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Design and Implementation of Modbus Based LED
Emotional Lighting System with Wired and Wireless

Control

Jeong, Jeong Soo

Department of Electronics & Communications Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The Fourth Industrial Revolution refers to the revolutionary era of
convergence of Information and Communication Technology(ICT). It is the
fourth important industrial era since the early industrial revolution of the
18th century. At the heart of this revolution is a new innovation in Ssix
areas: artificial intelligence, robotics, the Internet of things, unmanned
vehicles (unmanned aerial vehicles, unmanned vehicles), 3D printing and
nano-technology. By the Fourth Industrial Revolution, people will be free

from labor because of the convenience of artificial intelligence.

Among them, Internet of Things is a technology that has various sensors
and communication functions to measure environmental changes in various

objects and connects to the Internet.
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And it is an artificial intelligence technology that enables users connected
to the Internet to send and receive various kinds of information, analyze
it, and provide the learned information to the user or remotely control it.
This technology will enable people to pursue a better quality of life.
Objects connected to the Internet of Things must have the only IP to
distinguish themselves on the Internet, and can have sensors built in for
data acquisition from external environments.

Modbus is a voluntary industry standard communication protocol that is
widely used worldwide for monitoring and controlling various automation
equipment. Therefore, it is possible to connect with all equipment using
Modbus such as ships, buildings, trains, airplanes, etc.,, so that
environmental variables can be measured and remotely controlled. The
existing Modbus has been used based on serial communication, and Modbus
TCP is faster than serial communication because it uses TCP/IP based on
Ethernet communication, which is the most commonly used Internet
protocol today. And the use of Ethernet communication means that it can
be connected to the Internet of Things, the core of the fourth industrial
revolution. As a result, Modbus TCP is one of the key technologies in the
fourth industrial revolution.

Countries around the world are diversifying their short- and long-term
policies to ensure stable energy supply and low-carbon green growth. Of
these, LEDs, which are high-efficiency, environment-friendly light sources,
are an important part of national energy policy promotion. LED lighting is
not only a substitute for incandescent lamps, fluorescent lamps, halogen
lamps, but also can be applied to various fields such as mobile phones,
automobiles, and backlight units (BLUs). In the case of Korea, the
Government is making efforts to overcome the current environment and

energy crisis by setting “Low Carbon Green Growth“ as a representative

_iX_
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indicator of the policy. In the 22 industries among the 6 sectors, the LED
industry will be cultivated as a new growth engine industry in the 21st
century. Policy, and aims to become the world’s third largest LED producer
in 2012.

High-power, high-brightness LED (Light Emitting Diode) is an innovative
light source for lighting, and it is commercialized as an alternative light
source for existing incandescent lamps and fluorescent lamps.

In this thesis, system algorithms were designed and implemented to
control LED lighting using fuzzy theory and Modbus communication
protocols. The input variables for an emotional lighting control system are
temperature, humidity and luminance. The lighting output of an emotional
lighting varies with temperature, humidity and luminance, and is derived by
reflecting the color psychology to give a psychological change. As a system
configuration, a controller circuit capable of LED control in wired and
wireless environment was designed and implemented. This controller
monitors the temperature, humidity, and illuminance status, and remotely
changes the RGB value to change the LED lighting color of the controller.
It also introduces a fuzzy inference system to configure a controller that
can control LED lighting. And, I designed and implemented a gateway to
connect the Modbus RTU which is RS-485 based wired environment, and
Modbus TCP which is an Ethernet based wireless environment, and manage
the data by centralized management. It connects to integrated management
systems, such as the ship’s integrated management system and the building
management system by using Modbus TCP communication. Temperature,
humidity, and illumination states can be monitored and LED output values
can be checked, and the user can also remotely change the RGB value,
and the LED can be turned on and off in any color desired.

KEY WORDS : Fuzzy theory, LED, Modbus, Ethernet, TCP, IoT, The Fourth

Industrial Revolution
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A 2 Rslete] Aol 4z AW or ol2glon MAY|EEE HlY o]
H, d&As, 2REsh Abe dEY, 2rtEdED, 3D Zd® Fo] Ut of

i) 34 ekl Zelthldl

Mechanization Mass production :
! P Y Computer and Cyber Physical
water power, steam  assembly line, /
gl automation Systems
power electricity

Fig. 2 48" 3
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a3 ARERIEYAA Al 8] At Y] AR FEE T L
o, Az 2d Jhssliof star BAIgel d24E 5 Slojof drth =R Al o
dd AEE 7H ¢ don o] ARE AHoAY FAL F doh =dAA A
B2 2AQA AAC EAte Al e A8 tideln T4 Jles FE A
29 3t dE = el 2, A8 =&, AF B AR 7171 Sl ol
sFee17]. 2 Xﬂ/\lo}ﬁiﬁ‘r EZF AR Y] dEHE AEES AR @
BozHiE HolE HES sl AAE HED 5 Jdon A4S 7FEE 5 3
= LT ololgE 7HA AL IFUlo =z dAdFolof 3k

EZ IR RFAVEHI M AE JdEUAA =83 A= S o]
dHE 7] AT AR BAE S AE Aol 2dE o o, 84
A AR A BAE A E= 7V AR AT ¢ JuH17] 2kl sile
o, AREQEUle] Hulolzs $4l VS Zs TI7IE A 2 e, AR g5,
BE A 8l A Vlee 7 = Aok o] Hhlolas et AEE st
F7HR] A E el SRR HdEstE Tse FHsH, FAMeERE A
g uke 935S Ay 5= Aofl7] g 7lE Stk ol Fig 4& AME QIH
de] 71ed 71as vehd Zoltil7]

Physical world Information world
7 .
S,
R
Rl o i, v
Cﬂﬂn‘;pm(,atlo ; B o oo
D{f] natwoma D D -0 D gateway
» : @ @  physical thing
t;// 7 o D) @ virtual thing
Q‘, (4 C/__ _Dk S o I, B communication
_ [f’ o - = mapping
& <-g-» communication via gateway

<-b-» communication without gateway

<c-» direct communication

Fig. 4 Ab= U] 7l€d M
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2.6 LED Ao} Al

A221971$H B Yol M= LED Z=WAlo] Al28S IT 7|%3 LED =%}

[e)
o AFE T A7F ouA Aol @ AWNFY, VFA, Lelw AgA &F

o] FEEE TR WH o)y $FAS AR LA Bol A
ARPOE AFEE YL 1S5 B AzEskE A 2R09) olea A
=l

2.6.1 = Ao FA

18904t ) 9ol 7] 2L @ 23717 A8H7] ARAA T 1960
of SCRE o &8 AUt ofdma Yuish ARHuA zde] We zdsis
ARl 29 Aole] Azt Az Hgom, 197087t SolqUA Tm EEs)
of Tl weo] Az HUIL o] Alzjel HAIE 23 walo] 0~10[VDC] WA o
el QA o] WA ANSHN BAAAE obdm 1 2 Ao 4k 3

o= Q4EI St

fd
UM

AG7A 2 Aloje] A opde mgelA Aol UAL tEs of
AN 2 AoiRe 3 B4 B4 o] FRATGH WA =9 Alo] o}
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A= oz 1x= dadd 74 FA 71ee] o] AxEFHI JTH20l1

2.6.2 LED x=®Alo] A2H9] 7«3 78

LED =mAo] Al2=gl <bol] xohd =1 <lolle &4 W3l 5= S4E = d=

Z4F ALt - T S 7S WSk AlIRE 2 @7 wstel] mheh 2w Ao
E @ F da, Aol AlzEle) AlolEdelet A= Ad"E AClEdCl=
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2.7 HA Ao Al2H

