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TOM TAT
Bai viét trinh bay q‘ud trinh thiét ké, ché tao va van hanh mét mé hinh sa ban mé phong hoat dong
cua cang Cam Ranh nham phuc vy cong tac dao tao va nghién ciru trong linh vuc logistics va {chai thac
cd’ng bién. Mo hinh dwqc phdt’trién VOi muyc tiéu tryc quan hoa cac quy trinh khai thac nhw diéu do tau,
xép dor container, va diéu khién thiét bi cau bén, qua do nang cao chat lwong giang day thuc hanh. Sa
bd,n tich hop hé thong dieu khién ty dong su dung vi diéu khién Ardugno, ’cdm bién7 va mo-dun co dién
de mo phong cdc chirc nang van hanh cang trong moi truong thyec te. Ket qua trién khai cho thay mo
hinh co tinh twong tdc cao, dap vng tot yéu cau mo phong ky thudt, chi phi ché tao thdp va kha nang mo
rong linh hoat, phu hop dp dung tai cdc co so dao tao ky thudt, logistics va hang hdi.
ABSTRACT

This paper presents the process of designing, manufacturing, and operating a scale model that
simulates the operation of Cam Ranh port, serving as a training and research tool in the field of logis-
tics and seaport operations. The model was developed to visualize operational processes such as ship
dispatching, container loading and unloading, and wharf equipment control, thereby improving the
quality of practical teaching. The scale model features an automatic control system that utilizes Arduino
microcontrollers, sensors, and electromechanical modules to simulate port operation functions in a re-
alistic environment. The implementation results demonstrate that the model is highly interactive, meets
the requirements of technical simulation, has low manufacturing costs, and offers flexible expansion
capabilities, making it suitable for application in technical, logistics, and maritime training facilities.

Tir khéa

Sa ban, mé phong cang bién, cang Cam Ranh, diéu khién tw dong, Arduino, logistics cang.

Keywords

scale model, seaport simulation, Cam Ranh port, automatic control, Arduino, port logistics.

1. GIOI THIEU

Trong bdi canh hoi nhap kinh t& qubc té,
nganh logistics va khai thac cang bién dong vai
tro ngdy cang quan trong trong chudi cung g
toan cau. Theo UNCTAD (2023) [6], hon 80%
khéi luong thu’crng mai quéc té duoc van chuyén
bang dudng bién, diéu nay 1am ndi bat vai tro
thiét yéu ctia hé thong cang bién va doi ngii nhan
luc dugc dao tao bai ban trong linh vyc nay [3].
Dé dap | g yéu cau phat trién bén ving va canh
tranh quoc te viée dau tu vao dio tao thuc hanh
va phat trién mo hinh mo phong cang bién 1a
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mot trong nhiing giai phap thiét thuc nham nang
cao chit luong ngudn nhan luc nganh logistics.

Tai Viét Nam, tuy nhiéu truong dai hoc da
mo rong chuwong trinh dao tao lién quan dén
logistics, quan ly chudi cung tmg va ky thuat
cang bién, nhung he thong mo hinh thyc hanh
con han ché ca vé sd lugng va chét luong. Mot
s0 mo hinh hién c6 mang tinh chét so khai, thiéu
kha ning tuong tac, chua md phong dugc day
du chu trinh hoat dong khai thac cang tir tiép
nhan tau dén bdc d& hang hoa, diéu d6 va quan
ly bai container [1]. Viéc ung dung cong nghé
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m&i nhu vi diéu khién, cam bién va Internet van
vat (IoT) vao md hinh sa ban chwra phé bién, dan
dén hiéu qua giang day thuc hanh chua cao.

