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XAY DUNG BQ CHUYEN POI TiN HIEU PAU VAO
CHO PLC SU DUNG CHUAN ETHERNET

Diing Viin Ngoc', Nguyén Duy Minh, Ninh Vin Hoat
Truong Pai hoc Cong nghé Thong tin va Truyén thong — DH Thai Nguyén

TOM TAT

Hién nay, PLC (Programmable Logic Controller) khong con xa la ddi véi chiing ta, sy xuét hién
ctia PLC trong cac nha mdy, xi nghiép hay cac cong ty da dem lai lgi ich rat 16n cho con ngudi.
Tuy nhién, ddi véi cac bai toan xir 1y tin hi¢u analog thi PLC gip mot s6 han ché d6 1a c6 rat it dau
vao tin hiéu analog tich hop sin trén CPU. Trén thuc t& dd ¢6 cac module chuyén ddi cho PLC
nhung gi4 thanh cao, cin phai dong bd ngudn sir dung, phirc tap trong qua trinh lép rap dau ndi,
chinh vi vdy trong bai bao nay chung t6i s€ trinh bay giai phap xay dung bd chuyen d6i tin hiéu
dau vao cho PLC c6 thé giao tiép véi cac loai cam bién bang cac chuin giao tiép khac nhau nhu:
12C, SPI, OneWire, Analog va tao ra san pham c6 gia thanh thdp ma van dam bao dugc cac hé
théng hoat dong tét, on dinh trong méi truong cong nghiép. Module chuyén doi tin hiéu dau vao
sir dung Kit Arduino ghép ndi vdi PLC theo chuan Ethernet (TCP/IP) trong d6 Kit Arduino c6
nhiém vu thu thap tin hi€u tur cac cam bién c6 d6 chinh xac cao (3.3V, 5V) sau d6 xu ly, tinh toan
ri truyén dir liéu 1én PLC (24V). Bang phuong phéap trén ta c6 thé thuc hién cac bai toan cho PLC
v6i cac loai cam bién nhu: cam bién nhiét d6 (LM35, TMP36), ¢6 4m (DHT11, DHT12), anh sang
(BH1750), cam bién buyi (Sharp GP2Y 10), th¢ RFID (RFID-RC 522), w.
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ABSTRACT

Currently, the PLC (Programmable Logic Controller) is no longer stranger to human, their
appearances in factories or companies have brought great benefits to us. However, regarding
analog signal processing problems, PLC has got some limitations that there are very few analog
signal inputs availble intergrated in the CPU. In fact, there are transforming modules for PLC, but
they are high price, required to synchronize the source of use, complicated in the connection
assembly process; therefore, in this article we will present the the input signal converter
construction solution for PLC to communicate with sensors by different communication standards
such as 12C, SPI, OneWire, Analog and create low- cost products while ensuring the systems
works well and stable in industrial environment. Input signal conversion module uses Kit Arduino
paired with PLC according to Ethernet standard (TCP / IP) in which the Arduino Kit is responsible
for collecting signals from high- accuracy sensors (3.3V, 5V) then processing, calculating and
transmitting data to the PLC (24V). By the above method, we can perform problems of the PLC
with sensors such as temperature sensor (LM35, TMP36), humidity (DHT11, DHT12), light
(BH1750), dust sensor (Sharp GP2Y10), RFID card (RFID-RC 522), etc.
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1. Gigi thiéu

Bo chuyén d6i tin hidu 1a mot thiét bi ¢6 chuc
ning chuyén doi tin hiéu dau ra cua thiét bj 1
(cic cam bién) thanh tin hiéu dau vao cia
thiét bi 2 (PLC) muc dich giup hé thong xir 1y
duoc cac yéu cAu bai toan dat ra. Cac loai tin
hiéu thuong duoc chuyén doi trong cong
nghiép d6 1a tin hiéu Analog, tin hiéu Digital,
tin hidu truyén théng nhu RS232, RS485,
Ethernet, vv.

