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Abstract: In this paper, an open-loop and closed-loop iterative learning control algorithm based on 
iterative learning theory is proposed to study the working characteristics and control technology of 

deep-sea mining vehicles. In this method, the deviation of the heading angle and the trajectory 
deviation are taken as the feedback correction variables in each iteration, and the trajectory 

deviation of the desired trajectory is corrected continuously, so that the motion trajectory can be 
precisely controlled. 

Introduction 

Iterative learning control adopts the control strategy of "learning in repeated motion", which has the 

function of system memory and experience correction, and is applicable to the controlled object 
with repetitive operating characteristics[1-3]. Deep-sea mining vehicle in the seabed area for 

loading, transportation, mining and other actions, the work flow is fixed, especially during 
transportation, travel routes are relatively fixed and repeated, coincides with the characteristics of 

the controlled object in the theory of iterative learning. In order to improve the control precision of 
trajectory, a new algorithm of motion trajectory control for deep sea mining vehicle is proposed by 

using iterative learning control theory. By studying the control parameters in the iterative process, 
the accurate control of the trajectory can be achieved. 

Iterative learning Control Algorithm and its Basic Theory 

Iterative learning control attempts to control the controlled object by using the deviation between 

the output trajectory and the given trajectory as the feedback to correct the suboptimal control 
signal, therefore new control signals are generated, so that the tracking control performance of the 

system is improved[4-6]. 
The dynamic model of the controlled system is as follows[7] : 
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Where 
1 nRx is state vector, 

1 mRy  is output vector , 
1 rRu is  the control vector of 

the controlled system, f and g are functions with corresponding dimension, and the structure and 

parameters are unknown. The output )(ty of the system in the time domain  Tt ,0 is required to 

track the desired output )(tyr  as much as possible, assuming the desired control vector )(tur is 

present. That is, under the given initial state value )0(x , )(tur is the solution of Eq.1 when 
)()( tyty r . The goal of iterative learning control is to operate repeatedly, under certain learning 

laws to make )()( tutu r , )()( tyty r . In the k run, Eq.1 is indicated as: 
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The tracking error is indicated as: 
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)()()( tytyte krk                                                             (3) 

The subscript k in the form represents the k run, assuming that the expected output )(tyr  
remains constant during each run. 

Open loop and Closed Loop Iterative Learning Control Algorithm 

Iterative learning control can be divided into two kinds: open-loop iterative learning and 

closed-loop iterative learning. There are many kinds of learning laws, the PID type learning law is 
adopted in this paper[8]. 

Open-loop control algorithm 

The open-loop iterative learning control algorithm is shown as Eq.4. The control quantity at k+1 

equals to the control quantity of the k, plus the linear combination of proportions, integrals, and 
differential terms at k output error, that is: 
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Where pK , iK , dK are scale, integral and differential coefficients  respectively. The basic 

structure of the open-loop iterative learning control algorithm is shown in Fig. 1. 

 

Figure 1.  Block Diagram of Open Loop Iterative Learning Control Algorithm 

General open-loop iterative learning control algorithms can be written as: 

 )(),()(1 tetuLtu kkk                                                               (5) 

Where L is linear or nonlinear operator. 

Closed-loop control algorithm 

The closed-loop iterative learning control algorithm is shown as Eq.6, taking the error of the k+1 

run process as a feedback correction,  that is: 
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Where pK
, iK , dK are scale, integral and differential coefficients  respectively. The basic 

structure of the closed-loop iterative learning control algorithm is shown in Fig. 2. 

 

Figure 2.  Block Diagram of Closed Loop Iterative Learning Control Algorithm 

General closed-loop iterative learning control algorithms can be written as: 

 )(),()( 11 tetuLtu kkk                                                               (7) 
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Where L is linear or nonlinear operator. 

Discretization of Iterative Learning Control Algorithm 

The open loop and closed loop control algorithms are discretized respectively, and the Eq.1 is 

changed into: 
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At the k run process, it can be expressed as: 
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The output error is : 

),()(),( klylykle r                                                          (10) 

The discretized open-loop and closed-loop iterative learning control algorithms are as follows: 
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Discreted open-loop and closed-loop general learning control algorithms are presented in the 
form of: 

 ),(),,()1,( klekluLklu                                                       (13) 

 )1,(),,()1,(  klekluLklu                                                    (14) 

Where L is linear or nonlinear operator. 
The open-loop iterative learning control algorithm adopts the off-line calculation method, 

therefore the calculation requirements of the system are not high, which uses the output error of the 
previous system, so the control effect is not as good as closed-loop iterative control algorithm. The 

closed- loop iterative learning control requires on-line calculation, so it requires higher system. 

