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I, Sean O’Bryan, declare as follows:

1. T am over the age of 18, have never been convicted of a felony or crime of moral turpitude, and am legally

competent to make this declaration. I have personal knowledge of the matters stated herein.

. I'am a librarian at University of Texas Libraries (“UT Libraries”) located within the University of Texas,
Austin, TX.

. I have been employed by UT Libraries for 25 years.
. I familiar with the routine record-keeping practices of UT Libraries.

. The UT Libraries’ records that are regularly maintained in the course of its operation reflect that the article
“Development of a Real Time Image Based Object Recognition Method for Mobile AR-Devices” by Prof. Dr.-
Ing. Juergen Gausemeier et al. published in “Proceedings AFRIGRAPH 2003 : 2™ International Conference on
Computer Graphics, Virtual Reality, and Visualisation, Belmont Square, Cape Town, South Africa, February
03-05, 2003” pp. 133-139 is in the UT Libraries’ collection. According to our records, this item was catalogued
on August 2, 2005.

. A true and accurate copy of the cataloging record for “Proceedings AFRIGRAPH 2003 : 2™ International
Conference on Computer Graphics, Virtual Reality, and Visualisation, Belmont Square, Cape Town, South
Africa, February 03-05, 2003 is attached as Exhibit A.
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7. At the time of the acquisition of “Proceedings AFRIGRAPH 2003 : 2" International Conference on Computer
Graphics, Virtual Reality, and Visualisation, Belmont Square, Cape Town, South Africa, February 03-05,
2003”, the UT Libraries typically made newly catalogued items available to the public within 3 business days of
cataloging.

8. I have reviewed the portions of “Proceedings AFRIGRAPH 2003: 2™ International Conference on Computer
Graphics, Virtual Reality, and Visualisation, Belmont Square, Cape Town, South Africa, February 03-05, 2003”
attached as Exhibit B and they reflect a true and accurate copy of the corresponding portions of the item as it
exists in the UT Libraries.

* Note: In January 2020, UT Libraries completed a migration to/implementation of a new Library Services
Platform (ExLibris’ Alma Library Services Platform) as our catalog of record. Prior to January 2020, Innovative
Interfaces’ Sierra ILS was employed as our catalog. Prior to 2007, UT Libraries employed a locally developed
catalog system (UTCAT/UTNetCat). All item accession data prior to 2020 required migration to the new Alma
platform from one or sometimes both previous systems and was required to be archived in available fields in the
new Alma system. The “catalog date” for records from the UTCAT/UTNetCat system was archived in Alma at the
item-level as “UT DATE:” in Statistics note 1.

I, Sean O’Bryan, do hereby declare and state, that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true; and further that these statements were
made with the knowledge that willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the Unites States Code.

Executed on August 3, 2026.
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Associate Director of Access
University of Texas Libraries
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Development of a Real Time Image Based Object
Recognition Method for Mobile AR-Devices

Prof. Dr.-Ing. Juergen Gausemeier,
Dipl. Inform, Juergen Fruend,
Dipl. Inform. Carsten Matysczok
Heinz Nixdorf Institute
13102 Paderborn, Germany
{ fruend, 1 {@hni uni-paderborn.de

Abstract

In this paper we describe an image based object recognition wnd
wacking method for mobile AR-devices and the correlative
Process to generute the required data. The object recognition nnd
wacking base on the ID-geometries of the related objects.
Cmqumdmp between live camera tmages and 3D-models are

d and used to & ine the location and otientation of
abkusnmccunmnum The required data for the object
d from ID-CAD-files using &

dedicated pm:us model

The object recognition and tracking method as well as the
comelative generation process for the needed dut are developed
within the AR-PDA project. The AR-PDA is o personal digitl
assistant (eg. PDA or 3rd generation mobile phone with an
integrated camern), which uses AR technology o efficiently
Support consumers and service forces during thewr daily tasks.

