TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HQC - CONG NGHE

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

SUDUNG BQ LOC KALMAN DPE LQC NHIEU KHI PO MUC NHIEN LIEU
TRONG KET TREN TAU BANG CAM BIEN RADAR

USING KALMAN FILTER TO FILTER INTERFERENCE (NOISES OR

DISTURBANCES) WHEN MEASURING FUEL LEVEL IN THE TANK ON THE
VESSEL BY RADAR SENSOR

PO THI HIEN!, TRAN THE NAM?2, TRAN HONG HA"
'Khoa May tau bién, Truong Pai hoc Hang hdi Viét Nam
’Phong Khoa hoc - Céng nghé, Triwong Dai hoc Hang hai Viét Nam
*Email lién hé: tranhongha@vimaru.edu.vn

Tém tit

Theo cdc quy dinh méi ciia IMO vé viée cdc cong
ty tau bién phdi bdo cdo thuong xuyén div liéu
nhién liéu tau bién tir 2019. Do vdy cdc tau bién
phdi thuong xuyén do dac va bdo cdo dir liéu vé
cdc cong ty bang sir dung cdc phwong phdp nhie
do két, dong ho heu lwong hodc phiéu nhdn dau.
Khi tau bién dang hoat dong trén bién, viéc do va
giam sat muec nhién liéu trong két chira cua tau la
van dé hét sikc khé khdn va khéng chinh xdc do tau
Iuén bi nghiéng lic manh ¢ cac diéu kién song gié
khdc nhau. Do diéu kién tau nghiéng lic manh da
lam mirc nhién liéu trong két luén dao dong va
khéng én dinh. Bai bdo tdp trung nghién ciru viéc
st dung thudt toan Kalman aé loc nhiéu khi do
mirc nhién liéu dé cé dwoc dir liéu vé mirc nhién
liéu trong két chinh xdc theo thoi gian thuc. Tir do
6 thé tinh todn chinh xdc lwong nhién liéu con lai
trong cdc két trén tau va tw dong bao cdo lién tuc
6 liéu nhién liéu vé cong ty theo thoi gian thuc ¢
cac diéu kién hoat dong khac nhau cia tau.

Tir khéa: Tau bién, Kalman, nhién liéu.
Abstract

Under new IMO regulations, shipping companies
must regularly report fuel data from 2019.
Therefore, ships must regularly measure and
report data on companies using methods such as
tank measurements, flow meters or oil receipts.
When a ship is operating at sea, measuring and
monitoring the fuel level in the ship's tank is a very
difficult and inaccurate problem because the ship
is always tilted strongly in different sea
conditions. Due to the strong tilting and shaking
conditions, the fuel level in the tank is always
fluctuating and unstable. This paper focuses on
studying the use of Kalman algorithm fto filter

noise when measuring fuel level to get accurate
data on fuel level in the tank in real time. From

there it is possible to accurately calculate the
amount of fuel remaining in the tanks on board
and automatically report the fuel data to the
company in real time under different operating
conditions of the new IMO ships in terms of fuel
consumption. Shipping companies must regularly
report ship fuel data from November 1, 2021.
Therefore, ships must regularly measure and
report data on companies using methods such as
tank measurements, flow meters or oil receipts.
When a ship is operating at sea, measuring and
monitoring the fuel level in the ship's tank is a very
difficult and inaccurate problem because the ship
is always tilted strongly in different windy
conditions. Due to the strong tilting and shaking
conditions, the fuel level in the tank is always
fluctuating and unstable. This paper focuses on
studying the use of Kalman to filter noise when
measuring fuel level to get accurate data of fuel
level in the tank in real time. From there, it is
possible to accurately calculate the amount of fuel
remaining in the tanks on board and automatically
continuously report fuel data to the company in
real time under different operating conditions of
the ship.

Keywords: Ship, Kalman, fuel oil.

