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Tém tit

Nghién cuu nay tap trung wng dung mo hinh hoc
may Light Gradient Boosting Machine
(LightGBM) nham néi suy hé sé phat thai ciia tiu
container tai cang bién Nam Pinh Vi, qua dé
g6p phan ndng cao dé chinh xdc trong céng tac
worc tinh phat thai khi tir hoat dong tau bién - mot
trong nhitng nguon phat thai chinh tai khu viec
cang. Pham vi nghién cvuu la 693 lwot tau
container ra vao cang Nam Dinh Vii trong nam
2023. Két qua danh gi¢ mé hinh cho thdy
LightGBM dat do chinh xac rdt cao déi véi tat cd
cdc chat é nhiém, véi hé s6 xdc dinh R? luén 16n
hon 0,97, sai sé phan tram MAPE nhé hon 7%
va sai s6 tuyét doi MAE 6n dinh theo quy mé phdt
thai. Pdc biét, cdac thanh phan cé vai tré quan
trong trong kiém ké mét s6 loai khi nha kinh nhu
CO., CH4, N>O va cac chat gdy o nhiém nhw SO,
HC va bui min déu dat mwrc dw bao chinh xdc
vuot trgi. Phdn tich ma trdn twong quan cho thcfy
cdc bién ky thudt va van hanh cua tau co méi
quan hé phi tuyén phirc tap véi hé sé phat thai,
dong thoi khéng ton tai hién twong da cong tuyén
nghiém trong, khang dinh sw phi hop ciia mé
hinh LightGBM trong bai todn néi suy hé sé phat
thai. Céch tiép cdn nay mé ra hwéng g dung
hiéu qua cho cong tac quan Iy moi truong cang
bién va cé tiém niang mé réng cho cdc cang bién
khac tai Viét Nam.

Tw khoa: M6 hinh hoc may LightGBM, cang Nam
DPinh Vi, khi thai tau container.

Abstract

This study focuses on applying the Light Gradient
Boosting Machine (LightGBM) model to interpolate
emission factors of container vessels at Nam Dinh

factors, while no serious multicollinearity is

Vu Port, thereby improving the accuracy of emission
estimation from maritime shipping activities, which
represent one of the major sources of emissions in
port areas. The research covers 693 container vessel
calls at Nam Dinh Vu Port in 2023.Model evaluation
results demonstrate that LightGBM achieves very
high accuracy for all pollutants, with the coefficient
of determination R? consistently exceeding 0.97,
mean absolute percentage error (MAPE) remaining
below 7%, and mean absolute error (MAE)
remaining stable relative to emission magnitude.
Notably, the components fundamental to the
inventory of specific greenhouse gases including
CO:, CHyand N>O as well as pollutants such as SO
hydrocarbons (HC), and particulate matter (PM),
have all achieved exceptional levels of predictive
accuracy Correlation matrix analysis indicates that
vessel technical and operational variables exhibit
complex nonlinear relationships with emission

observed, further confirming the suitability of the
LightGBM model for emission factor interpolation.
This approach provides an effective pathway for port
environmental management and demonstrates
strong potential for extension to other seaports in
Vietnam.ionships ~ between  vessel  technical
characteristics, operational  conditions, and
emission factors. The findings provide an important
scientific basis for policy formulation aimed at
sustainable port development. Moreover, the
proposed approach shows strong potential for
extension and application to other seaports in
Vietham.

Keywords: LightGBM; Nam Dinh Vu Por;
container vessels emissions.
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1. Mé dau

Trong bdi canh hién nay, van tai bién toan ciu
ngay cang phat trién, du van tai bién ciing dwoc xem
lam mot hinh thitc than thién v4i moi truong tuy nhién
su gia tang luu lugng tai cac cang da tac dong lam gia
ting lwong phat thai khi, dbi véi nganh van tai
container dudng bién toan cau trong nam 2024 da dat
muc phat thai carbon cao nhét trong lich su voi 240,6
tridu tin ting 14,3% so véi nim 2023 [1], gdy ra
nhitng anh huéng x4u téi stc khoe va chat luong cude
song cta nguoi dan cac khu vyc xung quanh céng
[2,3] va dong gbp 16n vao bién ddi khi hau.

Nhim thyc hién muc tiéu giam phat thai va phat
trién bén virng IMO di ban hanh phu luc VIMARPOL
dua ra nhitng giéi han danh cho SOx, NOx nham han
ché muc phat thai [4], gan day nhat 1a chién dich “Net
Zero” phat thai rong béng 0 vao nam 2050, dat duoc
nhiéu hudng tmg cua cac qudc gia. Ddi véi Viét Nam
da tich cuc tham gia cong udc va thuc hién cam Kkét
chung nhu tham gia phu luc VI MARPOL 73/78 va
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dat muc tiéu “Net Zero” phat thai rong bang 0 vao nim
2050 tai COP 26 [5], [6].

