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Toém tit

Bai bdo trinh bay mét gidi phdp viét chwong trinh
diéu khién va gidm sdt hé thong van nwée ballast
trén tau thuy duwa trén viéc tich hop mo-dun
WinCPU thuoc dong MELSEC-Q Series cua
Mitsubishi. Thay vi st dung PLC truyén thong voi
cdc ngon ngir lgp trinh LAD hodc SCL, hé thong
méi diege xdy dung bang ngon ngiv Visual Basic
trong moi truong Visual Studio, tdn dung thu vién
lap trinh QBFFunc32 va sy hé tro ciia tri tué nhan
tao (Al). Gidi phdp cho phép diéu khién va gidm
sat, xw ly sy kién thoi gian thuc.

Tw 7kh(’)a: WinCPU, thw vién QBFFun32, diéu
khién nuoc ballast, AI, PLC Melsec-Q.

Abstract

This paper presents a solution for writing
programe of controlling and monitoring the
ballast valve system on ships based on the
integration of the WinCPU module from the
Mitsubishi MELSEC-Q Series. Instead of using
traditional PLCs with programming languages
such as LAD or SCL, the proposed system is
developed in Visual Basic within the Visual Studio
OBFFunc32
programming library and the support of artificial

environment, leveraging the

intelligence (Al). The solution enables real-time
control, monitoring, and event handling.

Keywords: WinCPU, OBFFun32 libray, Ballast
water control, AI, PLC Melsec-Q.

1. Pit van dé

Trong nganh Hang hai, h¢ thong nudc ballast
(ballast water system) dong vai trd séng con trong
viéc dam bao tinh 6n dinh, an toan va hiéu qua van
hanh cua tau thay. Khi tau khong ché hodc chd it hang,
trong tAm tau c6 xu huéng cao, lam mat can bang va
dé& gip rui ro trong diéu kién thoi tiét xdu hodc khi

chuyén hudng. Dé khic phyc diéu nay, cac két chia
nude ballast duge st dung nhdm diéu chinh trong
lwong va cin bang tau, gitip duy tri do chim, tu thé va
kha ning diéu dong 6n dinh.

Ngoai viéc dam bao 6n dinh than tau, h¢ thong
ballast con dugc stir dung trong cac thao tac nhu:

- Ha tau xuéng myc nudc phi hop khi ra/vao cang;
- Piéu chinh mén nudc dap ung yéu cau hang hai;
- Hb trg qua trinh xép/dd hang héa hiéu qua hon.

Trong cac tau dang hoat dong hién nay, cac hé
thong dang sir dung PLC dé diéu khién va két hop voi
mot HMI hodc mot may tinh trung tam dé giam sat.
Hé théng hoat dong v6i hai phan 1a CPU cua PLC
(Programmable Logic Controller) dé thu thap dit liéu
qua cic mo-dun vao/ra va phan SCADA (Supervisory
Control and Data Acquisition) riéng. Vi viéc thay thé
CPU thuong thanh mot mo-dun WinCPU, hé théng
van hoan toan két hop dwoc vai thiét bi phan ctng cii
va tan dung dugc kha nang ciia WinCPU dé mé ra cac
tinh ndng méi nhu:

Tan dung dugc kha nang tinh toan, luu trir dir liéu
trén nén Window.

Chay duogc cac bai toan nang cao: Ti wu lich bom
ballast, phan tich bat thuong, hoc may (machine
learning).

WinCPU thuong di kém véi giao dién
HMI/SCADA chay truc tiép trén may tinh, cho phép
dé dang diéu khién, truy cap qua (mg dung hodc Web,
phit hop v&i kha ning giam sat tir xa cho tau khi cn.
Dic biét ¢ thé bao tri phﬁn mém tir xa.

Viéc lap trinh WinCPU str dung cac ngén ngir nhu
C#, C++, VBNET trén phan mém Visual Studio thay
cho viéc 1ap trinh PLC théng thuong véi SCL, FBD,
LAD,... Bac biét voi cac ngdn ngit bac cao, ta cd thé dé
dang tao ra dwgc cac ham chic ning véi sy hd trg cua
AL

D@ két ndi véi camera, cam bién, hé théng giam
sat qua OPC UA (Open Platform Communications
Unified Architecture), MQTT (Message Queuing
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Telemetry Transport), Modbus TCP,...