Trong xu hudng dao tao hién dai, viéc két
hop gitta md hinh vat Iy va cong nghé diéu khién
1ap trinh dwoc xem 1a hudng di tiém nang nham
hd tro sinh vién tiép can vé6i thuc té nganh nghé
mot cach truc quan va sinh dong. Theo Le va
Pham (2021), vi¢c Gng dung Arduino trong
thiét ké mo hinh k¥ thuat co6 thé tao ra hé théng
linh hoat, chi phi thap, dong thoi cung cip moi
truong hoc tap giau tinh tuong tac va sang tao
[2]. Nhiing m6 hinh nay khong chi giup nguoi
hoc rén luyén ky nang chuyén mén ma con phat
trién tu duy hé thong, kha nang tich hop lién
nganh va tu duy glal quyét van dé.

Duya trén nhu cau thyc tién d6, nhém nghién
ctiu da lya chon cang Cam Ranh — mdt cang
tong hop quan trong cua khu vuc Nam Trung
Bo — lam co s& dé xdy dung mo hinh sa ban
md phong. Cang Cam Ranh ¢6 vi tri chién luoc,
co so ha tang da dang va tiém ning phat trién
logistics khu vuc. M6 hinh duoc thiét ké nhiam
mo phong cac hoat dong chinh trong chu trinh
khai thac cang, bao gém: diéu do tau, xép do
container, van hanh thiét bi co gidi va diéu phéi
giao thong noi b cang. Pac biét, mo hinh tich
hop cac hé théng didu khién ty dong st dung
Arduino, két hop cam bién hong ngoai va relay
nham mé phong hanh vi thiét bi mot cach chinh
xac.

Ngoai muc ti€u phuc vu cong tac dao tao, mo
hinh con dong vai trd nhu mét cong cu nghién
ctiu va thtr nghiém cac giai phap cong nghé
m&i trong linh vuc diéu hanh cang. Nhu Pham
(2023) di chi ra, mo hinh mé phéng c6 thé tro
thanh nén tang cho viéc phat trién hé thong cang
thong minh, két ndi dit liéu thoi gian thuc va
hd trg ra quyét dinh trong khai thac [4]. Tir mo
hinh sa ban don gian, cac co sé dao tao co thé
phat trién thanh Digital Twin cta cang bién, tao
tién d& cho viéc tmg dung trong chuyén doi s6
nganh logistics.

Bén canh do, mot sb nghién ciru gan day
ciing nhan manh vai trd ciia cong nghé mo phong
trong viéc dinh hinh ning lyc nghé nghiép cho
sinh vién cac nganh k¥ thuat. Tran va Hoang
(2020) chi ra rang cic mo hinh c6 tinh twong

tdc cao khong nhiing giup nguoi hoc hiéu sau
vé nguyén 1y hoat dong ma con kich thich kha
ning sang tao va doi mai trong thiét ké hé thong
k¥ thuat [S]. Pay chinh 1a Iy do vi sao viéc xay
dung md hinh sa ban tich hgp diéu khién thong
minh, cam bién va lap trinh dang ngay cang tro
thanh mot xu hudng dao tao hiéu qua trong cac
truong k¥ thuat va cong nghé.

Tai Viét Nam, mot s6 truong dai hoc ky thuat
da trién khai cac mo hinh mé phong phuc vu dao
tao nhu mé hinh cau truc cang cua Truong Dai
hoc Giao thong Van tai TPHCM (2021), hay
mo hinh thiét bi xép do container tai Truong Pai
hoc Hang hai Viét Nam (2020). Tuy nhién, cac
mo hinh nay chu yéu tap trung vao timg thiét bi
don 1¢, thiéu tinh tich hop téng thé va chwa ap
dung ddng bd cac cong nghé diéu khién hién dai
nhu vi diéu khién Arduino, cam bién phan hoi
hay két ndi IoT.

Khac voi cac nghién ctru trudc, mo hinh sa
ban trong dé tai nay hudng dén mo phong toan
bd chudi hoat dong khai thac cang, bao gom:
Tlep nhén tau, didu do, van hanh thiét bi, tin
hi¢u va giao thong ndi cang. Pac biét, viéc két
hop giita m6 hinh vét 1y va h¢ théng diéu khién
twong tac tao nén tinh linh hoat, truc quan va
pht hop vé6i dao tao thuc hanh. Pay 1a diém
khac biét cbt 161 gitip nang cao kha ning ng
dung thyc té va mo rong thanh mo hinh “Cang
thoéng minh thu nhé” [7].