2.71 HA °o]&9] M.
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B /122 S olgolm 1AM PFEY ¥ =UE W Adold
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welE JJEOR S PPIRAMNE 5T AAT T FF Ao

EAY S5 @AY T F9 shtolth. 21U HA wE S
A Aol 2ol o AA P4 Ax2A 5F AF Ao o=
st she A 0% Lbeld] X2 Uehln] o ade A=
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AAZE B HFHE(Crisp Set) A9k AAHTE X d4&E HE 0, BE of

sA7IE 548 4 D=2 2ddq.
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ARG AS A2 m¥sty, B UATY 3 A& 27 AXNZYF Ao &
5w olo] thik AFHMapping) S THST o] Fol AT

ié\—@liﬁuz(x) e [0,1] )
A= (z, ,u;l(x)I:cEX) 3
o Fig 62 2EIEH HJAH{Fe #AE Uehd A2 F FgAtol9
A&AEE & 5 o
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y A AY
'] a 1
C c‘ :
. b 4
d d \s_,_d"
1 14
[ ! o B =
1 b : b
0.5+ 0.5+ -
c 5
d d
0] 0]
@ 22T (b) HX|EE

Fig. 6 2583 AR 23
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a8y A&EHola 73 JHZ xdSHH AG)9 2ok
~ p ()
A= f 4 )
X
HA G At FRE, -, AT MY 71EAQ] A4to] dor
[23], wheF AA 73 xhel AR HE A, 4, A7 ARG &9, HAAG
of &, Y, A7 o= 2o
- Mglugz(x) =y (x) Vv M;Z(w) (6)
W ,uglmg?(x) TG (z) A M;Q(x) (7N
SR '“Zg(x)zl_/‘is(w) €))
HA o] ZNA wFHG AFREE T-normsol &= o233 72& A4kx7} ¢l
- =% F(Logical Product) : aAb = min(a,b) 9
<+ (Algebraic Product) : a+b (10)
- 3HA| ¥ Bounded Product) : a®b = max(a+b-1, 0) 1D
a, b=140d
- A4 F(Drastic Product) : aAb = {b, a=1Yu (12)
0, 7I€
H R o] ZA FHG | ALLEE T-conormsol & the3 e A4kAr Qlth
- =8 (Logical Sum) : aVb = max(a,b) (13)
Z3H(Algebraic Sum) : a+b = a+b-ab (14)
- 3AIBounded Sum) : a®b = min(a+b, 1) (15)
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a, b=04u
- AZA3}Drastic Sum) : aVb = {b, a=04u (16)
0, 7€}

o292 Fig. 7oA Fig. 9= HAHE A4 HA nydEd, HA FHE, H
A 4TS Wl tolojaB oz YeRdE Aol

e
g

v

Fig. 7 94 A% 4,9 4,9 4%

s
o

v

Fig. 8 12 A% 4,9 4,9 ¥9%
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4, Ay

v

Fig. 9 %2 A% 4,9 9%

2.13 HAFE

“Pol™ Qoltt” o} 22 ZHAHAE o] &3t o|FojX & FEoe, A9+
Z£(Modus ponens)$} th--FE(Modus Tollens)o] ATH24]. ©]&} e H|H = o
Ao tigk ALF2 9 OSFES AAGARZ A Zlo] dutstd AHF+

£(Generalized Modus Ponens : GMP) 2 <dutsl® of-$-3E(Generalized Modus
Tollens : GMP)o]tH25].

A7 e B =B AEE AnsE A9 F2H 2AR WA FE =
e 2A 2o Uteln MWAYE Bt AsE AGFEL T 2ol

(ﬁxﬂl)f’ﬁ@: "ifr is A then Yy 1S B

lly is B* n

oM Q& Tt Wolth eirle= P> Q R PE o83 A B
215 ¥ (Direct Method)#}, =A< QoA
A2ghe olgstel, pol Pl U@ Auid A @ L(P)& FEaL, L(P— Q)
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2 LP)E o183t Q9 AW L(Q)e TIFE, LQ)EF o3t Q=i
Q' Tak= AM(ndirect Method)o] Utk ollel it B =Rol4 A-§3}
+ 'Mamdani’s minimum fuzzy implication rule“<l 2| HHol tjste] Ao}

AP ANYY P> Q % Pro) Qv RAAMA o8 olRoiA T, 2

*

rr

rit
Q

* ok

Q" =P o (P—>Q) 17
2 FHAY. A7, 27094 P — Qo tE FA A a2 Mamdaniz} A ¢

P—Q=R; , (18)
£ g, Qo) 2% Bt
u;%( ) mix () A pg@) Az () (19)
=" @) A @)} Ay )
=w A p=(y)
W ow="" ) A pyle) 2 AN, e Prel POl O@ A¥Es

JehER, 48 Q'L Q9 ouT £ REL Wy Fo 2ok AL &
4 910, Fig. 102 o|2 Yeha gt

Fig. 10 Mamdani®] +&
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2.7.4 HA Aoj719 74
HAolg2 AT o] ge Aodo=y 2343} =4s IdE yed
T ATH26].

< HX| 72 Hol2>
Hlolgf toj~ M 7= Hoj~

H| = X|=}7|

o)

= X| 27|

o

T

99 Fig. 11& 712322l 3
3

HA Aejrlel FxE dEhin gor, HAFE
4o F8 FHol Bastn, olF “WA I-Thenit”
olebx e,

O3 22 279 FARoE #2948 1599 A& vesEAn
R':IF x is A, AND y is B,, THEN z is C, (20)
R®:IF x is Ay AND vy is By, THEN z is C, 2D

A7NNA - Ay, B, Ay By, C, Gy AA Aot E=F 4,4, C X,
B,B,CY, C,C,C ZoJth

212009 212D3 2 WA FA(Fuzzy Rule)d] ol A WA 72 A4
BEE ap, F WA 7FH AEAEE 2 AW o2 2(22)7 #ol

ay = g (@) App (o), an = py (@) A pg (yo) (22)
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Mamdani F&®lA i -HA HA 37 b9 2@3)F o] HoHATh

uq(W) = ozl-/\,uq(W) (23)

HAEAJA AE2OZAMY uo (W) thEe 29 2t

po(W) = Be NV b, = [a; A ,uCl(W)] V lay A ch(W)] (24)

ANN p(W)E AA Ao o= ALgs7] siMe Ao goz niy
2 sHDefuzzyfication)steiof sy, B =FENHE 225 22 FAFAY
(Center of Gravity Method)2 A}-&3}th.