1. M& dau

Bét dau tir nam 2013, t6 chirc hang hai qudc té
IMO di ban hanh cac quy dinh méi lién quan dén viéc
thu thap nhién li¢u va béao céo vé dit liéu nhién liéu
clia timg tau hang nim cho co quan dang kiém voi
muc dich bao vé mdi trudong bién va bao vé moi
truong khong khi [1]. Cac tau co tong dung tich tir
5000 MT tr¢ 1én, hoat dong ty hanh va chay tuyén
quéc té déu phai béo co dit liu tiéu thy nhién lidu
hang nam cho IMO.

Lugng ti€u thy nhién li€u trén tau phai bao cao bao
gdm ca may chinh, may phu, ndi hoi va cac thiét bi
khéc st dung nhién li¢u trén tau ké ca tau dang hanh
trinh trén bién hogc khong hanh trinh trén bién. Trong
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cac phuong phap thu thap nhién liéu trén tau nhu su
dung phiéu giao nhan nhién liéu, thiét bi do luong va
giam sat két nhién liéu trén tau thi phuong phap giam
sat két nhién li¢u 1a phuong phép thu thap chinh xac
nhit. Viéc do két nhién liéu bang phuong phap nay
duogc thuc hién hang ngay khi tau chay trén bién va tai
thoi diém tau vao bd dé nhan nhién lidu. Khi tau chay
trén bién do ludn bi song gid tac dong véi cac mic do
khéc nhau, tau bi nghiéng lic manh lam mirc nhién
liéu trong céc két bi dao dong manh. Vi cac thiét bi
do tu dong hodc béng tay hién nay duogc trang bi trén
céc tau bién, khi thuc hién do két s& cho két qua do
khong chinh xac va gay kho khan cho viéc thu thap
nhién liéu bang phuong phap giam sat cac két. Trong
c4c nghién ctru vé hé thdng giam sat nhién liu tir xa
va ty dong van chua c6 nghién ctru nao dé cap dén van
dé do cac két ¢ diéu kién nghiéng lic. Tir van dé cap
thiét néu trén nhom nghién ctru da thiét ké hé thong
giam sat két nhién li¢u trén co s¢ ung dung thuat toan
Kalman dé loc cac nhidu v& murc nhién liéu trong cac
két khi bi dao dong do tac dong cua song bién bén
ngoai tau.
2. Thuat toan Kalman ung dung trong hé
thong giam sat nhién liéu

Thuat toan Kalman s& thyc hién tha tuc dé quy nhu
gbm 2 thi tuc “do luong” va “du doan”:

- Thu tyc cap nhat do luong (Measurement): Thyc
hién tinh hé sb Kalman va cap nhat gi4 tri dau ra;

- Thu tuc du doan (Prediction): S€ cap nhan bén
trang thai va tinh ma tran hiép phuong sai.
* Qua trinh dw doan

B¢ loc Kalman dya vao trang thai udc luong diéu
chinh Xk - La uwdc lugng cua xk dé udc lugng trang
th&i Xk+yk - La wdce lugng du doan cia xk+1 cho phép
do zk+1 Trang thai du doan:

Kierrpe=FrX ket Gk 1)
Hiép phuong sai udc luong du doan:
Pi+1jke = FkPreFTk + Qk 2

bo ludong du doan:

Zk1jk = Hir1 X k)i 3)
= Qua trinh di€u chinh
Do 1éch do luong:
lk+1 = Zi+1 ~Hir1 X ke (@)

Hiép phuong sai do 1éch:

Skr1= Hir1Pis1eH k1 + R (5)
b0 161 Kalman:
Ki+1 = PresaeHiT +15k+1-1 (6)

Trang thai w6c lwong didu chinh:
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Prediction

~ ~ Initial
(1) Zggape = Filipe + Gy Le—

(@) Py = FePrFL + Q. Ry and Py

Update

(3) Sis1 = HisaPisaH sy + Rics

(4) Kyyy = Pknlk”l‘-usﬁl

(5) Besapisr = Rhaafie + Kieor (Zirs = HiorBieanyie)
(6) Pryakss = (I = Ky s Hioy iy

Hinh 1. So dé thudt todn Kalman

Krergfer1 =X iertpe + Khr1Tkst @)
Hiép phuong sai wdc lugng didu chinh:
Prtpers = (I — KresrHr1)Presaji (8)
Cung véi cac diéu kién ban dau trong wéc luong va
ma tran hiép phuong sai 16i cia n6 di dinh nghia mot
giai thudt roi rac hoa vé thoi gian va dé quy dé xéac
dinh hiép phuong sai u6c lwong tuyén tinh tdi thiéu
duoc goi la b loc Kalman. B loc Kalman duogce sir
dung dé dua vao chwong trinh ctia phdn mém giam sat
nhién liéu voi muc dich dé loc nhidu khi mutc nhién
lidu bién dong & cac diéu kién lic khac nhau cua két
nhién lidu va giit 6n dinh mic nhién lidu duge do tir
cam bién radar.

