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[Abstract]

Communication between system modules is applied using the Modbus protocol in industrial sites including
smart factories, industrial drones, building energy management systems, PLCs, ships, trains, and airplanes.
The existing Modbus was used for serial communication, but the recent Modbus protocol is used for TCP/IP
communication.The Modbus protocol supports RTU, TCP and ASCII, and implements and uses protocols in
embedded systems. However, the transmission I/O devices for RTU, TCP, and ASCII-based protocols may
differ. For example, RTU and ASCII communications transmit on a serial-based communication protocol,
but in some cases, Ethernet TCP/IP transmission is required. In particular, since the C language (object-oriented)
is used in embedded systems, the complexity of source code related to I/O registers increases. In this study,
we designed software that can logically separate I/O functions from embedded devices, and designed the
execution logic of each instance requiring I/O processing through a delegate class instance with Modbus RTU,
TCP, and ASCII protocol generation. We designed and experimented with software that can separate

communication I/O processing and logical execution logic for each instance.
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I. Introduction

A4AE A @™ (Fourth Industrial Revolution, 4IR)
=AY FAVI=(CT)Y] g8z o|fodl 9 AlHE
Zerth. 18 A7 271 4G &1 o]% Ul Yimiz ZQgt AF
4 Aldiolt}. o] 9] SHA2 QIFAlE, 2EESY, A=
AEH, FRI 28 2HEQ F571, 9 AF5A]), 38
Q] U 7]t 22 60 ZolollA Mz 7]s d4lo]
tH1]. AFE91EY(Internet of Things,ols}t 10T) 2+&
Abzoll AIMeE B4V 5= W stol QIEfSlo] AEshk=
7e2A 7, FA BAE S5 2 AleE 89Sk 7
== Uii(2]. &Zofle ATTEHEZ|S] AN HEYZ
£ 5ol d&5X o= HolHE At A HHolHE
ZEshl . olE 50 B89 wAl £7] B A4kl
o] 273 =2 AAtol Bagt TPARYT 5 AR g
B4 Ao ZEE 1 QA 7R SEEAS A2
£ 5ot sIRR|T & Zofl= £AH BlHolE & &&5to
vt e a4 dAo] 7HssH| E ]t AutE
2oflA 7|9 Zgu|et QIEjHo]A St FHE pAIShHE
71g0] Wart €olu, FAPA RFEapgulo]
PLC(Programmable Logic Controller), HMI(Human
Machine Interface)?} &2 AR E1 9o} ARA A
OEHER] ek A AR FAJ0laL, =U] AlEAA
=& AUEZER] R0 A=Aolct. 7]ES] PLC %
HMIe 22 7]7]0]lA HlojElE 243517] SlsliM= B4l 7]
20| sialolt}. FZofA= W2 PLC % HMIFH|ofA] o]
Hulsil AulE Z&sto] HojE 242 sl 9l o]y
N SAIE7} gl oA+ RS232 E+= RS485A]2]Y
$AL02 PLOAY] 9 HMIZ e doleis 47sha Sk
9E 4lo] 7R5e PLCY HMIgu): AQEZLRE S
9l Modbus T2 &Z-2 AJ¥sk QITH3.

TN 27 7= HolEag 2 A2jolA o]l
22 A D B4 AR 2 RE B4l QEHo| AT a5t 7]
22 A FA Y 2 =rode s HEnRER
Modbus T2 EZL2 7]&02 Modbus Z2EZ F249]
ASCII, RTU, TCP9Q] QlEjHjo|AS 2% &8 J1=5}al 1/0
£ =2Rlog 2] 7hset AmEolE AARI5].
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II. Preliminaries
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Fig. 1. Procedural Programming
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Fig. 2. Object-Oriented Programming

