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Abstract

In this thesis, a predictive gaze control strategy of an active vision system based on

the maximization of visual information is described. The quantiflcation of the infor-

mation arises from the complete stochastic modeling of both the robot system and the

perception system.

The uncertainty management { relationship between system state estimation and mea-

surements { has been carried out by means of a coupled (considering cross-covariances)

hybrid (mirroring the discrete character of biped walking) extended (copes with non-

linear systems) Kalman Filter. An appropriate choice of the state variables has been

made, with the idea of solving the view direction problem for both self localization and

obstacle avoidance.

Zusammenfassung

In dieser Diplomarbeit wird eine auf Maximierung der visuellen Information basierende,

prãdiktive Blickwinkelsteuerung fũr ein aktives Vision System auf einer Laufmaschine

vorgestellt. Die Quantiflzierung der Information ergibt sich aus der statistischen Fehler-

Modellierung des Roboter- und Perzeptionssystems.

Die Unsicherheitsverwaltung { der Zusammenhang zwischen Schãtzung und Messung

{ wird mit Hilfe eines gekoppelten (Berũcksichtigung der Kreuzkovarianzen), hybriden

(Wiederspiegelung des diskreten Charakters eines Zweibeiners), erweiterten (Bewãltigu-

ng der Nichtlinearitãten)Kalman Filters realisiert. Sinnvolle Zustandsvariablen werden

zur Lõsung des Dualitãtsproblems von Selbstlokalisierung und Hindernisvermeidung

fũr die Blickwinkelsteuerung dargelegt.
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Notations

Scalars, vectors and matrices

Scalars are denoted by upper or lower case letters in italic type. Vectors are denoted

by lower case letters in boldface type, as the vector x made up of components xi.

Matrices are denoted by upper case letters in boldface tape, as the matrix M made

up of elements Mij (i¡ th row, j ¡ th column).

x scalar f(.) scalar function

x vector f(.) vector function

X matrix
ARB rotation matrix

Matrix and vector relationships

X¡1 inverse matrix

:T transposition

tr(X) trace of X

j X j determinant of X

jj x jj norm of x

diag(X1; X2) diagonal partitioned matrix with sub-matrices X1 and X2

Rot3£3(z; µ) three-dimensional rotation matrix around vector z of µ radians

Rot2£2(µ) bidimensional rotation matrix around perpendicular vector zF

of µ radians
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Subscripts and superscripts

x? optimal

xR;L right, left

0x coordinates relative to S0

xu;d undistorted, distorted

bx predicted value

¢s actual step

¢s+1 next step

Symbols

S0 world reference frame

SU computer memory frame

SI image reference frame

SC head reference frame

SF foot reference frame

m 2D image coordinates

P R;L perception matrix

M measurement error covariance matrix

J Jacobian matrix

C covariance matrix

x state vector

w process noise

v measurement noise

Q process noise covariance matrix

R measurement noise covariance matrix

z measurement variables

K Kalman gain

S innovation covariance
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Chapter 1

Introduction

From the earliest moments of the beginning of robotics, the advances obtained in the

area have not covered the expectancies which had been established previously. But the

advances obtained in several key areas of robotics during the last few years make us

consider that now it is the time that robotic science may reach higher levels, not only

in the industrial fleld, but also for domestic environment.

Over the last years research on humanoid walking machines has arrived at a point where

the construction and stabilization of this kind of robots seems not to be the key issue

anymore [15]. One of the most important areas to be improved to reach these higher

levels is the artiflcial intelligence that the agents present. The enormous improvement

in the processing power of the new devices must generate a high improvement in this

area.

1.1 Problem Deflnition

Robots may be conceived for a great quantity of functions, but all of them are mainly

aiming at helping their human creators. In order to do this, a key characteristic of the

robots is its mobility (i.e. navigation capabilities). This thesis handles with a special

kind of these mobile robots: the biped walking robots. These robots present not only

as suitable for human environments, but also more appropriate to have dealings with

humans.

1



CHAPTER 1. INTRODUCTION 2

As flrst research steps, remote controlled robots are developed with considerable suc-

cess. Honda has presented the humanoid robot P2 [13,14] and P3, and the new version

ASIMO, which are until now the most advanced in biped robot capabilities. However,

these robots { whilst they are becoming more useful { will have to present a certain

level of autonomy in their functioning. Thus, their actions will not be determined by

the humans { at least not in detail { but the robot itself must be able to take its own

decisions { i.e. present artiflcial intelligence { which will best get it near to its flnal

goal, e.g. navigation tasks.

