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1. Muc dich va déi twong nghién ciru

Muc dich nghién ctru: Muc tiéu tong quat ctia ludn an 1a nghién ciru, phét trién thuat
toan khién hién dai nham cai thién chat lugng hé thong mé phong chuyén dong tau thuy co
tich hop san treo ba bac tu do phuc vu cho dao tao, huén luyén sinh vién, hoc vién nhom
nganh hang hai nham muyc dich han ché thap nhat c4c tai nan trén bién va giam chi phi so véi

viéc huan luyén trén tau that.

bé giai quyét dugc muc ti€u tong quat, NCS xac dinh cac muc ti€u cu thé cua luan an

nhu sau:

Thir nhat, xay dung hé théng mo phong chuyén dong tau thity nham tao ra mot ban sao
giéng hét bué)ng 14i ciia mét con tau hién dai duoc dé xuit dap ung duogc cac yéu cu huén
luyén cho nganh hang hai. Kich thudc cua budng lai duoc thiét ké 1a 2.4x2.4m va chiéu cao
1a 1,75m. Khéi lwong du tai cua budng 1ai khoang 1300kg. Budng lai mé phong co tich hop
ban diéu khién, cac thiét bi nhu Radar/ARPA, ECDIS, Conning... va ndi that khac cling dugc
trang bi. Buéng lai duoc gfm trén mot san chuyén dong ba bac tu do. San chuyén dong duoc

thiét ké trén nguyén tic ctia Stewart platform.

Thi hai, trén co s tiép can Stewart platform véi ba bac tu do (lic ngang, lic doc va

truot du) va sau khi moé phong dong hoc tau thity dang hinh anh 3D. NCS tién hanh xay dy



thuat toan diéu khién trén bd diéu khién logic kha trinh PLC dé diéu khién t6 hop
DRIVE/SERVO nhim tao ra chuyén dong that 3 truc tw do mo phong lai chuyén dong tr mo
hinh 3D 40 trén mdy tinh.

Thi ba, tich hop hoan chinh mét hé thong mé phong 3D dong hoc tau thuy véi mo
hinh chuyén dong san treo duogc diéu khién trén co so ung dung tri tu¢ nhan tao Al dang
mang no ron nhin tao dé ting d6 chinh x4c va giam thdi gian tré dong bo gitta hinh anh va

chuyén dong vat 1y.

P6i twong nghién ciru: Trén co s& danh gia su can thiét cung v6i muc tiéu cia dé tai
luan 4n, d6i twong nghién ciru cta luan an 13 hé thong moé phong 3D dong hoc tau thuy trong

cAu tric cabin budng 14i co tich hop mé hinh chuyén dong 3 bac tu do (3DOF) cua san treo.

2. Phwong phap nghién ciru

Phuong phap nghién ctru ciia dé tai luan an bao gom: phuong phap phan tich va tong
hop 1y thuyét, phuong phap mé phong, phuong phap théng ké thu thap dir liéu va danh gia,
phuong phéap thuc nghiém. Phuong phap phén tich va tong hop 1y thuyét phuc vu cho muc
tiéu xay dung mé hinh dong hoc cia con tau. Pbi v6i phuong phap mo phong, dé tai sir
dung mo phong 3D céc tinh hudng trén bién cling nhu mo phong cac trang thiét bi nhu hai
d6 dién ti/ECDIS (Electronic Chart Display and Information System), RADAR,
CONNING... Sir dung mé phong trén Matlab/Simulink cho cac thuét toan tim tin hiéu diéu
khién ctia mo hinh dong hoc nguoc va thuat giai 1ap Newton-Raphson cua mé hinh dong hoc
thuan. Phuong phap théng ké, thu thap dit liéu va danh gia dé xay dung, chon loc bo dit liéu
hoc tt nhat cho mang noron nhan tao MLP. Ngoai ra, dé kiém chimg cac két qua mo phong
NCS sir dung phuong phap thuc nghiém trén co s& thuc hién ldp dat mo hinh, 14p trinh diéu
khién cac dong co servo trén PLC, xdy dung giao tiép mang truyén thong Modbus TCP,
thuat toan quy ddi cac goc roll, pitch, heave ra cic goc quay cua dong co servo, thudt toan

diéu khién xung phat xung diéu khién dong co servo.

3.Y nghia khoa hoc va thue tién

Vé mat phirong phép ludn, ludn dn huwdng téi:



Luan &n dua ra phuong phép luan, dé xuit ap dung mot thuat toan diéu khién méi dé
du bao va diéu khién chuyén dong ctia mo hinh san treo ba bac tu do bam theo tin hi¢u dat tu
mo hinh mé phong 3D. Cu thé thuat toan nay cho phép huan luyén trudc véi bo dit liéu mau
va dy béo tin hiéu chuyén dong nghiéng, lic va truot ding cla con tau trén co sé st dung
mang no ron nhin tao MLP. Luan 4n s& gop phan bo sung va 1am phong pha thém cac
phuong phap diéu khién nhdm lam giam dd tré cia m6 hinh san treo ba béc tu do so v6i mod

hinh chuyén dong ctia hinh anh trong khong gian 3D.
Vé mdt thuce tién, véi mé hinh va thudt toan du bdo dé xudt, ludn dn hwong toi:

Két qua cua luan an s€ hién thyc hoa van dé& khiéu khién mé hinh san treo cabin
budng 14i 3 bac ty do chuyén dong dong bod v6i chuyén dong cua con tau trong mé hinh mo
phong 3D bang mé hinh co khi ¢6 ciu trac Stewart platform. Cu thé 1a mé hinh dy béo trén
co s& mang no ron nhan tao duoc cai dit trong phan mém Matlab/Simulink trén may tinh, co
chtrc ning du béo trude chuyén dong cua con tau trong mé hinh mé phong 3D va phat 1énh
tGi PLC dé diéu khién thoi gian thuc cac co cau chap hanh Drive/Servo Motor truyén dong

cho 03 tay don.