ZMC

= 7“1 (25)

E NC(ZJ)

i=1
ol HAFE A& =2 Hoz EE Fig. 129} 2}

<TH1> 7 HB\

i

a1z

Y Y

Fig. 12 77 & #A
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AFAAL WA AEE ol g MFo HA Aols1E 4AY W 2
slob & FaAFE Ystd e Lok

- HAA 7)) ]} - EERFESR

A=

Aot o] FARAH - SHWHSFTE WA AAS T -
o~ =
T=

e
AR
'
-
il
1o

- 22} 71 ¥HKnowledge Base)2] A

Aojol a3 A& ANt Z THAY & o, o7& if-then
Aol FHow fde AWE wE A4 508 B3 thend Fuki w&
TAR So7 BEy:s HA Y (Fuzzy Implication 2 Ao F& S 7|&stE ¢

PR ol BE FEAAe A4 o8 S e Y

HAROE ARl ALgItolor @

3

4

lo

zy

o

K
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N

s}
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N

=h

D

&

il

oft

ol

ol
QT

T3] =8 & 7IWMe R ste FEHS FA3dd o Wi, Tsukamotod] ",
Takagi®} Sugenoe] WHo =z EJ/FE 4 ot Aol o3 FEH o= Zadehe

b Mamdanie] W, Larsene] W So] 9 tH301
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HAA g7t fF2Y, FA A, d5AH(Center of Sums Method), o) ™
2 FAHEFirst of Maxima Method), Hthx H+ WHMiddle of Maxima
Method or Mean of Maxima Method) S| 1tH31l.

ol#l o] Fig. 13 oA Hws thils WA Az i 72 9 A% 3
e e Aol

s

X, o Ry = Y
\ Ry

Fig. 13 thil5 72 A 25e) 255
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2.8 Modbus Z2&F

2.8.1 Modbus ZEEZ9] /fQ

Modbus ZE2EZ2 19793 uv|=9] REUFAA JigE o] 2527tA A Al
Ao DGAFA ] 2 FAATE AN g Bol ALEHI JE FA
T Stuolth. Z yWe ARATE R Yo ZREZS o]7|FNY Al
o QIEHo] 23] 93 ZEEIE VP 9 AMEEHI glown, AHESY)
A3, AFAoled AEEE A" g obER ko] dioly 2l Aof/zhA
°of BEAS & 29 & & A, 73] g7 wiEoltH32l

Modbust o 2407¢] 4SS ME AAT & Ut o8 SW, 59 &
52 243 oY AuEol HUHY MHE B4 JHE RIGES T 5
Atk Awiom AMolA A4 Aol dols nuz AusL o
A S@ss Fu BB

PASHA Modbus Z2EF o] £ S AelstdA ofgel 2o

S BAl ZREZE JEE A,

- EZREFo] QEAro|BE EFo|th

- AR 9} FA BT Bolsi

- Biteh9l =& 91 =(16Bits) @912 FH o] go]3Hri33]

2.8.2 Modbus Z2EZ9] AFYAHA F+=x

Modbus& OSI 77
E/Au et Z47] o

Fig. 14&= Modbuse] #H

Z $8Zo &3 maEFo|t) o] ZREFLS Filo]

T W2 e UEYAS dAd AFdul34l

22 Uehd Zo|t3s]

ol

L
)
o
[
—1,.1
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Physical Layer

Fig. 14 Modbus®] #HRFUA ol F=x

2.8.3 Modbus Z2EZ9| Eala}l AH]
Modbus= Master/Slave 718 Z2EZo|th, Algld B2l A= Master= AA
H Auvto] Slave® ARE 243 4 A+ §EA, Ethernet 44 = HES
349 ofH ==X FHE QAT £ U 8AAHRE ¢V 27 25 U}
Fotth AT, UlRE2] A9 Mastere= shynt Ex)gt)
HES G A28 EE =EE°
SolE B Fa Fulvte] od &

E 749w ootk BAA Fi

i 2.% Fi,
2 o
M Az
o
dfr 4y
2 F{r
N
N
b
N
|z
fru
4
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=2
4
2
e
i
I
b
[
=2

(

}

>
fo
o
o
_N'_r'
AC)
ol
N
=
olo
ol
rlo
f
=
D)
a2 50
rlr
o
t
r
=
2
S
&
fo
o
ol
f
2
rlr
ol

A 2F7FE AEs] AR Z=E 2FIH33]

Fig. 15&= Modbus Mastere} Slavezte] 243 & g Alo]EF F=xo #s] 4y
Bl A o] TH36].
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Query message from Master .

Device Address Device Address
Function Code Function Code
" Eight-Bit | | Eight-Bit —
— Data Bytes — — Data Bytes —
Error Check Error Check

. Response message from Slave

Fig. 15 Modbus Masters} Slavezte] 843 & gAlolE +=x

2.8.4 Modbus Z2EZ9o] xgQ o

Modbus &4l WESZY T/t 83 AR Aol whet o2 7HA] =z
Zwio] EA 3T} o] AL RS-232 EE= RS-485= Al&3l= Al#]d 3} Ethernets
ARg3t= TCPE U oA Rtk Modbus Al 212 ASCI<} RTUS F 7FA] A%
Y THe AL o HEYZgME 2L ZEd RS AHEs)oF g
o} ASCI R== EA7F #AdS 9 ®7]7} #HshH High Level LanguageZ®
273 Master PColl 233l RTU REE 7[AolZ =213 ¥ Master
PColl A sttt

9]

1Y

Ik
)
d

e

- M-S vlwstH RTU BT A= Holg7t shute] 8 Bit Binary
TAZ AEHAN ASCI 2EolA= g w471 4Bit® U oA A F 7HY &
A2 AEH7] Wl 287 Bkt 12y ASCI HolH = Y29 % /‘PJ‘“ﬂ
AoIA - Helsith =3 RTU Zedd £ HolEE d&2or A&
F3foF slARE ASCIH RE+= Fd oz =& Masters A 1x2 Time
Interval& & &3t}

Error Check= H$® WAA Z#HY HAFEE el AS=Z4 ASCI
2=+ LRC(Longitudinal Redundancy Check)e]™ RTU 2=+ CRC(Cyclical

d

-
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Redundancy Check)& ol|#]E A =Z3-cH37].
Modbus RTU =9l == th3t A B+ Table2e} 2t

Table 2 Modbus RTU Z# ¢ =9

ol & 4 o] (Bits) 7%
Start 28 # 4 3.5charactere] T PO =Z AlZ}
Address 8 Station Address
Function 8 Function CodeE YepRdTY.
Data n*8 Data + Zo]= /¥ w A A typeo| wet EetR T
CRC 16 Error A=
End 28 H 4 3.5charactere] e ZgJy} thS =Y Alo)

2.8.5 Modbus TCP

TCP/IP=(Transmission Control Protocol/Internet ProtocoD2] ¢FojZ A TCP=
As Ao} ZEEZ|A P UdHYl Z2EFot}. o] Z2EZEL I ALE
He JEU S A% AE ZEEFo|th o|dt ZEEFS AHE-Se] ModbusH
Bl Hgd o, dolHe F7F ARV JFEo| [Po] Fojx= TCPE HEH
L [P= HlolHE Aol Ao HFH38l

TCP/IP &2 =ZREZL 197080 = DoD(Department of Defence),
ARPANET(Advanced Research Project Agency’s NETwork)S 9l&l 7Rat= Sich
ARPANETS 98] A& o2 Packet-Switched Wide Area Network® tT]A}¢l

LANZGel A f8&3tA &&= ATt
4.20] Ry o 7 ¥ ojHt 1

A Z2EZS PHAT U EL I AHEEHJAT. CAD, Ax dAYogd ok
2~ 4.2 TCP/IPE Y EY Y ®F ZZEFE Y3

1983, TCPIP= U EZ} 9lE] YEYAS I3 #ALE ZT2ZEZ FZ0]
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o TCP/IP= ARPANET3 MILNET &ZoA AlLEst=E T2 EFo|f)
TCP/IP Z2EF HA] SO OSI(Open System Interconnection) =z mdo] F+
st /Y B4 ZEEES FxE TEojHTh

TCP/IPe] Y ES A AZ9 P AA7A 6708 HAE 7HA 1 ok A4 o
o] IEUle MH 45 AFESHa QT o] HAL JIEU F4E AR &
28 EFdte T4 FY Aoyt @A 32BitvhE AHEEThE Aol &
Ader AALHI Jot JAEUSY F&53 Ao = 32Bite= UE
BE AREAE AEgsrlde FEskA Xahr] WEolth =, F

a
€ 22 FEss AL o8 F A F4E ATsA Ao

AN

o

[ETF= WA 6olgte ME& WAl A7
HAste [Pvd= [Pv6E ICMPv4E ICMPv67E L
Rtk 1 FIPveE WA 4olA 32BIERAY FAE 128BitE st B /\P%XP
S 8L F A HAoH I FAE Dl HA 49 B2 dRES B

&k A TH391.