So sanh v6i mot s6 md hinh da trién khai &
Viét Nam (m6 hinh cAu truc cang tai PH GTVT
TP.HCM, 2021; m6 hinh xép dd container tai
DH Hang hai VN, 2020) va quc té (tham khao
tir Journal of Maritime Engineering, 2022). Qua
so sanh, mo hinh ciia chiing t6i c6 wu diém la
tich hop toan bo chu trinh cang (tiép nhan, diéu
do, xép dd, diéu phéi), tinh tuong tac cao va chi
phi thap hon. Kha ning tich hop véi hé thong
cang thuc t& (IoT, Digital Twin): M6 hinh da
dugc mo rong hudng thao luan vé kha ning két
ndi véi dit liéu cam bién thoi gian thuc va nén
tang diéu khién tir xa qua Internet. Day duoc
xem nhu budc dém quan trong dé phat trién
Digital Twin cho cang Cam Ranh, dong thoi tao
co sO ung dung vao cac nghién ctu va dao tao
lién quan dén xu hudng cang thong minh trong
tuong lai.
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Tém lai, viéc nghién ctru va phat trién mo
hinh sa ban moé phong hoat dong cang Cam
Ranh khong chi ¢6 y nghia trong giang day ma
con gop phan vao dinh hudéng déi méi phuong
phap dao tao va nghién ctru ing dung tai cac co
s& gido duc dai hoc. Bai viét s& trinh bay chi tiét
qua trinh thiét ké, ché tao va van hanh mé hinh,
ddng thoi danh gia cac két qua dat duoc va tiém
nang mdé rong trong tuong lai.

2. PHUONG PHAP NGHIEN CUU

Dé xdy dyng mot mo hinh sa ban mo phong
hoat dong cang Cam Ranh phuc vu cho dao tao
va nghién ctru, nhom tac gia da trién khai mot
quy trinh nghién ctru theo hudng thuc nghiém
két hop cong nghé mé phong. Phuong phap tiép
cén bao gdm cac budc chinh: Khao sat thuc dia,

thiét k& mo hinh, tich hop h¢ thong diéu khién,
1ap trinh van hanh, thtr nghiém va hi€u chinh.
Qua trinh nay dugc trién khai tuan ty nham dam
bao tinh thyc tién, logic va c6 thé img dung vao
dao tao k¥ thuat.

2.1. Khao sat thuc dia va phan tich chirc
ning cang

Nhom nghién ciru di tién hanh khao sat thuc
dia tai cang Cam Ranh nham thu thap dit liéu
thuc té vé cau tric ha tﬁng, luéng tau, bén bai, hé
thong xép d& va didu phdi phuong tién. Phuong
phap quan sat truc tiép, két hop phong van can
bd van hanh cang gitip nhom xac dinh dugc cac
quy trinh chirc nang chinh can mé phong. Theo
Nguyen va Tran (2022), budc khao sat thuc dia
giup dam bao tinh chan thuc va kha nang ting
dung cua mo hinh [1].

