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Objectives

The goal of this laboratory assignment is to give some practical experience
of system identification procedures. Different identification methods will be
studied, and models will be validated. The lab consists of the following main
parts:

• Basic experiments
These experiments are done to decide some basic properties of the process
such as the linear range of the process.

• Non-parametric identification
By looking at the frequency domain properties of the system, further
conclusions on e.g. system order can be drawn.

• Influence of input signals
Different inputs may have different impact on the accuracy of the para-
metric models. The purpose of this task is to estimate decide a suitable
input signal for the process.

• Parametric identification
Th purpose with this task is to estimate the best possible parametric model
of the process with respect to several different test criteria. In particular,
we will study ARX and ARMAX models of different orders.

• Estimation of bandwidth
In the end, the model is used to characterise the person conducting the
experiment. That is, if the model captures quite well the characteristics of
the person performing the actual experiment, the properties of the model
must reflect the characteristics of this person.

As our tool, we have MATLAB including the System Identification Toolbox. It
is important that you are familiar with the necessary background material and
the MATLAB-functions used. Observe that you can also use the command help
function name in the lab to get information on how the functions are used.

Examination

In order to pass the lab you need to answer the questions in this report. We
recommend that you save important plots and discuss the results with the lab
supervisors. Take notes during the lab and write detailed comments after you
have conducted all tasks.

Preparations

The necessary background for this laboratory assignment is found in computer
lab 2. It may therefore be necessary to study the MATLAB ident tool in
advance.
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Introduction

In this lab you will identify the smooth pursuit system (SPS). The SPS is one
of two ways to shift gaze, and allows the eyes to smoothly and closely follow a
moving object. The other way, the saccadic eye movements, are characterized
by quick, jump-like movements.

Most people cannot initiate smooth pursuit without an external stimulus:
a moving target is needed. Here, a simple visual signal consisting of a colored
moving dot on a black background will be used. We can now reduce this situ-
ation to a typical system identification scenario: we have an input signal (the
stimulus on a computer screen) and an output signal (the intersection point be-
tween the gaze direction and the screen). Between these two we have a system,
to be identified (a system consisting of the eyes, the visual nerves and several
parts of the brain, and the muscles of the eye).

For the experiment, an eye tracker from EyeTribe will be used together with
a tablet computer. Connect the eye tracker using USB and start both EyeTribe
server and EyeTribeUI.

The EyeTribe software will allow you to see how well your eyes are found
by the tracker. If the background is green and the eyes are visible, the qual-
ity is good. Otherwise, adjust the tablet or your position until the result is
satisfactory. The software also allows for calibration of the tracker. After gaze
calibration is done, make sure the calibration quality is good. If the result is not
satisfactory, redo the calibration, possibly with a new positioning of the tracker.

To conduct an eye tracking experiment, first create a user account in the
eye tracking software by writing your name in the box and clicking Submit. If
you have already created a user account, choose your name in the drop-down
list and click on Log in. Now, choose your preferred input signal and click on
START. Try to follow the colored dot with your gaze without moving your head
too much, until the experiment has ended. Follow the on-screen instructions to
either save your data or to redo the experiment. The log files will be saved in
a folder named Logs, and must be copied to your working computer. Note that
the log files are saved in the .csv format, which can be read in matlab using
the csvread command. This loads the log file as a matrix with the first two
columns being the input, and the last two columns being the output.

Throughout this assignment, the ident tool will be used. Using this, it is
possible to import time series data from and export estimated models to the
workspace. It can also be used to perform many of the tasks below, from spectral
analysis to parametric modeling.

Tasks

Data cleaning

In order to get correct results, it is important to get rid of artefacts in the
data. Load INPUT3 and collect experimental data. Visualize your signals by
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plotting the output and input against the time. If some part of the signal is
corrupted, for example by too many saccades or by the eye tracker losing track
of the gaze, use the largest non-corrupted part. Single saccades or bad samples
may be neglected.

Non-parametric identification

First, some elementary knowledge of the process is to be found. We will focus
here on the horizontal part only, and determine for what typical behavior this
is (approximately) linear.

Load INPUT3, and record the subsequent eye tracking data. Next, perform
correlation analysis on your recorded signals using the matlab command cra.
Also use the command spa to perform spectral analysis. Note that this may
also be done directly in the ident tool.

Load INPUT4, and make the same plots: what do you see?
What does the bode plot say about the system? In particular, does the

phase diagram say anything about the system order? Provide these diagrams
in the report.

Influence of input signal

In this task we will estimate a low order ARX model of the system by the least
squares method and examine the influence of the input signal on the estimate
of the model parameters. Use for instance an ARX(1,2) structure in this exper-
iment, with some suitable time delay. As input signals we will consider three
alternatives

INPUT1 A very-slowly moving input of short duration.

INPUT2 A nervously-moving input signal covering the full screen.

INPUT3 A pleasantly moving input steering away from the boundaries.

INPUT4 Exactly the same as INPUT3, but half that size (all coordinates are taken
×0.5, with the same center as before).

For the different input signals, compare the bode plots of the estimated transfer
functions and the bode plots derived in the previous task. Summarize your
findings below. How is the spectral content of the input signal affecting the
accuracy of the model?

Parametric identification

At first, focus on the horizontal behaviour only. For a suitable input signal,
determined in the previous task, compare some different models of the system,
e.g. a low order ARX, a high order ARX and ARMAX models. Remember
to remove mean values of the input and output before the identification, also
remember to use only the part of the signal that is in the linear range. That is,
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remove any corrupted parts and the introductory calibration sequence. Compare
the performance of these models using

• Values of the loss function and AIC

• Pole-zero plots

• Correlation tests based on the residuals

• Cross validation. Compare the model output from a second data set,
using the model obtained from the first data set, to the observed output.
A validation set can be recorded using for example some of the alternative
INPUT3 signals.

• Comparison with the result of the frequency analysis in task 3.

Most of these functions are found in the ident tool. Others are included in the
System Identification Toolbox.

Then, identify and verify the same model structure on the vertical compone-
nent of the recorded signals. Since horizontal and vertical components of the
system are reasonably well decoupled, two independent SISO systems can be
identified. This can be verified by looking at the 2 × 2 MIMO system.

NOTE: The data is sampled at 60 Hz, make sure to incorporate this in-
formation when identifying the system. When the ident tool is used, this is
specified in the import data dialog.

Extract bandwidth

Finally, your task is now to determine the bandwidth of your system, for both
the horizontal and vertical parts. When satisfactory models have been found,
use the bandwidth command to find the bandwidth of the two identified systems,
and submit that to the lab supervisor. Do we obtain the same values if we repeat
the experiment?
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