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Tém tit

Cdc nha khoa hoc dd va dang ton rat nhiéu cong
sk dé tim kiém cdc gidi phdp hiru ich nham
gidm thiéu cdc sw cé tai nan hang hai. Trong dé
tim hiéu va gidi quyét cdc nguyén nhdn gdy ra
6 hang hai dwong nhw la bién phdp t6i wu nhdt
dé ngan chan cdc tai nan hang hdi xdy ra. Di¢
liéu thong ké tai nan hang hai cho thdy trén
80% nguyén nhdn dan dén tai nan hang hai bt
nguon tir 16i con nguwoi. Béi vdy, khdc phuc
dwoc cdc 16 tir con nguwdi ¢é thé giam phan Ién
cdc rui ro xdy ra tai nan hang hdi, va ciing la
gidi phép cdp thiét. Trong bai bdo nay, tic gid
dé xudt phwong phdp mé phong canh bdo hanh
vi sT quan diéu khién tau va thuwe hién danh gid
do chinh xac cua mo hinh béng thudt toan KNN.
Tw khoa: Tai nan hang hai, hanh vi con nguoi,
danh gia do chinh xdc, thudt toan KNN, mé
phong hang hdi.

Abstract

Scientists have been spending a lot of endeavor to
find useful solutions to reduce maritime accidents.
Understanding and solving the causes of maritime
incidents seems to be the most optimal solution to
prevent maritime accidents. Maritime accident
statistics show that over 80% cause of maritime
accidents originate from human errors. Therefore,
overcoming human errors can largely reduce the
risks of maritime accidents, and is also an urgent
solution. In this article, the author proposes a
method to simulate warning behavior of navigator
and evaluate the model accuracy using KNN (K-

nearest neighbor) algorithms.

Keywords: Maritime accidents, human behavior,
accuracy  assessment, K-nearest neighbors
algorithm, navigator simulation.

1. Mé dhu

Tai nan hang hai ludn 1a sy kién gay ra hau qua
nghiém trong cho thuy thi hay hanh khach trén tau
nhu cac thiét hai thurong vong con ngudi, lam ton hai
dén tai san, hity hoai nghiém trong dén méi trudng
bién hay anh huéng dén giao thong hang hai,... C6
nhiéu nguyén nhan din dén tai nan hang hai, bao gdbm
su b k¥ thuat, sai sot ciia con nguoi, diéu kién thoi
tiét xu, va cham, va nhiéu yéu td khac. Trong d6,
nguyén nhén xuét phat tir cac sai s6t hay con goi 13 15
clia con ngudi ndi chung chiém dén hon 80% [6].

Bén canh d6, dé giam thiéu tai nan hang hai, bién
phap t6i wu nhét d6 13 str dung cac phuong an phong
ngira. Piéu nay bao gém:

« Pam bao tuan thu cac quy dinh, quy ché;

« Pao tao va nang cao nang lyc cho thuyén vién
lam viéc trén tau;

« Kiém tra va bao dudng thiét bi va hé thdng trén tau;

« Theo d&i va danh gia cac yéu t6 nguy co c6 thé
gdy ra tai nan hang hai [3, 7].

Chinh vi vdy, viéc giam thiéu cang nhiéu 16i con
ngudi, ma & day 12 16i ctia ngudi khai thac van hanh tau,
si quan diéu khién tau cang mang lai hiéu qua tich cuc
trong giam thiéu cac sy cd tai nan hang hai. Trong bai
bao nay, tac gia dé xuit mot phuong an mé phong canh
bao hanh vi ciia sT quan diéu khién tau huéng t6i ngin
chan céc sy cb tir 16i con nguoi trude khi xay ra thong
qua céc canh bao dugc phat hién tr hanh vi cia s quan
diéu khién. Bai b4o gom 5 phan chinh: M¢ dau, phuong
phép thyc hién md phong, déanh gia do chinh xéc, két
qua md phong va két luan nhu trinh bay dudi day.
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2. Phwong phap thuc hién mé phong

Tai nan hang hai va rui ro hang hai c6 mdi quan hé
mat thiét voi nhau, ngan chan tai nan hang hai t1 uu
bang cach thyc hién cac phuong phap giam thiéu rai
ro hang hai [8].