Chuyén tir PLC truyén thong sang WinCPU khong
chi gitip hé thong ballast gon hon, manh hon, théng
minh hon, ma con mo ra kha nang tich hop Al giam
sat tir xa, dua con tau tién gan hon dén mo hinh “smart
ship” hién dai.

2. Gi6i thiéu vé mé-dun WinCPU

WinCPU 14 mot mé-dun didu khién théng minh
thudc dong MELSEC-Q Series cua Mitsubishi, duoc
thiét ké dé hoat dong nhu mot bd xur ly nhing
(embedded CPU) tich hop hé diéu hanh Windows
Embedded Standard 2009. Khac véi PLC truyén
thdng chi chuyén xur Iy logic diéu khién, WinCPU con
cho phép xtr 1y dit liéu, tinh toan phuc tap, két ndi
mang va chay phin mém nhu mét may tinh cong
nghiép thyc thy [1].

Mo-dun nay hd trg cdu hinh multi-CPU, cho phép
chia sé cong viéc giita CPU diéu khién logic (PLC) va
CPU xtt Iy dit liéu (WinCPU), tao nén hé thng diéu
khién va tinh toan lién mach. N6 c¢6 thé khoi dong tir
6 SSD tich hop hoac thé CF, d(“)ng thoi trang bi hai
cong LAN tbc d6 cao, nam cong USB, va nhiéu giao
dién mo rong khac gitp d& dang két ndi véi thiét b
ngoai vi, hé théng giam sat hoac nén tang IoT [1].

Nho sir dung bo xtr 1y Intel® Atom™ N450 tiét
kiém dién ning, cting kha ning chay phan mém chuén
Windows, WinCPU m¢ ra kha ndng Gng dung céc
thuat toan Al, giao dién diéu khién ning cao, va két
ndi tir xa cho cac hé thong tu dong hoa cong nghiép
hién dai [1], [4].

Hinh 1. Mo-dun WinCPU

Pé sir dung mo-dun MELSEC WinCPU trong hé
théng diéu khién, ta can tién hanh mét trinh tu cdu

hinh thiét b theo quy trinh bao gdm ba giai doan chinh:

1. Cdu hinh ban dau hé thong WinCPU: Thiét 1ap
tién ich, thong sd van hanh va giao tiép v6i cac mo-
dun mé rong. Viéc thiét lap c4u hinh hé théng sé duoc

thuc hién trén tién ich MELSEC WinCPU Setting
Utility, CC-Link Utility. Hé théng ciing thuc hién kiém
tra liéu c6 can thay ddi cac thong sd cdu hinh hay
khong, bao gém cai dat hé théng, dia chi /O, cAu hinh
CPU va céac tham sb truyén thong.

2. Khéi tao chiong trinh diéu khién: Bao gdm viéc
mo bus, khoi dong bo dém co ché giam sat Watchdog
Timer va lap trinh chirc ning diéu khién thiét bi ngoai
vi. Chuong trinh dugce nguoi ding tao ra trén phan
mém voi cac ham chuc ning ti thu vién
QBFFunc32.dll, QBFFunc32.c, QBFFunc32.vb trong
moi trudng phat trién nhu Visual Studio. Viée sir dung
WDT gitip theo ddi cac 16i hé thong nhu treo chuong
trinh, qua tai xtr Iy hodc mat két ndi thiét bi, tir 6 kip
thoi dua ra phan tng thich hgp nhim dam bao an toan
cho hé thong diéu khién.

3. Gidm sdt va xir 1y 16i thoi gian thuwe: thong qua
viéc doc trang thai mo-dun, kiém tra 13i, dat lai hodc
diung WDT va dong bus an toan.

3. Xay dung hé théng diéu khién ballast cho
tau HPC Sunrise

Trong bai bao ndy, nhém tac gia dua trén hé thong
ballast cua tau HPC Sunrise dé thiét ké lai mot hé
thong thay thé sir dung WinCPU. Trong céu tric tau
cho hang roi nhu tau HPC Sunrise, cac két chira nudc
ballast duoc diéu khién boi mot hé thong thity luc tich
hop - cho phép dong/mo cac van lién quan thong qua
diéu khién tir xa bang van dién tir va bd chip hanh
thity Iuc [3]. Hé thong bao gom:

- B ngudn thiy Iuc (Hydraulic Power Pack) tao
ap luc tir 110 - 130 bar dé cap cho cac van.

- Ta diéu khién van thuy lyc, van hanh boi van
dién tir 24V DC ¢6 bao vi tri.

