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Abstract The Modbus protocol is the most widely used protocol for connecting multiple slave control units (SCUs)
in the master control unit. However, the Modbus protocol does not identify which SCU response message corresponds
to the service request message. Therefore, when using the Modbus protocol, one service request message can be
transmitted after processing the previous message. In this paper, we propose a Modbus application protocol with an
index code and a service code to solve the problem. As a result of experimentation, it is possible to transmit the
next service request message without processing the previous service request message. And when a communications
error occurs, it is possible to identify what type of error occurred using an error detection algorithm. Also, with
simultaneous multiple service requests, the proposed protocol can improve processing time by about 66.2%, compared
to the original Modbus protocol.
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el dWtdoz AgEeE ZZEZZH  AddressSt Table 1> Modbus ZZEF| A 4 ]¥ Function &
Function 5= WA1x| EE o] §3te] shte] B4 8 =F vehhs A0, 7 Function MTE ol &3]
A& B8 o7 SCUES Uidt AMu|=E Mg 4 ¢l SCUES HH H5 % Al ¥38& #3985 ArH9].
o} Egh SCUC AFd wWAA o] digk S5 wAIX|7}
F EAS] wiZol 8 HAIAE B8l A2 84 Table 1. Function Code Definition
A AR AR AU 4 Sl B T [ s
2ok HA A= 243 A~ 5l %
.j_Eib]— SCU’] ‘}ﬂ ]X] R “L 1 ]—_Oﬂ EH?‘% jq Read Discrete Inputs 02
2 A3} ke Wkgksly] Wil ojwW EFHo] Au|A Q. Read Coils 01
Write Single Coil 05
=] S Oulo]x /\hﬂitﬂ— [e3] X =
doll ot 14 TSI whe MCU S Write Multiple Coils OF
A ma g A4 Al o] AH) s 2% WAAE A Read Input Register 04
3]_31 3HDL ﬂﬂ /\] ;(] ;q ﬂﬂ' oaw _f,y_ Oﬂ % Eﬂ /\] 7(] =23 Rea}d Hﬁ)ldmg Reglsters 03
j Write Single Register 06
g T 9}1%5} Write Multiple Registers 10
Hwn Oﬂ }\1_“:_ Olﬁj 7 X‘ﬂxﬁ] < 7H A 3}7] -?43}] o}] 31 b Read/Write Multiple Registers 17
B B B Mask Write Register 16
A A B S5 HAA Ol g A o] golatar AH] 2~ Read FIFO queue 18
Ae] H2F PP F AT 7]E Modbus ZREZS Read File recode 14
- = g o o Write File recode 15
= Ay A =
Oﬂ Index 5{_59} Service =& F7 ]'Tﬂ' oo LEEE Read Exception status 07
S AAE o1& F33H T Diagnostic 08 00-18,20
Get Com event counter 0B
Get Com Event Log 0C
Report Server ID 11
- = A Read device Identification 2B
2, J|:I'E|_1 S A|_| 7 |E Encapsulate Interface Transport 2B 13,14
CAN Open General Reference 2B
2.1 Modbus ZZEE E§7 U 7|5
OFE sSCU AAES 94 F s #Esd 2.2 Modbus 88 ZEEE
Modbus ZREZE A AAA 02 e Hygsof AR Modbus ZZEZ SCU Az ANA Algahe ]
w3 e Aest ZREZ] spRA, RS-232/422/485  wa] gie] #x|~H %kv‘l 27 oM, scuel 4
9 Ethernet UlHlo] 25 A&t} 8 PC, PLC, DCS,  HE ZSapAL) Ao)2 483t 4= 9l7] uﬂfoﬂ !
HML 7157, 59 78E &9 7171 % =7F 78 8 =qkg o] 881 Modbus ZEEF] U S Heks)
7Rk AAdS 3Efshs SCADA Al=dlel AREH AL 9le 918 U SCU Az Alel e M= 243 & Modbus
H[5-7], A% WA o ZE ASCI =9 RUT BE7F 9L S8 ZRESS F7l2 A5a|= )
t}. Fig. 12 Modbus ZTRZEZS] WA LS Llehd
‘jf[s] 1) Protocol Format
S.tar't Address | Command Data Check Sum l?nd
Char Char
1) Ascii Mode
STX ~ 0o . . . Sum CRLF
Start | Address | Function Data LRC End 0x02 1799 |Reference of Command Addr to Data | OxOD Ox0A
2 cha
1char| 2char 2char | 0upto2x252char(s) | 2char )C:R L}I 2) Command List
Command Descrip tion
2) RTU Mode RSD D-Register Continuous Read
Start | Address | Function Data LRC End RRD D-Register Random Read
- " WsD D-Register Continuous Write
3.5char 8 bits 2 bits M x 8 bits 16 bits 3 ',c_h,:' WRD D-Register Random Write
Fig. 1. Send message Format of Modbus Protocol | AMI ‘ Information of Controller
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Fig. 2. Modbus application protocol example
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Fig. 2% SCU Alx4A o)A #|F3t= Modbus §-&
Z2EZY 42 Yelle AOZ[10-11], thi-Ee
Modbus &8 ZZEFL AIZHEAL} & A A 49
S}l Function ZES t2l3te] EAFE R Q1AE = 9]
%% 3} Command Z=E5 HE= A|lFsta )
2L} o435 SCU9 S miAARte 2 ofw AH|~
240 tist SEIA AEE 5= gl A& M)~