2.1. Xdc dinh 16i con nguwoi

Rui ro hang hai tiém tang bat ngudn tir hai yéu t6
cha yéu: yéu té co ban va yéu t6 tirc thoi [1]. Trong
d6, yéu tb khan truong nhit do6 1a cac tac nhan tirc thoi
(16i con ngudi/ 16i thiét bi) [1,5]. Néu nhu 15i thiét b
c6 thé dugc khic phuc hoéc du bao thong qua cac lan
kiém tra bao dudng va sira chira, thi 15i con ngudi lai
d8 cap dén cac khia canh chu quan va khach quan khac
nhau nhu ¢4 nhén, t6 chirc hay méi truong lam viée
anh huéng dén hanh vi cuia ngudi diéu khién van hanh
tau [1]. Dan tdi cac quyét dinh/ hanh dong sai lam
trong diéu dong tau. Nhitng nguyén nhan chi yéu bat
ngudn tir thong tin lién lac khong day du, ap luc cong
viéc, cang théng mét moi, sy chi quan, kha nang
chuyén mon kém [3]. Do d6, viéc giam sat canh bao
cac hanh vi nguy hiém c6 thé dan t6i cac hanh dong
sai 1am 1a can thiét va hiéu qud. Quy trinh thyc hi¢n
md phong duoc tuan theo quy trinh danh gia rai ro
hang hai nhu Hinh 1 [4, 8].

Nhén dién
/! hN
Giam sat Panh gid
N 4
Diéu chinh

Hinh 1. Thao tdc thuc hién danh gid va
theo doi riii ro hang hdi

hanh vi

..........
Bé sung div
liéu loi moi

e

1 - -
! Mikc do
. 1 . A
loi 11 nguy hiém
1 7

Diéu chinh
hanh vi

Hinh 2. Quy trinh giam sdt cianh bao hanh vi
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2.2. Co s6 giam sdt

Dua trén quy trinh theo doi va danh gia rdi ro hang
hai ma IMO khuyén nghi [4], nhom tac gia da xay
dung mdt mo6 hinh mé phong giam sat, phat hién va
canh béo nhitng hanh vi 18i c6 thé gdy mét an toan ciia
s quan hang hai nhdam ngan chan cic rui ro c6 thé gy
ra su ¢b hang hai khong mong mudn xuat phat tir con
nguoi (Hinh 2).

Phuong phap nay dugc giam sat thong qua hé
thdng camera theo ddi dé danh gia hanh vi ciia si quan
hang hai, phat hi¢n va phan loai, cling nhu bao dong
cac hanh vi 16i théng qua viéc so sanh dit liéu thu thap
duoc véi dir liéu 16i duge cap nhat lién tuc.

2.3. Quy trinh danh gid dit liéu

Dé viéc danh gia c6 thé dua ra cac két qua tich cuc
va chinh xdc nhat, céc budc xi 1y dit liéu thoi diém ban
dau dong vai tro ti quan trong [2]. Trong nghién ctru
nay, chung t6i da sir dung dir liéu mé phong lam co sé
dé thuc hién so sanh, danh gia va tao didu kién thuan
loi cho viéc ap dung md hinh danh gia trong tuong lai.
Qué trinh xir 1y dir liéu ban dau cho viéc danh gia da
dugc thuc hién nhu duge mo ta trong Hinh 3.

Nhoém nghién ciru da st dung dit li€u hinh anh
dugc thu thap tir phong mo phong dé tong hop va phan
loai céc loai hanh vi 13i ciia si quan hang hai, sau d6
da tién hanh 1ap lai nhiéu lan qua trinh nay thong qua
thudt toan KNN dé phan loai danh gi va cai thién do
chinh x4c. Cudi cing, chung t6i so sanh két qua du

\
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Hinh 3. Quy trinh xi ly va danh gia dii liéu mé phong
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doan v6i hanh dong trén thuc té duoc ghi chép boi tmg
vién mo phong si quan hang hai dé danh gia mirc do
tin cdy cua md hinh nghién ctru.

2.4 Két ludn tiéu muc

Viéc st dung mo hinh theo doi giam sat s quan
hang hai va bao dong hanh vi thiéu an toan théng qua
céc thiét bi theo ddi bang hinh anh va cam bién khong
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vi pham dén quyén ty do con ngudi va luat phap quéc
té/ qubc gia vé st dung lao dong duogc chi phdi bai cac
didu khoan trong hop dong lao dong [5]. Phuong phap
dé xuét duge thue hién nham muc tiéu nang cao an
toan cho toan tau, cling nhu ban than si quan hang hai
khi nhan dién bao dong cac hanh vi 13i tiém cén i ro
gdy mit an toan. Tinh chinh x4c cua phwong phap
duoc cai thién bang phuong phap so sanh véi thyc té
két hop cap nhat lién tuc cac kiéu dit liéu 16i moi.