I
Al i
] BadLcat

E—
==

555 B8 - THUNG HANG CONTAINER
@ : NGON HAI DANG

E-——1@5 :cAucHOA

[ —— =
@ : BANG TRUYEN

TRUONG DAl HOC NHA TRANG | GVHD HO DUIC TUAN
KHOA: KHOAHOC MANG Al |———
SVTH | NGUYEN NHAT DUC

DE TAINGHIEN CUUKHOAHOC | MSSY 64130367 TILE BAN VE 125
LY DUNG SA |

HOATEQUSCANOCAMRNS! . | 1bp- |  isaioimn NGAY HOANTHANH | 71712025

Hinh 1. Ban vé ky thuit mé hinh cing Cam Ranh

2.2. Thiét ké mé hinh va ban vé ky thuat

Dua trén dir liéu khao sat, md hinh 3D cua
cang Cam Ranh dugc dung bang phan mém
SketchUp nham tai hién cac khu chitc ning
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chinh: Cau cang, bai container, can céu, Xe
chuyén dung va dén tin hiéu. Pdng thoi, ban v&
ky thuat chi tiét timg bo phan va bé tri khong
gian duogc xdy dung bang AutoCAD dé lam co
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s& ché tao va lap rap. Theo Le va Pham (2021),
viée str dung cac phan mém CAD trong thiét ké
md hinh gitip t6i wu hoa ciu triic khong gian va
tiét kiém chi phi ché tao [2].

2.3. Tich hop diéu khién Arduino

M6 hinh sa ban s dung vi diéu khién
Arduino lam trung tﬁm diéu khién cac hoat
dong md phong, bao gdm ciu truc hoat dong 1én
xudng, xe container di chuyén trén bai, dén tin

hiéu hoat dong tuan ty va can diéu khién tir xa
mo phong cac thao tac van hanh. Hé thong cam
bién hong ngoai va relay dién tir duoc tich hop
dé phan hdi trong tic va ting tinh chan thyc.
Pham (2023) cho ring viéc tich hop Arduino
trong m6 hinh mé phong gitip nang cao tinh linh
hoat va kha ndng mo ta chinh xac quy trinh van
hanh [3].

Hinh 2. So d6 khdi diéu khién Arduino md phong hoat dong cang

2.4. Lap trinh diéu khién va vin hanh mé hinh
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Hinh 3. Luu d6 thuit toan diéu khién mé hinh
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Céc chirc nang diéu khién duoc lap trinh
bang ngdn ngir C/C++ trén nén tang Arduino
IDE. Logic diéu khién bao gdm cac trinh ty
hoat dong: Nhan tin hi¢u, xu 1y 1énh, diéu
khién mo to, phan hoi tir cam bién va ty dong
dimg hoat dong theo chu ky. Mdi thiét bi déu
c6 ham riéng duoc 1ap trinh dé van hanh mo
phong diing véi thuc té tai cang. Tran va Hoang
(2020) khuyén nghi viéc 13p trinh da nhiém
gitp tang kha ning tiy bién va tuong tic cua
mo hinh [4].

2.5. Thir nghiém — Panh gia — Cai tién

Mo hinh sau khi ldp rdp hoan chinh dugc
dua vao van hanh thir trong méi truong 16p hoc
va phong thi nghiém. Cac tinh hudng gia 1ap
dugc xay dung dé kiém tra kha nang mo ph(’)ng
cac quy trinh: Didu do tau, didu khién can céu,
van chuyén container va xir 1y tin hiéu giao
thong ndi cang. Nhém nghién ctu thu thap
phan hoi tir giang vién va sinh vién dé danh
gia tinh tryc quan, do tin cdy va kha nang ung
dung. Cac 18i dugc ghi nhan va cai tién qua
ting chu ky van hanh.

Phuong phap nghién ctru duoc trién khai
theo md hinh xoén dc (spiral model), dam bao
tinh lién tyc giita thiét ké — thir nghiém — diéu
chinh. Nho d6, mé hinh cudi cing dap ung
dugc yéu cau md phong tuong tac, dé sir dung
va phu hop véi muc ti€u dao tao k¥ thuat hién
dai.

2.1. Khao sat thwe dia va phan tich chire
niang cing

Nhom nghién ctru da tién hanh khao sat
thuc dia tai cang Cam Ranh nham thu thap di
liéu thuc té vé ciu trac ha tﬁng, luéng tau, bén
bai, hé thong xép d va diéu phdi phuong tién.
Phuong phép quan sat truc tiép, két hgp phong
van can bd van hanh cang gitip nhom xac dinh
duoc cac quy trinh chirc ning chinh can mé
phong. Theo Nguyen va Tran (2022), budc
khao sat thuc dia gitp dam bao tinh chan thuc
va kha nang ung dung ciia mo hinh [1].