24l o Az} ofgi.

3128 Z2EZ A

2 =FolA AteheE LTREEFL 7|E Modbus 2
E39] T 719 BEF 71590 Index mEE F7b
stol, F41 4ol 502 A% ol 45 % Aul 8y
WAAE dsdez ASE 4 YES sgon,

1) Master -> Slave : Request Protocol

Index |Service |Function| Start | Register . CRC 16

Address (PR S Code | Addr | Count (Check bit)

o 1 2 4 5 7 9 n n+2

2) Slave -> Master : Response Protocol

Read
Index | Service |Functi CRC16
Address | "CF [PErVIee runetion | gy | Read Data Count (N)*2 .

code | code Code Count (Check bit)

a 1 2 4 5 6 n n+2

3) Slave -> Master : Error Protocol

Index | Service Function Exception| CRC16
Address code | code Code Code | (Check bit)
(+80H)

o 1 2 4 5 6 g

Fig. 3. Proposed Protocol Format
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Table 2. Index Code Definition Table

Index Send Message Kind of Send Time

No £ Receive Tick Count
0 Message #0 1 500
Message #1 1 700
2 Message #2 1 800
255 Message #255 1 5000
0 Message #256 0 5100
n | Message #idx [ 1 [ 6000

glo]Eol|A] Index No #+-> % v|A[A]9] Index 3
=5 YehlH, 0~2557k4 Loop HEIZ A 3] o
& B0, A WA AEE mAAE 05 Ak 1 vk
AgEE HAAE o] " A wAIA ] Index ZE Fholl

AR & A o R Fojgit) |, ol HA|
2)9] Index ZE7} 25591 A% 1 v ﬂ%— HA]A] €]
Index FE=+E 022 AAs}o] WAA] A4S Index =7}
FEEA GrE )

Kind of Receive @52 M5 wAIX]o tdt *JelA
BE Uehfs Ao, -1 (1] AF), 0 (A% A/ 1] &
G AE), 1 (3H €8), 2 (1 38) 59 o= 49
39101, Send Time Tick Count:= % A&l &7
Al2=81¢] Tick Counts AA3lo] ZEH WAIA 7} dnf
Zol n] &ut AMgolVlE =4 ].% ) ].%3].0}1:]-.

—_

o =
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*Define List

- CUR_RECEIVE_STEP : Last Receive Index (Initialize value = 0)

- _ERR_TIME_OUT_ : Send Message Timeout define (default : 1000msec)
- GET_Kind_of_Receive() : Kind of Receive Value (in Table)

- GET_TimeElapsed() : Measurement of elapsed time (unit : msec)
*Return Value : Error is greater than or equal to 0, No error is -1

Sub Get_ErrorSearch() as INTEGER
INTEGER i IndexCode = 0
FOR | = (CUR_RECEIVE_STEP + 256) TO (CUR_RECEIVE_STEP + 1) STEP -1
i IndexCode = | MOD 256
IF GET_Kind_of_Receive(ilndexCode) = 0 THEN
IF GET_TimeElapsed(ilndexCode) > _ERR_TIME_OUT_THEN
RETURN i IndexCode
END IF
ELSE IF GET_Kind_of Receive(ilndexCode) = 2 THEN
RETURN i IndexCode + 256
END IF
NEXT |
RETRUN -1
End Sub

Fig. 4. Error Search Algorithm

Fig. 4% Table 2¢] Index Code 2] H|o]&
& A oYy A daElgel gk g A
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2 ICDTA AHEZ o]ste] FAl o
o} B4l ole] A A ol H e} $HA
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MainFrame.cpp W] Event & = dlellA A