3. Panh gia do chinh xac

3.1. Thugt toan KNN

Nhur d3 biét, thudt toan k-nearest neighbor hay con
goi tat 1a thuat toan KNN 1a thuét toan hoc may cb
giam sat, don gian va dé trién khai. Thudng duoc ding
trong céc bai toan phan loai va hdi quy. Thuat toan st
dung nhitng dit liéu trong ddng va ton tai gan nhau
trong mot khoang khong gian dé danh gia gia tri can
khao sat, do d6 cong viéc cua thudt toan 1a tim ra k
diém gan véi dir liéu can kiém tra nhat (k hang xém
gan nhat). Viéc tinh toan khoang cach giira 2 diém
ciling c6 nhidu cong thirc ¢6 thé sir dung. O day ching
t6i stir dung cong thirc toan hoc Euclid dé danh gia
khoang cach giita 2 diém x, y va c6 k thudc tinh nhu
cong thuce (1) dudi day.

diyy = Xl (= y:)? (1)

Trong do:

d(x,y) - Khoang céch gitra x va y;

x;, ¥; - Toa d tuong Gmg cta thudc tinh .
3.2. Danh gia dp chinh xdc dir liéu

Mot thach thitc quan trong cia KNN la xac dinh
thude do dé tinh khoang cach gitra ddi trong can phan
16p (k) v6i cac dbi twong con lai trong co sé dit licu.
Vi déy 1a lya chon mang tinh chii quan nén néu chon
thudc do khong phu hop thi mo hinh s€ khong hi¢u
qua. Tuy nhién, b?lng viéc thuc hién 1ap lai tinh toan
danh gia dir liéu ban dau nhiéu lan v6i tham s6 khoang
cach dugc thir nghiém trong nhiéu giai doan thoi gian
va tinh huéng khéc nhau, ty 1€ chinh xac cua du doan
dugc nang cao 1o rét va ngay cang tiém can toi do
chinh xac tuong ddi, thuyét phuc vé mat két qua va do
tin cdy. Hon nifa, hién nay c6 nhiéu cong cu hiru ich
da tich hop viéc hoc may va phan loai dir li€u
(machine learning & classifier) voi thuat toan KNN
nén c6 thé dua ra két qua do chinh xac cac danh gia
nay mét cach nhanh chong va hi¢u qua.

Do chinh xac trung binh dugc tinh theo cong thirc

KHOA HOC - CONG NGHE

sau day:
Py = Xl /1 @)
t

Trong d6: pgp- Ty 1€ chinh xac trung binh;

ng - S6 hanh dong doan dung;
n, - Tong s6 hanh dong;
1 - 86 1an thyc hién kich ban.

D6 chinh xac chap nhan dugc ciia phuong phap
md phong thong thuong ti thiéu phai dat mirc 90%.
4. Két qua mé phong

Trong qué trinh thyc hién mé phong dé thu thap
dir liéu va danh gia hiéu qua cuia phuong phap dé xuit,
chung t6i thuc hién thi nghiém véi 50 tng vién gom
cd nam va nti, trong do tudi tir 18 dén 22, chiéu cao
trung binh cia nam 1a 174cm va cia nir 1a 162cm, can
nang trung binh 1a 73kg va 51kg, md phong céac thao
tac cong viéc binh thuong ciia mdt si quan hang hai
voi nhiém vu diéu khién tau theo cac kich ban khac
nhau tai phong thuc hanh mé phong budng lai cua
Trudng Pai hoc Hang hai Viét Nam.

4.1. Theo doi, giam sat va thu thdp dir licu

o

Hinh 4. Giam sat hogt dong ciia wng vién

Dé tién hanh theo ddi cac hoat dong va giam sat
hanh vi cta tng vién, dong thoi dam bao qué trinh
theo dodi duoc dién ra lién tyc, tin cdy, tac gia sir dung
két hop thu thap dir liéu bang hinh anh théng qua
camera giam sat két hop voi cam bién hanh vi (Hinh
4) va dir li€u thyc cac hoat dong dugc ban than cac

Hinh 5. Phiéu thu thip dit ligu hanh djng
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mg vién ghi lai voi thoi gian yéu cau ghi lai hanh
dong trung binh 1a 15s (tir Ss dén 1 phit) (Hinh 5).