Nhiam danh gia va dua ra bién phap hiéu qua dé
giam phat thai khi nha kinh, xay dung cong cu kiém
ké voi do chinh xéac cao 1a yéu cau bat budc. Déi véi
viéc kiém ké thudng dugc st dung tai Viét Nam, cac
nghién ctru trudc day tap trung vao tinh toan theo khu
vuc bé“mg cach st dung cac hé $6 phat thai hién c6 dya
trén nhién liéu hay dong co do cac td chirc nhu EPA,
EEA, IMO, ... d& xuét. Trén thyc té phat thai tir hoat
dong tau phu thudc chat ché vao dac trung ky thuat
ctia tau va diéu kién van hanh cia tau. Mdi quan h¢
gilta cong suét dong co, tdc do hanh trinh, thoi gian
neo dau va trang thai diéu dong ciia tau véi luong phét
thai CO: thudng mang tinh phi tuyén cao. Cac phuong
phap kiém ké truyén thong, mic di don gian va dé
trién khai, chwa phan anh day du su khéc biét vé dic
tinh va ché d6 hoat dong cia ting tau, dan dén sai sb
dang keé trong viéc udc tinh.Cac mo hinh hoc may la
phwong phép tiém ning gitp giai quyét vin dé nay.

Bing 1. Tong quan nghién civu lién quan

Ngudn Bo dit liéu Mo hinh Db chinh xac Han ché
Phuy thudc dataset c6 sin, kho
7] Cbng dit liéu m& ciia Chinh phu LSTM. BILSTM R® = 93.78% phan anh dir liéu thoi gian
e 1 = 9 . P '
Canada ° | thue va kich ban phat thai
dong.
Dir li¢u thir nghiém dudong bo . . Hiéu nang du bao con han
[8] . K Gradient Boosting R2=61,26% i
bang PEMS va OBDII ché (R2=0,61; MSE =0,77).
. o LightGBM, Chura xét tai b sung, hanh vi
[9] GPS thuec té tir xe dién tai Nhat R2=98% . .
XGBoost, ANN, LR lai va giao thong.
s C6 dé cap XAI nhung chua
Dir liéu tai liu vé thiét bi khi , , ) o cap 24T IANTE ¢
[10] héa 8 . Gradient Boosting R2=284,68% | phan tich sau tic dong rong
6a tang soi
& hon.
Hiéu suit xe hybrid v6i 16n hon Chudn héa dit licu chua 16
. . uan hoa dir liéu chua rd,
[11] 20 tham s0 (cam bien CO: | UWS-LSTM R?=97,50% ) . o
SprintIR-R 20) anh hudng kha nang tai lap.
[12] Dataset xe hang nhe Chinh phu | Hbi quy da thitc mot R® = 98.60% Thiéu mé hinh manh hon va
Canada (2017-2021) bién 0| dataset nhidu dac trung.
3] Dataset WB & co quan giao | MLP, XGBoost, R = 98 86% Chi danh gia 4 kich ban
thong Thd Nhi Ky SVM e tuong quan dau vao.
(14] PEMS do NOx, COs... tir xe | Gradient Boosting R? — 999 Dau vao it bién dan t6i gisi
diesel Regression ’ han d6 chinh xéc.
[15] Dit liéu 1ai xe thuc té tir cac su CatBoost R? = 83% Chi 600 sy kién nén chua dai
atBoos = X
kién phanh * | dién ddy di.
Open Energy Data Initiative o .
[16] (OEDI) ML Ensemble R2=94,70% Chi phi tinh toan cao.
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M&i quan hé phi tuyén phirc tap duoc huan luyén dua
vao cua dir liéu dau vao va dau ra, cac md hinh hoc
may cho phép wéc lugng hé sé phat thai ma khong can
thuc hién cac moé hinh phi tuyén tén thoi gian. Mot
nghién ctru d tong hop c6 tdi hon 20 mé hinh, thuét
toan tdi wu trong viéc ude tinh CO: [17], cing hang
loat cac mo6 hinh da dugc thir nghiém tai cac cang bién
trén thé gi¢i nhu Explainable Artificial Intelligence
(XAI) [18], PrE-PARE model [19],... Cac m0 hinh hoc
may cho thdy hiéu qua dang ké trong qué trinh tinh
toan phat thai. Trong Bang 1, nhom tac gia di tong
hop 1 s6 nghién ciru lién quan ti mé hinh hoc may va
bd dir liéu dugc su dung trong cac md hinh. Nhin
chung, cac nghién ctru dugc phan chia lam 2 loai, da
sO cac nghién ciru sir dung Machine Learning két hop
v6i bd dit liéu duge cung cép thuc dia, hai 1a sir dung
PEMS - day 1a mot cong cu do dac phat thai thuc dia,
Mac du hé théng do dac phat thai di dong (PEMS)
cung cp dir liéu thyc nghiém c6 do tin cdy cao & cap
d6 thoi diém, két qua tong hop tir cac nghién ciru trude
cho théy hiéu nang dy bao dya trén dir ligu PEMS
thuong khong 6n dinh khi mé rong sang céc kich ban
van hanh dai han hodc quy mé 16n. Trong bang tong
hop, mo6 hinh Gradient Boosting st dung dir li¢u thur
nghiém duong bo tr PEMS chi dat hé s6 xéc dinh
R?=0,61, thap hon dang ké so véi cac nghién ciru sir
dung b¢ dit liéu chuan héa hodc dit ligu van hanh dai
han v6i R? thuong dat hon 0,9, tuy nhién véi nghién
ciru PEMS NOX, COs.,... tir xe diesel véi mo hinh hoc
may Gradient Boosting Regression lai cho két qua cao
hon véi R? dat 99%, tuy nhién mo hinh cé bién vao it
bién din t6i gigi han d6 chinh xac. Tir d6 c6 thé nhan
thdy rang hiéu qua cia cdc mo hinh hoc may khong
chi phuy thude vao viée str dung dir liéu do dac truc tiép
nhu PEMS, ma con phuy thudc vao chét luong chuén
hoa dit liéu, d6 da dang bién dau vao va kha niang hoc
quan hé phi tuyén ctia thuét toan. Trong bbi canh déanh
gi4 phat thai dai han cho tau bién, cach tiép can két
hop dit liéu chudn hoéa va mé hinh hoc may mang lai
sur can bang tot hon giita d6 tin cdy, kha ning mé rong
va chi phi trién khai so vé6i cac phuong phap do dac
thuc nghiém thuan tiy. Nén trong bai nghién ctru nay,
s& str dung mé hinh hoc may két hop véi viée sir dung
bd dit liéu duogc bao cao thuc dia cua ting tau. Nhan
thiy mo6 hinh LightGBM ndi bat voi kha nang xur 1y
c4c bai toan hdi quy phi tuyén phirc tap, tbe do xur 1y
nhanh va cho ra d6 chinh xac cao.