1) Modbus TCP9] T4

Modbus TCP+= TCP/IP Z2EZE 7Hlo g2 HAE 3t E A3t Modbus
ADU(Application Data Unit)E 4|3t} o] MBAP Header(Modbus Application
Protocol Header)ztx &t} o] 3|tdi= Moudbus RTU §8 Z=Z 13 ©o]E
Hlsll & 7}A] zpo]zdo] STt

A WAE Modbus AlTYE A dutd oz A8EE= Modbus Slave
Address® =+= MBAP 3|t 2] ©< Byte Unit IDE oA ®t}. Unit D= skt
9] P FAE A5l o8 =93 Modbus I = FUE AYsE= BEA,
$H L AlolEY o9} £ AXE F3 F4lst= © ALSHT

5 WA Z Modbus7} TCPE &3] AEE u, WAXZF AL 93 o4 3

Zlow REHUE FAATE WAAY AAE AT 5 UAEE MBAP
Headeroll F=7}2 <1 Aol AR 7} 2 5E oHA40]
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ol ¢] Fig. 16> Modbus RTUSt Modbus TCP9] =] =0l sl Yehd

Aol

=
-

-
-

ADU
[ Additonaladress | [IFinetion code ] [T Pata 1]

PDU

-
L

MODBUS TCP/IP ADU

ol
=}

F 3

PDU

Fig. 16 Modbus RTUS} Modbus TCP2] =& d+=

ool TE THL oleel

[o5

MBAP Header: 7Bytee] Zo]|Z 7}Aa glom

Table 33} #Zt}.
Table 3 MBAP Header =g =

o] & Z o] (bits) 7%
Transaction 1D 16 SEolIJAETT 7} 838 IfstA AdE
Protocol 1D 16 Client”} 24 3 2 Byte, 0 = Modbus Protocol
Length 16 ol wetes WAIA Y Byte 5 YERE
Unit [D 8 Al 3 dolyt e W 2o AZAH Slave 2

2.8.6 Modbus =2 EZ2] Function Code

9
2
g
o

I
)
v

%o

Ir
o
ol

n
o

Modbus Function Codes #A 2By Y
Modbusd| A= 4 714 719AAE 7R
Table 49} 2o gy o=z FHRE o ZHTtH4ll

of.
oft
o
N
Og(:,"
ol
X
o
o
o
won
ol
i
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Table 4 Modbus Function Code 2 7|93 4

Function | o4 8] 71/2~7]
7194 : HAolE .
code Bit4~ Thso B
1 Read Coils
Coil 5 Ibit Write Single Coil 8] 72 7]
i
15 Write Multiple Coils
Input Status 2 Read Discrete Inputs 1A e
Read Holding Registers
Holding . - & g.
_ 6 ) Write Single Register 81 71/227]
Resister 16bit : : :
16 Write Multiple Register
Input Resister 4 Read Input Registers Q7 H L

B AFol= Holding Resister?l 3®3t 1689 ZE=E o] &3l A|o7|E& F
AstH . Function Code 32 Reading Funcion®Z Modbus U E$ =/l t
£ Ynlolx= FE dHolHE W& Functionel ©A] 3] 16Bit Input
Functiono]t}. 1g] 1 Function Code 16¥-2 Writing Function©.2 Modbus HWE
T2l & Huto]~& HolBE & + U= Functione]l™ thAl 3] 16bit
Output Functione]t}. 33} 16" Function CodeE ©] 83t 2+ A|oj7]e] o]

HE % 54817 st B Aol A zwle] A 8o,

1) Read Holding Registers

Remote Deviceoll Holding Registere] #g Joje vzt & uw ALg3th &
2Byte® FAE lon, AFFAE 0ol ALy s A A3

Table 5 Read Holding Register & 8+ 3}l

72 )4 Bytes H o] &
Function code 1 Byte 0x03
A& F4 2 Byte 0x0000 ¥ OxFFFF
dY % 2 Byte 1585 125 (0x7D)
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Table 6 Read Holding Register Z# ¢ & 3|

B EA ol Byteg tlol ¥

Function code 1 Byte 0x03

Byte count 1 Byte 2 x N
Register #k N x 2 Byte

% N = dAZ=H A5

2) Write Multiple Registers

Remote Device©ll Holding Register®] #t< 2232k & o AF&-3koh F 2Byte
2 FAE Jom, Al

A3 aE 00y 53

=TT AT

e ALITH32]

Table 7 Write Multiple Register Z &< 27 37l

b RA i’ Bytes® tlol

Function code 1 Byte 0x10
A2 F4 2 Byte 0x0000 F¥ OxFFFF
Register %k 2 Byte 0x0000 ¥ 0x007B

Table 8 Write Multiple Register

[

49 ¢ 732
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R RA ¢ Bytes Tl o] E]
Function code 1 Byte 0x10
A& F4 2 Byte 0x0000 & OxFFFF
Register 4k 2 Byte 1 to 123 (0x7B)




A 3 & Modbus LED ZAA %Y Aol A2HS 74 L AA

= & W“ LED =" Alxglo] &AxEo] SHA 4 8 HAAE AA
ot A dudE 748 Z Ao AR AA, B »1%]3‘5} 4, LED A =H
A o] /\]iEéM T2, Modbus Address &4 2 Ao171¢ &2 Flow Chart® +
d¥o] A

3.1 HA &agFe 74

£ AToA vlolARZIAAZ YHYE G LT HE, 2T I
oty oA LE, $E TPT 2% ge HAALoR D =9
e =2 Eoh Fig 17:¢ B =EoA ol g5 AojAzHel tgHe &

=il

\ LED DiSplaM

Fig. 17 AlojAl~H9 B2%
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a8 B =7 FHAFEAA AR
Table 9%} Zt}.