Thong thudng, dé dam bao qua trinh theo ddi duoc
sudn s¢, khong gap van dé qué tai vé dung luong bo
nhé do dit lidu hinh anh nhiéu, ciing nhu cic van dé
vé tinh toan va canh bao, hay tham chi la anh hudng
dén viéc ghi nhd hanh dong ciia img vién chung t6i
thuc hién céc kich ban khéac nhau theo khoang thoi
gian trung binh 13 10 phit cho mdi tmg vién.

Hinh 6. Phén logi trang thdi si quan diéu khién
4.2. Xdc dinh va phén logi hanh vi

Tién hanh phan tich danh gia dit liéu theo ddi thu
thap tir cac ung vién va thyc té, ching t6i nhan thay
dé thuc hién cac hoat dong cong viéc cua si quan diéu
khién tau trén budng 14i, con ngudi thudng tap trung
vao 4 nhom trang thai co thé chinh: Pimng, cii, ngdi

Nam
Ngbi
Viét
Pimg
Bo Bam
Quan sat
Di lai
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va nam nhu Hinh 6 dudi dy. Ciing boi véy, c6 thé noi
d6 tudi ciia cac ing vién khong anh huong nhiéu dén
két qua danh gia ma chu yéu bi anh hudng thay doi tir
hai yéu t6 1a chiéu cao va can nang.

Bdng 1. Phén loai hanh vi

Pirng Cui Ngoi Nim
Léi tau Viét Viét Nghi
Quansat  Quan sat Quan sat
Bo dam Bo dam Mét moi
Di lai Mét moi Nghi
Nghi

Thuc té, dé thuc hién viée co quyét dinh duara cac
canh bao nguy hiém hay khéng lai khong chii yéu phu
thudc vao trang thai co thé cua nguoi diéu khién ma
chinh 1a cac hanh vi dwoc cho 1a nguy hiém cua nguoi
diéu khién hay con goi 1a 15i cua si quan diéu khién
nhu chiing t6i da trinh bay ¢ phan trén. Do d6, viéc
méau chdt & day 1a phan loai hoat dong va nhén dién ra
dugc cac hanh vi nguy hiém nay. Tir kinh nghiém thyc
té dugc tham khao boi cac thuy thii 14i ¢6 kinh nghiém
di bién lau ndm va dit liéu thu thap tir hinh anh theo
doi, chung t6i da phan loai hanh dong va hanh vi
ngudi diéu khién tau theo 4 nhom trang thi twong g
nhu Bdng 1. Trong d6, ngoai trir viéc nam xudng la
hoan toan gdy mat an toan cho cong viéc didu khién
van hanh tau va khong mang y nghia lam viéc (mac
dinh dua ra canh bao) thi cac hoat dong lam viéc cta
ngudi diéu khién tau tap trung vao trang thai Pimg 1a

B - Hinh dong nhat ky Jl] - Hanh dong nhin dién

Hinh 7a. Kich bin I - trng vién thay doi hanh dong chim

Nam

Ngoi

Viét

Bimg |
Bo bam

Bilai

Nam
Ngbi
Viét
Bimg ||
Bo Pam .
Quan sat
bi lai

B - Hanh dong nhat ky [l] - Hanh dong nhan dién
Hinh 7c. Kich bin 3 - iing vién thay déi hanh dpng theo l¢nh
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chinh va mutc d6 hanh vi nguy hiém ting dan theo
timg trang thai Ciii va Ngoi.
4.3. D¢ tin cdy cua div liéu danh gida

Nhu da dé cap ¢ trén, dé dam bao tinh tin cay va
d6 chinh x4c trong viéc danh gia, chung toi da thuc
hién viéc thu thap dir liéu mo6 phong va ap dung thuét
toan KNN dé nhéan dién. Sau do, chung t6i so sanh két
qua nay voi dir lidu thuc té dugc cac ung vién ghi lai.
Két qua ctia qué trinh so sanh nay da dugc minh hoa
trong Hinh 7, v&i ba loai kich ban khéac nhau danh cho
{g vién trong cting mot khoang thoi gian. Cuy thé 1a:

1 - Hanh dong cham (10 giy tr¢ 1én gitra mdi 1an
thay d6i hanh dong - Hinh 7a);

2 - Hanh dong nhanh (dudi 10 gidy gitta mdi lan
thay doi hanh dong - Hinh 7b);

3 - Thay d6i hanh dong theo 1énh ngau nhién ciia
nguoi giam sat (Hinh 7c).