Trén co s& do, nghién clru nay s€ ung dung mo
hinh hoc may LightGBM giup nang cao d chinh xac
trong qué trinh kiém ké phat thai tau bién tai cang
Nam Dinh Vil. Cach tiép can nay mang tinh méi tai
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Viét Nam, khi 1an dau tién mé hinh LightGBM duoc
ap dung dé ca thé hoa hé sb phat thai tau bién & quy
mod cang, thay vi str dung cac hé sb phat thai trung
binh theo tiéu chuan qudc té. Phan sau ctia bai nghién
ctru s& trinh bay cac phén sau.

2. Tong quan nghién ciru
2.1. Thu thdp va mé ta div liéu

Luong tau bién ra vao cang Nam Dinh Vi tinh tir
ngay 1/1/2023 dén ngay 31/12/2023, véi 693 lugt tau
ra vao cang dugc thu thap theo bao cdo cta cang trong
nam 2023. Céc dit liéu thu thap cia tau bao gdm 16
thong s6 nhu Bang 2, trong d6:

Bdng 2. Thong tin cia tau dwgc thu thdp

TT Dir liéu Théng sb
p[Ten t@u @@en dinh ) cGMFUI
danh)
2 |Trong tai (GT) 25,165
3 |Nam dong 2015
4 |Thoi gian dén (gio) 13/11/23 15:00:00
5 |Thoi gian di (gio) 17/11/23 17:00:00
6 S(’).‘ gio trong cang 08
(2i0)
7 |Neo (gio) 90,19
8 |Hanh trinh (gio) 0,24
9  [Piéu dong (giod) 7,57
10 V.’;%Ill tf)c - ‘Hanh trinh 19
(hai ly/ gi0)
Van tdc - biéu dong
11 O 5
(hai ly/ gi0)
. Van ‘t‘(A)c - Tbi da (hai I
ly/ gio)
Cong suit dong co
13 i 13000
chinh (kW)
Cong suit dong co
14 ’ 7200
phu (kW)
C MAN-B&W
15 |Loai may chinh 6S6O0ME-CS
16 Toc d6 dong co - 105
RPM
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Thoi gian dén: Tinh tir khi tau t6i diém don hoa tidu;

Thoi gian di: Tinh dén khi tau roi diém dén hoa tiéu;

Thoi gian hanh trinh: Tau hanh trinh tir diém don
hoa tiéu téi phao s6 0;

Thoi gian diéu dong: Tau diéu dong trong khu vuc
ludng va cép cang;

Thoi gian neo dau: Khi tau neo dong dé chd lam
hang va thoi gian tau lam hang.

Dit lidu vé hoat dong cua tau trong timg giai doan
duoc thu thap bang bao céo tai cang, theo di thoi gian
tau hoat dong trong tirng khu vuc, viéc nay giap hoat
dong danh gia phat thai ctia tau duoc chinh xac hon, dit
liéu can dugc thu thap dy du trude khi duoc tinh toan.
2.2. Xuwr ly div liéu va tiéu chi logi trir ngoai lai
(a) Xur ly dir liéu

Dé phan loai dir liéu, mé hinh st dung k¥ thuat
Label Encoding cho céc bién nhur loai tau va loai may
vé dang sb hoc giup mé hinh xir Iy dugc, trong truong
hop thiéu dir liéu, dir lidu duoc xir 1y bang cach dién
gia tri trung binh hodc trung vi ctia cac tau cung loai.
Péi vé6i cac giai doan hoat dong cua tau dwgc phan
loai theo Bang 3, tdc do cua tau phu thudc vao luu
luong tai cang bién.

