRAJ Fol| A= =AML AgAlAel ADC = Wolx AAE 7 RGB LED
Module®] A4g A|ojst= Hehe sty RGB LED DRIVES] A4t Aloje 7|2 07 €}
ol [7}EH 7S Sl °o]Foixnt. o] se &-83ke PWM(Pulse Width Modulation)
=95 THEolA Red, Green, Blued] 3= ®l&S 2H3th EloH/7HeE A% 167
E 7}2EQ Epo]n/7}E 1S 2231 FAST PWM, CTCRE 5 o8 7}A Rt} Q=g
1 FAAME CTC REE ARSI th CTC R2E(Clear Timer on Compare Match)= 7}
B2 3}HA OCRZHOutput Compare Register)d A&zl oz nlwste] 748 ks

1

Ho
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OCR #to] ZolA™ wd 255 Z€aq o2 <8 33 W72 B2 338 29
37 ATk 58 Byl Qe 2EEE 339 FuLE 0o o] A (dpow
BEL

f _ fdk
64 2« N+ (1+OCR,A)

CTC 2] Blolg=s v=2 Fig 299 2.

OCn Interrupt Flag Set

OGRN Update

TOVn Interrupt Flag Sat

Y

N =R
TCNTn / Ny / " / \\\ /

Y

OCn |_ (COMN1:0 = 2)
ocCn [—=| I—"I r (COMN1:0 = 3)
Period | i | 2 | 3 |

Fig. 29 Timing diagram of CTC mode

423 CLCD &9 %

LCD+= 16x4 Line®] ¥whA <l CLCD(Character Liquid Crystal Display)E AF&-3F3iTh.
CLCDE %3}e] dA] &85 = Red, Green, Bluee] PWM #k& AAzto g2 3Qlo] 7h%
sHAl g e, FA AAl A 2 AA Hr] B3 AT F JEF stk

CLCDE Alelsh] 913 WHgol 2 olv), 2718 93 §%4 eoY=E 1ol Table
7, Fig. 30, Fig. 313} 2t}
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Table 7 CLCD control command

A o i
- 25 HEo =g 2l 3)
— AlZ
RS | RV DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO b
EA F99 0 0 0 0 0 0 0 0 0 1 1.64ms
AA = 0 0 0 0 0 0 0 1 0 1.64ms
AdEZ] n=Al 0 0 0 0 0 0 0 1 I/D S 40us
3% Al ON/OFF 0 0 0 0 0 0 1 C B 40us
AMIEA ol F 0 0 0 0 0 1 SIC | RIL 0 0 40us
HA Al 0 0 0 0 1 DL N F 0 0 40us
C.GRAM
oo M 0 0 0 1 C.G.RAM Address 40us
D.D.RAM
A HA 0 0 0 D.D.RAM Address 40us
= 2~
BF/OJ]#HL‘ 0 1 BF Address Counter Ous
7]
C.G.RAM,
D.D.RAMo. 2 1 0 Write Data 40us
tlo]g 247]
C.G.RAM,
D.D.RAMS 2 1 1 Read Data 40us
tolH ¢]7]
FVIHT THT
RS LT N\ X t-'IL1,§<
taz tam
R iK1 i.fu-n‘:\
— OO —
Pz lay
A VI VIHT b
E AR R V-EIEE i ST
D0 to D&Y Votie  vaidaa  avopd D%
Loz

Fig. 30 Timing diagram of reading mode
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= EWTHT \ 1HTH
Rs ,\Xﬁ WILT VIL1 5{
b i
I
RW N i i
Py Ta
— ]
E ANIHA VIFT {(_
£ | Vit wILT | AL
— | | i
& I I
HT - VIHTL
DB0 o Ca7 ViLe valid data VIl x’\
3 tans