1. Modbus Protocol definition and LRC, CRC
implementation

Modbus L2 EZ2 UAE-&20|8 FAl YAIS AL
&5t mof & mof WAlog FAlRHY. Fig. 32 URAH
oF gefloj8 7 97 Bl 3T AtolZolt}. DrAHE &7
ojuo] Julilgo] Faet 7|5AE, HolH, CRCE A&
sto] SeflojlBr BE SES T, Sofol8e Yl ARl
Af5Aaft 7153 E, HolE], CRC 32 UFAEA S5
FozH ol glol sAlo] Ur EQlt= S SAIRIE

Query message from Master ‘

Device Address

Device Address

Function Code Function Code

" Eight-Bit |
— DataBytes —]

| Eight-Bit |
— DataBytes —|

Error Check Error Check

. Response message from Slave

Fig. 3. Master—Slave Query—Response Cycle
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Modbus 418 7|24 02 ASCIIZE, RTU REZ A|
Yotal QIoH6]. ASCII 2.=0] ARQF2 ofef| Table 1} 2.

Table 1. Modbus ASCII Specification
. Hexadecimal, ASCII characters 0-9, A-F
Coding - - :
System: One hexadecimal character contained in each
ASCII character of the message
1 start bit
Bits per 7 data bits, least significant bit sent first
Byte: 1 bit for even/odd parity: no bit for no parity
1 stop bit if parity is used; 2 bits if no parity
Err'cg?efgleck Longitudinal Redundancy Check (LRC)

ASCII 2 E= Data bite 7bitE AR5kl Q)11 Parity
4744l Even/Odd ParityE AFEZ 4+ Qlct. HJo]E{9] 1
2= ASCII characters 0-9, A-F o]1 16Xl42 WHEH
Al 0x30~0x3A, 0x41~0x460] =ct Q0% Za} "Heg
LRC7H AFE 2 9lr}. RE Weo] Zhe Tjst & 20
4% F/5P19t 5tel LRC ZAte] et i

unsigned short LRC(char *puchMsg, int size)
{ |
unsigned char uchLRC = 0;

while(size--)
{

uchLRC += *puchMsg++;
}

return ((unsigned char))(-(uchLRC));

Fig. 4. LRC Generation Function

Fig. 49} Zro] LRC A4 &4+ 7} gloje] "o FE
sto] 7 tslr] A4t Sof 29] H4E FotH A5 Auel
LRC Aito] das]y 1 Ans ¥
O] AFZ o2l Table 29} Zth

Table 2. Modbus RTU Specification

8-bit binary, hexadecimal 0-9, A-F

Coding Two hexadecimal characters contained
System: in each
8-bit field of the message
1 start bit
8 data bits, least significant bit sent
first

Bits per Byte: 1 bit for even/odd parity;
no bit for no parity
1 stop bit if parity is used;

2 bits if no parity

Error Check

Field: Cyclical Redundancy Check (CRC)

RTUREX 8bit Binary=
Even/0dd ParityS ARSI
9, A-Fo]1 16X142 0x00~0xFFo|t}. @&
CRC7} AREE] 1L, CRCAYE2 ofgfle} 22 FAME Tt
CRCAYY Axhs o5t 2t

O 16 B|E HX|AHF FFFF 16514 (25

L3ttt o7 CRCR|AEZ}AL Sttt

@ 16H|E CRC HX|AE{Q] 519] "lo]EZ} mte TA]

A1 A WA 88]E vlo]EE A|Q|5tAL CRC 2A]
AE o] AutE JHsit
® CRC AAHE QEZCR H|E o] 5(LSBYFe
2)5kal MSBE 022 A2t} LSBE F&5to] 1914
0QUA] AAE 4ottt LSB7F 091 4%, 38A(HHE
AIZLE)S Ykttt LSB7F 191 4%, oAl 2t ACO1
16%14x(1010 0000 0000 0001)9] CRCH|R]AH HlE}
oJAl 23siCt
@ 8H19] H|Eol3 H4to] 88d wirhA] 3TAIe} 4
Alg SHEETh Af}do] et HA 8H|E g Hio]
EJ} A2

® HAIR|Y T3 8HIE gt vlo]Eo] Hjsl| 2~5TAIE
YHEshl R Hio]EVE A2jd mirbA] o] Alde
A& o83ttt

