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THIET KE, CHE TAO THIET BI GHI NHAT KY VA PO LUONG
GIAN TIEP MUC TIEU HAO NHIEN LIEU MAY CHINH DUA
VAO TOC PO QUAY CHAN VIT VA UNG DUNG CONG THUC
VA THUAT TOAN MAY HQC TINH TOAN DU POAN
HANH TRINH TIEP THEO

EQUIPMENT ON THE SHIP'S LOG AND INDIRECT FUEL CONSUMPTION
MEASUREMENT OF MAIN ENGINE BASED ON PROPELLER ROTATIONAL
SPEED AND APPLYING DESIGN, MANUFACTURING MACHINE LEARNING
ALGORITHM TO EQUIPMENT ON PREDICTING FUEL FOR NEXT JOURNEY

Tran Anh Tudn, Nguyén Thanh Son
Dai hoc Giao théng van tai Thanh pho Ho Chi Minh

Tom tdt: Véi nhu cau phat trién ngay cang tang cia dgi tau bién thé gisi, nguon ndng
leong truyén théng tré nén khan hiém va gid nang lrong khdng ngang ting, canh tranh vé curéc
van tdi bién tang dan. Qua thyec té, viéc iing dung cac cong nghé va gigi phap ky thugt mai la
mét trong nhizng bién phap hizu hiéu, quan trong dé tang tinh kinh té va an toan cho viéc khai
théc ddi tau bién. Bai b&o trinh bay mét #ng dung cdng thic va thudt todn may hoc dé tinh
toan, thiét ké, ché tqo thiét bi ghi nhdr ky va do lwong gian tiép mizc tieu hao nhién liéu may
chinh dwa vao toc dé quay chan vit. thong nay gilp giam gia thanh san phdm, don gian héa
viéc quan tuyén trinh taw, do heong gian tiép nhién liéu tiéu thy, thong k& nhién liéu cho chu
tau.

Tar kKhoa: Thudt todn may hoc, do lwong nhién liéu may chinh, do lwong thong qua vong
quay chan viz, do lwrong gian tiép nhién liéu may chinh, cong nghé do lirong nhién ligu may
chinh.

Chi sé phan logi: 1.4

Abstract: With demand increasing development of the marine fleet in the world, traditional
energy sources increasingly scarce and energy prices are increasing, competitive freight sea
increases gradually, then the application of technology and new technical solutions is one of
the measures effective and important to increase economy and safety for the mining fleet. This
article presents a recipe app and machine learning algorithms to calculate, design, fabrication,
equipment logs, and indirect measurement of fuel consumption of the main machine based on
the speed of rotation propeller. This idea helps to reduce the cost of products, simplifying the
online process vessel, indirect measurement of fuel consumption statistics, fuel for ship owners.

Keywords: Machine learning algorithms, measure the fuel in the main, fuel measurement
through engine rotations, indirect measurement of fuel in the main measurement technology
course materials the main machine.

Classifition number: 1.4

1. Giéi thigu
Hién nay, trén thé gisi cd nhiéu loai thiét

- Ghi lai nhat ky cap dau cho méy chinh.
Uu diém: Dé thuc hién, it ton kém. Nhuoc

bi do luu lwong chat long theo cac nguyén ly
do khac nhau nhu [1]:

- Luu luong ké: Do theo nguyén ly chénh
ap; téc do dong chay; dich chuyén duong...
V6i wu diém: Dé thyc hién, it ton kém. Nhuoc
diém: Gay that thoat rat nhiéu, khd bao vé khi
l3p rép 1én tau;

diém: Thu cong, ton nhan lyc va dé that thoét
nhién liéu;

- Sir dung cdng thic todn hoc dé do nhién
liéu tiéu thy may chinh. Uu diém: D tin cay
cao, chinh xac, hoat dong 6n dinh, bén. Nhuoc
diém: Gia thanh, chi phi lap dat ton kém, rat
kho tim ra cac théng s hiéu chinh phu hop.
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Bai bao thyuc hién tinh toan tiéu thu nhién
liéu cho mot may chinh. V&i muc dich 1a tim
duoc céc hé sb hiéu chinh phu hop vai con tau
dé dua ra két qua twong ddi chinh xéac phu hop
vé6i thuc té trén con tau. Van dung céc thuat
toan may hoc dé thiét bi hoat dong ngay mot
hiéu qua va thong minh hon. Vai bo di liéu
cang nhiéu, vi thé, thiét bi co thé sir dung cho
nhiéu loai may chinh khéc nhau. Bdng thoi,
thiét ké, ché tao thiét bi do, hién thi va ghi nhat
ky tiéu hao nhién ligu may chinh va thiét ké
phan mém théng ké muc tiéu thu nhién liéu
may chinh tau thay tir dir liéu da duoc luu trir
trong qué trinh van hanh [2].