HAIZ= 7} SCU A Fe2dl W3, SCU
g FY oA E o] Pl wet wAA
3 s sk “ﬂ/\]ﬂg A5

SCUIA &Eg mAA
Threadoﬂ*ﬂ HAIA] v‘f—

53 3 EVENT
MainFrame.cppll %fﬁdr. MainFrame.cpp 12
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FRE HD & T, AT Aulz 2o wt alE G
S AASAY AEE o]&F F gtk

4. N Y 2

FY2E o] B A58 7)E Modbus ZEEZI A9 TR E
T S SFS SCU Ag] Fds M= = o A g HlakAa] 98 89 [ A ARSE
2EZ ¥Ud g2 W3 ARE Ui dEE 5 = 1 Ay 29 Ane 9 84S B A4S
A gHsw AT B2 2oz A% A4 AAsgoE, @ MouSl d%He Ans 23
& Tl 5531, o]F S5 wAAE A FH@2 W scu9 Az Fgel g via A, @ SCU FA Q) A
9] Send Thread®ll ]3] SCUR HMIAAIE AFatA €y w2z Az og] = B4l 5 sk ool oigt A4
_¢ EVENT I

; ;{ecewe "ata“ U Process Class i i Communication Class }

! | MainFrame.Cpp [P ! ! !

' : : :Sel ! ErrarSearch !

1 I T 1 Process 1

! i iy Process Class #1 || i i

i E E :GEt i External I/F ™ 1

i i i \Set i Method M Message G—Et» Send  |Write !

E ' < : W Pop Q Clear| Thread Communi i

! ! ',| Process Class#2 | ! ! N ) !

: i i 'Get i 4 cation '

i Application E E i E GeticDT Info L e m ICDT Device i

| | | ! ' | Property X !

! i P N Data i

i ! ', Process Class #n | iSet |: Etc Recive :

i NI(”\.J. . %endD t:EI iGet i Push| Thread |Read E

1| Application |1 ! ! ! !

Fig. 5. Communication Class Diagram
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SCU#3

S——

'f—/“?: [777] Kisan 6014, =F
; SMC Pressure - 1G5A
—_
Vacuum MCU

IR

A )

‘ Tube Loader ‘ | Tube Test ‘

)
/
‘ Despenso/ |

Autonics
SCU#1 TK Serial

Fig. 6. Experimental environment & configuration

Al*ﬂ‘ %L*é 2, 5CU % l

A A e, Al dele

ARREE ZTYE Alol7] Sor FAEh 4 SCus
Table 33} 7o) F42 AHslo] AL AdsAT}

Table 3. SCU Information in Vacuum Blood Equipment

SCU Address Usage explanation
Temperature 01 Temp Control & Monitoring
Pressure 02 Vacuum pressure control.

Inverter 03 Air volume & speed Control

fu

At TZEZ A Index ZEE MCU 2§
IRelA A= 9 wAA] AE Al SA Fef uiR
oA Ao ’27‘33}39\2”51, o AgeA] A"
Service =5 Table 49} o] Aosle] A3& &3}
Ak

= |d

Table 4. Service code list

Sve code Description Svc code Description
00 Read PV 03 Read vacuum
01 Read SV 04 Set the Vacuum
02 Set the SV 05 Read air speed

06 Set the air speed

HAIX] H|w &

|X= A2elA AAgE sCue] & HAIA

|2~ 23 WAR] ol 3t Solx] AulEt 5=
8ro13}7] 98] Modbus Z2EZ 2 A|ek

ZREZAM offeh 2 AUe|eE et A&

Step 1: Alo] €% A4 FHSV) 50.0% 44
Step 2: A4 2% ZHSV) Read &7
Step 3: AA 2% ZHPV) Read &7

Fig. 72 Zg]9lo] #]:$1 COM ANALYZER Z271
S o] g3te] 9 Aot 2 TAR AP 5
3 shHolt).,

Fig. 7914 A~CE Modbus ZZEZS o] &3 A%
HARE YehRaL, D~F& Agket Z2EFo) A% v
AAE YEl= 2o, ASt D= SV A4 24 w4
A, B9} E&= SV Read &% WAIA|, C} Fi= PV 3
Read 8% WAIAE omgit), B3 (D~Q)& A~ColA]
e ﬂMX] of thgk S HAIAE e, @D~6&
D~FollA ek wa=]e] tigh &5 mAAE UEidliE
Ao ZZEF WAIX Wl Je|Z BF5HH Table 5
o} 2t}

Fig. 7. Experiment Screen by COM ANALYZER
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Table 5. Classification of response message