Bing 3. Téc dp hoat dpng ciia tau tirng giai doan

Khoing téc d9 dién hinh
Giai doan . .
(hai ly/ gio)
Neo dau 0
Diéu dong 3-6
Hanh trinh 8§11

(b) Tiéu chi logi trir ngoai lai
Dé dam bao do tin cay ciia mo hinh va két qua woc
tinh. P6i voi cac bién lién tuc nhu toe d6 quay dong
co RPM va cong suat may, nghién ciru nay sir dung
phuong phap IQR (Interquartile Range), day mot
phuong phép thong ké phi tham sb, it nhay cam véi
phéan phéi léch va cac gia tri cuc tri. Cu thé voi moi
bién lién tuc X, cac tir phan vi thir nhit Q1 va thir ba
Q3 duogc xéc dinh, tir 6 tinh khoang tu phan vi:
IQR=Q3-Q1 (D
x; duge ngoai lai theo tidu chi thong ké khi nim
trong khoang [Q1—1,5XIQR,Q3+ 1,5XIQR] .
Tuy nhién trong nganh hang hai, viéc ap dung may
moc céc tiéu chi thong ké c6 thé loai bo cac quan sat
¢6 y nghia thuc tién, dbi voi cac tau siéu truong, co
thé 1a ngoai lai vé mit thong ké, nhung phu hop trong
diéu kién van hanh thyc t&. Do d6 chi nhing gia tri
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nao duogc xét vao ca ti€u chi ngoai lai cia IQR va vi
pham nhimng rang budc k¥ thuat co ban cia hé thong
tau bién (nhu cong suét, tde d6 am, cong suét vuot qua
gidi han cho phép).

2.3. M6 hinh LightGBM

LightGBM 1a mdt thuat toan hoc mdy do nhém
Microsoft Research Asia phat trién, thudc ho mé hinh
cdy quyét dinh ting cuong viét tat ciia Gradient
Boosting Decision Tree - GBDT [20]. Thuét toan nay
dugc danh gia cao nhd kha ning huin luyén nhanh,
hiéu qua tinh toan t6t va pht hop véi cac bai toan du
doan c¢6 quy mo dir liéu 16n trong khi van duy tri d6
chinh xéc cao.

Thuét toan GBDT truyén thdng co cac dic trung
déau vao duoc sip xép trude nham xac dinh chinh xac
diém chia t6i uvu cho mdi nut cua cdy quyét dinh. Cach
tiép can nay giup ning cao do chinh x4c trong qua
trinh phan tach dit liéu, nhung dong thoi lam gia ting
dang ké chi phi tinh toan va yéu cau bd nhd [20].

Level-wise growth

P
) @&

Leaf-wise growth

Hinh 1. M6 ta mé hinh LightGBM

DPé khic phuc nhuoc diém nay, LightGBM ap
dung phuong phap xay dung cdy dua trén biéu d, két
hop véi chién luge phét trién cdy theo chiéu l4.

Bén canh d6, LightGBM cho phép thiét 1ap gici
han d6 séu tdi da cta cay nham kiém soat do phtc tap
mo hinh, qua d6 han ché nguy co khép qua mirc trong
qué trinh hudn luyén. Nho sy két hop gitra thuét toan
dya trén biéu do va chién lugc phat trién cay theo
chiéu 14, LightGBM dat dugc su can béng gitita do
chinh xac, téc do tinh toan va kha nang mé rong, tro
thanh mot trong nhimg mé hinh GBDT hi¢u qua nhét
hién nay. M6 hinh dugc thiét ké dé xép xi ham anh xa
nhu sau:

EF=f(P, LF, RPM, V, Age, Type, Engine) (2)

Trong do:

EF: La he s6 phat thai tau bién (g/kW),

P: La cong suat may (kW),
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LF: La hé sb tai cua tau bién (%),
RPM: La toc d6 quay ciia dong co diesel (vong),
V: La vén toc (hai I/ gio),
Age: La tudi tau (tinh tir khi xuit xuong),
Type: La loai tau (container, hang roi,...),
Engine: La loai dong co (MAN, Thuong, c6 van
truot hodc khong co van trugt).
2.3. Hudn luyén va ddnh gid mé hinh
2.3.1. Hudn luyén mé hinh

Tap dir liéu gém 693 luot tau dugce chia thanh hai
tap doc 1ap: 80% cho hudn luyén va 20% cho kiém tra,
bao dam viéc danh gia mo6 hinh phan anh ding kha
nang tong quat hoa d6i véi dir liéu chwa timg xuat hién
trong qua trinh hoc. Qua trinh huén luyén tuan theo co
ché gradient boosting, trong d6 mdi cay quyét dinh
moéi duge xdy dung nhiam hiéu chinh phan sai s6 con
lai ciia t6 hop céac cay trudc do, giup mo hinh dan hoi
tu dén nghiém t4i wu.

2.3.2. Banh gia mé hinh

Mé hinh sir dung cac chi sé danh gia 6 chinh xéac
pho bién bao gdm: R2, MAE va MAPE nhiam danh gia
d6 chinh xac cua moé hinh du bao so véi md hinh
truyén thong.

a) Sai 56 R?