Thiét bi ghi nhat ky va do luong gian tiép
muc tiéu hao nhién liéu may chinh dwa vao téc
d6 quay chan vit bao gdm mot thiét bi lap dat
trén tau ghi nhan céc tin hiéu, ghi nhat ky hanh
trinh tau va mot phan mém trén mdy tinh dé
phan tich dit liéu ghi nhan duoc tir thiét bi tinh
ra nhién liéu tiéu thu cua may chinh.

Tir cac bo dit liéu do dugc cua cac chuyén
hanh trinh tau thi nha quan 1y doi tau c6 thé
wée lwong dugc nhién liéu cho chuyén hanh
trinh tiép theo dé cung cap cho con tau mot
cach hiéu qua dam bao khong thiéu hoic qua
du. Bang cach ap dung thuat todn may hoc
(Machine Learning) véi thuat todn XGBoost
(Extreme Gradient Boosting) dé dao tao
(Training) [7] tir bo dir liéu tiéu thu ctaa may
chinh ¢ cac chuyén hanh trinh trude d6. Nham
mang lai su an tdm va quan ky nhién liéu hiéu
qua hon trong hoat dong khai thac.

2. Co sé ly thuyét va phwong phap
nghién ciu

e COng thwc tinh nhién ligu tiéu thu
cho may chinh lai chan vit tau bién

Cong thac tinh tiéu thu nhién liéu cho
dong co chinh théng qua vong quay chan vit
tau bién dugc xay dung dua trén co so Iy
thuyét nhu trinh bay sau [3]:

Go 1
%Cy) 1)

Cac thdng s6 co ban cua cong thuc tinh
tiéu thu nhién liéu tiéu thu may chinh:

G,,: Luong tiéu hao nhién liéu cua may
chinh, tin/ngay:

x(nlo)sxz4><(1+

G,: Luong tiéu hao nhién liéu may chinh
véi cOng suat va vong quay dinh muc, kg/h;

1000: Sé quy dbi don vi khdi luong.

T: Lugng hang cho trén tau tai thoi diem
tinh toan, tan;

T,: Trong tai cua tau, tin DWT;

ny: Vong quay dinh muc caa may chinh,
vong/phut (v/p);

n: Vong quay toan tai cua may chinh tai
thoi diém tinh toan, vong/phut (v/p);

24: S6 gio trong mot ngay;

C;: Ccac hé sb higu chinh do cac anh
huong tac dong dén tiéu hao nhién liu.

Céc yéu t6 anh huong nhu két cdu dong
co, tinh trang k§ thuét, anh huong cua tai trong
hang hoa, tinh trang ky thuat vo tau, diéu kién
khai thac thuc té dugc hiéu chinh.

e Heé sb anh hwéng tinh trang vé tau
va chan vit

Pic tinh chan vit biéu thi mbi quan hé
gitra cac théng so lam viéc cua dong co vai toc
do quay hoac toc do tau khi luong nhién liéu
cung cap cho moi chu trinh thay doi goi la dac
tinh chan vit. Hay su phu thugc céc chi tiéu
kinh té ky thuat cua dong co vao toc do quay
cua no khi dong co lai chén vit duoc goi la dac
tinh chan vit. Chan vit tiép nhan cdng suat, mé
men do dong co san ra trir di mot phan ton that
nang lugng khi truyén tir dong co dén chan vit
[1-2].