Keywords: Augmented reality, AR, mobile devices, object
recognition, object tracking, PDA, process model

Prof. Dr. Beat Bruederdin,
Dipl. Inform. David Beier
Technical U y of [l
98693 Hmenau, Germany
Ibeat brucderlin, david. beier | @to-ilmenay.de

Figure 2: Assembly instructions are inserted into the users field of
view via # head mounted display

1 Introduction In Augmented Rahty the computer peovides additsonal

that the real world, The user

Within the last years Virnual Reality (VR) technology bas can {nteract with the real wmld in a nataral wiy. with the AR-

successfully made its way from research into indy sysem [ and Therefore. AR

practice. Today VR s one of ““ 7 key technologies in h mlny by superimposing information ruther then
w—y fields of ind (&g, engl g dewign, completely replacing it,

hanical 1 training, mark and The information can be mm«l in & context-dependent way,

sales support) [ Giausemeier et al. 2001], Le derived approp from o Hized dﬂ““ Am

1.1 Augmented Reality

Augmented Reality (AR) is & new form of man-machine interfisce,
which is closely related to VR [Behringer of al. 1999], In contrast
1 Virtual Reality, where the user is totally immersed in the

d world, d Reality joins com-puter
memed wmd und reality (see figure 1)
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Figure 1: Reality - Viewality (RV) Contimuum [ Milgram et al.
1994)
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others, AR could therefe mn: b

assembly Juanual, for example by insecting umbt) instructions
into the fickd of view of & person per-forming an assembly task
(wee figure 23

1.2 The AR-PDA Project

Recent advantages have shown, that the base technology of AR
(computer vishom, tracking [Kanade and Uenohara 1998), 1O
devices, animated 3D-graphics) have matured the pomt of being
usable only by specialists. While thexe advantages have laid the
foundation for use of AR in appl wress like of
computer aided design [ARVIKA], there is still  significant lack
of research projects, that consider the use of Angmented Reality
for the conssmer market.

In March 2000 the German Ministry for Research and
Training (BMBF) initiated & competition for innovative VR/AR
research projects, One of the funded projects s the AR-PDA
project. The AR-PDA project involves the development of a
hardware and software system for a mobile personal digital
assistant (AR-PDA), which can be classified alongside mobile
phones, notebooks and organizers [AR-PDA] This assistunt uses
AR-technology 10 suppon users in thewr daily tasks. Therefore the
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e ey o

Figure | 12 11 the view point is moving from left to nght, fentures
are hided tmiddle), or features are appearing by moving from
right to left

In most cases we can reuse provious determined festure
correspondences  for pose  determination, as  long as  the
correspondence value from the verificstion step remains above the
threshold

4 Implementation of the First Prototype

Till this day the design phase for the AR-PDA in almost

4, Now a d in 1 d for the first

milestone, in which the AR-PDA iy used as a virtual sales
assistant 10 illustrite and explain the details of a technical device
(see figure 12). A AR-PDA we use an Compay IPAQ 3760
equipped with a wircless LAN adapler and a cnmers device. The
optical object recognition is done by a FIIL 1.7 GHz PC, equipped
with a GForce I graphics card and o comected Wireless LAN
necess point,

Figure 12: Prototype of the AR-PDA: The real image of an
oven is augmented with o virtual telescope trolley

The actual prototype allows the object recognition  and
tracking of moving objects, an sugmentation of the scene using
amimated  3D-objects or pictures and o personalized  uner
interaction by touching the display with a pen.

138

One of the major challenges was the reduction of the high
delay umes - first it took about three seconds w refresh the pieuns
when moving the AR-PDA or making an user inter-action.

Figure 13a; Extractod odges Figure 13b: C g
from lve video edges from 3D-CAD-model

Figure 13¢: Augmentation with Figure |3d: Composition of
ID-illustration objects video and augmentation

With the before descnibed  strategies  for  reducing  of
ypoth we can s ly lower the number of

combinutions from sbout 107 10 less than 1000, Far & good
internctability, we need f least 16 frames per second (fw) This
means, |f it takes abowt Ims for calculation and verifying per
hypothesis, the number of hypotheses hos 10 be limited 1o less
than 63 (=1000/16)

In onr first prototype, with significant features and only one
object 10 recognize, we reduced the number of hypotheses down
1o about 106, This results in a object recognition working with 10
fips.

In figure 13a the significant edges extracted from the comens
unage, murked with J and 2 are shown, which are compared with
the significant edges (see figure 13b). However the success of the
appronch depends strongly on the recognition of the significant
features. In difficult or changing lighting conditions the fentures
wre detected, but they can-not be classified by their color ad
therefore the number of hypotheses rises. Like every vision-hasod
tracking systern the shown spproach cannot work, if the {muges
have o Hite contrast

We sped up the estimation of position of already recognised
objects even more, by using feature tracking of previously used
features. In cases where feature tracking works well, it takes &
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