R? hay con goi la Coefficient of Determination, nd
do ty 1 phan tram bién thién (phuong sai) cia bién
muc y ma md hinh ¢ thé giai thich dwa trén x. Gi4 tri
R? cang tién gan 1 cho thiy mé hinh cang c6 kha ning
mo ta tbt mdi quan hé giira cac bién giai thich va EF.
Cong thirc tinh R? va R? hiéu chinh nhu sau:

2_q1_ESS

R*=1- 3)

ESS

H -1
Ric=1-|=s|=1-75x1-R) 4

n-1

Trong dé:

R?: La d6 léch binh phuong giai thich tir hoi quy,

ESS: La tong cac d6 léch binh phuong phan du,

7SS: La tdng cac d6 1éch binh phwong toan b,

n: La s6 lugng mau quan s,

k: La s6 tham s6 cia mé hinh, bang s6 luong bién
ddc lap cong 1.
b) Sai s6 MAPE

MAPE hay con duogc goi 1a chi sb phan trim

tuyét ddi trung binh dugc ding dé danh gia twong d6i
giita hé s6 phat thai du doan bai mo hinh Light GBM
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va hé s6 phat thai tham chiéu theo tiéu chuin ctia EPA.
MAPE phan 4nh sai sé du doan duéi dang phan trim,
cho phép so sanh hiéu qua mo hinh trong cac truong
hop dit liéu co sy khac biét 16n vé quy mé hé sb phat
thai gilra cac tau.

Cong thtrc tinh MAPE dugc xac dinh nhu sau:

e (5)

-1 n
MAPE = - X i ”

Trong do:
%,: La hé sb phat thai EF dyu doan (g/kWh);
y;: La hé sb phat thai chuan theo EPA (g/kWh);
n: La s6 lugng tau trong tap dit lidu.

Viéc str dung EF theo tiéu chuén do EPA ban hanh
lam méc tham chiéu cho phép danh gia khach quan
muc do cai thién cia md hinh LightGBM so véi
phuong phap wdc tinh truyén thong.
¢) Sai s6 MAE

MAE = 2?::1|St| — Z?:l |Yi_yl.| (6)

n
Trong do:

Y;: La hé sb phat thai chuan theo EPA cua tau i
(gkW),

Y,: La hé ) phét thai du dodn bdi md hinh
LightGBM cua tau tht i (g/kW),

n: La s6 lugng tau trong tap dir liéu.

Chi s6 MAE phan 4nh muc d6 sai léch tuyét dbi
trung binh cua hé so phat thai EF thong qua viéc do
luong do chénh 1éch tuyét doi gitra gia tri du doan va
gia tri tham chiéu theo Bang 4.

Bdng 4. Danh gid sai so ciia moé hinh

Hé sb R MAPE MAE
phat thai (%) (2
Co 0.95915 6.7570 6.82 x 10°
NOx 0.98719 6.6697 9.31 x 10*
HC 0.97455 4.8692 2.28 x 10
CHa 0.97455 4.8692 4.56 x 10!
PMio 0.97326 47368 1.01 x 10
PMa.s 0.97299 47028 9.01 x 102
COx 0.98257 3.9001 3.64 x 106
SOx 0.98276 3.8874 220 x 103
N20 0.98384 3.7802 1.53 x 102

(a) Pdnh gid tong thé bang R?

Két qua cho thdy mo hinh dat d6 phu hop rét cao
d6i véi tat ca cac chat 6 nhidém, v6i R? ludn 16n hon
0,97. Trong d96, cac thanh phén N20 (R2? = 0,98384),
SO, (0,98276), CO: (0,98257) va NO, (0,98719) thé
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hién kha niang mé hinh héa vuot troi. Didu nay khing
dinh md hinh LightGBM d3 nim bét ot cac quan hé
phi tuyén phirc tap giita dic trung k¥ thuat - van hanh
ctia tau va hé sb phat thai.

(b) Phan tich sai sé twong doi bang MAPE

Sai s6 phan trim MAPE cua cac thanh phan déu
nhé hon 7%, phan anh do 6n dinh cao ciia md hinh
trén toan bd cac chat 6 nhiém. Dic biét, cac khi N0
(3,78%), SOy (3,89%) va CO: (3,90%) dat muc sai
léch rét thap, cho thdy mé hinh ¢ kha nang du bao
cuc ky chinh xac ddi véi cac khi co vai tro quan trong
trong kiém ké phat thai khi nha kinh.

Trong khi d6, cac thanh phan CO (6,76%) va NO,
(6,67%) c6 MAPE cao hon, phu hop véi dic diém
bién dong manh cia cac khi nay trong qua trinh diéu
dong va van hanh tau tai cang.

(¢) Phdn tich sai s6 tuyét doi bang MAE

Gia tri MAE phan 4nh quy md sai s tuyét dbi theo
don vi vat 1y cua timg hé sb phat thai. Khi CO: ¢b
MAE 16n nhit (3,64 x 10¢ g), tuy nhién diéu nay 1a h¢
qué tryc tiép cta quy mo phat thai 16n, khong phan
anh sy suy giam do chinh x4c ciia mo hinh ma diéu
nay duoc xac nhan boi MAPE thap va R? cao tuong
{mg. Nguoc lai, cac thanh phan nhu CHa (4,56 x 10!
g) va N2O (1,53 x 10? g) c6 MAE nho, mo hinh du
béo rat 6n dinh ngay ca d6i véi cac chat c6 nong do
phat thai thap.