Fig. 31 Timing diagram of writing mode

CLCDS] LD4, LD5, LD, LD7 4B|E2
A L SIste] 10K 7HAA S CONTRASTRof F7tske] 2

Al Taskat. S| 2+ Fig 323 2ol 733kt

Agstel B4 29

=N
=

)
ol
_‘_4
[o
_=)
-
["_\|‘_,
>

DC 5V :
DC 5V
r7 L 10kvR W
CONTRAST ¢ D-\” ; =
]
== 4
0 5
[
7
g
2
ot - ¢ LS00 0N — O
BEEE e s A e
003 W e e —OOSTH
§2§80885£8920803 13
ZzOZ0000EEEZO > aad DG 5V 14
LLIL T GBS S =
S-a®mO00A € < L ] 15
i e O il
g o
E E E [ﬁ_‘- 4 BackLight JT_— =
B PA3(AD3) j? 0 CLCD_16XdLine
PA4(ADA) 7
PAS(ADE) (=
PAB(ADE) 7
PAT(ADT)
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Fig. 32 Circuit of CLCD
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4.2.4 LED A&

Ak A3ghS RGB M4o & UlF= LED RGB modulee RGB LED 47 RES ALE
stk MCUOA E8E& 3 TIL <t gl 5VDCol=Z LED RGB moduleg
& A2 4 glth. LED RGB module®] 75492 12VDCE ZAHF-21 SMPSH-ol|A 213
7IE 3t} MCUoA Y42+ 4k¢l High, Low 5VDC &3-2 MOSFET?] Alo|EZ ¢4
%lo] LED RGB modules ON-OFF 291% 3= 98-S gttt AloJETe] Alsof me}
modulee] M-S A7Fste] M-S FHHA Hrh

LED RGB modules]= R, G, B, COM2] 47)2] Ao] 9lom, Come |98 U= 37
o] o] MOSFETe] <1Zso] &9 Mg AosiA Hrh. MOSFETY ¢ ZH<
IRFZ44N 2dS& A3t T) o] nde HoJHAESE Y 8HUARIT 9A2 BE
o] G 0.06A9] ARFZS AHE7] WEo] o224 HdHE moduled oF 800747k A4

o] 7}s3tth 3 ZE Fig 3337 o] TAIEITh

FAST PWM OUTEOT = 00

100

[ e —
D
T 100
W& IRFZ44n
=
Q2
IRFZ44N
Q3
IRFZ44N

Fig. 33 Circuit of RGB LED drive

_43_

Collection @ kmou



425 AA dZHF

AA el gL 25 AlA, 7%“4 "“14 &= MCUYA ADC #toz FAIs 3 7+
olg] ZFS ¥x] dALS Edle] A= H ZES CLCD ¥ RGB LED module®Z Hlo]E] &
A %Y, 25 AlA e SFAIA Y 7Y 712 AR Al S shUEA, H9] B17)of tisho

A714Q YAz HENAFE 982 sk AlAet.

i
V‘\
-3
>
rlr
=
=)
ol
ol
k=
r>~
ok
)
‘0

U4
CDS
1 2
DC 8V o—————¥ ys+ VOoUT ¥
R8
CDS 10k

?0 U1

Fig. 34 Circuit of illuminance sensor

A2 WA= ParallaxAbe] SRF-04 &3t Ag 24 AAS AHE3ITE o] AlA = ot
2 zon Ag 24 Mo Hlate FAo|l 41 stHo] A3 AHo| Y} 2oH}
A= Z7] Fo| 40m/s £59 S8 whalkste], FAA o] HUlE HAEE S3ls
TFAlste AZE SAshs Ao AAolth EZACA 10us oo B2Ee THA=
WS Wikstd 37] o Wyt dAA ] FHE Sole 2dE ARbe ALt
st I AdE ue A g oz 222 et 4 9, At 2Y 2 F
oz Hxo] HAZe AZY. &, Ag wet H2of Fo] Wil

oleld WAEL MCUS| Elolmiz B8air] S4sle] A2E Z4ATh EA 2 o
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o

SRF04 Timing Diagram

Trigger Pulse
10 i

uS Min
Trigger Input
To oduﬁae
B Cycle
Sonic Burgt Allow 10mS From
End of Echo To Next

Sonic Burst Trigger Pulse
From Module

Mote. Echo Pulse
ToEﬁggr%LilrlﬂﬁanLgﬁ&it Echo Pulse is Approx. 36mS

100uS to 18rS if no Object Detected

Fig. 35 SRF04 Timing diagram

B =AE AAEI

olm, Ht} Sm 7}A IAAAE

O,
aw
(@)
i
N
lo
N
ot
i
rlo
T
o0
=X
il
A
o
e
¥
%0
(o
_=)
Sott

= Fig 3749 T+

240

120

210 150

Fig. 36 SRF04 of oriented angle
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Echo

