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Abstract 

One of the main reasons for the development of space manipulators is to replace astronauts to perform tasks that 
involving long, repetitive operations and unhealthy, hazardous environment. Due to the particular harsh environment of 
space and the increasing demands of satellite maintenance, on-orbit refueling and assembly etc., the application of space 
robot has received significant attention. Some research has been done in the area of satellite capturing task, such as 
“Robot Technology Experiment (ROTEX)”, “Engineering Test Satellite VII (ETS-VII)” project, and “Orbital Express 
(OE)” program etc. 

Conventional linear controllers (PID) are not really suitable for the control of space manipulators due to the highly 
nonlinear behavior of the space robot model. Model predictive control (MPC) has been used in the chemical process 
control industry with great success; however, the application of predictive control in the aerospace industry appears 
relatively new. Popularity of the model predictive control approach lies in its relatively simple idea as well as in its 
practical advantages. In principle, MPC is a feedback control scheme, for which in each sampling period, a finite 
horizon optimization problem is solved. An illustration of MPC schematic diagram is shown in Figure 1. One of the 
main benefits of predictive control is that the constraints on the inputs and outputs of the system can be explicitly 
considered in the control problem formulation. 
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Figure 1. Schematic Diagram of Nonlinear Model Predictive Control 

 

This study investigates the use of nonlinear model predictive control (NMPC) for space redundant manipulators to 
approach an un-cooperative target satellite in space environment. The objective is to evaluate the performance of the 
predictive controller for the approaching task and to investigate the need and feasibility of incorporating constraints into 
the controller. The nonlinear dynamic model of an -link manipulator is first recalled, which is then linearized and 
decoupled by feedback, secondly a nonlinear model predictive control scheme, implemented with an optimized 
dynamic model and running within small sampling period, is exhibited. The derived nonlinear predictive control law 
uses a quadratic performance index of the predicted tracking error and the predicted control effort. The constrained 
predictive controller solved a quadratic programming problem at every sampling interval as receding horizon. 

The real-time implementation is based on Simulink with the predictive controller and computed torque controller. 
Major simulation results performed by using a 7DOF redundant manipulator mounted on a 6DOF spacecraft prove the 
effectiveness of the proposed control method. The NMPC and the widely used computed torque control are compared. 
Tracking performance and robustness with respect to external disturbance or errors in the model are enlightened. 
Asymptotic error tracking and constraint handling results particularly demonstrate the effectiveness and potential of the 
nonlinear model predictive controller for the space redundant manipulators. 
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