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ABSTRACT 

Model Predictive Control  (MPC)   is one of the modern control methods, which has  many 
advantages. Nowadays, this control method has been being researched by scientists in applying it to 
controllers, which have high intelligence level. This article presents the Underwater Vehicle dynamic 
Model (UVM). Based on which, the equation of state is built to define one of the Underwater Vehicle  
position parameters, which is its depth. In the result, a new solution applying MPC to  the Autopilot  
Underwater Vehicle (AUV) in case of adjusting  its depth without the operator is proposed. The aim of 
this method is to improve the level of AUV intelligence. The results of simulation in the Matlab software 
shows that this solution is advantageous and feasible. 

TÓM TẮT 

Điều khiển mô hình dự báo là một trong những phương pháp điều khiển hiện đại có nhiều ưu 
điểm. Hiện nay, phương pháp này đang được các nhà khoa học nghiên cứu để ứng dụng vào các bộ 
điều khiển có độ thông minh cao. Bài báo này giới thiệu mô hình động học của tàu ngầm. Từ mô hình 
này xây dựng phương trình trạng thái xác định một trong những thông số để định vị vị trí tàu ngầm, đó 
là độ sâu của nó.  Trên cơ sở đó đề xuất một giải pháp mới là ứng dụng phương pháp điều khiển mô 
hình dự báo vào thiết bị lái tự động trang bị cho tàu ngầm, khi cần điều chỉnh độ sâu của nó, không 
cần có người điều khiển.  Mục đích của giải pháp là làm tăng thêm mức độ thông minh của thiết bị lái 
tự động trên tàu ngầm.  Các kết quả mô phỏng trên Matlab sẽ minh chứng cho tính đúng đắn và khả 
thi của giải pháp này.        

 

I. INTRODUCTION  

       Model Predictive Control (MPC) is one 

of   the modern control methods, which has 

many advantages. Nowadays, this control 

method has been being researched by scientists 

in apply it to controllers, which have high 

intelligence level. This article presents the 

Underwater Vehicle dynamic Model (UVM) in 

section 2. In section 3, based on UVM,  a new 

solution applying MPC in the Autopilot 

Underwater Vehicle (AUV) in case of adjusting 

its depth without the operator is proposed. 

Section 4 covers conclusion. 

II. THE UNDERWATER VEHICLE 

DYNAMIC MODEL 

 UVM is depicted in figure 1 [1]. The 

simple form of equation of motion is obtained 

with body axes coincident with the principles 

axes of inertia, and the origin at the center of 

mass center of gravity (CG), in this case, the 

equations in the dimensionless are:    
 

Fig. 1 The UVM. 

            ]vrqwu[mX   ; 

]pwruv[mY   ; 

]qupvw[mZ   ; 

qr)II(pIK yzx   ;                      

rp)II(qIM zxy   ; 

pq)II(rIN xyz                         (1) 

       The 6 DOF components of the rigid body 

dynamic equations of motion of the submerged 

vehicle are: 
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where X, Y, and Z are surge, sway, and heave 

force; K, M, and N are roll, pitch, and yaw 

moment; p, q, and r are roll, pitch, and yaw rate; 

u, v, and w are surge, sway, and heave velocity; 

x, y, and z are body fixed axes in positive 

forward, positive starboard, and positive down; 

xI , yI  and zI  is vehicle mass moment of 

inertia around the x-axis, around the y-axis, and 

around the z-axis; Gx , Gy , and Gz  are 

longitudinal position, athwart position, and 

vertical position of center of gravity; , , and 

  are roll, pitch, and yaw angle.  

We can further simplify equations (2) by 

assuming that Gy  is small compared to the 

other terms. After several steps of linearization 

as in [2], vertical motion equations become: 

q ; 
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It can be rewritten in the matrix form: 
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 (4) 

Then, the UVM dynamic equation 

typically represented using the notation:    

BuAxx  ,  

with state vector:  Tzqwx   

and the control input u , U is velocity of the 

UVM.  Can be rewritten in the form: 
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where:    

)Mmx)(Zmx()MI)(Zm(Dv wGqGqyw   ; 

BGGB zzz  ;  

Dv
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a
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III. APPLICATION OF MPC IN THE 

AUTOPILOT UNDERWATER VEHICLE 

FOR DEPTH CONTROL  

Block diagram  apply MPC to UVM in 

figure 2, where r(t) is the desired depth (or 

setpoint), )t(  is the control  signal (or control  

signal input), v(t) is the measured disturbance, 

d(t) is the unmeasured disturbance, z(t) is the 

depth (or UMV output), n(t) is noise and y is 

the measured output 

Fig. 2 Block diagram  apply  MPC to UVM 

The problem is to find the control signal 

)t( , which makes the depth z(t) follow very 

closely to the desired depth r(t). The below part 

presents the solution that applies MPC to  

adjust the depth of UVM. 