O
==

Fig. 37 Circuit of ultra sonic sensor

43 LED =% ARt A%

Ao U&S vgo R A Aof7|E Tl AAsAT ¢4 E LED =19
Aol7]e] MA m5-e Fig. 383 £t}
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A5 A AE R 2AH

51 A4 Wy

Do) e LED z®e 29 dE #laks] sk, e Aol 12VDC
47 LED E& 271E d4sta 220VDCE 12VDCE HE A 7]7] 93k SMPS¢} LED
CONTROL BOARDE ¢ -3}04 TS Age aFddstn 2o Wel HA
T2 Aol dFAAA sttt CONTROL BOARDe 42 Fig. 399} 2t

Fig. 39 Configuration of ATmegal28 LED lighting controller

SMPSe| &2 30Welm =53 Aol ADC ¥ @3t Ak we
CLCD &9 Azl w3 A A7t A st=A #dsint. =3, 22442 ADC
de #t A4k Aol e CLCD &Y =% @ 4 =7 dA steA #l @

, A8t 2= ghol W& LEDS| A4 W3S #&sto] MATLAB AlEdold 23

2

=

MAE AA 295= LUX g B o 1059 17+ =2 U 246 o,
A == RGB LEDY| A4 wsts slsiy A4S 21839
o 233 A9 7:;‘ , A2 170mm 712 250mme] IAMA S thao
7] ato] FYAS FQstAnh tso A Y8 A

AC)
o
O
.
O
-/
i
EIVRE
N,
mlo
H
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)
i)

B 2E 242 TS Table 8, Fig. 40, Fig. 4161 LFERHSITH

Table 8 Distance equality measurement result

@ kmou

TAAske] 44 A7 | LoD 29 A e | exe

) (mm) (mm) )
No. 1 20 21 +1 0.2
No. 2 40 42 +2 0.4
No. 3 60 61 +1 0.2
No. 4 80 81 +1 0.2
No. 5 100 102 +2 0.4
No. 6 120 123 +3 0.6
No. 7 140 141 +1 0.2
No. 8 160 162 +2 0.4
No. 9 180 181 +1 0.2
No. 10 200 200 0 0
No. 11 220 221 +1 0.2
No. 12 240 242 +2 0.4
No. 13 260 263 +3 0.6
No. 14 280 280 0 0
No. 15 300 301 +1 0.2
No. 16 320 321 +1 0.2
No. 17 340 343 +3 0.6
No. 18 360 363 +3 0.6
No. 19 380 382 +2 0.4
No. 20 400 401 +1 0.2
No. 21 420 422 +2 0.4
No. 22 440 441 +1 0.2
No. 23 460 463 +3 0.6
No. 24 480 484 +4 0.8
No. 25 500 502 +2 0.4
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Fig. 41 Light sensor output test
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5= RGB PWM =¥ 33 19 W& LED AMAo|t},

Table 9 RGB Crisp output according to illuminance and distance input

_ PWM &9 2
==y d .~ Red | Green | Blue LED <9 44
No. 1 10 100 128 0 128 Purple
No. 2 10 200 255 182 193 Light Pink
No. 3 10 300 255 200 0 Yellow
No. 4 10 400 255 165 0 Orange
No. 5 10 500 255 0 0 Red
No. 6 20 100 255 0 255 Magenta
No. 7 20 200 238 130 238 Violet
No. 8 20 300 173 255 47 Green Yellow
No. 9 20 400 255 255 0 Yellow
No. 10 20 500 255 165 0 Orange
No. 11 30 100 0 255 255 Cyan
No. 12 30 200 224 255 255 Light Cyan
No. 13 30 300 0 255 0 Green
No. 14 30 400 173 255 47 Green Yellow
No. 15 30 500 255 255 0 Yellow
No. 16 40 100 30 144 255 Dodger Blue
No. 17 40 200 0 255 255 Cyan
No. 18 40 300 224 255 255 Light Cyan
No. 19 40 400 238 130 238 Violet
No. 20 40 500 255 182 193 Light Pink
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|49] #o17] CLCD PWM &8 %3} Fuzzy A E#H oA