® CRCHR|IAEQ] £F Aab= CRC ot}

@ CRCE ol 71 & Al ofzff A}t Zo] CRC
O] /J5h vlo]EQ} slgt HIO|EQ] YRS w2hsfof
gk,

AMESEAL Parity A7
dlol8] ¥el= 16514 0-
AArEEE

12)2 2

RTURCE =g 72051 Fig. 59t Zrh

unsigned short CRC16(char *puchMsg,int size)

{

int register i;

unsigned short crc, flag:

crc = Oxffff;

uint8_t usDatalen = size - 2

while (usDatalen--)

{
crc "= *puchMsg++;
for (i = 0; i<8; i++)
{
flag = crc & 0x0001:
crc >>=1;
if (flag) crc ~= 0xA001:
}
}
return crc.

Fig. 5. CRC Generation Function
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Modbus ASCII®] 3|9} 142 J2] Fig. 6t ZHoH4].
START ADDRESS FUNCTION DATA LRC END
CHECK
1 CHAR 2 CHARS 2 CHARS nCHARS 2 CHARS 2 CHARS
B GRLF

Fig. 6. ASCIl Message Frame

Modbus ASCII B.EojAje o] AJALS Pej 2ap
2 7 ofA7] BxfR AIRIE|L, ‘CRLFAMgste] meg)
of 2g Ualn mIY Mio| FRUCL Fig. 4o
ADDRESSE  Zelol2 717] %48 o] sn
FUNCTIONS ®H3(7]53ZE) ‘CR'LF 2 A43to 24
A4 F2S AU

RTU 2#9 2 ASCI Beet SUstel, Tx] Alstat 2
2 Qef AP} g, AR Leat FRUTL ASCH 9o
CF27] STARTS} ENDO| AIZbRto| S Zof AlRfat 28 7
B3ttt Fig. 79] A|AF H823} £5 BH0] T1-T2-T3-T4
o] ojoji RTU R0 AA] Fg Atz 72st
i, 54 35719 BA} 7702 ARt o] PR,

START ADDRESS FUNCTION DATA CRC END
CHECK

T1-T2-T3-T4 8BITS 8BITS nx8BITS 16 BITS T1-T2-T3-T4

Fig. 7. RTU Message Frame

Modbus TCP/IPZ2 EZ2 7]&0] ASCI, RTU Z&
EZ vlustd A4 QF A ZQ) BEIF EAY SH]
orv mgol ok¥o] MBAP Header’} %7} EQich
MBAP Header?] HEx Fig. 81} o] AJo=ici6].

Fields Length | Description - Client Server

Transaction 2 Bytes | Identification of a Initialized by the | Recopied by the

Identifier MODBUS Request / client server from the
Response transaction. received

request

Protocol Identifier 2 Bytes | 0 = MODBUS protocol | Initialized by the | Recopied by the
client server from the
received
request

Length 2 Bytes | Number of following Initialized by the | Initialized by

bytes client ( request) [ the server (
Response)

Unit Identifier 1 Byte | Identification of a Initialized by the | Recopied by the
remote slave client server from the
connected on a serial received
line or on other buses. request

Fig. 8. MBAP Header Fields

@ T2EZ AEA} - A28 YR PESA0) ALS
=uUc} Modbus T2 EF2 ZF 002 AlHHC)
@ Zol] - Zo] TE= A AEAL % Hojy TES

mgelol thg Weof vlo]E Aol

@ XA AR} - o] WEL AJAE] Y2
ARgEITH dubdlo g olfyl TCP-IP UEY =
oF mewA Al o) Afo]e] Ao]EH0lE Fl
DEdA+EE REMAAE o4 SoHet FA
she o ARgEICh o] WEL QAN REWA 2
2folAEo] ofsf HET Aefe] SHoA FAr
Aoz HRHT6].

oY g%

Fig. 9. Modbus TCP/IP Frame

Modbus ASCII, RTU, TCPZ 2 E-Z9] Function Code

+ Fig. 103} Zo] ofet{9].