Design of Trajectory Control Model for Seabed Mining Vehicle based on Iterative Learning 

Establishment of Trajectory Model in Polar Coordinates of Seabed Mining Vehicle 

Taking the seabed mining vehicle as the object of study, the trajectory model of the mining vehicle 

is set up as shown in Fig. 3. 

 

Figure 3.  Trajectory Model of Seabed Mining Vehicle 
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Open Loop Iterative Learning Motion Trajectory Control Model 

Using the basic principle of the open-loop iterative learning control algorithm, the trajectory 
control in autonomous driving process is achieved. The steering angle  and the traveling speed 

Vp are selected as the input control variables, and two parameters, the deviation of the heading 

angle  and the deviation of the motion trajectory e , are taken as the feedback correction quantities 
of the iterative learning, therefore, an open loop iterative learning motion trajectory control model is 

established. The block diagram of the open-loop iterative learning motion trajectory control model 
is shown in Fig. 4. 

 

Figure 4.  Open Loop Iiterative Learning Motion Trajectory Control Model Block Diagram 

The open-loop iterative learning motion trajectory control model is designed as follows: 
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Where 1pK
, 1iK , 1dK are the parameters of an open-loop learning sub controller (corner-heading 

angle deviation); 2pK
, 2iK , 2dK  are the parameters of an open-loop learning sub 

controller(corner-trajectory deviation); 3pK
, 3iK , 3dK  are the parameters of an open-loop learning 

sub controller (velocity-path angle deviation); 4pK
, 4iK , 4dK  are the parameters of an open-loop 

learning sub controller (velocity-trajectory deviation); 
)(

1
tu

k ,
)(

1
tu

kv   are the controlled variables 

of steering angle and traveling speed respectively in k+1 iterative learning; 
)(tu

k 、 )(tu
kv  are the 

controlled variables of steering angle and traveling speed respectively in the k iterative learning.  
Considering that the computer control system adopts digital control, therefore, the discrete 

processing is carried out, and the discrete control model is as follows: 
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Closed Loop Iterative Learning Motion Trajectory Control Model 

The closed loop iterative learning control algorithm also selects the steering angle  and the 

traveling speed Vp as the input control quantities, at the same time, heading angle deviation  and 
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trajectory deviation e are chosen as the feedback correction quantities of iterative learning, then a 

closed loop iterative learning trajectory control model is established. The block diagram of the 
closed loop iterative learning motion trajectory control model is shown in Fig. 5. 

 

Figure 5.  Block Diagram of Closed Loop Iterative Learning Trajectory Control Model 

The closed-loop iterative learning motion trajectory control model is designed as follows: 
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Where 1pK
, 1iK , 1dK are the parameters of an closed-loop learning sub controller 

(corner-heading angle deviation); 2pK
, 2iK , 2dK  are the parameters of an closed-loop learning sub 

controller(corner-trajectory deviation); 3pK
, 3iK , 3dK  are the parameters of an closed-loop learning 

sub controller (velocity-path  angle deviation); 4pK
, 4iK , 4dK  are the parameters of an 

closed-loop learning sub controller (velocity- trajectory deviation); 
)(

1
tu

k ,
)(

1
tu

kv   are the 

controlled variables of steering angle and traveling speed respectively in k+1 iterative learning; 
)(tu

k 、 )(tu
kv  are the controlled variables of steering angle and traveling speed respectively in the 

k iterative learning. 
Discretization is also performed, and the discrete control model is as follows: 
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Conclusion 

Based on the basic principle of iterative learning control, an open-loop iterative learning control 
algorithm and a closed loop iterative learning control algorithm for controlling the trajectory of 

deep-sea mining vehicles are proposed. The mining vehicle runs repeatedly on the transport path, 
using the deviation of the heading angle and the trajectory deviation as the feedback correction in 

each iteration operation. The trajectory deviation of the desired trajectory is constantly corrected so 
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that the mining vehicle can track the desired trajectory as accurately as possible, and the trajectory 

of the vehicle can be precisely controlled. 
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