Table 9 HA|F&

CR-TIE Ko =999 z%98 REG LEDZ3 9|
Aol Aol Ao Aol
o F&(VLT) | m$ A=(VLH) | @ o F8(VD) 3 #(VLO)
F=(LD A =(LH) o] F2(D) 2 2(LO)
w52 $HMT) B 5(MH) BEM BEMO)
o =(HT) & 3H(HH) Y=(B) 2HO)
w9~ o2(VHT) | wi-¢- 53HVHH) | =9 B3(VB) Z H(VHO)

3.2 HA W4 g<(Fuzzy Membership Function)

oA AN = Ao

B0 MAL B o5 g HoE mje =

(VLD), F=@LD), =MD, HHD), vl-$ He(VHDL] (R o2 YiFo] ¥
A Wy g-E AT A Wy g2 W= Figo 183 2t

1 ,A : ,
2 \ ]
° [}
g% /y ]
: 4 s
0.8 5 ¥ = ]

LAY 0.6 "'._ yj ) ]
E 0.4 7 ‘\ ,"
) \ ‘,
]
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10% o]t 4A&KE7F 1o|H 1574+ &&55E 7}
g of A9 20=CM HR 19 A5EE JHAH,
1550l A 255 Apololl A A
T e g e U : o
HA g = 05, e A w4y g 0.501H Urﬂ17<1 G52
A gy g 00tk

SOoE FEUHe] BE Aojis MAe Wik FE= ghe] WAE WS 2

Z(VLH), AZLH), REMH), F3HH), @ &$3HVHH| 53Eo= UF
SA WMy FEE FIRAT A4 W4 Fol Wl Fig 199 2o
1 \ A
\ e ‘2\ / \ ,I
! " (]
O N 8 \ f u\ / \ "l
R 0.6 : rrem/ — e A
& \ ] ‘ﬁl’ \/\’ H7X
L v 3 . -
£ 0.4 B = =5
\ —N s \ —-a¥%
0.2 b =, —--lesd
\ 1945,/ A%
0 T { ¥ \

Fig. 19 £=49 #A A4 3=
‘ufe-dz o] A 16[%] oletH &&= 1oH 0% AE a5EF Tt
A Yok AdzT Y AF 300%IA T 19 AEEE 7R 15[%] A
45[%] Apololl A AP o7 HIEHE A25EE VXA A
‘:‘r° o8 zxddgd A3 dojwis HA w2t F5 o HAE v o
VD), o1 FD), HEWM, ¥, ¢ BB 5EEo2 ol 34
““‘ﬂﬂd s g9t AA AWy o] Hel= Figo 203 2o
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1\ / \ III
0.8 N B
\ ii v/ \ ,’I
n 0.6 i'g \, 1 \':'
= \ i /.‘ A
L 0.4 : II - I" .\
\ ’l / \\ ;o\
0.2 ; N A
\l! / v \
0 i ‘ / Y \
40 80 120 160 200
X (Ix)

Fig. 20 2= 92 Aw4

°©
E=3

‘ol - o) F2 9 AS 25U} 0llx] ©l3tE AadET)
ZHAAL . R o] A 1200x] oA

] Olx] oA 200[x] AfefellA Hd@Hoz WHals=

A~ =
=SEs

o=

185l LED &9 #3 Aoy A4 w2k RGB LE

D

lo)m 80UxI7HAl =

sy

-

A& HANVLO), F=(L0), EHFMO), B+HO), HHVHO)E| 5FEo2 Lo

WA Wy F4E FFetAh WA A4 5o W9lE Fig 213 2k
1 \ :,c" !\ ,’
LR / \ )
&% / ll
0.8 \ 4 ;
: " \ /
n 0.6 L T —An
L UL \ :..l \ " ....... A K=
~ . ) \ ) =
= 0.4 P \ / =S
: \ . % \ ! oo
£ / B ' ! e
0.2 N =—=H
0 \"’ \
0 64 128 192 256
RGB LED &3

Fig. 21 LED =49 ¥ A W4 4
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9le] LED &9 #H# W4 45 vgoz 2299y 5= oY agx
Z%o| w& RCGB LED =¥H & A9t HE3I 2%, 5, 25 W3}
off ME Y& FE3AT A& £ 2=7F 10[TClolstYd wol= Table 19
AFE upep o] WrMe] ¢S 100[%]E Fo] nPANAS A AA B
S M EozA A Bes T & A FIen 2=71 10[C]
ooz St wol= wWhItAle] E¥ u|go] A ZEAM9 ZHnH|&o]
Z7FskAl =W 200C1Y o 100[%] &8s Z2tA 9ot =71 20[CJ-d 3o <1zt
o AL 7B E 22N £HS 100[%]2 Fol 4HES 3 EA 7| vt
ol Eeks & & JA stk 28 2571 20[Clol ez &b wo+=
ZEA] Z9 Hgo| A A F¥n|go] FrishAl =M 30[TCIY
 100[%] =9 ZHA "k 30[Cle] g @4 g =55 100[(%]=
Fol F2 dtso] AAEY WY AAFEHE F F UA ST Fig 22& 2
=¥ & RGB LED =3 ¥ ¢jolth

256 =
v g /
& \ /
\ 4 ‘\\ /
192 2 A /
L ,” \\‘ I,
E W —Red
D 128 £
/ AN ----Green
E //I \ /, \_\‘
- 64 a - - Blue
/’ \ Il )
I 4
0 S T i T \\ """"""""
10 15 20 25 30
2E(7C)
Fig. 22 2= ¢o| & RGB LED =¥ W9
SEel A9E Table 19) AFa wisk 2ol Liulolsiel Aza e 87
of F2 s ANV WA AFEHE /1L 5 QA Sele) 29
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filo

100[%]2 o] AgHoz BT 5 A st em F271 15[%lold o=

S dos g E9 Hlgo] sty 2EAY] FYH| o] FULEH

Hr FE7F 45[%]9 w 100[%] =3 ZHA "ok =71 45[%1- Sl Q17

Jﬂzﬁ}o 72 exo 87 nriE 229 288 100[%]E o]

*ﬁ“éa I EA7IAL whEol HE & 5 A sk 18al FE7F 450%]
Z

=
2 g2t dole 2549 &9 Bl&o] fasty WA E¥n|Eol

(

2
]o

ks |m T5%1Q W 100%) 2He 2 Bk 75%1e £8 GH el
o) 29 100612 o L7HAIA g2 % A e

& sk A oA
o Fig 23& %= ol ©2 RGB LED £ W ejolth

256

A /
\ ,, “'. /
/ \ /
‘.’ A ()
192 / 3 ’
/ L /
r/ \“ /
’,./ \\.‘ / Blue
128 A
Y B ----Green
l" a g
64 /. ¢ ! - - Red

15 30 45 60 75
&8x(%)

Bpomr

Fig. 23 %5980 w2 RGB LED =8 9

ﬁl]I

+ B719l w2t RGB LEDS] =3¢ ®SE o] yAl ZAsA
259 AT vl o F=(VD)Y W LED &35 100[%], o1F=D)<
< 75[%], 5(M¥ = LED &¥5 50(%], ¥r=B)<¥ o LED =9
mj-g- Br=(VB)Y W LED &< 0[%l= AA skt

25[%]

Red, Green, Bluee] LEDo] A=A ¢l wsls Agdoz B 4 9= 3

T A "9Hgs =9 A 7FA Ao] 4lolA "o I8l W] AAFI
el oM & Mo] & 4 9tk 12l $1e RGB LEDZH 95 v}
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o= T

9o 13h] FRoE ol gFH Y A4 AT 5
o

9lom A

b e

Red, Yellow, Green, Cyan, Blue, Magenta, Hot Pink, Orange, Lawn Green,

Spring Green, Sky Blue, Blue Violet, Forest Green®] ztzteo] ®H9j&= th&3 7

=3
Red Yellow | Green Cyan Blue | Magenta
=] =] 1= =9 =] =]
Red: 2O} Red:HE Red : T4 Red: 3TY Red: 3O Red:HE
Green : BT Green: 25 Green : O Green: 25 Green : T Green: H
Blue : §Tq Blue : 7§ Blue : Z{T§ Blue: BE Blue: 27T Blue: HE
Hot Lawn Spring Sky Blue Forest
Pink Orange | Green Green Blue Violet Green
== == == == == == ==
Red: 28 Red: 43 Red: =S Red: 2mY Red: =3 Red: ®3 Red: ™2
Green: ™2 Green: ™2 Green: 33 Green: 32 Green: ™2 Green: ™2 Green: HE
Blue: ®3 Blue : 1 Blue : 21 Blue: ™3 Blue: 33 Blue: 25 Blue: ™2