Commonly used public function codes
Code Hex Function Type
01 01 Read Coils
02 02 He?d Dfs:rete IppuLs Single Bit Access
05 05 Write Single Coil
15 OF Write Multiple Coils
03 03 Read Holding Registers
04 04 Read Input Register
06 | 06 | WriteSingle Register Dats
16 10 Write Multiple Registers 16 bit Access BcESS
22 16 Mask Write Register
23 17 Read/Write Multiple Registers
24 18 Read FIFO queue
20 14 Read File Record
File record access
il 15 Write File Recore
07 07 Read Exception Status
08 08 Diagnostic
11 0B Get Com event counter Diagnostics
12 oC Get Com Event Log
17 11 Report Server ID

Fig. 10. Modbus Function Codes

7I5RE0le 37119 WAt Qi
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6& #ﬂPﬂi wAlgh stal BAshe Aew
IM2771RI Q0L AREAT A0 e A9j]ict,

@ AFGAL o] FE - 65~72 E 100~1109] 9] Uo
A AREAE Y 715 ZES AR

® ojofd 715 FE - d¥ SAfoA AAA] AlEof
AEED] 3802 ARES & glrH6l.
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2. Class designed using builder pattern

Modbus ASCII, RTU, TCPEE EZ-2 34 7]919] o]
2 3t AP Al B/do] SUIeith 53] Eellof Aol

e 7190} Qlojrt 22 ARRE|E 2 FAI/OTH g4
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o] BAst} & =3oA+= Modbus =2 EF ACCSII,
RTU, TCP 37| 7|52 2&sto] SU EAI/O Maj7t
THSSHL A] BAE JHESksks CALQ Tl 7]vto] Sa
A2 AABIACE 22 FEE AR 2 A
1 iRfelmEle Uy wEie usiel AAstsicy.
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“to.littie{int bi 15) it ~le_Iittie{int bilg):rt +m_adr(m_adr. uins vcid
L ~to_alg(int bitts] int ~fe.biglint biti)in: «Huention_codetfunc codecuint 6
+iniar: char'pvoid +iitar: haryvoid Joil )
+mad adr ud 0l em_adrmadr: vt oid sttt tyoid
+lieniion code(fonc codeuintte t hication codefnc codeunt1 +velueftaluevinti {yeid
il ) Joid o eucntonCRCOR RC
sarssaduntls old vadressadruint i il
+alue(valueuint1e t )void walte(valueintc t jvoid “shonfp plcid
o orlrrmmlmv:/«comc war ot fucnton CRCOR LRC
Jwoid
oxhw[fpu]wd +showffp plvoid
it <stnets
modbus asci frame modbus tep frame
sstationtd.! Trnsaction_|ent {ier tuinti6_t
il uinth_t Hrit_Identiery ntB_t
HFunction_oode-uinte_t Protocel_ldentiFler uint1e_t
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Fig. 11. Class Architecture

Modbus_Builder Z¢fjA= Modbus_director} T2
E3 W48 U2 UEHolA Y48 MG 7 nRE
22 Aol s -

Modbus_Ascii,Modbus_tcp,Modbus_rtu=

Modbus_Builder?] QIE{H|o]A 7gojo] w2} 1edskal
Modbus_directorof 29JsfA] AjojEict.

III. The Proposed Scheme

MODBUS RTU
+3 =3

MODBUS TCP MODBUS ACSII

3 23]

1EI UART |0 X2| 1E|

o =t ES

Fig. 12. System Implemented

Fig. 125 ¥ =20] 215 7ok 7} JAEIA of
O} /OA?] RH3 SARESS Aot SRAL

RISt S ALEE Folel 24 Slaeirol
77 24 2 524 2

typedef unsigned short(*Error_Check)
(unsigned char =*arg, int size);
class modbus_builder

{

public:

virtual void init(char* arr) {}

virtual void m_adr(u/nt8_t m_adr){}
virtual void fucntion_code

(uint16_t func_code)=0;

virtual void address(uint76_t adr)=0;
virtual void value(uint16_t value)=0:

virtual void check_sum
(Error_Check fucntion)=0;

virtual void send()=0;