(d) Nhin dinh khoa hoc tong hop

Viéc két hop dong thoi R? cao, MAPE thép va
MAE hop Iy theo quy m6 phat thai ching minh mé
hinh LightGBM dat d6 chinh xac thong ké cao va dam
bao tinh tin cay vat 1y trong bai todn ndi suy hé s6 phat
thai tau bién.
(e) Kiém dinh chéo

Thay vi chi dya vao mét 1an chia dit liéu hudn
luyén-kiém tra theo ty 1& 80-20, phuong phap kiém
dinh chéo K-fold (v6i K = 5) dwoc xem xét nhdm dénh
gi4 tinh 6n dinh va kha ning khai quat héa ctia mo
hinh. Cach tiép can nay giup giam nguy co hoc vet
(overfitting) bang cach danh gia hiéu nang mo hinh
trén nhiéu cach phan chia dit liéu khac nhau, dong thoi
dam bao rang hé sb xac dinh cao (R~ 0,975) khong
phu thudc vao mét 1an chia dit liéu ngdu nhién cu thé
ma van duy tri 6n dinh trén céac tap dir liéu khac nhau.

(f) Phan tich do nhay

Bén canh d6, phan tich d§ nhay dugc thuc hién
thong qua viéc thay doi cac siéu tham sb chinh ciia md

An toan, méi trwong va phat trién hang hai bén virng

hinh, bao gém learning rate va max depth. Két qua cho
thdy hiéu ning ctia mo hinh twong déi én dinh, véi gia
tri dao dong trong khoang 0,96 dén 0,975 giita cac
céu hinh khac nhau. Mirc bién thién nhé nay cho thiy
mo hinh cé tinh vitng cao (robust) va khong qua nhay
cam v6i nhimg thay d6i nho cua siéu tham so.
2.4. Kiém ké phdt thdi tau bién theo EF hiéu
chinh boi LightGBM
Trén co s& cac hé sd phat thai dugc ndi suy va ca
thé hoa boi mo hinh LightGBM, nghién ctru tién hanh
xdy dung quy trinh kiém ké phat thai tau bién tai cang
Nam Dinh Vii theo huéng dan ctia B6 Theo hudng dan
ctia Bo Tai Nguyén va Moi truong vé hudéng dan ky
thuat kiém ké phat thai di voi cac ngudn tir tau thuy
[21] va Co quan Bao v¢ Moi truong Hoa Ky (EPA)
[22], cong thuc tinh toan lugng khi thai dugc xac dinh
nhu sau:
E = EFigntgem X LF X AX P @)
Trong do:
E 13 lugng phat thai cua tau bién (g);
P 1a cong suat may (kW);
LF 14 hé s6 tai cua dong co (%);
A 14 thoi gian hoat dong cua tau (gio);
EFyignicem 12 hé sb phat thai da dugce hiéu chinh
bdi mo hinh LightGBM (g/kWh).
+ Ddi v6i may chinh thi [22]:
LF = (T6c dod thuc té/ Téc do tdi da)3 (8)
+ Pbi v6i cac may phu thi tudn thu huéng dan cia
[21] theo Bang 5.

Bing 5. Hé sé tdi ciia dong co phu [12]

Loai tau Hanh | Diéu D&
) trinh dong hang

Tau hang roi 0.17 0.45 0.10
Tau container 0.13 0.48 0.19
Tau du lich 0.80 0.80 0.64
Tau hang téng hop 0.17 0.45 0.22
Tau khac 0.17 0.45 0.22

Tau RORO 0.15 0.45 0.26
Tau lanh 0.20 0.67 0.32

3. Két qua tinh toin va thao luin
3.1. Phén tich moi quan hé giiva cdc bién diu
vao trong mé hinh LightGBM

Hinh 2 thé hién ma trn trong quan Pearson gitra
cac bién dau vao dugc st dung trong qua trinh huan
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luyén mé hinh LightGBM, bao gdm cac thong sb k§
thudt cta tau va diéu kién van hanh.

Correlation Matrix
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Hinh 2. Ma trgn twong quan giita cdc ddc trung ky
thudt - van hanh ciia tau container tai cing Nam
Dinh Vii

Két qua cho thay ton tai mi trong quan rat manh
giita cong suét may chinh va cong suat may phu (r =
0,97). Biéu nay phan anh dic diém thiét ké thuc té cua
tau container, trong d6 cac tau c6 cong sut may chinh
16n thudng dugce trang bi hé théng may phu tuong timg
dé dap g nhu cau ning luong trong qué trinh neo
dau va khai thac tai cang.

Bén canh d6, RPM c6 mdi twong quan am rd rét
v6i cong sudt may chinh va may phu (r = -0,72 dén -
0,75). Két qua nay phu hop voi quy luat k§ thuat dong
co diesel tau thuy, khi cac dong co cong suit 16n
thuong van hanh & dai tdc d6 quay thap hon nham t6i
wu hiéu suit va do bén co hoc.