Fig. 24 LED o422 A4

3.3 ¥ A Ao} 73] (Fuzzy Control Rules)e] A3
9ol A W4y

=0

trE= Eole 12571A]Y Ao #FFe AR Sta
If-Then o= w3ty HA| F2& ot 125714 FHOZ UpFo] Ao
3FA T
- Rl . If 2% = ¢ F% and 5% = ¥ HAZX and = = g o] F&
then Red &% = Frj] and Green % = $+% and Blue % = Foj
-R2 :If £E = gjf F% and % = #f AF and EE = o7& then
Red &8 = B% and Green &9 = % and Blue % = E+%
- R3 . If 2% = gf¢ &% and 5% = 99 HZF and 2= = B-F then Red
=8 = BE and Green % = %+ and Blue 8 = 2F

- R4 If &5 = ¢ F2 and 5% = 9 FX and XE = B then Red
=8 = X2 and Green % = 5 and Blue 8 = F&
- RS If & = o &£ and 5% = B AFE and Ex = o B2 then

27
Red &8 = A and Green % = $+% and Blue % = 4/
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- R51  If £& = oj-¢ E% and 5% = EE and XX = #f-$ o] FE then
Red 49 = F0] and Green % = 4] and Blue % = g5

- R52 . If £% = gj-¢ 3% and 5% = BEFE and ZE = o]F% then Red &
& = B% and Green &% = B+ and Blue &% = %

- R53 :If &% = 0J-¢ &% and &% = BE and 5 = HE then Red %
= HE and Green % = HE and Blue 2% = %<

- Ry If £E = gfP F% and % = HE and E&= = B% then Red &
= &2 and Green =% = &% and Blue 9% = 35

- R55 (If £F = gl F5 and & = 2E and £= = 0% PS5 then Red
=8 = FA and Green % = F A and Blue 8 = 3+

- RI2I - If &% = off 0¥ and 5% = A+ &% and £E = off o7&
then Red &2 = Foj and Green % = Fof and Blue 8 = FHoj

- RIZ2 - If &% = g% O£ and X% = -5 5 and XX = of 7% then
Red 8 = B2 and Green &% = %+ and Blue % = B

- RI23 : If &% = g 0% and 5% = 97 58 and £&= = HEFE then
Red % = HE&E and Green % = 25 and Blue % = 2&

- RI24 : If &% = g 0% and % = 9% 5% and 2% = BS then
Red % = &% and Green % = I+ and Blue % = &%

- RIZ5 :If £& = gjf 0% and % = o7 5% and 2% = g% B&
then Red &8 = mj-% Z% and Green % = $+% and Blue g% = mj-% &

o

j=4
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of Wt MAstiiel] wel XA
S7F Z2AH A AoH13l

3.4 ¥]¥ %] sH(Defuzzification) 33

QoA AL AASE F=X= AR =
g F itk Y ER dAR AT’ AR
= AAF et R ES felA = oY R0l Jdoeu FE e 2 (26
I} o] FAFJH(Center of Gravity Method)©. =

i

e= (26)

FASAMES ol &st HIAASE | A3 ex= LED 43S 5242 + Ae
AA =9 grolth. &9 7kl AAFS Red, Yellow, Green, Cyan, Blue, Magenta,

HA
Hot Pink, Orange, Lawn Green, Spring Green, Sky Blue, Blue Violet®] €% 7}
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A dHog yrdonw 7ol ge LED 89 AA 3 o=z HA
o] opd Zelsm gtolojop AT} Aol e LEI) ul$ FeolA v T
g0 oz 742 Mo wgo] HE oA 71 £ Red, Green, Blue %9
2 Ad dglon S5 W dxoA we FFoE Zd4E Ao FAES 1

oA &2 32l Blue, Green, Red =02 I3 AT. ol & £ Red: HE,
<, Blue: 2So] 1}eA H% RGB A4to] 43121 Hot Pink AA4to] 1}
=

A B Zolt golA AFH L=k FE9 o kol wat A
.‘_f-_

3.5 Modbus LED A= Ao] A|A"He 7%

Modbus LED ZAdzw Ao Alx=ge Modbus TCPEAIH FA YEHZ
3738 xA3sl7] $9% Modbus TCP Ethernet W E 2=} Wireless AP, Modbus
TCP LED A|o}7]. 18]l o] Ethernet YER Z= &5 AEHUIEH A2 A 4
EQa FA89Y oY AHoAE JIHNDH dd=o dud dHo = A
o7} 7hsskAl Hot

TR FAARRIE X EVbs g Xl /A BAS & F AeE AP F
Al 7]4ke] RS-485 41?1 Modbus RTU F4l®o] T4 = o] Qlth. RS-485 4l
< ZAY TAld Adeta wolzol ¥t S-S 7HA AL Tk RS-4859] A}

= ghe 9 W3 LED &9
Z

=
Roew z+ LED Aloj7]efA whe &
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TAEo ot olgle] Fig. 25+ Modbus LED ZHA Z=w Ao Al~Ele] FAE&
e Aol

Modbus Based LED Emotional Lighting System

Main Control
Touch Panel

Modbus TCP Ethernet Network Modbus TCP Ethernet Network

Modbus Wireless
Gateway AP

o
..f:"l' Fuzzy
Inference
System

Modbus RTU(RS-485)

Fig. 25 Modbus LED ZHA = Ao} Al 2®le] 74

3.6 Modbus Address &%

2.8.64do| A AAZ A} o] Holding Resisterel 33 16 IZE=E o]
sto] Alojr]e] =& Sk Th Holding Resistere] Address & Azt
40001 A F-8 49999714 o] A Aol 154 & 2Byte(16Bi)e] =715 7FXIth
AR Address®] @3- MCUS Adsol wet 233k ddo] Hasin 2 Ao
= Modbus RTU Aloj7] 949-S 40001 A 2E] 40038H A 7kA]  A&38l 1

Modbus TCP Aolr] F9E 401001HAFEH  40138HA| 71X AR5 T
Modbus RTU A|o]7] Address A& W82 Table 103 zZ+°m™ Modbus TCP Al

flo op
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o]7] Address AF& &2 olg Table 113 2t} 40001H A FE 40138 A

AME-5FA] ke Address:= Spare 4ol =M

=

=

5 2o wet F7b 2 AA

7} 3t
Table 10 Modbus RTU LED #|o]”] Address &% Table

Fi /1= H 2 dg/29
40001 1 LED Red =8 Set 0 ~ 255

40002 1 LED Green =% Set 0 ~ 255

40003 1 LED Blue &% Set 0 ~ 255

40004 2 LED Red &3 Set 0 ~ 255 A
40005 2¥ LED Green =39 Set 0 ~ 255

40006 2 LED Blue =% Set 0 ~ 255

40007 #|o]7] Remote .= Set 0~4

40021 Az Red & =9 A 0 ~ 255

40022 4z Green #r =9 AH 0 ~ 255

40023 4z Blue 3t =9 AH 0~ 255

40031 A o17] Fuzzy/Manual 7€l 0:Fuzzy, 1:Manual =9
40034 HAA 2% AEI(C) 0~ 130

40035 A S5 (%) 0 ~ 100

40036 A 2= FEjdx) 0 ~ 360

Table 11 Modbus TCP LED A|¢~] Address &% Table

Fi /1= H 2 dg/E9
40101 LED Red =% Set 0 ~ 255

40102 LED Green &9 Set 0 ~ 255 o1
40103 LED Blue 9 Set 0 ~ 255 s
40107 A o17] Remote &= Set 0~4

40121 4z Red 3t =9 JH 0 ~ 255

40122 Az Green & =9 g 0 ~ 255

40123 4z Blue 3 =9 AH 0 ~ 255

40131 A o17] Fuzzy/Manual “3El 0:Fuzzy, 1:Manual ==
40134 A4 2% FE(C) 0 ~ 130

40135 HA F5 JEf(%) 0 ~ 100

40136 HA 25 FeEjdx) 0 ~ 360
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3.7 Alo171¢ &2 Flow Chart

3.7.1 Modbus RTU Al¢1719] =& Flow Chart

Modbus RTU ¥ TCP Aloj7| Ao %W EE=, Manual 25 2 Ad-z <l
F2to] SystemAE Flow ChartZ Yel$lem Flow Chart:= Fig. 26~273
2.

