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This study proposes a novel algorithm based on model predictive control for attitude controller
design of launch vehicles. The 2 distinguishing characteristics to be considered in designing
attitude controllers are uncertainty and time-varying characteristics of dynamics. The uncertainty
is caused by modeling error and gust disturbances. The modeling error is error between actual
controlled systems and mathematical models. It has 2 main causes. The 1st one is the estimation
error of parameters that decide the motion, such as mass and thrust. An example of these parameters
is bending stiffness. It can have an estimation error because the total length is so long that the
bending stiffness cannot be measured directly, and the test results of each component are used to
estimate it. The 2nd cause of the modeling error is the linearization of controlled systems. The
dynamics of launch vehicles have non-linearity. In designing attitude controllers, a controlled
system is linearized to make it easier to handle. This procedure drops some non-linearly elements,
and this leads to modeling errors. Additionally, gust disturbances exist in a phase where a launch
vehicle flies and affect unexpected motion. The 2nd distinguishing characteristic is the time-
varying characteristics of dynamics. For example, the mass significantly changes in flight. This is
because propellant accounts for about 90% of the total mass of the launch vehicle, and the launch
vehicle consumes it in flight. Because of this significant mass change caused by propellant
consumption, some parameters change significantly related to the stability of the launch vehicle.
Controllers are required to tackle them and make launch vehicles stable.

This study proposes a novel approach for mainly the 2nd distinguishing characteristic: the time-
varying characteristics of dynamics. The current method cannot theoretically respond to it and
tackles it with a gain-scheduling approach. In this approach, a whole flight time is divided into
multiple blocks, and controllers are designed under the assumption that dynamics are constant
within a block. This method requires specialized experience and knowledge for the division.
Additionally, much time is necessary since multiple controllers are needed for one flight. This can
be a problem in the improvement of the launch frequency. The ultimate goal of this study is to
reduce the number of controllers required for one flight by theoretically dealing with the time-
varying characteristics to make division unnecessary. This decreases time and effort in designing
attitude controllers and leads to the improvement of the launch frequency. This study uses model
predictive control for the goal. The model predictive control is one of the relatively new control
theories and a theory that solves optimization problems with feedback results at every control
interval. Hence, better performance is expected compared to LQR, which solves optimization
problems in advance, and PID control, which calculates gains offline. Furthermore, the model
predictive control can perform various control types for adaptation to the control purpose; robust
control is performed by devising an optimization algorithm; adaptive control is achieved by
providing a controller with multiple models. This study utilizes the model predictive control so
that the robust control is performed for the uncertainty, and the adaptive control is conducted for
the time-varying characteristics. This study is divided into 3 stages. In the 1st stage, a robust model
predictive controller and an adaptive model predictive controller are respectively designed for the
uncertainty and the time-varying characteristics. In the 2nd stage, a simulation is conducted with

the controller by simply combining the controllers designed in the first stage. Some problems are



stated from the simulation results. In the 3rd stage, an integration of these controllers is considered
based on the knowledge obtained in the second stage. The difficulty in the integration is that the
conventional robust theory is only satisfied under the assumption that a system is time-invariant.
This study expands it so that the proposed robust theory can guarantee robust stability against
time-varying systems. These controllers are evaluated with simulations.

This thesis consists of 11 chapters. Chapter 1 describes the trends in space development, rockets
used so far, and the history of the development of rocket attitude control systems. Chapter 2
provides an overview of model predictive control, including the structure of the control system,
basic optimization calculation methods, types of MPCs, and examples of MPC applications, by
citing various references. Chapter 3 describes the dynamics of the vehicle treated in this study.
The equations of motion and the frequency response are presented. Chapter 4 describes the
input/output signals and typical commands in the rocket attitude control system, as problem
settings. In this study, the attitude angle rate and the attitude angle from the sensor attached to the
fairing are used as the control output, and the manipulated variable is the steering angle of the
actuator. In Chapter 5, the design method and response of a conventional controller are shown.
This controller is designed to mimic a reduced-order controller of the Hoo controller, and it is for
comparison with a proposed controller. Simulations show the controller can robustly stabilize the
controlled system. Additionally, simulations are also performed for a time-varying system with the
controller. This simulation is for confirmation that the controller cannot respond to a time-varying
characteristics. In Chapter 6, as the 1st phase of this study, an adaptive model predictive controller
is designed for the time-varying characteristics. The ability to tackle the characteristics is
evaluated by simulation. Chapter 7 is also the 1st phase of the study. A robust model predictive
controller is designed for uncertainty. The controller is evaluated by simulation. In Chapter 8, as
the 2nd phase of this study, the adaptive robust model predictive controller is designed by
integrating the controllers designed in the first phase. This controller is applied to the time-varying
systems with uncertainty. The simulation shows good performance, but robust stability doesn’t be
guaranteed. This is because the robust algorithm assumes application to a time-invariant system.
This is a problem to be revised. Chapter 9, which is the 3rd phase of this study, presents the
approaches considered for the problems stated in the previous chapter. In Chapter 10, the proposed
theory is shown, and the controller is designed based on it and evaluated with simulations. Finally,

Chapter 11 presents the conclusion of this thesis.
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