Hién nay mot s6 hing PLC phd bién nhu
Delta, Mitsubishi, Omron, Siemens,... Trong
d6 pho bién nhat va thong dung nhit 13 hing
Siemens dién hinh 1a cac dong PLC S7-200,
S7-300, S7-400, S7-1200, S7-1500. Tuy
nhién con gdp kho khan d6 1a trén CPU cua
PLC c6 rat it cic ngd vao tin hiéu analog cho
nén viéc giai quyét cac bai toan vé van dé nay
gip nhiéu kho khan. Chinh vi vay ching toi
dua ra giai phap xay dung bod chuyén ddi tin
hiéu diu vao cho PLC st dung chuin
Ethernet (TCP/IP) [1] dé c6 thé gitip cho PLC
dé dang giao tiép dugc véi nhiu loai cam
bién va theo cac chudn giao tiép khac nhau va
phd bién hién nay nhu: 12C [2], SPI [3],
OneWire [4], Analog.

DPé giai quyét van dé truyén thong giira
module chuyén ddi tin hiéu dau vao va PLC,
ching t61 su dung giao thirc Modbus (TCP/IP)
[5], d6 1a giao thirc dugc truyén théng qua
chuan Ethernet. Cac thiét b slave va master st
dung dia chi IP dé nhan dang va giao tiép voi
nhau, trong chuin giao tiép nay dit liéu duoc
ma hoa trong mét goi tin TCP/IP.

Chinh vi vdy, mdt bd chuyén doi phai dap
tmg dugc cic yéu cau bai toan dit ra la
chuyén ddi cac tin hiéu tir cam bién roi gui vé
cho PLC két ndi véi céac thiét bi tao nén mot
hé théng SCADA [6] nhu hinh 1.

2. Thiét ké hé thong

2.1. Gidi phdp phén cirng

Trong thiét ké nay, chung toi s dung Kit
Arduino UNO [7] két ndi véi module
Ethernet Shield [8] dé truyén théng dir lidu

gitta module chuyén d6i véi PLC (S7-1200)
[9] théng qua chuan Ethernet st dung giao
thirc Modbus. Kit Arduino 1 mét nén tang
phat trién dya trén vi diéu khién AVR, no dang
duoc sir dung rat pho bién trong nhiéu ung
dung hién nay vi tinh dé dang trong lap trinh
cling nhur két ndi véi cac loai cam bién khéc.
Hinh 2 minh hoa so dd khdi cia module
chuyén dbi.
E..
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Hinh 2. So d6 khoi module chuyén doi
Pé giao tiép duoc voi cac chudn giao tiép
khéc nhau thi trong bai bao nay ching t6i st
dung cic cam bién sau: LM35 [10], DS18B20
[11], BH1750 [12], RFID-RC522 [13] v6i cac
chuin giao tiép khac nhau st dung dién 4p
thép tuy nhién lai ¢6 do chinh xac cao, hoat
dong 6n dinh.
2.2. Céu hinh phan cirng
O thir nghiém nay chung toi sit dung phan
mém Arduino IDE va phin mém Tia Portal
V13. Véi phan mém nay ngudi ding co thé
1ap trinh, cau hinh phan ctmg bang phan mém
mot cach d& dang. Ngoai ra, ¢ thé kiém tra
truyén thong bang giao dién co sin trong phan
mém, ta chi can két ndi PLC (S7-1200), PC
v6i module chuyén ddi qua router sau do cu
hinh dia chi IP phai truing Network ID nhung
khac nhau Host ID (Vi du: IP cua PLC la
192.168.0.10, IP cua PC la 192.168.0.5, 1P
ctia module chuyén d6i 1a 192.168.0.20).
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Hinh 3 minh hoa cdu hinh ctng dia chi IP trén
Arduino Uno. Hinh 4 minh hoa so d6 d4u néi
ctia hé thong.

sac|] | Ox¥ OxR2 AN X x5 xO&
sipl) [ 162 a0z
t gateway[] « [ 122, 162
subnet|] = ([ 255, 285, 2ES
1

nimes, 1P, getewsy, mubnes):

Hinh 3. Cdu hinh phan ciing cho Arduino

Hinh 4. So d6 dau noi
2.3. Gidi phdp phin mém
2.3.1. Phuong thire lap trinh

Co 2 phuong thuc lap trinh cho PLC co ban:
1ap trinh tuyén tinh va 1ap trinh ¢6 cdu truc.
Tuy nhién dé giai quyét bai toan nay chung
t6i str dung l4p trinh co céu trac dya trén ngdn
ngir 18p trinh LAD

2.3.2. Cdc khéi ldp trinh chinh

Trong bai toan nay, khdi lap trinh dugc sir dung
1a khdi Main (OB1): La khdi t6 chirc chuong
trinh ¢6 chirc nang thyc thi mot cach tudn hoan
khi CPU & ché d6 RUN. Va khéi DB (Global
Data Block): Iuu trit dit liéu co thé dugc truy
nhép béi tat ca cac khoi trong chuong trinh. Tat
ca cac khéi OB, FB, FC déu co thé doc hodc ghi
dtr liéu vao Global DB.