Due to the great importance of these robot autonomous decisions, the robot must

be provided with the highest possible quantity of information, e.g. by means of a

perception system. On the other hand, the fact that they must be autonomous to a

certain grade, makes desirable that the robot itself be able to obtain the information

required. Thus, these conditions lead to the use of sensors connected to the robot, in

a way that the robot becomes responsible both for the processing of the information it

receives through the sensors and for the control of these sensors for their optimal use

(i.e. present an active behavior).

In this way, this thesis deals with the problem of autonomous navigation, but applied

exclusively to a very special kind of robots: the biped robots; and to a very special kind

of perception sensor: the stereo-camera. We will study { with a noticeable biological

inspiration { the coordination between vision and biped walking, with the objective to

meet the most important requirements of autonomous navigation: self localization and

obstacle avoidance.

Eyes Looking

Ahead

Start

Area

Barrier

Stairs

Goal

Area

Ramp
Ditch

Step Trace

Field of View

Z

X
Y

Figure 1.1: The biped robot in a prototypical walking scenario.
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1.1.1 A Stochastic Approach

Due to the fact that the parameters which the robot has to handle when making its

autonomous decisions present errors { both because of the errors corresponding to the

movement of the robot and the errors caused by the perception system { the stochastic

treatment of these data presents itself as a powerful weapon, to obtain both estimations

through a correct consideration of the information and statistical limits to the errors.

Thus, stochastic modelings of the movement of the robot as well as of the perception

system will be stated. The maximum likelihood estimation will be done then weighting

the least square estimate, by means of an Extended Kalman Filter.

1.1.2 Autonomous Sensor Handling

As explained above, the need of autonomy of the robot in its behavior implies the own

control of the sensor { stereo-camera { by the robot.

As the processing of images is pre-programmed for its optimal functioning, the dualism

of the visual perception system between precision and fleld of view implies an optimiza-

tion of the productiveness of the camera by means of its gaze direction control, which

will be closely connected with the stochastic handling developed.

1.2 Testing Sets

The results obtained through the use of the theoretical procedures presented through-

out this thesis will flrst be simulated in an environment typical for the problem of

navigation. This environment must count with obstacles common to the problem of

navigation as well as with local landmarks1 { used profusely in robotics and in nature

to improve the solution to the problem of self localization [24].

The simulated and tested algorithms will then be implemented and validated in real

world applications. The flrst one is the Hardware-in-the-Loop emulation environment

1 Local landmarks are deflned as those landmarks whose relative position to the robot changes as
result of motion. Reference landmarks as those that do not change it due to robot motion (e.g. sun,
stars, magnetic poles, etc.), see [24].
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for biped walking ViGVVaM (Vision Guided VirtualWalkingMachine) [20] which, al-

though emulates the presence of the biped robot, really moves a stereo-camera through

a real scenario. That allows us to work with the problems typical for the processing of

real images and the control of the stereo-camera, as well as to calculate the behavior

that the robot itself should show (e.g. step sequence planning, climbing stairs, etc.).

In a parallel investigation, the Institute for Applied Mechanics (AM) { Prof. Pfeifier,

also at the Technische Universitãt Mũnchen, has developed a biped humanoid robot

called Johnnie (Fig. 1.2 (a)), without a visual system, ofiering an ideal platform to be

brought together with the stereo-camera developed at LSR.

Moreover, the Institute of Automatic Control (IRT) { Prof. Gerth { at the Universitãt

Hannover has developed a biped robot called BARt-UH (Fig. 1.2 (b)), which, like

Johnnie, is not provided with a visual sensor. The ViGVVaM team has been able to do

experiments with the biped robot. The procedures of this thesis have also been tried

out with BARt-UH.

(a) (b)

Figure 1.2: Biped walking machines Johnnie, AM, TU-Mũnchen (a) and BARt-UH,
IRT, Universitãt Hannover (b), both with the LSR stereo-camera head.



CHAPTER 1. INTR ODUCTION 5

(a) (b)

Figure 1.3: Real biped walking machines Johnnie, AM, TU-M Äunchen (a) and BARt-
UH, IRT, UniversitÄat Hannover (b), both with the LSR stereo-camera head.

1.3 Overview of the Thesis

After introducing the reader in the generalproblem to be consideredin Chapter 1,

an explication of the robot model and the formulation of the perception processare

described in Chapter 2. In Chapter 3 the fusion of the model information and the

information gatheredis stated by meansof a coupled hybrid Extended Kalman Filter .

Computer simulations show the operation of the Filter. Chapter 4 reports the results

reached by real robot systems{ correctionsof the theoretical models are also carried

out. In Chapter 5 the problematic of the gazecontrol will be exposed,and a novel

gazecontrol basedon the gatheredinformation maximization will be de¯ned, alsowith

the corresponding simulations. To closethis thesis,Chapter 6 will present conclusions,

and alsowill suggestfuture work in this area.