- 48 van duoc diéu khién tir xa, qua bd chia ap suét
va duong 6ng thay luc.

- Co cAu bom tay va bom khén cip duogc tich hop
dé dam bao van hanh trong moi tinh hudng, ké ca khi

mat dién.
L Module /0 %
(Digital/Analog)

Sensor (MUt nudc,

Ap sudt, van) W

|

HMI/SCADA
(Tryc tiép hodc tir xa)

AlfPhén tich dir ligu
(Dv bao, ti wu)

Hinh 2. So db két néi diéu khién nwoc ballast svv
dung WinCPU
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So dd khdi cho viée két ndi diéu khién nuée ballast
sir dung WinCPU thé hién trén Hinh 2. Cac tin hiéu vé
cam bién murc nue, ap suat va vi tri van dugc két ndi
td1 cac mo-dun vao DI cua PLC - Q. Trong khi d6, tac
tin hiéu diéu khién s& dugc dua ra thong qua cac mo-
dun tin hiéu ra s DO.

Hé thong cho phép diéu khién van qua cac cudn
dong va mé van. Pdng thoi giam sat trang thai van nhd
c4c tin hiéu phan hdi. So dd tin hiéu didu khién va giam
sat cia van toi hé théng dugc mo ta nhu Hinh 3. Véi
mdi van, ta s& ¢ 2 tin hiéu vao s6 dé giam sat trang thai
dong hét va mé hét cia van. Cling véi d6, mdi van s&
¢6 2 dau ra didu khién cho viéc dong va mé van [3].

/0 MODULE BOX
RDO-OX DI-XX
Lt } e e
1 1 I 1 1
1 | I | 1
1 I 1
1 1 1
1 I |
1 1 1
1 I 1
i 1 1
BTLCcT TcoT (53] RZ[LC] o] LS
VALVE RACK < 2| J o
e 5 “ 107 b
opeN cLose PN e
SOL. VALVE ON-OFF SIGNAL

Hinh 3. So' db két néi tin higu diéu khién va gidm sdt van

Sau khi 1§p dat cac mo-dun dé tao ra sd luong dau
vao/ra dap ung duoc yéu ciu cua hé thong. Ta tién
hanh x4c dinh va khai bao cdu hinh tram cho WinCPU
trén phan mém MELSEC WinCPU Setting Utility.
V6i ba mo-dun DI32 va DO32 dé diéu khién va giam
sat 48 van ballast cai dat dia chi nhu Hinh 4.

Hfi MELSECWInCPU setting utility

Mode information Mode morilor Oriine operation System selting
\/0 assignment seiting | Mulple CPUseting | Targetssting | Communicaion diagnostics
110 sssignment’)
Shot Type Model name Poinls Stattt | 4] o |
1o - -
2 i ~ 5 Deta selting |
3 |2 Oulput ~ poirts
4 13 Jukput = points =
5 (44 utput ~ points =
6 [505 rput ~ points
766 nput > poirts =
8 |7 nput - poirts -
igping the 1/0) addiess s not 25 the CPL doss it
Leaving this setting blank will not cause an eror to occur.
Base setting(”)
Bass model Power model Edensioncable || Siois |+] | Basemode
Mair ~ || “ Auo
< Base - © Deta
it Base? =
Wt Base3 -
o - 8 sol defaut
LI =] 120t defouk
[*] Setting should be set as same when using muliple CFU. Import mutiple CPU parameter Defaul
Device Monitr LosdFie | Save Fil Hel Ext
C¥MieleecHOBFHPARAMYPLC luang2.cst

Hinh 4. Khai bdo cidu hinh tram cho mé-dun
WinCPU
Trén phan mém Visual Basic, tic gia tién hanh xay
dung mét giao dién gidm sat. Trong d6 48 van ballast
tir van 0 dén van 47 s& dugc s dung Picture va xdy
dyng thanh mot mang véi 48 phan tir ¢6 tén Val(x) - x
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tir 0 dén 47. Hé thong diéu khién sé& tap trung vao hai
phan chinh: Phan hién thi trang thai ctia van va phin
diéu khién van. Giao dién diéu khién va giam sat duoc
thé hién nhu Hinh 5.

