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Abstract: To address the trajectory-tracking problem of redundant robots subject to kinematic model uncertainty and
multiple physical constraints on joint angles, velocities, and accelerations, this paper proposes a data-driven model predic-
tive control (MPC) method. Existing velocity-level or acceleration-level control methods generally rely on accurate analyti-
cal models and conservatively convert constraints at different levels to a single decision level, which can introduce addition-
al parameters and reduce the actual feasible region of the robot. To overcome these limitations, a receding-horizon predic-
tion model is constructed based on the velocity-level kinematic relationship of the redundant robot. The bounds on joint po-
sitions, velocities, and accelerations are directly imposed in the MPC optimization problem, allowing each type of constraint
to participate in the optimization according to its original physical meaning. To handle an unknown or time-varying Jacobi-
an matrix caused by manufacturing and assembly errors, mechanical wear, and changes in end tools, an online Jacobian
learning law fully driven by real-time joint-velocity and end-effector-velocity data is designed. Bounded random excitation
is introduced to enhance the directional richness of the input data, enabling the estimated Jacobian matrix to be continuously
updated without accurate geometric parameters or an offline calibration model. Furthermore, the MPC formulation is trans-

formed into a quadratic programming (QP) problem with linear inequality constraints. Based on the Karush-Kuhn-Tucker
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optimality conditions, a neural dynamics (ND) solver is constructed to obtain the optimal control signal online through con-
tinuous state evolution. The solver mainly consists of vector operations and can use the state at the previous sampling in-
stant as the initial state of the current solution, making it suitable for receding-horizon optimization with continuously vary-
ing parameters. Theoretical analysis establishes the convergence of the Jacobian learning error. The global asymptotic stabil-
ity and exponential convergence of the error system of the ND solver are also proved using the Lyapunov method. Simula-
tions, comparative simulations under identical conditions, and real-robot drawing experiments are conducted on a seven-de-
gree-of-freedom Franka Emika Panda robot. The results show that, even when the initial Jacobian estimate is set to zero, the
proposed method can rapidly drive the estimation error toward zero, enable the robot to stably track the desired trajectory,
and keep the joint angles, velocities, and accelerations within their respective physical bounds throughout the task. Com-
pared with an existing data-driven learning method, the proposed method more effectively suppresses joint-velocity chatter-

ing and improves trajectory-tracking accuracy. The real-robot experiment performed at a frequency of 1 kHz further verifies

the real-time performance and engineering feasibility of the proposed method under unknown structural parameters.
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Figure 1 ~ Simulation results of the redundant robot using the proposed data-driven MPC algorithm
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Figure 3 Snapshots of the real-robot experimental results on the Franka Emika Panda robot
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