LED #4zm A" FAdzw REREg ojyzt dxo=z A7)
On/Off @ =t W7ol 753l Manual R=2 %% A Modbus B41& %3

RGB LED Z}Zte] 218 &8 & doJ=2 FHo] 7MsshA A= At
L

ol

Touch Panel2 =E LED A7]E 44 AT 4 u}. =3+ Modbus TCP
A dsle v} AZ3sle RemoteAlolE & 4 o o7 QAU A

4 Aol Ethernet HIEZ G99 o] o] BioAqE A7t 7hssit

O] a=a=
| | o] Ak
Check Modbus =
Slave Address & Azl 71=
Baud Rate <>
= 7|
3 ===
BESWis Manual
Local or I Hajo 52
Remote 7=
Check
40001,3 Address
Red Value
!
Check
40002,4 Address
Green Value
Check
— 40003,6 Address
Blue Value
HX|F=E0| & Modbus Z+of|
LED == ojE LED =4
Fig. 26 Modbus RTU A|o{7]2] A28 Z2 AHE
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Check Modbus
Wi-Fi ID & PW,
1P Address

BLC SWis
Local or
Remote

Fuzzy

Manual

-10UL

Check
40101 Address
Red Value

1

Check
40102 Address
Green Value

Check
40103 Address
Blue Value

HX|FE0 2e Modbus 20
LED == W2 1FD =2

Fig. 27 Modbus TCP A|o]7]e] Al2Hl &2 XIE
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Al 4 & Modbus LED 7+ =" Ao AlxHe 7@

41 Nz"9 st=do] 74 & 4A

4.1.1 Modbus RTU A|o}7]1¢] st=do| T4

Modbus RTU A|ojR o] st=go] 742 d8ulsed 25, 5, 259
Qg e Hi= AR} o] Ay =@ AXE F = MCUR, A Ax} Fhe
=95 #d3r] 913 LED Alo] -, Modbus RTU Devicesg# B4l & &+
A she AR, 4% A % RE A @ 5 3le A8, 2200VAC] A9
< 12[VDCJe] LED =& E Aloj7ldl dde +58 & A ¥Hes Fc
SMPS, 12[VDCle] He& Alof7]el A-8-7hs 7k SIVDCIZ ¥ sjF= HdF=

F4o] Hof gt

( Modbus RTU LED Controller System Block Diagram m

‘I | RGB LED I

RGB LED

| LED HHEE |

sus u~?/
— J

-
\ [ Modbus Devices ] /

Fig. 28 Modbus RTU LED #|o}7] A|2®l &5 tho]o] 17
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4.1.2 Modbus RTU A o]71¢] AA

D MCU ¥ 2E&F4 ARZR

Modbus RTU A|lojr =9] MCU= H3Y HIAEZEA F23 ALY 8Bit Z=2A
A1Q1 CUBLOC CB280RH-& AF&3lth o] ZZA|A = o] <o H Hy=
21S Adsted A=A 7 7het EAS 7HA A o ZEA YR =2

A A= ATmelAte] ATmegal28S o] &3k AlFolth B AFoA s ol Ao
o83 TR P om ZZA A ALES Table 12¢} 2t

il

Table 12 CUBLOC CB280 A%F

Processor CUBLOC CB280
Microprocessor - Atmegal28 @ 18.432Mhz
Program Memory (Flash) | - 80KB
Data Memory (RAM) - 2KB(BASIC) + 1KB(Ladder Logic)
EEPROM - 4KB EEPROM

Program Speed ~36,000 instructions/sec

General Purpose 1/0 49 T/O lines (5V TTL) (input/output configurable)

. - 2 High-speed hardware-indepeodent serial ports
Serial Ports for

Communication .
- Configurable Baud rates: 2400bps to 230,400 bps

(Channel 0: RS232C 12V. Channel 1: RS232C 12V & TTL 5V)

Analog Inputs 8 Channel 10-bit ADCs

6 Channel 16-bit PWMs (DACs)

Analog Outputs .
Configurable Frequency: 35hz to 1.5Mhz

External Interrupts - 4 Channels
High Speed Counters - 2 Channel 32-bit Counters (up to 2Mhz)
Power - 5V, 40mA (ports unloaded)

RTC (Real Time Clock) | - No

1 User Configurable Timer
Configurable Interval Units = 10ms

Timers

Data Memory Back-up | - None

Operating Temperature | - 40C to 120C

Package - 64-Pin Module

Size - 14" x 1"W x 0.4°H (35 x 25.4 x 11 mm)
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T AlAoA Eo]ev AYs ADCE &3l 10Bit H=A
g gteg W sty A ZEAA Z A S PWM =902 vhEoy
o] RGB LED &2 Z A4S = Red, Green, Blued ®l&& =H3g =2
MCU+= 618 PWMS X322 RGBY 270 923 RGB LED 2a1d-S
A4S 4 JA Ha E o] MCUE 16Bit PWM &3 o] 7Ms3sh =29
HYge =R RGB AAfAeF 22 kel 0~255 8Bit PWM ¥ o8 AHA
ste] A3l T 18] MCUARAo A Modbus RTU Z2EZ-E A Y3slr] o
ol A& Z2ag9o] 7Hssiden 1719 Agld PortE o] &3] Modbus %
Alo] 71s3l=E A=A 2 15Point InputS Dip S/Weol| dZ23sle] ne&EA A
sst=% 3ttt

o
N
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= AlAFEe} ol & Agsty d4kS F3s= MCU
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4.1.4 Modbus TCP A|o1719] Z+ B 3z} 7%

D MCU ¥ 2E&F4 ARZR
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4.1.6 Modbus Modbus Alo|Ege]le] Z+ Ho Fx9} 7|5

D MCU ¥ 2E&F4 ARFR

Modbus Ale]Efe]e] MCU= <lEH(ATmeDAMY] 8Bit ZZ A4l ATmega
1284PR &S AL&3}3T o] ZEA A= Clock Speedt 20[MHz] 71A] o)
7bsst B Ao A= 18.4320IMHz]E Clock SpeedE Aol A A& A
oty 1 olff= AlEld T4l Al 0[%]e] Error&< Rolr] wjiEolt} oo
Table 13-& ATmegal284P2] Clock Speed®¥ Al&]d EAl oz} €& Ve Ao
=3