2.2. Thiét ké mé hinh va ban vé ky thuit

Dua trén dir li€u khao sat, mo hinh 3D cua
cang Cam Ranh dugc dyng bang phin mém
SketchUp nhim tai hién cac khu chirc ning
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chinh: ciu cang, bai container, cin cu, xe
chuyén dung va dén tin hiéu. Pdng thoi, ban vé
k¥ thuat chi tiét ting bd phan va b tri khong
gian dugc xdy dung bang AutoCAD dé lam co
so ché tao va lap rap. Theo Le va Pham (2021),
viée str dung cac phin mém CAD trong thiét ké
mo hinh gitp t6i wu hoa ciu tric khong gian va
tiét kiém chi phi ché tao [2].

2.3. Tich hop diéu khién Arduino

Mb hinh sa ban st dung vi diéu khién
Arduino 1am trung tdm diéu khién cac hoat
dong mo phong, bao gdm cau truc hoat dong
1én xudng, xe container di chuyén trén bai, dén
tin hiéu hoat dong tuan ty va can diéu khién tur
xa mo phong cac thao tac van hanh. Hé thong
cam bién hong ngoai va relay dién tir duoc tich
hop dé phan hoi twong tic va ting tinh chan
thyc. Pham (2023) cho ring viéc tich hop
Arduino trong mé hinh mé phdng gitp nang
cao tinh linh hoat va kha nang mo6 ta chinh xac
quy trinh van hanh [3].

2.4.Lap trinh diéu khién va vin hanh mé
hinh

Céc chic ning didu khién duoc 1ap trinh
bang ngdn ngit C/C++ trén nén tang Arduino
IDE. Logic diéu khién bao gdm cac trinh
tu hoat dong: nhan tin hiéu, xu 1y 1énh, diéu
khién mé to, phan hoi tir cam bién va tu dong
dirng hoat dong theo chu ky. Mdi thiét bi déu
¢6 ham riéng duogc 1ap trinh dé van hanh mo
phong dung véi thuc té tai cang. Tran va Hoang
(2020) khuyén nghi viéc lap trinh da nhiém
gitip tang kha ning tuy bién va tuong tic cua
mo hinh [4].

2.5. Thir nghiém — Panh gia — Cai tién

Mo hinh sau khi Idp rap hoan chinh duoc
dua vao van hanh thir trong moi truong 16p hoc
va phong thi nghiém. Cac tinh hubng gia lap
dugc xdy dung dé kiém tra kha ning mo phong
cac quy trinh: Diéu d6 tau, diéu khién can ciu,
van chuyén container va xir 1y tin hiéu giao
thong ndi cang. Nhom nghién ctu thu thép
phan hdi tir giang vién va sinh vién dé danh
gia tinh truc quan, d¢ tin cdy va kha nang trng
dung. Cac 16i duoc ghi nhan va cai tién qua
tung chu ky van hanh.



Tap chi Khoa hoc - Cong nghé Thiiy sdn, S6 3/2025

Hinh 4. Anh thye té vin hanh mé hinh

3. KET QUA VA THAO LUAN 3.1. M6 hinh sa ban tong thé

Hinh 5. Toan cinh mé hinh sa ban tich hop thiét bi diéu khién Arduino

M6 hinh sa ban cang Cam Ranh duoc ché bao do bén co hoc va dé gia cong. Viéc b tri
tao vo1 kich thudc thu nho ti 1€ 1:450, bao céc thiét bi duge thuc hién ding véi ban veé
gdm cac phan khu chic ning: ciu cang, bai ky thuat nhim phan anh dang ciu trac thyc
container, nha diéu hanh, luéng tau va cac hé té cua cang Cam Ranh.

thong thiét bi mo phong. Két cdu duge lam tir

vat li€u nhya PVC, mica va thép udn dé dam
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3.2. Hiéu niing diéu khién va twong tic
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Hinh 6. Biéu d6 hiéu suét hoat dong ciia cac thiét bi md phéng