Hinh 5. Giao dién diéu khién va giam sdt

Dé trién khai xay dyng chwong trinh, nhom tac gia
d3 phan chia hé thdng thanh cac cac chwong trinh con.
Sau khi xac dinh cac yéu cAu chirc nang, Al duoc su
dung dé thiét ké cac chuong trinh con twong mg. Cac
chuong trinh con nay sau d6 duoc tich hop va goi
trong chuong trinh chinh dé tao thanh mot hé théng
didu khién hoan chinh. Thuit toan tong thé cia
chuong trinh diéu khién va giam sat hé thong nudc
ballast trén tau dugc minh hoa tai Hinh 6.

M& bus két ndi cde
module MelsecQ

<>

no yis

Boc tin hidu trang
théi van tr dau vao

Hién thi trang thai
van twong ong

Cap nhat dau khi val
dé&n gi&i han

Xuat tin hiéu digu
khién Y t&i dau ra

Kiém tra hoat tac
déng digu khién van
trén giao dién

=

yes

Hinh 6. Thugt todn chwong trinh diéu khién va gidm st

Dua trén cAu tric thudt toan da duoc thiét ké, qua
trinh 1ap trinh dugc thuc hién b?mg cach phan chia hé¢
thong thanh cac chuong trinh con chuyén biét. Mdi
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chuong trinh con dam nhan mot chirc ning cu thé,
duoc xdy dung thong qua cac truy van 1ap trinh trong
tac voi ChatGPT (phién ban o3-mini-high), tap trung
vao diéu khién logic va tw dong héa [2], [5]. Do gidi
han pham vi trinh bay trong khudn khé bai bao, nhoém
tac gia chi minh hoa mot s6 chuong trinh con quan
trong thay vi toan by hé théng. Cu thé, cac chuong
trinh con duoc xay dung bao gdm:

+ Cau I¢nh cho ChatGPT-03-Mini viét chwong
trinh khéi tao két ndi Bus giira cAc md-dun trong
hé théng MELSEC-Q: Sir dung thu vién
QBFFun32.vb dé viét chuong trinh m¢ két ndi bus
trong qua trinh khoi dong hé thong. Khi két néi thanh
cong, hé thong tw dong kich hoat bd dinh thoi
Timer 500ms. Trang thai két ndi dwoc hién thi thong
qua nhan LblStatus.. Két qua ma nguon tra vé tir Al 1a:

Private Sub Form_Load()

Ret = QBF_Open(unit, path)
If Ret =0 Then
LblStatus.Caption = "Status: OK"
Timerl 500ms.Enabled = True
Else
LblStatus.Caption = "Status: fail"
End If

End Sub

+ Cau Iénh cho ChatGPT-03-Mini viét chwong
trinh doc tin hi¢u trang thai van tir mé-dun diu
vao s6 (DI) ciia PLC: “Str dung ham QBF_X in_bit
trong thu vién QBFFunc32.vb dé truy xuét tin hiéu
dau vao. S6 luong van st dung bién ValveCount dé c¢6
thé tiry chinh. Trang thai van duoc luu trit vao mang
mot chidu InputValState Trong truorng hop c6 161, ma
16i duoc hién thi tai nhan LblErr. Két qua mi ngudn
tra vé tir Al la:

Private Sub ReadInputFromX()

Dim i As Integer, data As Byte
For i=0 To ValveCount * 2 - 1
Ret = QBF X In Bit(path, i + StartX,
data)
If Ret <> 0 Then

LblErr.Caption = "Error Read X: "
& (i + StartX) & " ret:" & Ret

InputValState(i) = -1

Exit For
Else
InputValState(i) = data
End If
Next i

End Sub
+ Céu I¢nh cho ChatGPT-03-Mini viét chwong
trinh ngat tin hiéu dieéu khién khi van da dat trang
thai dong/mé hoan toan: Viét chuong trinh cdp nhat
diéu tin hiéu diéu khién ctia dau ra. Khi van da dén
gidi han dong thi ngat dau ra dong. Khi van téi gisi
han mo thi ngat dau ra mo. Trang thai dau ra cua van
luu trong mang OutputValveState.
Private Sub UpdateValveLogic()
Dim i As Integer
For i =0 To ValveCount - 1
idxInClose =2 * i
idxInOpen=2 *i+ 1
If InputValState(idxInClose) = 1 Then
OutputValveState(idxInClose) = 0
End If
If InputValState(idxInOpen) = 1 Then
OutputValveState(idxInOpen) = 0
End If
Next i
End Sub
+ CAu 1énh cho ChatGPT-03-Mini viét chwong
trinh diéu khién van tir giao dién giam sat diéu
khién (HMI): H¢ thong gom 48 van, moi van dugc
dai dién bdi mét phan tr trong mang Val kiéu hinh anh
Picture. Khi nguoi dung tuong tac véi mot van bat ky,
hé thong hién thi ba nut 1énh: CmdOpen, CmdClose,
CmdCancel, cho phép thay d6i gia tri dieu khién
tuong ing trong bien OutputValveStatus.” Két qua ma
nguodn tra vé tir Al la:
Private Sub UpdateValveDisplay()