Dé xay dung duoc dac tinh chan vit, ta
phai gia dinh rang lugng nhién liéu phun vao
dong co trong moi chu trinh thay doi (dw #
const) va toan bo céng suat phat ra cua dong
co truyen het cho chan vit. Khi d6 su bien doi
md men, céng suat phu thudc toc d6 quay
duoc xac dinh theo biéu thic sau:

N, = Cxn3 (2)

Tir phuong trinh trén cho thay véi mot
con tau cu thé & mot didu kién khai thac nhat
dinh (C = const), cdng sut c6 quan hé bac ba
véi toe d6 quay caa nd. Trong thuc té khai thac
diéu kién hang hai luon thay d6i nhu khi tau
hoat dong trong diéu kién song gi6 thay doi thi
hang s6 C ciing thay ddi theo diéu kién khai
thac. Két qua la ta s& ¢ ho cac duong dic tinh
chan vit.
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N
&

o I3
Hinh 1. Biéu dién méi quan h¢ giiza cdng sudt véi toc
do quay khi lrong nhién li¢u cung cap
cho moi chu trinh thay doi.
Coéng thirc tinh sy anh huong trinh trang
vo tau va chan vit

€ =Y —1 (3)
Trong do:
Skt L Mo Mo
V=X X=2=K X2 4
kt o Nt T Nt ( )

K,: Ty sb tang tong sic can R theo cong
thac cua IU.A.Sved:
Ky =Rt =1 488 — 1 4 1,7(1 - 0,411000127ke)
Ro éo
(5)
Z—" = f(Tx): Ty b thay ddi hiéu suit
t
chén vit theo thoi gian khai thac va duoc tra
theo do thi;
T,.: Thoi gian tinh tir 1an 1én da gan nhat
cua tau.
e H@ sb tinh dén anh hwéng caa chat
lwong nhién li¢u dau sir dung
Xuat phat tir cbng thuc tinh nhiét tri nhién
liéu ta co:
Qyu = (46,704 — 8,802.d%.107° + 3,167.d.1073)
(1-0,01(x+y+5s)) + 0,0942.5 — 0,02449.x (6)

Cong thirc xac dinh hé sb:
Cp =22 = % (7)

Ger1  Qmu2
e H@ sb tinh dén anh hwong cia diéu
kién khi hau méi truong
Diéu kién khi hau moéi trudong (nhiét do, ap
Suat...) & diéu kién khai thac thuc té anh huéng
thudng xuyén dén may chinh trong qua trinh
véan hanh, day 1a mot yéu té anh hudng tuy nho
nhung lai thuong xuyén va lién tuc tac dong
truc tiép dén mac tiéu thy nhién liéu caa dong
co. Cong thic:
C3 =1/K,.K; =m-¥ (8)
7a(r)
Trong do:
P: Ap suit khéng khi;

b: Ap suat ndi hoi & diéu kién thai thac
thuec té;

T: Nhiét do cua khong khi & diéu kién
khai thac thuec té.

e Hé sé tinh dén anh hwéng cha tinh
trang bién (dieu kién séng gio)

Tir tiéu chuan séng gid, biéu thi hé sb giita
luc quan tinh, trong luc va tiéu chuan song gio
ta tim ra dugc hé so di€u kién song gio tac
dong 1én tau lam anh hudng dén suat tiéu hao
nhién li€u theo cong thire sau:

Cy= ng -1 (9)
Véi K, dugc tinh:
4
Ksg=1+ a.(Fy;—0,05) (10)
Trong do:

a: bac trung cua song, tinh theo cong
thac thuc nghiém va duoc tinh theo cdng thic
sau:

= (12)

Trong do:

Ps: Cap song, cap song duogc quy dinh
trong quy pham do cac co quan Ping kiém
ban hanh.

Chi sé Frut biéu thi hé sb giita luc quan
tinh va trong luc duoc tinh theo cong thurc sau:

Fr.L = \/% (12)
Tiéu chuan chiju song gio:
10415
L(B.2.1)3/2
W= (13)
Trong d6 cac hé s6 tiéu chuan trong cong

thirc gom:

FrL: Hé s Frut theo chiéu dai tau;

g: Gia téc trong truong, m/s?;

T: Chiéu chim cua tau (mén nuéc toan
tai), m;

8: Hé sb béo cua tau (hé sb day thé tich
Cg):6=D/(L.T.B);

D: Luong chiém nudc cua tau toan tai;

V: Van tdc tau, hi/h;

L: Chiéu dai thiét ké tau, m;