Pé dam bao tinh chinh xéac, ching toi da so sanh
hanh vi dugc nhan dién béng thuat toan KNN véi hanh
vi dugc ghi chép thyc té ciia ung vién. Thuét toan da
duogc huin luyén dén khi dat do chinh xéc tdi thiéu 1a
97%. Diéu nay gitip ching t6i dam bao ring két qua
danh gia la chinh xac va dang tin cdy.

4.4. Canh bdo

Tir nhitng dit liéu thu thap, canh bao va huén luyén
béang phwong phap hoc may (machine learning) ching
t6i tong hop va thdng ké cac canh béo 15i sT quan diéu
khién nhu Hinh 8.

Trong nghién ciru nay, bang viéc giam sat hanh vi
sT quan diéu khién théng qua hinh anh va tham khao y
kién chuyén gia, chung t6i tap trung vao canh bao cac
16i c¢6 thé xay ra bat ngudn tir hanh vi mét moi hay
nghi ngoi qua l4u trong qua trinh diéu khién tau. Cu
thé, dbi véi trang thai dimg canh bao s& xuét hién khi
ngudi didu khién tau bit dong trong thoi gian téi thiéu
40s, thoi gian canh bao nay di véi trang thai ciii, ngdi
va nam lan lugt 1a 30s, 20s va 5s. Piéu nay ciing dam
bao cho cic canh bao khong xuit hién qua nhiéu
xuyén sudt qua trinh 1am viéc cua nguoi diéu khién

100

® 80
)
g 60
E 40
@
= 20

0

iing Chi Ngéi Nam
Trang thai hanh vi

Hinh 8. Ty I¢ xudt hign canh bdo theo hanh vi
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tau, tranh gdy anh huong dén tam 1y cua nguoi lam
viée va giam thiéu cac canh bao khong can thiét.
4.5. Danh gia chung dj chinh xdc

Tir cac két qua thu thap duoc nhu Hinh 7, ¢6 thé
thdy d6 chinh xé4c cua viéc nhan dinh va dy doan 15i
hanh vi s quan hang hai khong chi phy thudc vao sd
lan thyc hién phép hudn luyén cua thuét toan KNN ma
con phu thude vao tde do thay doi hanh vi ciia nguoi
s quan d6. Su thay ddi trang thai co thé qua nhanh ¢
thé dan dén viéc dy doan sai léch vé hanh vi va gay ra
céc canh bao thiéu chinh xac hanh vi thuc té cua si
quan diéu khién tau.

Bén canh d0, cac két qua thu thap tong hop tir ing
vién mé phong ciing cho thdy rang viéc phan doan
chinh x4c trang théi thuc té cia si quan hang hai diéu
khién tau s& dat mirc chinh x4c rat cao sau khoang 5s
tir mdi 1an thay ddi hanh dong va tdi wu 12 10s tré 1én,
khi d6 d6 chinh xac ctia du doan sé gﬁn nhu hoan hao
(Hinh 9).

100
20
80

70

D3 chinh xac (%)

60

50
1 2 3 4 5 6 7 8 9 10
Téc d6 thay dbi hanh dong (s)

Hinh 9. P§ chinh xdc dw dodn theo téc dp thay doi
hanh dong

5. Két luan

Trong bai béo nay, tic gia da d& xudt mot phuong
phap canh bao hanh vi 16i ctia st quan hang hai khi thuc
hién cong viéc diéu khién tau nham muc dich nang cao
an toan cho toan tau thong qua thu thap danh gia dir liu
va nhén dién canh bao hanh vi nguy hiém c6 thé xay ra
c4c rai ro su ¢d cia si quan diéu khién tau. Yéu t6 nhan
dién dugc tinh toan va huan luyén nang cao do chinh
xac bang thuat toan phan cum pho théng KNN, yéu to
canh bao duya trén phuong phéap kinh nghiém va tham
khéao ¥ kién chuyén gia. Cac két qua thu thap tir phong
mé phong cho thdy tinh thiét thuc va tin ciy cia
phuong phap dé xuét, giai quyét dugc muyc tiéu cua bai
béo. Trong cac nghién ciru tiép theo, chiing t6i s& ning
cao hon nita d6 tin cdy cia cac canh bao bé‘mg viéc bd
sung cac yéu to anh huong ti 181 si quan diéu khién tir
bén ngoai tac dong nhu moi truong lam viée, yéu to
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nang luc, chil quan, anh huéng ciia chidu cao cin ning
ung vién ti nhan dién hanh vi,...
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