Fig. 13. Modbus_Builder Interface Class

QIEjH|o] A BuildergaiA+ Fig. 131} o] 7ot
2 AojEr}. Modbus T2 EZ0] 7]} mole] %0
aje} whEA] WA 2w 7)E @4 71719 FaM ad),
7% I E(Function_code), WR22]FA(Address), 4
(Value), 25 ZAAHCheck_sum), Hjo|E{A£&(Send) &+
o] Aol AF Alstct.
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typedef void (*fp)(unsigned char Data); class modbus_ascii : public modbus_bulider
class modbus_rtu : public modbus_bulider {
{ private:
private: modbus_ascii_frame frame;
unsigned char buffer[REQUEST_LEN]; unsigned char buffer[REQUEST_LEN];
char *buffer_; char *buffer_;
char size_len; char size_len;
fp p: fp p:
public: int to_little(int bit16);
void init(char* arr); int to_big(int bit16);
void m_adr(uint8_t m_adr); public:
void fucntion_code(uint16_t func_code): void init(char* arr);
void adress(uint1é_t adr); void m_adr(uint8_t m_adr);
void value(uint16_t value); void fucntion_code(uint76_t func_code);
void check_sum(Error_Check fucntion): void adress(uint1é_t adr);
void register_io_func(fp p): void value(uint16_t value);
void send(); void check_sum(Error_Check fucntion);
b void register_io_func(fp p);
void send();
Fig. 14. Modbus_rtu Class 1
Fig. 1421 Modbus._rtu Classgl Az Fig. 16. Modbus_ascii Class

Modbus_Builder Class ¢IE{®jo]A FEo]il Tep, ASCII
o] MA Zgar =AUs A=) typdef void
(+fp)(unsigned char Data); 5= 3 QIE Q] UFH0|
H &4l [/O A2 Hlo|E T9l 2 Hlo[HE SAlge= uf
NSz ByteX|2] 71t 45 S5 A9 stk

Fig. 169] Register_io_func(fpp)= Byte TJH}O|A
I/0 g iOlE1§ U742 2ha Send()§H49] 55
Alof] T7iiaE 555]0fRl [/0 g AlRAZI o= A
doleiE A,

class modbus_bulider;

class modbus_tcp : public modbus_bulider class modbus_director
{ {

private: private:

modbus_tcp_frame frame; modbus_bulider *builder;

unsigned char buffer[REQUEST_LEN]; public:

char *buffer_; explicit modbus_director

char size_len; (modbus_bulider *builder);

fp p; void protocol_construct

int to_little(int bit16); (uint8_t m_adr,uint16_t function_code,

int to_big(int bit16); uint16_t adr, uint1é_t value,

public: Error_Check check_sum);

void init(char* arr); void send_protocol():

void m_adr(uint8_t m_adr); b

XZ:: ;ljjcrr:slz(rl/_/;(t)?:_(;”g;i)é_t func_code Fig. 17. Modbus_director Class

void value(uint16_t value);

void check_sum(Error_Check fucntion); Fig. 1791 Modbus_Director®] QIAEIA XA A]oj

id sond Builder QARLAS] 548 Aol A 554 7]
b 3}%]31, Protocol_construct $tpojjds O7fHSZ 7]

Fig. 15. Modbus_tcp Class

Fig. 159 2ejae TCP=e|le Afelel] wjgo]
to_little, to_big 347} Z7tElo] Al28l9} op|El|o]
T} Qcier wisto] THSES sioirt