=8 7 vwd Aolth o9 Table 108 53te] A|oj7] &4 73} Fuzzy
AEFG A 280l TY 213 A= TETES AT & AU
Table 10 Comparison of Crisp - Fuzzy output under the same conditions
z= | Ad A7l PWM &8 | AEdleld PWM &9 A|o17]
(ux) | (mm) | Red | Green | Bue | Red | Green | Bue | LED &% A%
No. 1 10 100 128 0 128 128 0 128 Purple
No. 2 10 200 295 182 193 255 182 193 Light Pink
No. 3 10 300 255 | 255 0 255 | 255 0 Yellow
No. 4 10 400 295 165 0 255 165 0 Orange
No. 5 10 500 295 0 0 255 0 0 Red
No. 6 20 100 255 0 295 255 0 2955 Magenta
No. 7 20 200 238 130 | 238 | 238 130 | 238 Violet
No. 8 20 300 173 | 255 47 173 | 255 47 | Green Yellow
No. 9 20 400 255 |+.255 0 255 | 255 0 Yellow
No. 10 | 20 500 255 165 0 255 165 0 Orange
No. 11 | 30 100 0 3l - 0 255 | 255 Cyan
No. 12 30 200 224 295 255 224 255 295 Light Cyan
No. 13 30 300 0 295 0 0 295 0 Green
No. 14 | 30 400 173 255 47 173 255 47 | Green Yellow
No. 15 30 500 255 255 0 255 255 0 Yellow
No. 16 | 40 100 30 144 255 30 144 255 | Dodger Blue
No. 17 | 40 200 0 295 255 0 295 2955 Cyan
No. 18 | 40 300 224 255 255 224 255 255 Light Cyan
No. 19 | 40 400 238 130 | 238 | 238 | 130 | 238 Violet
No. 20 | 40 500 255 182 193 255 182 193 Light Pink
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Table 11-& Fuzzy Rule 7]¥te] o] oo =5 2 Ag 948 z+S MATLAB A
ol dYsted == Hol A ot ot Table 115 F3k Fuzzy
T2 ool Ato] zrol 4o thd PWM =& &8 4 9, 1o wE LED

S
Ay 282 o% b5 s

Table 11 Output according to input of illumination and distance value

= AlEF ol S8% Al EH ol A

E220wo | A=mm Red | Green | Blue LED A4 &9
No. 1 5 111 147 58 136 Purple
No. 2 8 113 145 55 135 Purple
No. 3 11 152 176 105 159 Purple
No. 4 21 122 192 75 225 Magenta
No. 5 24 144 137 117 225 Violet
No. 6 32 211 170 225 189 Light Cyan
No. 7 7 281 225 211 66.2 Yellow
No. 8 22 312 147 225 25 Green Yellow
No. 9 29 378 143 225 25 Green Yellow
No. 10 3 321 225 204 25 Yellow
No. 11 41 391 195 124 225 Violet
No. 12 26 311 107 225 25 Green Yellow
No. 13 33 19 25.1 175 225 Dodger Blue
No. 14 37 233 101 225 152 Green Yellow
No. 15 23 384 176 225 25 Green Yellow
No. 16 1 344 225 200 25 Green Yellow
No. 17 36 412 203 169 143 Light Pink
No. 18 44 222 89 182 225 Cyan
No. 19 31 123 85 208 225 Cyan
No. 20 22 431 211 207 25 Yellow
No. 22 47 327 97 149 225 Dodger Blue
No. 23 16 356 202 203 25 Yellow
No. 24 19 211 216 147 188 Light Pink
No. 25 21 51 185 65 225 Magenta
No. 26 4 22 125 25 125 Magenta
No. 27 27 118 97 148 225 Cyan
No. 28 49 32 25 51 225 Blue
No. 29 13 112 161 66 163 Magenta
No. 30 42 234 103 196 225 Light Cyan
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H Z 1. Matlab A EF oA (ZE 42 Lux, A8 23.4mm)
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B 2 2. Matlab AN E#HIH(ZE 5 Lux, A8 11.1mm)
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