4. Pong gop moi cua luan an

DPong gbp méi clia ludn an 1a phan tach cu trac diéu khién san treo 3 bac ty do cta hé
thdng mo phong chuyén dong tau thay thanh hai khéi 1a: khdi du bao goc quay va khdi didu
khién vi tri ctia co cdu chdp hanh. Tir d6 tong hop va hoan thién co s& 1y thuyét cia thuat
toan du bao trude goc quay cua cua dong co servo bang mang noron nhén tao, chirng minh
tinh dung dan va kha thi ctia phuong phap dé xuat bang thyc nghiém véi mé hinh vat 1y trén

co s& cac tiéu chi vé dJ chinh xac bam va giam thoi gian tré.
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SUMMARY OF THESIS

1. The purposes and the objectives

The purposes: The overall goal of the thesis is to research and develop a modern
control algorithm to improve the quality of a ship motion simulation system that integrates a
three-degree-of-freedom suspended floor to serve the training and coaching of students. ,
maritime industry students aim to minimize accidents at sea and reduce costs compared to

training on real ships.

To solve the general goal, the PhD student determined the specific goals of the thesis as

follows:

First, building a ship motion simulation system to create an identical replica of the
cockpit of a modern ship is proposed to meet training requirements for the maritime
industry. The size of the cockpit is designed to be 2.4x2.4m and the height is 1.75m. The
fully loaded weight of the cockpit is about 1300kg. The simulated cockpit has an integrated
control console, devices such as Radar/ARPA, ECDIS, Conning... and other interiors are
also equipped. The cockpit is mounted on a three-degree-of-freedom moving platform. The

moving platform is designed on the principle of the Stewart platform.



Second, based on the Stewart platform approach with three degrees of freedom
(horizontal sway, longitudinal sway and yaw) and after simulating ship dynamics in 3D
image form. NCS built a control algorithm on a PLC programmable logic controller to
control the DRIVE/SERVO combination to create real free 3-axis motion simulating the

motion from a virtual 3D model on the computer.

Third, completely integrate a 3D simulation system of ship dynamics with a suspended
floor motion model controlled based on the application of artificial intelligence (Al) in the
form of an artificial neural network to increase accuracy and reduce noise. Synchronization

delay between image and physical movement.

The objectives: Based on the assessment of the necessity and objectives of the thesis
topic, the research object of the thesis is a 3D simulation system of ship dynamics in the
cockpit cabin structure with an integrated 3-step motion model. of freedom (3DOF) of

suspended floors.

2. Research Methods

The research method of the thesis topic includes: theoretical analysis and synthesis
method, simulation method, statistical method of data collection and evaluation,
experimental method. Theoretical analysis and synthesis methods serve the goal of building
a ship's kinematic model. For the simulation method, the project uses 3D simulation of
situations at sea as well as simulation of equipment such as electronic charts/ECDIS
(Electronic Chart Display and Information System), RADAR, CONNING... Using
simulation on Matlab /Simulink for algorithms to find control signals of the inverse
kinematics model and Newton-Raphson iteration algorithm of the forward kinematics
model. Statistical methods, data collection and evaluation to build and select the best
learning data set for MLP artificial neural network. In addition, to verify the simulation
results, NCS uses experimental methods based on model installation, programming and
control of servo motors on PLC, building Modbus TCP communication network

communication, and algorithm.



3. Scientific and practical significance

In terms of methodology, the thesis aims to:

The thesis provides a methodology and proposes to apply a new control algorithm to
predict and control the motion of a three-degree-of-freedom suspended floor model
following the set signal from the 3D simulation model. Specifically, this algorithm allows
for pre-training with a sample data set and predicting the ship's tilt, swing, and sliding
motion signals based on the use of the MLP artificial neural network. The thesis will
contribute to supplementing and enriching control methods to reduce the delay of the three-
degree-of-freedom suspended floor model compared to the image motion model in 3D

space.
In practical terms, the thesis aims to:

The results of the thesis will realize the problem of controlling a 3-degree-of-freedom
cockpit cabin suspended floor model that moves synchronously with the ship's motion in a
3D simulation model using a mechanical model with the Stewart platform structure. .
Specifically, the prediction model is based on an artificial neural network installed in
Matlab/Simulink software on the computer, with the function of predicting the ship's
movement in a 3D simulation model and issuing commands to the PLC. for real-time control

of Drive/Servo Motor actuators that drive 03 lever arms.

4. The new contributions

The new contribution of the thesis is to separate the 3-degree-of-freedom suspended
floor control structure of the ship motion simulation system into two blocks: the rotation
angle prediction block and the actuator position control block. From there, synthesize and
perfect the theoretical basis of the algorithm for predicting the rotation angle of servo motors
using artificial neural networks, proving the correctness and feasibility of the proposed
method by experimenting with a physical model based on the criteria of tracking accuracy

and reducing delay time.
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