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Smart and Sustainable Society
Subspace Identification for Accurate Low Complexity State-Space Models

Black-Box Multi-Rotor Model Estimation
by LPV-SS Identification
Pepijn Cox and Roland Tóth

Introduction
The multi-rotors are versatile platforms for observation purposes, which
have a growing interest in agriculture, crowd observation in cities,
and inspection of buildings, chemical plants or wind turbines. In
addition, multi-rotors are recently also deployed for express delivering
of packages or as ambulances equipped with AEDs. The multi-rotor
aircraft has much simpler rotor mechanics then helicopters, however,
they experience more unstable flight dynamics, thus the multi-rotors
need more complex flight controllers for a stable and secure flight. As
many available multi-rotors are only intended for hobby usages, their
precision and performance is in general low. The first step in increasing
the performance of multi-rotors is by having an accurate model for
control design.

Linear Parameter-Varying Models
The linear parameter-varying (LPV) modeling paradigm originates
from the need of finding model structures that are linear and low in
complexity, but still allow to represent the nonlinear aspects of systems.
The LPV State-Space (SS) Model

qx = A(p)x+B(p)u,

y = C(p)x+D(p)u+ e.

The matrix functions A(·), ..., D(·) are affine in a priori specified analytic
functions ψi(·), defined as

A(p) = A0 +

nψ∑
i=1

Aiψi(p).

Current Open-Loop Identification Scheme
Many existing LPV-SS identification schemes either suffer heavily from
the curse of dimensionality or are based on severe approximations.
As a result, consistent estimation of moderate sized systems is
computationally intensive or infeasible. Therefore, we propose an
computationally attractive three-step approach to estimate LPV-SS
models, given in Fig. 1. The approach

3 can identify moderate sized systems
3 has shown promising performances in simulation
7 cannot directly be used for closed-loop identification

3. Refinement Step

i. Expectation-Maximization

ii. Gradient-Based

1. IO Estimation

i. Correlation Analysis

ii. FIR Estimation

2. Realization

i. Bases reduced Ho-Kalman
   Realization

Figure 1: The three-step open-loop identification approach.

Simulation Example
The performance of the open-loop identification scheme is tested
on a randomly generated stable LPV state-space system with input
dimension 2, output dimension 2, scheduling dimension 5, and state
dimension 4. The identification dataset is obtained with a white input
and scheduling sequence and has an additive white noise on the output.
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Figure 2: The best fit rate (BFR) of the simulated output w.r.t. the noise free validation
data along 100 Monte Carlo runs. The light and dark blue indicate the correlation analysis
(CRA) or finite impulse response representation (FIR) method chosen for the first step.
The WR indicates the performance without refinement step and EM or GB indicates the
expectation-maximization or gradient-based refinement step, respectively.

The Multi-Rotor Setup
At the Control Systems lab, we have four AR.Drone setups, which are
presently used for BSc and MSc projects. The current projects includes:
1) establishing of an indoor arena which localizes the global position
of the drone and the communication interface such that the onboard
computer of the drone can be provided with the measured position in
real time, 2) development of a high fidelity quadcopter simulation model
which is adequate for describing/predicting the dynamical motion of the
robot, and 3) applying this model to design and implement a controller
that is able to flight indoor and perform predefined maneuvers in the
airspace of the arena.
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