No.|Addr| 1dx | sve | Fun | | 0| SO ek
@ | o1 06 0039 014 59d0
@ | o1 04 | 02 01f4 b927
® | o1 04 | 02 019 78e2
@ | o1 | 00| 02| 06 0039 014 d83f
® | o1 | 01] 01|04 02 014 9736
® | 01 | 02] 00| 04 02 Olef eace

Table 5914 @ &% A4 39l SV Read 873 1|
Al Aol 3k S5 WA]X] ZA], Read ValueZ} 01f40] =
2 4A & A4 Fhe] 50.0=E YERH, @2 &9
A #k2] PV Read 874 WAA|] gt $d HAIA =
2] Read Value”} 01924 &A] &% Fto] 50555
BTk @9 @ WAIAIE 2 An]2 82 WA o
oF Zhhs YERAL 9lo] of" AH|2 8 Aol o

ok helA] Ade 4= gk

Je AN ZREZAE Y 23 g &
o ARl ®9F @A Service = 7} F74Ee
g}, Table 45 x3le] T WAIX|7} ofH AH|2= &

R =
o H

ol g SEAA AET 5 USITh

ofl2{ 2 Al Hlm &
2 —‘—Erxé SCUNA )7} 2AE 49 A7
© 2 Table 63}

Eis e I S A

.

Table 6. Experiment sequence and conditions

Contents Explanation

1) Read of current vacuum value
2) Read of current temp value
3) Read of current vacuum value
4) Read of current temp value

Sequence of
experiment

1) Send message interval: 100 ms
2) Time out value: 1000 ms
3) Error SCU address: #2

Conditions of
experiment

Fig. 82 SCU®IA oflg]7} &A% 7$-¢) MCU 3

olt},

647

Communication History
(1) Modbus Protocol

0.030] [MCU -> S#2] Send Data : 02 04 00 8200 01 91 d1

1.080 No Response Data : 02 04 00 82 00 01 91 d1
1.080 Send Data : 01 04 03 €8 00 01 b1 ba

1.170 Read Data : 01 04 02 00 fa 39 73

1.170 Send Data : 02 04 00 82 00 01 91 d1

2.224 No Response Data : 02 04 00 82 00 01 91 d1
2.224 Send Data : 01 04 03 e8 00 01 b1 ba

2.304 Read Data : 01 04 02 00 f5 79 77

(2) Proposed Protocol

0.020 Send Data : 02 00 03 04 00 82 00 01 51 c9
0.121 Send Data : 01 01 00 04 03 e8 00 01 21 77
0.210 Read Data : 01 01 00 04 02 00 ff ea al

0.230 Send Data : 02 02 03 04 00 82 00 01 72 09
0.370 Send Data : 01 03 00 04 03 e8 00 01 02 b7
0.460 Read Data : 01 03 00 04 02 00 f5 6b 44

No Response Data : 02 00 03 04 00 82 00 01 51
No Response Data : 02 02 03 04 00 82 00 01 72

TEST STOP || Test #1 || Test #2 || Test #3

Fig. 8. Experiment Screen in case of SCU error

1.030
|[1.230

Total Send Count = 4

Clear PGM Exit

Fig. 8914 @ 7]¥ Modbus ZZEF9l| A= Vacuum
7l 24 F 1 g4 oert ¢ 1x U°ﬂ WAL
o] ok WAL AEHE AS G0 5 ek 17
U @ A9k ZR2EZ) M= Vacuum a471 240 o
& SHES 7IvEA ¥ o "131-’10 PV $71 &
7 WAL AEE L, o] ¢ Vacuum 2}7]
A g 1 3H A7t H“ﬁﬁ}% < 0T 4

ALk o= Alghet ZREZAE o|n| HFH of] A
vz 9 wA|Ael A3l Fig. 49 oy #34 daugs

& o]g3te ollg] o] ThestnR WA HEe Al
719 FHo] gl Aol E the A= 24 mAA
& AFE & A7) wielrh

4.4 HE HAIX] M2|A[ZE Hl2 He

w A A A ARt B3 PO 2 Table 73}
2ol AA 2% F 9171 1000 msec 144, AF gk 9
71% 60 msec {HE, QAHMEL] Air speed $17]% 500
msec {PACR 5% B A2 23 WAAE HEst
L& Iradls Agdstel st

Table 7. Experiment conditions

Service message Send interval

Read the PV 1000 msec
Read the Vacuum Value 60 msec
Read the Air Speed 500 msec
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Communication History

*

.750] [MCU -> S#3] Send Data

[0.090] [MCU -> $#2] Send Data :
[0.170] [$#2 -> MCU] Read Data :
[0.170] [MCU -> 5#2] Send Data :
[0.250] [5#2 -> MCU] Read Data :