Céc thiét bi co dién tir nhu can ciu, xe nang
container va deén tin hiéu hoat dong 6n dinh
thong qua hé diéu khién trung tim Arduino.
Hé théng c6 kha niang diéu khién ban tu dong,
nhan tin hiéu tir nguoi ding qua cong tic hodc
cam bién dé thuc hién chudi hanh dong dinh
san. Cac quy trinh nhu xép d&, van chuyén
hang roi, di chuyén container va ludng phuong
tién dugc md phong rd rang, gitip ngudi hoc
quan sét truc tiép nguyén 1y hoat dong ciia cang
bién thue. Cu thé, hiéu suét = (sé 14n hoat dong

dung chirc nang / tong s6 1an thir nghiém) x
100%. Vi du: Cau truc dat 94% nghia 1a trong
100 lan van hanh, c6 94 lan di chuyén ding vi
tri theo 1€nh 1ap trinh.

3.3. Panh gia dinh luwgng tir ngudi st
dung

Uc tinh chi phi (~12 triéu VND) so sanh
v6i chi phi mo hinh nhap khau (>20 triéu
VND). Loi ich dat duoc: Tiét kiém chi phi, dé
bao tri, phu hop diéu kién dao tao trong nuoc,
¢6 kha ning nhan rong cho nhiéu co sé dao tao.

Biang 1. Tong hop phin hoi nguoi ding

Nhom ngudi khao sat Tiéu chi danh gia Mikce hai long (%)
60 sinh vién Truc quan — d& hiéu 95
60 sinh vién Tinh tuong tac — thuc hanh 97
5 giang vién Ung dung vao giang day 100

Két qua khao sat tir 60 sinh vién va 5 gidng
vién cho thiy hé théng mé phong dat hiéu suit
van hanh cao. Téc do phan hoi trung binh tur
cam bién dén thiét bi 14 0,8 gidy, ty 1¢ sai léch
vi tri céu truc dudi 5%. Trén 90% sinh vién
cho biét mé hinh gitp hiéu rd chudi hoat dong
cang. Biéu d6 Hinh 6 thé hién chi tiét hiéu suat
timg cum thiét bi mo phong. Sinh vién danh gia
cao nhét tinh truc quan (95%), giang vién dic
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biét nhan manh tinh tng dung trong giang day
(100%). Mot s6 gbp ¥ nhod duoc ghi nhan, nhu
can thém kich ban gia 1ap phtrc tap hon va ning
cao do bén cua cap cau.
4. KET LUAN VA KIEN NGHI

4.1. Két luan

Dé tai di xay dung thanh cong mot md hinh
sa ban m6 phong hoat dong cang Cam Ranh véi
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cac tinh nang diéu khién va tuong tac trong dbi
hoan chinh. M6 hinh khong chi phuc vu tt cho
cong tac giang day chuyén nganh logistics va
khai thac cang ma con co tiém ning ing dung
trong cac hoat dong nghién ctru mo phong, thir
nghiém coéng nghé diéu khién va dao tao ky
nang thuc hanh.

4.2. Kién nghi

Can tiép tuc cai tién mo hinh theo hudng
tich hop cong nghé thuc té do (VR) hoac thuc
té tang cuong (AR) nham nang cao trai nghiém
hoc tap.

Dé xuit cac co so dao tao trién khai nhan
TAI LIEU THAM KHAO

rong mo hinh nay trong dao tao ky thuat van
hanh cang, két hop giang day IoT va lap trinh
diéu khién tu dong.

Khuyén khich cic nhom nghién ctru sinh
vién ung dung mé hinh dé thir nghiém thuat
toan diéu phéi, toi wu hoa ludng tau va van tai
container noi bo.

Trong thoi gian téi, nhom nghién cuu
hudng téi mé rong mo hinh bang viée tich hop
IoT, nén tang diéu khién tir xa qua Internet va
moé phong bang thyc té ting cuong (AR), nham
dap g xu hudng s6 hoa trong dao tao va van
hanh céang thong minh.
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