3.1. Optimizing of AUV Standard Form 

MPC action at time k is obtained by 

solving optimization problem: 
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where:  y
j.i

u
j.i

u
j.i

5 w,w,wmax10 
   ; the 

block-diagonal matrices repeat p times, i.e., 

once for each step in the prediction horizon, the 

subscript (.)j denotes the j-th component of a 

vector, (k+i|k) denotes the value predict for 

time (k+i) based on the information available at 

time k, and r(k) is the current sample of the 

output reference.  

Subject to: 
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where: 0)khk(  ; ;1p,...,mh   

;1p,...,0i     is the slack variable ;0  
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with respect to the sequence of input increments 

[Δ(k|k),…,Δ(m-1+k|k)] and to the slack 

variable ε, and by setting                     (k)=(k-

1)+Δ(k|k), where Δ(k|k) is the first element 

of the optimal sequence; minj , maxj , 

minj , maxj , minjy , maxjy are 

lower/upper bounds on the corresponding 

variables. The Equal Concern for the 

Relaxation (ECR) vectors 

minV , 


maxV , 


minV , 


maxV , 

y
minV , 

y
maxV  have nonnegative 

entries which represent the concern for relaxing 

the corresponding constraint; the larger V, the 

softer the constraint. V=0 means that the 

constraint is the hard one which cannot be 

violated. By default, all input constraints are 

hard: (

minV =


maxV =


minV =


maxV =0) and all 

output constraints are soft (
y
minV =

y
maxV =1). 

As hard output constraints may cause 

infeasibility of the optimization problem (for 

instance, because of unpredicted disturbances, 

model mismatch, or just as numericalround 

off), a warning message is produced if 

y
minV ,

y
maxV  be small values  and 

automatically adjusted. Note that also ECRs can 

be time varying. 

 

3.2. Alternative Cost Function 

There is an option to use the following 

quadratic objective instead of the standard one 

(6): 

)k1ik(y[Q)]1ik(r)k1ik(y[),(J T
1p

0i
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2
etargt )]ik(                             (9) 

where )ik(etargt   is the desired depth for 

the control signal.  

 

3.3. The Unconstrained MPC 

The optimal solution is computed 

analytically in case of the unconstrained MPC: 
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and MPC sets:    )k(              (11) 

)k()1k()k(                (12) 

 

Fig. 3 Physical dimensions of UVM. 

 

3.4. Simulations 

We refer to the physical parameter of  

UVM in [3] (in figure 3),  the state space 

equation is in form: 
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To perform simulation in Matlab [4] with 

the noise n(t) in figure 5. The simulink diagram 

of applying MPC to AUV for depth control is in 

figure 4. Applying the optimal solution is 

computed in case of the unconstrained MPC to 

AUV, we get results of simulation in figures 

below.  

The depth z(t) (solid line), and the 

desired depth r(t) (dashed line) in figure 6. We 

find that the depth z(t) follow very closely with 

the desired depth r(t). Figure 7 is the control  

signal (t). Figure 8 is the pitch rate q(t). Figure 

9 is the heave velocity w(t). Figure 10 is the 

pitch angle (t).  Fig. 4 The simulink diagram of applying MPC 

to AUV for depth control. 
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Fig. 5  The noise n(t). 
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Fig. 6  The depth z(t) (solid 

line), and the desired depth r(t) 

(dashed line). 
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Fig. 7  The control  signal (t). 
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Fig. 8  The pitch rate q(t). 
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Fig. 9  The heave velocity w(t). 
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Fig. 10  The pitch angle (t). 

 

 
Fig.11 The result of MPC object in 

Simulink/Matlab. 

The result in Simulink/Matlab of MPC 

which is applied to AUV for depth control is in 

figure 11. 

IV. CONCLUSIONS 

Based on the results of simulation by 

Matlab software when applying MPC to AUV 

for depth control, it can be shown that this is an 

effective solution because the depth z(t)  

follows very closely with the desired depth r(t). 

Furthermore, these results of this solution also 
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show that MPC  is  the virtual modern control 

method. In comparison with other control 

methods, the advantage of MPC is its easy 

application. MPC may be applied in controllers 

for plant types, which are linear or nonlinear 

MIMO model. As a result, we absolutely 

conclude that this solution is advantageous and 

feasible. 
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