.670] [MCU -> S#2] Send Data :
.750] [S#2 -> MCU] Read Data :

.830] [MCU -> S#2] Send Data :

(0.
(0.
(0.
Eg.s:m] [5#3 -> MCU] Read Data :
[0.920] [S#2 -> MCU] Read Data :

[8.351] [MCU -> $#2] Send Data :
[8.431] [S#2 -> MCU] Read Data :
[8.431] [MCU -> S#1] Send Data :
[8.511] [S#1 -> MCU] Read Data :
[8.521] [MCU -> $#3] Send Data :
[8.601] [S#3 -> MCU] Read Data :

0204 00820001 91d1
02 04 020001 3cfo
02 04 00820001 91 d1
0204 02ffecbd 4d

02 04 00 82 00 01 91 d1
02 04 02 ff ec bd 4d
:03040004000171e9
03 04 02 00 02 40 7
0204 00820001 91 d1
02 04 02 00 14 fd 3f

02 04 00 82 00 01 91 d1
02 04 02 00 14 fd 3f
01 04 03 e8 00 01 bl ba
01 04 02 00 fffA 70
03 04 00 04 00 01 71 e9
03 04 02 00 09 00 f6

v

[0.100] [MCU -> 5#2] Send Data :
[0.160] [MCU -> $#2] Send Data :
[0.190] [5#2 -> MCU] Read Data :
[0.220] [MCU -> 5#2] Send Data :

.540) [MCU

.550) [S#2 -> MCU] Read Data :
.560) [MCU -> 5#2] Send Data :

.620) [MCU -> 5#2] Send Data :
.630) [5#3 -> MCU] Read Data :

[5.020] [5#2 -> MCU] Read Data :
[5.040] [MCU -> S#1] Send Data
[5.070] [MCU -> S#3] Send Data
[5.100] [$#2 -> MCU] Read Data :
[5.130] [S#1 -> MCU] Read Data :
[5.160] [S#3 -> MCU] Read Data :

-> 5#3] Send Data :

[o.
(0.
[0.
{ulsoo] [5#2 -> MCU] Read Data :
0
[o.

Total Send Count = 98

Unit : sec
) Test Count Modbus Proposed
o niction Hetory Protocol Protocol
02 00 03 04 00 82 00 01 51 €9
02 01 03 04 00 82 00 01 41 09 1 8.601 5.160
02 00 03 04 02 00 01 1d f0
02 02 03 04 00 82 00 01 72 09 2 8581 5.150
3 8,601 5.160
03 0815 04 00 04 00 01 f8 43
02 06 03 04 02 00 14 dc 59 4 8.600 5160
02 09 03 04 00 82 00 01 ¢8 ¢9
02070304 02ffecod fa > 8542 5181
02 0a 03 04 00 82 00 01 fb c9 6 8610 5211
03 08 05 04 02 00 0a ¢5 bf
7 8534 5170
02 5e 03 04 02 ff ec 91 33 8 8.601 5.150
01 60 00 04 03 e8 00 01 51 bl
03 61 05 04 00 04 00 01 01 4c 9 8638 5171
02 5f 03 04 02 00 14 d0 90
01 60 00 04 02 00 ff e2 d0 10 6.563 5.151
03 61 05 04 02 00 09 8¢ 87 AVG 8.589 5166
Total Send Count = 98 66.2%

(A) Test Screen in Modbus Protocol

Fig. 9. Processing Time Result

Fig. 9% tha9] $A4 Mul2 84 AR A4
Al A AZF dos YeE F2®, (A)E Modbus
ZZEZ AN AY A HS YE o, (B)E A

(B) Test Screen in Proposed Protocol

(C) Test Result

=
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[s}
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& HEstart A AR dE & S WAIA Hrt R g

AP F 1030l AA] Wk HAFS sto] Fi Ay AEjelA the Al 24 wiAR] Y o] 7HsEae
AZHE 3 Fig. 99] (O)« 28 Z2¥E Yehle A ) ofz] WA Al Index ZE= U Service TE=E o]-&38}

©Z Modbus ZEEZ A& Al HiF

8.589 sec’t 28 E Y om Aotet TRES ALE Al H
T Ag] Al7HE 5166 sec7t AQE 0] Aok3F TR ES
AR Aok 66.2% A SR BFEHASS T2l

t}. o]+ Modbus ZEREZFHo|A = J

L

L
o, %2

! ojul MH| 24 W
o1 5= Qi) 3 U] FAIH AMn]
2 Q% WAIA] AE KAkl e Aol M= 7]E
Modbus TRZEZ R} ¢k 66.2%9] A Alzte] 4d
A& A5

rN
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