Hinh 5 minh hoa céc khéi lap trinh dé truyén
thong giita PLC v&i module chuyén do6i. Hinh
6 minh hoa bang cu hinh khéi truyén thong
trén PLC.

* g Program blocks
W Add new block
| Main [OB1]
@ TCP [DE2)
Hinh 5. Cdc khoi sir dung trong chuong trinh
> Sa

A
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Hinh 6. Cau hinh ciia khoi truyén théng

2.3.3. Luu d6 thudt toan

Hinh 7 minh hoa thuat todn phan mém nhiing
cho module chuyén d6i. Hinh 8 minh hoa
thuét toan phdn mém trén PLC.

Bar Dao

l

Khal tao khdi
ADC SPLOneWire 12C
Thiér 1ap dia chi 1P

]

PoCc va tinh toan i o) oy
cac cam bien theo chuin
Eino Hép ADC, SPI,
OneWire 12C

l

Civri iy 1ign 1én PLC sy
dung Modbus TOPAP

}

Hinh 7. Luu do thudt todn p!zdn mém nhiing cho
module chuyén doi

Thiét lap khdi truyé&n théong

+

CA&u hinh dia chi IP

¥
Khdi tao khdi hién thi

|
-

X 1y dir liéu tir module
chuyén doi

+

Hién thi gia tri 1&n man hinh

Hinh 8. Luu do thudt toén PLC xi Ij di liéu nhén
dwoc tir module chuyén doi

3. Két qua thir nghi¢m

Hinh 9. Module chuyén déi hoan thién trong thuc té
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Hinh 9 minh hoa module chuyén dbi trong
thuc té.

3.1. Doc tin higu Analog tir module chuyén
doi vao PLC théng qua chuén Ethernet
Trong thi nghiém nay ching t6i sit dung cam
bién nhiét d6 LM35 ghép nbi voi module
chuyén d6i truyén gia tri nhiét d6 1én PLC (S7-
1200) dugc minh hoa & so dd hinh 10 va tha
nghiém hé thong thuc té thé hién & hinh 11.

Hinh 10. So' d6 ghép néi cim bién LM35 voi
module chuyén doi

5= 2]

-

Hinh 12. Gid tri nhiét dé do dwoc hién thi trén
giao di¢n may tinh

Hinh 12 minh hoa gia tri nhiét d¢ do dugc la
28°C hién thi trén khéi MOVE clia phin mém
Tia Portal V13.

Hinh 13 minh hoa doc gia tri nhi¢t do do
duoc cua module chuyén ddi st dung cam
bién LM35 véi chu ky ldy mau 5 gidy c6 sai
s6 +/- 0.5 °C.

33
31

N

o
w O, 3

Nhiétdo

N

5 15 25 35 45 55 65 75 85 95

Time (s)

Hinh 13. Két qua do gic tri nhiét do ciia cam bién LM35
3.2. Thir nghiém doc tin higu chuin giao
tiep 12C tir module chuyén déi vao PLC
thong qua chuin Ethernet

Thi nghiém nay chung t6i st dung cam bién
anh sang BH1750 ghép ndi véi module chuyén
dbi truyén gia tri sanh sang 1én PLC (S7-1200)
duoc minh hoa & so dd hinh 14 va thir nghiém
hé thong thyc té thé hién & hinh 15.

Hinh 14. So do ghép néi cam bién BH1750 véi
module chuyén doi

Hinh 15. Thir nghiém hé thong trong thuc té
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Hinh 16. Gid tri dnh sang do dwoc hién thi trén
giao dién may tinh
Hinh 16 minh hoa gia tri 4&nh sang do duoc 1a
481 lux hién thi trén khoi MOVE clia phan
mém Tia Portal V13.