3.2. Két qua kiém ké phdt thdi khi nha kinh

Dua trén cac hé sb phat thai, ta tinh toan dugc CO-ze
tuong dwong, nghién ctru tién hanh kiém ké tong luong
phat thai nha kinh cta 693 lugt tau container ra vao
cang Nam Dinh Vi trong nam 2023 theo ting thang.
Két qua duoc tong hop va trinh bay trong Hinh 3.

4

78 9 10 11 12
Hinh 3. Lugng phat thdi CO:e theo thang ciia tau
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Biéu d0 cho thay lwong phat thai COze c6 sur bién
dong 16 rét theo thoi gian, phan anh truc tiép cudong
d6 hoat dong khai thac tau container tai cang. Gia tri
phat thai thap nhat duoc ghi nhan vao thang 1, dat
khoang 1,03 x 107 kg, trong tmg v&i giai doan dau
nam khi lvu luong tau va nhu cau van chuyén hang
hoa con thap.

Tir thang 3 dén thang 6, lugng phat thai COze ting
nhanh, dat khoang 3,8 x 107 kg vao thang 6. Dinh phat
thai xuét hién vao thang 7 voi gia tri xap xi 4,32 x 107
kg, cao gip hon 4 1dn so véi thang thip nhat trong
nam. Giai doan nay tring véi muia cao diém xuat nhap
khau, khi sb Iuot tau ting manh va thoi gian diéu
dong, neo dau tai cang kéo dai.

Sau thang 7, lwong phat thai c6 xu huéng giam dan
trong cac thang 9 va 10, trudc khi tang trd lai vao cubi
nam. Thang 12 ghi nhan mirc phat thai twong ddi cao,
khoang 3,67 x 107 kg, cho thdy su phuc hi manh mé&
cua hoat dong khai thac tau container phuc vu nhu clu
logistics cudi nam.

3.3. Thdo lugn

Két hop phan tich ma tran twong quan (Hinh 2) va
két qua kiém ké theo thang (Hinh 3) cho thiy céc bién
lién quan dén cong suit may chinh va may phu c6 mirc
d96 lién hé cao, phan anh dung dac trung van hanh cta
tau container trong diéu kién khai thac thuc té. Mbi
tuong quan manh giita cong suit may chinh va may
phu va cho thiy khi tai déng co chinh ting, nhu cu
nang luong phu tro ciing gia tang, déic biét trong cac
giai doan chuyén trang thai van hanh cia tau. Diéu
nay phit hop véi cac nguyén Iy van hanh cua hé théng
dong luc tau va giai thich vi sao cac mo hinh hoc may
dwa trén cdy quyét dinh nhu LightGBM c6 thé khai
thac hiéu qua cac mdi quan hé phi tuyén tiém an.

Ngoai ra, sy bién dong phat thai theo thang phan
anh truc tiép sy thay ddi vé& mat do tau va thoi gian
neo dau tai cang. Cac giai doan c6 luu lugng tau cao
cho thay phat thai ting chﬁ yéu do hoat dong cua méy
phu trong qua trlnh cip dién cho tau khi neo ben
Diéu nay goi y rang cac giai phap k¥ thuat nhu cip
dién bo hodc t6i wu hoa lich trinh tau co6 thé mang lai
hiéu qua giam phat thai dang ké trong bdi canh cang
container.

Nhirng két qua dat dwoc khong chi cung cép buc
tranh dinh lugng chi tiét vé phat thai CO: tai cang
Nam Pinh Vii trong nam 2023, ma con khéng dinh
tiém nang ung dung cua cic md hinh hoc may, dic
biét 1a LightGBM, trong cong tac kiém ké va quan Iy
phat thai khi nha kinh tai cac cang bién & Viét Nam.
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4. Kién nghi va giai phap
4.1. Kién nghi

Thir nhat, chuyén dbi phuong phap kiém ké phat
thai tir hé s6 trung binh sang hé s6 c thé hoa theo tau.
Két qua nghién ctru cho thdy mo hinh LightGBM gitip
cai thién do chinh xé4c du bao hé sb phat thai dat d6
chinh x4c rat cao di voi tat ca cac chit 6 nhiém, voi
hé sb xac dinh R? luén 16n hon 0,97, sai s6 phan trim
MAPE nhé hon 7% va sai sé tuyét d6i MAE 6n dinh
theo quy mo phat thai so vai phuong phap st dung hé
s6 phat thai trung binh theo tiéu chuén qudc té, trong
tu hudng nghién ctru trong cac nghién ctru tai cac cang
container 16n trén thé gi6i [23], [24].

Cang Nam Dinh Vii phdi hop véi Cuc Hang hai
Viét Nam xem xét thi diém ap dung mé hinh hoc may
(LightGBM) trong kiém ké phat thai dinh ky, trudc
mit tap trung vao khi CO2 va NO, - hai thanh phan c6
anh huong 16n dén bién d6i khi hau va chét luong
khong khi khu vuce cang.

Thtr hai, chuén hoa va s6 héa dit liéu van hanh tau
phuc vu cong tac kiém ké phat thai. Phan tich ma tran
tuong quan va két qua kiém ké cho thiy cac thong sb
véan hanh nhu thoi gian neo déu, thoi gian diéu dong,
RPM va vén tdc c6 anh hudng dang ké dén luong phat
thai, song hién nay céc dit liéu nay chi yéu duoc luu
trlt phan tan va chua dugc khai thac hiéu qua cho muc
tiéu moi truong.