719 Fk, VsE, BEFA, 2 ATHY FLE
o Fa e wol AstEd. AFdo=
Send_Protocol()gt4-8 s&s5t0] Yot T2eZS X

Stk
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modbus_rtu rtu = modbus_rtu():
rtu.init(nullptr);
rtu.register_io_func(UART_Putchar);
modbus_director dir = modbus_director(&rtu);
dir.protocol_construct(1,1, 20, 300, CRC16):
dir.send_protocol():

modbus_tcp tcp = modbus_tcp():
tep.init(nullptr);
tcp.register_io_func(UART_Putchar):
modbus_director dir = modbus_director(&tcp):
dir.protocol_construct(1,1, 20, 300, nullptr):
dir.send_protocol():

modbus_ascii ascii = modbus_ascii();
ascii.init(nullptr);
ascii.register_io_func(UART_Putchar);
modbus_director dir = modbus_director(&ascii);
dir.protocol_construct(1,1, 20, 300, LRC):
dir.send_protocol():

Fig. 18. Using Modbus_rtu

Fig. 189} gfo] & A
RTUS| AE- oflojct.

=04 Modbus TCP, ASCII,

r

A MM

modbus_rtu rtu = modbus_rtu(); //Q1A 3

rtu.init(nullptr); //Z7|3}k
rtu.reg|ster_|o_func(UART_Putchar),‘//IO%E,F—’,\—E?_IE1
modbus_director dir = modbus_director(&rtu);
[IZHA ALHA

dir.protocol_construct(1,1, 20, 300, CRC16):
//Z¥ 1,71 53 51,2 420,50|E{300
dir.send_protocol(); //Z2ZEEX&

Fig. 19. Using Instance In Main Thread
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IV. Experiment
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L_
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ARgstol MCU
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Received Data: Receive 12 characters
/o0 o0 oo 0o 8@ 86 81 81 68 14 o1 2C

Clear

Fig. 20. Modbus_RTU Hex Frame.

Rx Format |HEX hd

Fig. 202 Fig. 154 A 9K Modbus rtu 438 Zx}
oict. =¥l, 7|5FE1, 5420, Hlo]E3000.2 AR}
R385t Modbus_RTU Hex Frameg X453t}

RX

Received Data: Receive 12 characters
(o0 0P 00 00 8B 86 81 01 BB 14 @1 2C

Clear

Fig. 21.

Rx Format |HEX >

Modbus_TCP Hex Frame.

Fig. 212 Fig. 179] & W& Modbus Tcp 423§ Z1to]
ok QIRIZ 7]53E 1, 4 20, Hlo]E 3002 At

RX

Received Data: Receiuve 17 characters

:1181808146812cae

Clear

Rz Format |ASCII -

Fig. 22. Modbus_ASCIlI Frame.

oH 73

Fig. 22 Fig. 179 A HWH Modbus_ASCII 2~
ot} QIRIR 2¥ 1, 7153 C 1, 4 20, gojg 300

= At
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2 =90] Al5lo UART [/OR| S &h8alo] AlE a1l
/W 220 /OtRE 2} JIARA 1/0R 55 1Tt
FE3t QAAARO] Ao AAAHEAL Ao mrEF )=
soto] SEEAl I/OAIE &dto] & ot

V. Conclusions

AUtEHED] A|ARIOA FA QIE|HO] A= UfS 52
gh 7], 7|0 HEAQl OPCet 22 34l QIE{H|o]
A D2 71E] dulaa} oyl AARo] Qlal
oxls] XL b T2 EF0] Qlt}. 53] o|ul7|yt
o] AMujo]7] wiFof] RS232 =22 RS4852t] -SAlofl= Al
ofo] Qlt}. 2 =9 &4l AETo]AE AJARN /O g
£ ZeEF AEANY] A& 1/09] Atz FA RS232,
RS485, Ethernety} 72 E2]|A 222 /0 g42 &5t
of AREAPE A8l & & =S 22 sIL IRtR AE
H =& 2AE AT o A /0 Taplhs BVl 558
2rog Y B n2 e 2 A AEZ 7HesH
SICE 2 = /09 HIHR =eRog AlIAES 2
Alsta AdZ &5t 2218 /05 sX8og WE 755t
Al FAHIT o]9 A2 140 QIEjHo|AS st
of gy Byl H2ras Ateoz PAsh PAH
Ao RS mi7lste] QIEHolAS Yy FAsHA ZiA
& & Qe Uy AFE 6 Uz Aotk

aleD

|
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