I
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Hinh 17. Két qua do gid tri dnh sdng
Hinh 17 minh hoa doc gid tri anh sang do
dugc cua module chuyén doi st dung cam
bién BH1750 véi chu ky lay mau 5 gidy voi
sai sO +/-5 Lux.
3.3. Thir nghiém doc tin higu chuin giao
tiep OneWire tir module chuyén doi vao PLC
thong qua chudn Ethernet
Trong thi nghi¢ém nay chiing t6i sit dung cam
bién nhiét do DS18B20 ghép ndi voi module
chuyén doi truyén gid trj nhiét do lén PLC (S7-
1200) dugc minh hoa & so d6 hinh 18 va thu
nghiém h¢ thong thé hién & hinh 19.

Hinh 18. So dé ghép néi cam bién DS18B20 véi
module chuyén doi
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Hinh 20. Gid tri nhiét dé do dwoc hién thi trén
giao dién may tinh
Hinh 20 minh hoa gi4 trj nhiét d6 la 28°C hién thi
trén khéi MOVE cua phan mém Tia Portal V13.
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Hinh 21. Két qud do gia tri nhiét do

Hinh 21 minh hoa doc gia tri nhiét d¢ do
dugc cua module chuyén d6i sit dung cam
bién DS18B20 véi chu ky lay mau 10 gidy c6
sai s6 +/- 0.5 °C.

3.4. Thir nghiém doc tin hié¢u chuin giao
tiep SPI tiv module chuyén doi vao PLC
thong qua chudn Ethernet

Thi nghiém nay chung t6i s€ st dung thé RFID-
RC522 ghép ndi véi module chuyén di truyén
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gia tri UID 1én PLC (S7-1200) dugc minh hoa
theo so d6 d4u ndi hinh 22 va thir nghiém hé
thong thyc té thé hién ¢ hinh 23.

Hinh 22. So d6 ghép néi thé RFID véi module
chuyén doi
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Hinh 24. Gia tri UID cua thé RFID nhdn duwoc
hién thi trén giao dién may tinh

Hinh 24 minh hoa gia tri UID la 166 (0xA6);
50 (0x32); 97 (0x61); 26 (0x1A) hién thi trén
khéi MOVE ciia phin mém Tia Portal V13.
180 155 166 166 166 166
160
140
120
97 a7 a7 97 o7
100
50 50 50 50 50
I 26 I 26 I pis] I 26 I i
0
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(8] ]n]
o
=

5 & 3

mByte 1l mByte2 mByte3 mByted

Hinh 25. Két qua gid tri UID ciia cam bién RFID-
RC522

Hinh 25 minh hoa gia tri UID thu dugc cua
module chuyén doi sir dung cam bién RFID-
RC522 tai cac 1an do khéac nhau véi sai s6 13 0%.
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Time: [s]
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Hinh 25. Biéu do dién dp dau ra cua cdc cam bién
dwa vao module chuyén doi

Hinh 25 minh hoa dai dién 4p tir ddu ra cua
cac cam bién dua vao module chuyén doi. O
dai dién ap nay thi cam bién ghép ndi vao
PLC s& can mdt by chuyén doi riéng biét cho
ting loai. Tuy nhién véi module chuyén doi
trong nghién ciru nay thi ngudi dung cé thé
ghép ndi véi nhieéu loai cam bién theo céac
chuan khéc nhau trén cung mot module.

4. Két luan

Trong bai bao nay ching t6i dd xay dung
thanh cong by chuyén doi dau vao cho PLC
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su dung chuén Ethernet. Pic biét c6 thé giao
tiép nhiéu loai cam bién sir dung dién ap thap
(3V3 va 5V) véi cac chuan giao tiép khac
nhau nhu: 12C, OneWire, SPI va Analog
Trong pham vi bai bao nay, vdi viéc loai bo
su tac dong anh hudéng cia nhiéu, bé‘mg Kkét
quéd thuc nghiém , sai sb hé théng do duoc tur
céc thir nghiém cua mdi loai cam bién 1a nhu
sau: LM35 (+/-0.5°C), DS18B20 (+/-0.5°C),
BH1750 (+/-5-10 Lux), RFID (0%).

Trong twong lai chung toi s& sir dung két qua
clia bai bao nay dé nghién ctiru mo rong di sau
vao phat trién module chuyén ddi c6 tinh
ning truyén thong khong day sir dung chuan
truyén thong khong diy ZigBee. Tir d6 xay
dung hé théng SCADA tng dung mang cam
bién khong day.
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