3. Hé thong do mirc nhién lidu sir dung cam bién
3.1. Ciiu hinh h¢ thong gidm sdt nhién li¢u

Céam bién
radar

CB goc
nghiéng

Thu thép, sd
hoa va xir 1y

l

|

; May chn IoT
(10T Server)

Hinh 2. Ciu triic ciia h¢ thong thu thip, qudn Iy va

giam sdt nhién li¢u tiéu thu

Hé thdng ty dong quan 1y va giam sat luong nhién
lidu trong két s& bao gdbm: Thiét bj do muc nhién liéu
s& dugc ldp trong két nhién lidu cua tau, hé thong xir
1y dir liéu cam bién va hé théng truyén thong tin vé
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trung tdm giam sat. Mrc nhién liéu trong két nhién
lidu s& dwoc do lién tuc sau d6 truyén dit liéu vé may
cha d@é xir Iy két qua do.

Céc thanh phan trong h¢ thong:

- Cam bién radar: Cam bién do muc nhién lidu
trong két dua trén nguyén ly phan xa song radar;

- Cam bién gbc nghiéng: Cam bién do do nghiéng
clia két dé xac dinh mirc nhién liéu trong két;

- Cam bién nhiét d6: Cam bién do nhiét do nhién
li¢u dé x4c dinh dugc khéi lugng nhién liéu;

- HMI (Human Machine Interface): Man hinh hién
thi gid tri do;

- May chii IoT: Méy chu sir dung dé két ndi thiét
bi phét va thiét bi nhan qua mang internet.

Cam bién do mirc dang radar dwoc lip trong két
dau. Mirc luwong nhién li¢u trong két dugc cam bién
do va chuyén dbi thanh tin hiéu dong dién 4-20mA 1a
tin hi€u twong tu ti 1€ véi mie nhién li¢u dugc dua téi
khéi thu thap va s6 héa va xir Iy. O day tin hiéu dong
dién 4-20mA duogc chuyén doi thanh tin hiéu s6. Tai
day cac dir licu vé luwong nhién li¢u trong két s€ duoc
tinh toan dya trén dit liéu nhan duoc tir cam bién muc
sau do dugc dong goi thanh cac dir li€u gui téi may
chu IoT thong qua mang di dong 3G/4G. May chui IoT
tiép nhan cac thong tin d6 va thiét lap cac dit lidu va
guri dén trung tam giam sat tir xa.

Tai trung tim giam sat, thiét bi nhan s& thu thap dir
liu guri tdi tir server va thyc hién phan tach dit liéu dé
thu duoc két qua do. Sau khi phén tach dir liéu thi dit
lidu s& dwoc giri toi may tinh dé hién thi va thyc hién
thiét 1ap cac bao cao ti€u thy nhién li¢u ty dong.

Chtre nang cua hé théng:

- Giam sat lvong nhién li¢u trong két;

- Truyén thong vé trung tdm giam sat lién tuc theo
chu ky 1 gidy/lan;

- Bao céo thdng ké chi tiét, tryc quan qué trinh sy
dung nhién liéu cua tau va giri vé trung tim theo quy
dinh.