B: Chiéu rong tau, m;
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e Thuat todn may hec (Machine
Learning)

Yéu cau dit ra cho ngudi quan 1y doi tau
la cung cap nhién li¢u hop ly cho chuyén hanh
trinh m&i ddm bao khong thiéu hodc qué du
cho tau. Nham giai quyét yéu cau do, nguoi
quan ly can c6 nhi€u kinh nghiém dé du doan
duoc nhién liéu tiéu thu cho chuyén hanh trinh
méi. Chinh yéu cau cung véi sy phat trién cua
khoa hoc k¥ thuat hién nay ta co6 thé dung
thudt todn may hoc d€ du dodn nhién li¢u cho
chuyén hanh trinh méi dya vao cac bg dir licu
tur chuyén hanh trinh cii cia cac con tau dé cho
ra ket qua tot hon. Duya trén két qua nhién liéu
ma may hoc du doan dugc két hop voi kinh
nghi¢m giap cho nguoi quan ly ddi tau cung
cap nhién li€u cho doi tau hi€u qua hon.

Theo tau, ta c6 cac thong s6 mac dinh
nhu:

- Luong ti€u hao nhién liéu dinh mirc
may chinh;

- Vong quay dinh mic may chinh;

- Luogng hang ché dugc;

- Trong tai cua tau.

Khi mot chuyén hanh trinh méi cua con
tau ta s€ co gia tri trong tai thay doi cua tau.
Su dung gié tri do két hop véi vong quay trung
binh ciia mdt con tau sau khi két thic hanh
trinh dé lam dir li€u dau vao ciia mot con tau.
Va két qua dau ra cia viéc dy doan 1a nhién
li€u cua con tau ti€u thu trong 1 phut.

Thuat toan XGBoost (Extreme Gradient
Boosting). Day la thuat toan State-Of-The-Art
nham giai quy¢t bai toan Supervised Learning
cho dd chinh xac kha cao.

y 1a bién ngau nhién “output™;

X ={xq,..,x,} la bién nglu nhién
‘linput1’;

{y;, x;} 1a mau dit liéu training;

F*(x) la ham muc tiéu anh xa x sang y;

L(y, F(x)) la loss function.

Muc ti€u cua chung ta tim dugc ham muc
tiéu F* sao cho cuc tiéu hoa ky vong ciia ham
101.

F* = argmingE,,L(y,F(x)) =

argmingE,[E,(L(y,F(x))|x] (14)

Pau vao: Dit lidu {(x;, ¥,)}
Budc 1: Khéi tao hang sd
Fo(x) = argmin ¥ L(y;y)  (15)
Y

Budce 2: form =1to M:
(A) Compute

AL(y;F(x;))

dF (x;) (16)

r.,. = —
m [ FOO)=Fm—1(x)

fori=1,..,n
(B) Fitaregression tree to the r;, values
and create terminal regions Rj,,, forj=1..J,,.

(C) Forj=1...J,, compute
Yjm = argmin Y ep, LYy, Fin-1(x:) + ¥)
' a7)
(D) Update
Fun(%) = Fpq (0) + 220" ¥ind (x € Ry)
(18)
2.1. Thiét ké téng quan

Tong thé hé thdng do luong gian tiép
nhién liéu may chinh tau thuy

Hinh 2. Hé thong do lwong gian tiép nhién liéu may
chinh may tau thuy.
Hé thang bao gom ba phan chinh gom:
Thiét ké tong quan;
Phan cing;
Phan mém;
2.1.1.So @0 khdi hé thong
Téng quan vé hé thdng s& van hanh va
thuc hién cac tac vu theo yéu cau da phan tich
nhu sau:

Liru dir Béu
a0 thé e

r s
ik | / \ App contol Viewer,
Digital input F seling dela
0-5V0G f NGl STURF tead dala in cad va
TVingquy | export rafie ecuel
1.Chvoay | . 7 benmat
e

Ty i
vineyih |
|

Hinh 3. So do hé thong.
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2.1.2.So dd Layout PCB

Tir so d6 hé thdng ta s& tinh toan va thiét
ké bang mach gén két tat ca cac linh kién cho
phl hop va dap tung day du cac yéu cau hé
thdng dat ra nhu hinh sau:

POWER SUPPLY
SVDC - INPUT STM3ZFLO03CETE
Digital Input }- TERMINAL

Hinh 4. So @6 Layout PCB hé thang.
2.2. Phan cieng
2.2.1.Mach dién
~ Hg thdng ding mach MUC STM3284 dé

lay cac tin hiéu nhu sau:

- May chinh gdm: Vong quay va chiéu
quay;

- Thyc hién luu trir dir liéu vao bd nhg;

- Giao tiép voi may tinh dé truyén nhan
dix liéu théng so luu trir dir liéu.

