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Objectives

Two-Link Robot 

Methodology

In robotic manipulation, high-precision 
trajectory tracking is essential. Physics-based 
models are constrained by their stiffness and 
complexity, and they require high performance 
hardware. 
Reduced-order models developed from data, 
using subspace system identification is proposed 
to achieve low cost and high-precision tracking 
robots.

1. To develop a data-based model of a 
two-link robotic manipulator using 
sub-space system identification

2. To design a linear model predictive 
controller to achieve accurate 
trajectory tracking performance

A data-driven model of a two-link robot arm
using sub-space system identification is
presented. Synthetic data was generated from a
high-fidelity simulation model developed in
MATLAB and Simulink, and the acquired data
was used for model estimation and validation
of first- and second-order linear state-space
models. Model predictive control strategy was
employed for trajectory tracking due to its good
tracking characteristics. It was deduced that,
the first-order model is capable of achieving
trajectory tracking of the desired set-point, but
higher toque will be required at the second
joint to maintain the stability of the second link
of the robotic manipulator. The data-driven
models are suitable for trajectory tracking
applications such as welding, machining, laser
cutting, surgery et cetera, when the robot arm
model is not available or is too complex to
model mathematically since they also exhibit
high trajectory tracking performance
characteristics when compared with the
original model.

The Lagrange equation for a two-link robot 
is given as:

𝑀 𝑞 ሷ𝑞 + 𝐶 𝑞, ሶ𝑞 + 𝐺 𝑞 = 𝜏

Where, 𝑀(𝑞) is the inertial matrix, 𝐶(𝑞, ሶ𝑞) is the
Coriolis and Centrifugal terms, 𝐺(𝑞) is the gravity
term, 𝜏 is the torque or force vector.

Model Predictive Control (MPC) can be
mathematically represented below

:𝑚𝑖𝑛 σ𝑘=0
𝑁−1(∥ 𝑦𝑡+𝑘 − 𝑟(𝑡) ∥2+𝜌 ∥ 𝑢𝑡+𝑘 − 𝑢𝑟(𝑡) ∥

2)

𝑠. 𝑡. ∶ 𝑥𝑡+𝑘+1 = 𝑓(𝑥𝑡+𝑘, 𝑢𝑡+𝑘)
𝑦𝑡+𝑘 = 𝑔(𝑥𝑡+𝑘 , 𝑢𝑡+𝑘)
𝑢𝑚𝑖𝑛 ≤ 𝑢𝑡+𝑘 ≤ 𝑢𝑚𝑎𝑥

𝑦𝑚𝑖𝑛 ≤ 𝑦𝑡+𝑘 ≤ 𝑦𝑚𝑎𝑥

𝑥𝑡 = 𝑥 𝑡 , 𝑘 = 0,… ,𝑁 − 1

1.Guechi, E.H., Bouzoualegh, S., Messikh, L.,
Blazic, S. Model Predictive Control of a Two-
Link Robot Arm.
2.. Sha’aban, Y.A. Automatic Tuning of MPC

using Genetic Algorithm with Historic
Process Data.

The constructive criticisms of the computer and
control group of Ahmadu Bello University is
gratefully acknowledged.