3.2. Cam bién radar FMP51

Cam bién radar FMP51 hoat dong theo phuong
phap ToF (ToF = Thoi gian truyén). Khoang céach tir
diém chuin dén bé mat san phém duoc do. Xung tn
$6 cao duoc dua vao mot dau do va dan doc theo dau
do. Cac xung dugc phan xa tir bé mat san pham, sau
d6 dugc cam bién tir tiép nhan va chuyén thanh thong
tin. Phuong phap nay ciing dugc biét dén dudi dang
TDR (Po phan xa mién thoi gian). Cac xung phan xa
dugc truyén tir diu do dén thiét b dién tr. O d6, mot
bd vi xur ly phan tich tin hiéu va xac dinh tiéng vong
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Bing 1. Cic théng sé ciia cam bién radar

Tham s Gia tri Pon vi
Nha sén xuét Endress houser
Loai cam bién FMP51
Nhiét do lam viéc -196+ 450 °C
Pham vi do mrc 0+ 45 m
Pham vi do ap suét -1+ 400 bar
Truyén tin hidu Bus
Do chinh xac 1450 v/ph

muc dugc tao ra boi sy phan xa cua cac xung tan sb
cao tai bé mit san phim. Hé thong phat hién tin hiéu
véi xung quy trinh thoi gian bay da dugc tich hop vao
su phét trién cua phan mém PulseMaster®.
Khoéng cach D dén bé mit san pham ty 1& véi thoi
gian truyén t ciia xung luc:
D=c.t/2 9)
Trong d6: c: La tbc d6 anh sang; t: Thoi gian
truyén xung.
Duya trén khoang cach trong E da biét, mirc L duoc
tinh:
L=E-D (10)
Cam bién radar FMP51 c6 que dan hudng song ra
da, chiéu dai duoc ché tao theo dd sau cua tung két
khac nhau, chi Gmg dung cn nhép cac thong sb tu
ddng diéu chinh thiét bj phu hop véi cac diéu kién do.
D&i véi cac md hinh véi dau ra hién tai, diéu chinh
ctia may d6i véi diém khong E va khoang F 1a 4mA
va 20mA, di véi ky thuat sb dau ra va mo-dun hién
thi 0% va 100%. Mot chirc nang tuyén tinh hoa véi tdi
da 32 diém, dua trén trén bang dugc nhip thu cong
hodc ban ty dong, cod thé dugc kich hoat tai chd hodc
thong qua thao tac tir xa. Chltc ning nay cho phép
chuyén d6i mirc d6 thanh don vi thé tich hoac khdi
luong.
3.3. Thir nghigm hé thong gidm sdt nhién liéu
Heé théng do va giam sat nhién liéu trong phong thi
nghiém dugc bao gém mot két chit long dugc dat trén
bé tao rung lac béng 16 x0, bé duoc diéu khién bé‘mg xi
lanh khi nén dé rung lac & cac mirc d khac nhau tir 5-
15 d6. So dd do mirc trong két tai phong thi nghiém.
So db thi nghiém thyc té nhu trén hinh 4 bao gém
cac thiét bi sau:
- Két hinh tru duoc lam bang nhya dudng kinh 40
cm, cao 80cm;
- Bé rung lac dugc diéu khién bang khi nén lip trén
ba 16 xo dan hdi co thé lic dén 45 do;
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Hinh 3. So' d6 thi nghiém hé théng

gidam sdt nhién liéu

>
AIR COMPESSOR

Bangdizu

khién bé I3c
Kétnhién ligu P —
: 3 -

- B3 phat tin hidul

Hinh 4. So' dé thi nghi¢m

- Cam bién radar FMP51;

- B phat tin hiéu: Po ba thong s6 1a d6 nghiéng
lic cua két, nhiét d6 va mirc cia nhién liéu. Bo phat
tin hiéu sir dung internet 3G d¢ phat tin higu;

- B9 thu tin hi¢u: Thu tin hi€u tr by phat sau do6
truyén t&i méy tinh qua cong USB;

- May tinh giam sat: C6 phan mém giam sat lugng
nhién li¢u trong tung két.

Két nhién liéu duoc dit trén bé, bé duge nim trén
ba 16 x0. Ba 16 x0 nay c6 tac dung tao ra lyc ddy dan
hdi va tao ra do lac theo chu ky, do vay tao ra dém
nghiéng ldc mém cho két nhién ligu. B¢ dugc xy lanh
khi nén diéu khién do lic theo cac muc do khac nhau
nho cac van tiét Iuu diéu chinh luu lwong khi nén ra
va vao cac xy lanh. Bé duoc diéu khién nghiéng lic
theo chu ky. Trong két duoc lip dng kim loai duong
kinh 250mm c6 chiéu dai 2m dé dan hudng cho song
radar phat ra va phan xa tir cac bé mat chét 1ong t6i
radar.