Hinh 5. Board mach hé thong.
2.2.2.VV6 hop
o Mat truée thiét bi

Hinh 6. Mat trudc vo hop.
o Mat sau thiét bi

Hinh 7. Mat sau vo hgp.

Hinh 8. Hgp hoan thién.
2.2.3.San pham

-r.-lr

Hinh 9. Thiét bj hoan thién.
2.3. Phan mém
2.3.1.Trén board mach

- Code thu thap va xur 1y tin hi¢u encoder:
1#(HAL_GPTO_ReadPin(GPIO_DI_1, DI_1) ==GPIO_PIN_RESET)

if(HAL_GPIO_ReadPin(GPI0_DI_2, DI_2) ==GPIO_PIN_RESET)
{

Dir=1;
}

else

{
Dir=2;

Counter = Counter +1;
appending(str_send,'$');
appending(str_send,'C');

sprintf(str_buff, "%d",Counter);
strcat(str_send, str_buff);

appending(str_send, 'D'):
sprintf(str_buff,"%d",Dir);
strcat(str_send, str_buff);
appending(str_send, "#');
CDC_Transmit_FS5({(uint8_t*)str_send,strlen((const char*)str_send));
Hinh 10. Code ldy di liéu vong quay.
2.3.2.Trén may tinh
Phan mém ung dung trén hé diéu hanh
Android véi muc dich hién thi, cap nhat va luu
trir ra tap tin (file) thong tin do dugc tu thict
bi.

DO NHIEN LIEU TAU THOY

OONG D

Tl

UM THING LR HE THONG

Hinh 11. Phan mém g dung do nhién liéu tiéu hao
may chinh tau thay.
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PO NHIEN LIEU TAU THUY
CAlI BAT THONG S0

g tidu hao NL may chinh dinh muc (GO) 0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Cai A

CHUTING TRINH BIEM TP BN B THONG S0 HE THNG

Hinh 12. Cai dat cac thdng sé tau vao phan mém do
nhién li¢u tiéu hao may chinh.

DO NHIEN LIEU TAU THUY

Vb L Y
\\\“zsu-‘ﬂﬂ.is’l::n/// \Nio 121477,

w8 16" 7
~ 150 450 7~ w6 18 7,
= S00 = 20 -~
100 ] _\_‘IJ )
e soo— il =2 24—
—0 eso_ Il o : 26 =

prm kg/phit

Vong quay m:ay chinh Nhién liéu tiéu thu

may chinh

CHRATNG TN BN T DOHG HE ThoihG 0 W Thalibg,

Hinh 13. Bong ho hién th vong quay va nhién ligu
tiéu thy may chinh.

- Phan mém trén may tinh:

Ta st dung ngén ngir 1ap trinh C Sharp dé
viét pham mém trén may tinh ban hay laptop
vé phan mém xur ly, biéu dién do thi va xuét
cac két qua da duoc ghi nhat ky trén may tinh

Hinh 14. Hién th; dé li¢u tiéu hao nhién liéu

dudi dang biéeu do.

3. Két qua va thao luan

Dua vao cong thac phan tich May hoc &
trén, van dung vao con tau cu thé 1a UT-GLory
cho ra két qua chay thir so sanh danh gia véi
nhién liéu da co.