Table 13 ATmegal284P2] Clock Speed® Al2]d F4l o2& Table

Baud fosc=16.0000MHz fosc=18.4320MHz fosc = 20.0000 MHz

Rate | U2Xn=0 U2Xn=1 U2Xn=0 U2Xn=1 U2Xn=0 U2Xn=1

(bps) | UBRR | Error | UBRR | Emor | UBRR | Emror | UBRR | Eror | UBRR | Emor | UBRR | Error

2400 416 | 010% | 832 | 000% | 479 | 000% | 99 | 000% | 520 | 000% | 1041 | 0.00%

4800 207 | 020% | 416 | 010% | 239 | 000% | 479 | 000% | 259 | 020% | 520 | 0.00%

9600 103 | 020% | 207 | 020% | 119 | 0.00% | 239 | 000% | 129 | 020% | 259 | 0.20%

144k 68 060% | 138 | 010% | 79 0.00% | 159 | 0.00% 8 | 020% | 173 | -0.20%

19.2k ol 020% | 103 | 0.20% 99 000% | 119 | 0.00% 64 020% | 129 | 0.20%

28.8k A | 080% | 68 0.60% 39 0.00% 79 0.00% 42 0.90% 8 | -0.20%

38.4k VA 0.20% 5l 0.20% 29 0.00% 29 0.00% 2 | -140% 0.20%

2

57.6k 16 2.10% H | 080% | 19 0.00% 39 0.00% 21 | -140% | 42 0.90%

76.8k 12 | 020% | 25 | 0.20% 14 | 0.00% 29 0.00% 15 170% 32 | -140%
115.% 8 -350% | 16 2.10% 9 0.00% 19 0.00% 10 | -140% | 21 | -140%
230.4k 3 8.50% 8 -350% | 4 0.00% 9 0.00% 4 8.50% 10 | -140%
250k 3 0.00% 7 0.00% 4 -7.80% 8 2.40% 4 0.00% 9 0.00%
0.5M 1 0.00% 3 0.00% - - 4 -7.80% - - 4 0.00%
™ 0 0.00% 1 0.00% - - - - - - - -
Max. 1Mbps 2Mbps 1.152Mbps 2.304Mbps 1.25Mbps 2.5 Mbps

T2 3 MCUAA ol A Modbus E4lo] 715822 44 2 Inputs Dip S/Wol
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Fig. 47 ATmegal284P 3|2 %
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4.2.5 Touch Panel9] A=}
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5.5.1 =" AA£Hle 5Bt

Table 14= 2] 99 25, % 2 25949 S A49s)

Uehd Aotk A9 Alz=ERl PCYINEe] #HA] A&

Modbus RTU % TCP Aloj7] % 43 &
1ol o

=
Table 145 E3] HA 72 Alo] kel & tisr =4

Table 14 ¥9]9] 25, %, =Yg g LED ¢4

Ak
A A
<=[T] FE[%] Z & [Ix]

30 50 75 R:17, G:83.6, B:100
15 38 142! R:64, G:162, B:31
22 67 130 R:35.3, Gi51.4, B:9.8
8 15 572 R:118.4, G:0, B:118.4
21 71 18 R:111, G:132, B:13
36 90 49 R:120.8, G:0, B:120.8
14 21 94 R:51, G:51, B:68.2
25 45 65 R:0, G:162, B:b54
12 36 180 R:6.5, G:7.2, B:2.4
32 47 128 R:4, G:54, B:57.6
15 30 66 R:53.6, G:107.2, B:53.6
5 10 25 R:128, G:0, B:128
31 17 119 R:0, G:4.6, B:125.6
18 37 15 R:26, G:197, B:34
39 19 142 R:0, G:6.2, B:86.6
10 32 48 R:121.6, G:69.4, B:53.2
23 41 84 R:0, G:145.7, B:40.6
17 33 55 R:35.3, G:151.3, B:46.2
16 16 16 R:51, G:81, B:124

9 61 70 R:160, G:48.8, B:0
21 14 21 R:0, G:115, B:141
13 72 87 R:144.8, G:36.7, B:0O
33 11 108 R:0, G:0, B:147.2
20 45 138 R:0, G:99.2, B:O

7 77 7 R:256, G:0, B:0
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5.5.2 Modbus TCP A|o]71¢] ¥7]o mE HAF{ &

%

A ZE AoJA2He HA FEo7 2%o wlgl RGB LED &8 o4& x43}
A A} g, 25 = %_“3%—3— RGB LED #-& &9 slE2E BIZ83 9y
2HIE HAsleto] |z Hito] s stes AAEHIIT. 1Ry o] &9 &Y
HEl7E AA AU A] Ao m oA =R RIS f13] TCP Aloj7]ol HEHA
gxg WEerE dZ23a Remote ModeZ Red, Green, Blue 12|31 37FA19]
& %ol Z¥3 White ghs WAst] AA PWM DutyHl &< 0%l A 1000%]
7HA 10[%18 #h< S7HAA AR/ W3t ES SAHSATH

ol#j ] Table 15% TCP A|o]7]2] PWM DutyH] & wW3lol] w2 HFo wWslz
< U Zolt

Table 15 TCP A|o]7]¢] PWM Duty®]-& WH3lo] w2 HFo Wil

Color .
Duty Red Green Blue White
100% 18.0 mA 19.6 mA 25 mA 50.0 mA
90% 17.2 mA 18.9 mA 23.8 mA 47.3 mA
80% 16.4 mA 17.9 mA 22.6 mA 44.5 mA
70% 15.5 mA 16.9 mA 21.3 mA 41.7 mA
60% 15.0 mA 15.9 mA 19.9 mA 38.7 mA
50% 14.0 mA 14.9 mA 18.4 mA 35.7 mA
40% 13.0 mA 13.8 mA 16.8 mA 32.2 mA
30% 11.9 mA 12.6 mA 15.0 mA 28.1 mA
20% 10.8 mA 11.2 mA 13.2 mA 23.3 mA
10% 9.4 mA 9.6 mA 10.8 mA 17.5 mA
0% 7.8 mA 7.8 mA 7.8 mA 7.8 mA

f1¢] Table 15 A7/ WHIFS 2H==2 Yebd I == Fig 763 2o

Collection @ kmou



55
White 50
45
40
35
30
Blue 25
Green \ 20
Red \
\ \ 15
5
‘ 0
100 90 80 70 60 50 40 30 20 10 O

PWM Duty H| 2 (%)

3 r2

(>3 )1 m

Fig. 76 TCP Alo{7]2] PWM DutyH]-& ®W3s}lol] mE HF{o W3} I8 =

Table 159} Fig. 76°] A3} 33} o] PWMe] Duty ¥l&o] WHZ wojct A
ol ol ZAaTS FAT F don o Ax} groz s LED 28 Ao
= YA AES T F UdSS gAg & JAY. 183 DutyvlEo] 0[%]Y

M

CU 2 A2 2% A5 = tjrldg ol

Fig. 77 TCP #l°j7]2] PWM DutyH] & W3lo] m& d754 45

Collection @ kmou



5.5.3 ZFAZW AoJA2H e HmEA & uF

5.5.14d 9] Fig. 67~69°] =9 @2 2k A4 8 PWM =9 &
ojth. AAZ 9 4¥e Ue ghol WE RGB LED 22te| &9
% % 907] W] RGB LED 349 2ol tfd ¥4 A4 A4S 3
S5 4 gtk 23 HAAClS Autalele pHEY Az s g
A7) g8l AuAlole] pAxY Aae FAs] Mmsch AuAlole 2t
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