Dim i As Integer, idxInClose As Integer,
idxInOpen As Integer

Dim inClose As Integer, inOpen As Integer
Dim outClose As Byte, outOpen As Byte
blinkState = Not blinkState
For i=0 To ValveCount - 1
idxInClose =2 * i
idxInOpen=2 *i+1
inClose = InputValState(idxInClose)
inOpen = InputValState(idxInOpen)
outClose = OutputValveState(idxInClose)
outOpen = OutputValveState(idxInOpen)
If outOpen = 1 Then
Val(i).Picture = ImageList1.ListImages(2).Picture
Elself outClose = 1 Then
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Val(i).Picture = ImageList1.ListImages(1).Picture
Elself inOpen = 1 Then
Val(i).Picture = ImageList1.ListImages(2).Picture
Elself inClose = 1 Then
Val(i).Picture = ImageList1.ListImages(1).Picture
End If
If blinkState And (outOpen=1 Or outClose=1) Then
Val(i).Picture = ImageList1.ListImages(3).Picture
End If
Next i
End Sub

Hinh 7. Két qud chay thit nghi¢m phin mém

em2)00 WALWE
H  NORM
I NORM Piéu OPEN
NORM LR
khien CLOSE
van
CANCER ‘
+.0
+2.0
i Em i Trang
o Sk thai
F.OT.(PM) ’van
NO1 @‘._ PART STORE
W.E.T.(F}
@_ BOSUN STORE

CARPENTER

BLvaa
BLVZE
cL
F.PT To
HAWSE PIPE
, SH-W,F P4

Hinh 8. Két qud hién thi diéu khién gidm sdt Van

Mot chuong trinh diéu khién va giam st cho 48
van di duoc xdy dung vdi cac mi ngudn c6 duoc &
trén. Giao dié€n giam sat va hé théng diéu khién hoat
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dong cua van hoat dong tdt. Trang thai van hién thi
trén giao dién giam sat nhu hinh 8. Van thé hién mau
xanh khi m¢ va mau do khi dong. Khi dang trong qua
trinh d6ng/mé van s& nhap nhay v6i mau tuong ung.
Mbi khi kich vao mot van bét ky, bang diéu khién
tuong Ung s€ hién ra tai goc trén bén phdi cua man
hinh. Tai day cho phép nguoi van hanh thuc hién cac
thao tac dong/ma van.

4. Két luan

Bai bao da trinh bay mot giai phap st dung tri tué
nhén tao Al viét chwong trinh diéu khién va giam sat
hé théng van nudc ballast trén tau thuy sir dung mo-
dun WinCPU két hop véi 1ap trinh Visual Basic va thu
vién chic ning QBFFunc32 bang ngdn ngit VB.
Giai phap sir dung AT hd trg thyc thi chuong trinh cho
cac PLC giup giam thoi gian viét chuong trinh diéu
khién ciia cic ky su ty dong, thay vi viét chuong trinh
va g 18i, ngudi k¥ su s& chuyén sang dinh huéng ciu
trac va chirc niang cua hé thdng dé Al viét chuong
trinh twong Gng.

Thong qua viéc tan dung strc manh tinh toan cua
WinCPU cung sy hd trg tr mo hinh ngdn ngir
ChatGPT, nhom tac gia da xay dung thanh céng mot
chuong trinh diéu khién 48 van dién tir, c6 tinh tuy
bién linh hoat, giao dién truc quan va d& dang mé&
rong. Cac ham chuc nang nhu mé két ndi bus, doc
tin hiéu dau vao, cap nhat didu khién dau ra, va xir ly
tuong tac nguoi dung déu dugce tu dong hoa voi su
hd trg ctia A, gitip rat ngén dang ké thoi gian phat
trién phan mém.

Lo&i cdm on

Nghién ctru nay duoc tai trg bdi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.61.
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