Thuc hién training va du doan: Tién hanh
trén bo dir liéu 40000 dong dir liéu cua tau UT-
Glory cé lugng tiéu hao nhién liéu dinh muc
may chinh la 306kg/h, vong quay dinh muc
may chinh la 500 vong/phut va co trong tai
2399 tin. Chia bo liéu trén ra 80% cho huan
luyén va 20% cho du doan. Khi thuc hién

training 80% dong dit liéu st dung thuan toan
XGBoost, cho du doan dua trén 20% dong di
liéu ta c6 bang chénh léch nhu sau:

TY LE CHENH LECH DU POAN NHIEN
LIEU TIEU THU
m Duwdi 0.0006935691 kg/phuit=Duw&i 1kgingay
m Duwéri 0.0034680961 kag/phit = Duwdi Ska/nagay
m Duwéi 0.0069369613 kg/phit=Duwdi 10kgingay
Duwéri 0.0138840839 ka/phit = Dwdi 20ka/ngay

W Trén 0.05977 7336 kgfphit = Trén 20kg/ngay

Hinh 15. Két qua Training dira vao
thugt toAn XGBoost.

Vai ty 18 nhu trén, két qua cia viéc du
doan ta c6 thé chap nhan duoc dé nguoi quan
ly tau sir dung nham cap nhién liéu cho tau ¢
chuyén hanh trinh mgi mot cach phu hop. Ta
thuc hién tinh nhién liéu tiéu thu caa tau UT-
Glory co:

- Luogng tiéu hao nhién liéu dinh mac may
chinh G,: 306kg/h;

- Vong quay may chinh (gia tri trung
binh) n: 290 vong/phut;

- Vong quay dinh mirc may chinh ny: 500
vong/phut;

- Luwong hang ché thuc T: 2000 tan;

- Trong tai cua tau Ty: 2399 tan;

Téng sb hiéu chinh: €; 4+ €, + €3 + C4 =
1.462070819

Ta co:

tan kg

G,, = 3.387073574 = 2.35213443 —-
phut

ngay
Str dung XGBoost du doan:
T =2000van =290 vong/phut

Ta du doan nhién liéu tiéu hao trong 1
phut la 2.3448969 kg.

Chéch léch gitra cong thuc G4 va thuat
toan XGBoost la 20kg, gia tri nay cd thé chap
nhan duoc trong thuc té. Thay doi:

T =2500tdn va n =250 vong/phut
ung vai chuyén hanh trinh méi, ta ¢6 Go4 =
1.5849317535545024 kg /phiit,
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XGBoost du doan la 1.58526173 kg/phut.
Chénh léch 0.000329976445 gan bang 0 kg.

4. Két luan

Qua md phong thuc nghiém caa chuyén
hanh trinh thuc té tau UT-Glory, két qua md
hinh dua ra chinh xac vai cong thirc tinh toan.
Trong thyc té khai thac mé hinh mé phong s&
ghi nhat ky theo tirng phut twong (rng Vi vong
quay chan vit ciia may chinh khi d6 sé tinh ra
nhién li¢u tiéu thu chinh xac hon. Bai vi tuong
g vai vong quay chan vi, cong suat dong co
s& thay d6i, do vay khi ta tinh nhién liéu & thoi
gian cang ngan, két qua thu dugc c6 do chinh
Xac cao.

O day, ghi nhat ky tinh toan & mét phut
c6 thé dap tmg dugc véi chuyén hanh trinh tau
kéo dai hanh nam twong (ng véi nhat ky, luu
ra file c6 gan 600000 dong dir liéu (khoang
30000 KB), vai dung lugng nay thi bo nhd 32
Gigabyte co thé dap tmg duoc cho chuyén
hanh trinh kéo dai trong thoi gian vai nam ma
khong lo bi tran bo nho.

Dir liéu cang nhiéu, hé thong s& cho ra két
qua cang hiéu qua va chinh xac hon thong qua
cac thuat toan may hoc XGBoost.

Giao thong van tai 1a mét trong nhing
nganh c6 nhu cau niang luong rat 16n, nghién
ciru dé tai c6 y nghia khoa hoc va thyc tién
trong linh vyc kinh té nhién liéu nham muc
dich gop phan dang ké vao kiém soét nhién
lieu that thodt, tao sy an tim cho ngudi quan
ly cling nhu théng nhat tranh tranh céi giira
quan 1y va doi tau. San pham nay duoc Gng
dung mang lai hiéu qua kinh té khé 16n, boi vi
kha ning du doan va ca kiém soét nhién liéu
tao sy thong nhat va an tdm tir hai phia quan
1y va doi tau trong qué trinh van hanh sé mang
lai hiéu qua cao nhat khi khai thac.
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