B0 thu s& ldy tin hiéu ciia ba cam bién: cam bién
mirc bang radar, cam bién d nghiéng lic, cam bién
nhiét d6. Cac tin hiéu nay duoc truyén dén b6 thu, tai
bd thu cac tin hiéu dugce xur Iy va truyén t61 may tinh
dé hién thi cac thong sd dugc do qua giao dién cua
phan mém giam sat két nhién liéu.

4. Két qua do va phan tich s6 liéu
4.1. Thu thép va xir Iy so ligu thwe nghiém

Mtrc nhién li¢u & 500mm duogc do theo thoi gian
thue dwoc ghi lai trong nhét ky ciia phin mém, sb liéu
¢6 thé duoc ghi lai thanh file world. Ty trong nhién
li¢u thay doi thay nhiét d6 do dugc trong két. Nhiét do
& 18,5°C ty trong 860kg/m® véi két tron khdi lugng
duoc tinh 1a 148,95kg.
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Hinh 5. Mirc nhién liéu trong két dwoc do ¢ 500 mm
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Hinh 6. Dj lic ngang ciia mikc nhién liéu trong két & 500mm
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Murc nhién liéu trong két dugc do thuc t& mau do
1a muc trong éng do & diéu kién nghiéng lic qua bd
loc Kalman mirc trong két dugc giit 6n dinh 1a duong

Hinh 8. Méu bdo cdo dit liéu tiéu thu nhién li¢u tiu

mau xanh 1a 500mm theo thoi gian thyc. Thuc nghiém
cho thay mic du muc trong két bi thay déi theo do lic
cua két nhung qua bd loc Kalman, murc ctia két c6 gia

SO 70 (04-2022)




TAP CHi ISSN: 1859-316X
pagin ¥
KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

tri do 6n dinh khong thay doi theo thoi gian nhu trong
Hinh 6.

Trong Hinh 7 thé hién d6 lac ngang ctia két duoc
do theo thoi gian thyc. Cam bién ldy goc 90° lam gbc
“0” dé do bién do lic ngang cua két.

Nhién li¢u trong két trén tau trén tau dugc do sau
d6 duoc phan mém quan 1y va giam sat tinh toan. Két
qua duoc tyr dong ghi vao biéu mau theo quy dinh cua
IMO nhu Hinh 8.

5. Két luan

Hé théng hé théng tu dong thu thap, quan 1y, bao
c4o nhién liéu sir dung ctia cac hé thong k§ thuat trén
tau thuy do nhom tac gia thiét ké, ché tao da thur
nghiém thanh cong, tuan thi theo cac tiéu chuan cta
IMO. Piéu nay mang lai ¥ nghia thyc tién 16n, thé
hién nang luc lam chu cong nghé k¥ thuat, hudng t6i
viéc thuong mai hoa san pham véi gia thanh thap hon
so véi san pham cung loai trén thé giéi. Ngoai lgi ich
vé mat kinh té, nghién ctru nay con c6 ¥ nghia 16n vé
mat gop phan vao nhiém vu thdng ké tiéu thy nhién
lidu trong hoat dong hang hai ciia IMO, lam tién dé
cho viéc danh gia toan dién lugng phat thai cac chat
gdy 0 nhiém khong khi tir cdc phuong tién van tai
trén thé gidi.

H¢ théng tu dong thu thap nhién liéu maéi chi duoc
thir nghiém véi cac diéu kién cta phong thi nghiém.
Hé thdng s& duoc thir nghiém trén tau dé danh gia
duoc su 6n dinh va do chinh xac cia hé théng. Khi
duogc ap dung trén tau, hé théng s€ giup cho nguoi khai
thac tau c6 thé giam sat luong nhién liéu mot cach lién
tuc, tir d6 c6 nhirng bién phap dé tiét kiém nhién liéu
va giam thiéu 6 nhiém moéi truong.
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