Xay dung hé thdng co s dit liéu sé vé hoat dong
tau tai cang Nam Pinh Vi, lam tién dé cho viéc ap
dung cadc m6 hinh du bao phat thai thong minh va phuc
vu bdo cao mdi trudng theo yéu ciu trong nudc va
quéc té.

4.2. Pé xuit gidi phdp

Thir nhat, t6i uvu hoa hoat dong diéu dong va neo
d4u tau trong giai doan cao diém. Két qua kiém ké cho
thdy phat thai CO: dat dinh trong cac thang cao diém
logistics (thang 5-8), dic biét 1a thang 7. Piéu nay cho
thiy phat thai khong chi phu thudc vao sé luot tau ma
con chiu anh huong 16n tir thoi gian chd cau bén va
didu dong kéo dai. Cac nghién ctru tai chau Au va
chau A di chimg minh rang tdi wu héa lich tau va diéu
phéi khai thac c6 thé giup giam dang ké phat thai khi
tai cang [25], [26].

Trén co so d6, nghién ciru dé xuét cang Nam Binh
Vil ¢an ting cudng cong tac didu phdi lich tau nhdm
han ché tinh trang tau phai neo cho kéo dai trong diéu
kién tai thap. Pong thoi, trong cac khung gio khai thac
cao diém, nén wu tién bé tri cac tau cé cong suat dong
co 16n vao nhing khoang thoi gian khai thac tbi uu,

An toan, méi trwong va phat trién hang hai bén virng

qua do6 rit ngan tong thoi gian van hanh may phu va
giam phat thai phat sinh trong giai doan neo dau va
diéu dong.

Thir hai, két qua cho thiy thoi gian neo dau pha
thai cao do may phu van phai hoat dong lién tuctimg
budc trién khai hé thong cip dién bd (Onshore Power
Supply - OPS) cho tau container trong thoi gian neo
d4u tai cang. Phén tich dir liéu van hanh cho thay thoi
gian neo dau chiém ty trong 16n trong tong thdi gian
tau luu tra tai cang Nam Binh Vi, dong nghia vai viée
cac may phu phai hoat dong lién tuc dé cung cép dién
cho cac hé thong trén tau, din dén phat thai dang ké
CO: ciing nhur cac chat 6 nhiém khac. Nhiéu nghién
ctru qudc té da ching minh rang viée sir dung OPS ¢6
thé giup giam tir 30-60% luong phat thai CO: trong
giai doan neo dau, dong thoi giam manh phat thai
NO,, SO, va tiéng dn tai khu vuc cang [27], [28], [29].

T co s& phén tich, danh gia md hinh, nhom
nghién ctru d& xuat tich hop mo hinh LightGBM vao
hé théng quan 1y méi truong cua cang Nam Dinh Vil
Viéc tng dung mé hinh hoc may trong hd tro ra quyét
dinh gitp nang cao hi¢u qua quan ly phat thai va tao
nén tang khoa hoc cho cong tac quy hoach, diéu hanh
khai thac va thyc hién cac muc ti€u giam phat thai bén
viing tai cang trong twong lai.

5. Két ludn

Nghién clru nay da ching minh 16 rang tinh hiéu
qua va tinh kha thi cua viéc ung dung mo hinh hoc
may Light GBM trong ndi suy hé s phat thai va kiém
ké phat thai CO- tur hoat dong tau container tai cang
Nam Dinh Vii. Lugng phat thai ciia tau bién trong
cang Nam Pinh Vil trong niam 2023 dat 34.001 tin
COze. Trén co sé bd dir liéu g6m 693 luot tau trong
nam 2023, md hinh LightGBM cho thdy kha ning
vuot trdi trong viéc nam bét cac mdi quan hé phi tuyén
phirc tap giira dic trung k§ thuat, diéu kién van hanh
cua tau va hé sb phat thai, voi muc cai thién do chinh
xéc 18n toi cao va sai s6 nho voi hé sé xac dinh R2 ludn
16n hon 0,97, sai s6 phan trim MAPE nho hon 7%.
Két qua kiém ké phan anh 1 xu thé bién dong phat
thai theo thoi gian va 1am ndi bt vai trd cua cac yéu
t6 van hanh va hé sb tai trong tong lugng phat thai &
quy mo cang.

Viéc ung dung LightGBM gitip niang cao hi€u qua
giam thai khi trong cong tic quan ly moi truong cang
bién. Cach tiép c4n dwa trén dit liéu va hoc may giup
nang cao do tin cdy va tinh khoa hoc ciia két qua kiém
ké phat thai, cung cap co so dinh lugng vitng chac cho
viéc xay duyng cac giai phap giam phat thai c6 muc
tiéu va hiéu qua. Dong thoi, nghién ctru khing dinh
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tiém nang mo rong va nhan rong mo hinh Light GBM
cho cac cang bién khéc tai Viét Nam, gop phan hd trg
qué trinh thyc hién cam két phat thai rong bang “0”
vao nam 2050 theo dinh huéng phat trién bén viing
cua nganh hang hai.
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