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ABSTRACT wheel and buttons interface biect t
This paper presents a system that allows online building of 3D wire- beon%‘éﬁefed

frame models through a combination of user interaction and au-

tomated methods from a handheld camera-mouse. Crucially, the

model being built is used to concurrently compute camera pose, |
permitting extendable tracking while enabling the user to edit the wide fov
model interactively. In contrast to other model building methods camera
that are either off-line and/or automated but computationally inten-

sive, the aim here is to have a system that has low computational re- S

quirements and that enables the user to de ne what is relevant (and Initialization template
what is not) at the time the model is being built. OutlinAR hard-
ware is also developed which simply consists of the combination
of a camera with a wide eld of view lens and a wheeled computer
mouse. Figure 1: Overview OutlinAR handheld and object.
1 INTRODUCTION

Model building is necessary for most visual augmented reality sys- i, o,t happens at the model building stage before the tracking starts,
tems. Conventionally, the models used at the augmentation stage,though some work has been aimed to relax this condition, so that

are generated away from the object to be modelled, in front of a glements of the model can grow automatically, and thus bridging
workstation and with off-line methods such as those used in the e gap with SLAM [7].

pioneering work of [4]. Recently, off-line methods have been de- Considering the above techniques from the point of view of

model building, Visual SLAM and related methods extract features
Yhat are usually inside rich texture regions or that have strong gra-
dients, and these may not correspond to what the user may want
to model. In terms of MBT those features present in the model
may not all be good for tracking and commonly cannot be edited to
match the real object.

There is a need for systems that allow interactive model building
such that this can be domesitu, and where the user can verify that

enhanced realism is described in [16]. However, having of ine
technigues does not t all applications, in particular those in wear-
able computing andnywhereAR where the user is, by de nition,
present where the augmentation or the modelling is needed and
where the computational and editing resources are limited.

When we desire to perform AR tasks (either augmentations or
model building) in previously unknown places, camera position- ; . : . - .
ing relative togt)he opbjects ofyrelevance ig paramount. Tepchniques what |s_conta|ned in the resulting m0(_jel IS what is needed. .
have been proposed that demonstrate online assistance to somewhat N this respect, we share the motivation of [6] where an inter-
mobile users by developing systems that provide positioning with active model building approach is used. In that work, an ARtoolkit

computationally demanding approaches. An increasingly popular marker is_in the same plane as the object to be modelle_d and the live
example is by using visual simultaneous localisation and mapping S2Mera view is paused to allow the user to de ne a basic model that

(SLAM) that builds a map of the environment concurrently with  c&n later be independently tracked through its texture. The editing
camera pose estimation. Early work demonstrated a backbone sys@PPens on video, potentially live, in the image plane and not in
tem to facilitate remote annotations helped by visual SLAM [3]. front of the object. Motivation is also shared with the work in [12]
Some other more recent systems have shown how visual SLAM, or Where video is fed into a visual SLAM system to obtain camera
the more generic framework of structure from motion, can provide POsitioning to aid model delineation on automatically selected key
a base for augmentations in real time [1, 14, 10, 13]. These SyS_framt_as. A different ex_ample is the one offered_ln [9] where a mobile
tems have visible applications in positioning the camera when the USer i énabled to build models outdoors by virtue of a range of on-
computational resources are available and for when the automaticPard positioning sensors such as inertial and GPS and a database
feature selection has enough information to not need any user input.2f 2€rialimages. _ _

A more developed technology, that of model-based tracking  D0€s thisbox tinthe garage shelConsider for instance a user
(MBT), has been progressively improved to be more robust and ef- able to wave her camera enabled mobile around a piece of furniture,

cient for real time implementation [2, 5, 11, 15]. In MBT the user making a few clicks to indicate the key vertices to generate a basic
model of that object for later visualising it in a different room. This

e-mail: pbunnun@cs.bris.ac.uk is .the kind of application and interaction that we are interested in
Te-mail: wmayol@cs.bris.ac.uk this paper.

In this work, we develop OutlinAR, an interactive real-time
model building system for the delineation of basic wireframe
shapes with the help of the user and whenever possible, with as-
sistance of automated methods and low computational tracking de-
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The interaction is done through a simple handheld apparatus that
consists of a camera and a wheeled/buttons interface. Editing is
done by intuitive object gestures such as dragging and pointing in
3D space.

Projected 3D model segment

Figure 3: d and its normal component L;

2 SYSTEM OVERVIEW whereK is a camera calibration matriks;y; Z]" is a 3D position

OutlinAR hardware is composed in its most basic form by combin- in & world coordinatefu; v w]" is calculate%fr(\)lm (2) settinG; to
ing a web camera with the interface commonly found in a computer an identity matrix. Consider image poif; —]7 from the rst
mouse. In this case we use a 320x240 image from a rewire cam-
era with 80 degrees horizontal eld of view, and the buttons and ) T )
interfacing from a wheeled USB mouse as shown in Figure 1. The Letd be a normal distance frofy ;1" to an edge feature in the
components are embedded in a case designed to be hahdhiedd second image, then a weighted sum of a normal compondnt of
wheel is arranged so that it is thumb operated and has a clickableto Lg should be equal td if these two edge points really are from
button. The left and right buttons from the mouse are also available. the same 3D edge position. Doing this makes the tracker search for
The arrangement of buttons is shown in Figure 2. In the current sys- a corresponding edge point in only one dimension as done in [8].
tem, the display is next to the computer processing the camera and In case there is a measurement error and assuxnirognts along
input signals, however a later iteration will consider a display em- the 3D model are sampled, the objective function will be de ned by
bedded in the handheld itself. Important in our speci cation is that

there is no extra 3D view, and all visualizations presented to the S= é Ca aT fx)z

user are through a window showing the camera's view augmented
with the current 3D model.

image in Figure 31 to Lg will be pointing in different directions.

X

3 MODEL TRACKING wherea=[a1 ap i ae]' andf*=[f X £

. To cope with outliers, the objective function can be solved with
Model tracking has evolved from early examples such as the one de- T .
veloped in [8] to more robust approaches such as those mentioneothe help of a robust M-estimator to abtdimndA
above. In this case, we mainly use the system developed by Drum-
mond and Cipolla [5], with a few modi cations.

o
We brie y review the procedure here but direct the interested b = ag(d)d (4)
reader to the relevant sources. X
The tracker is based on estimation of a partial motion of a three A = é_ g(dX) £ £XT; (5)
dimensional rigid object moving in three dimensional space which X
is described by a six dimensional Lie group and associated algebra. a = Alp ©)

Let the rotation(R) and translatiorft) between a camera and object
between two consecutive frames be described by
whereg(dX) is a weighting function. In this work, we prefer to

R t S use the Tukey estimator de ned by
M = 0 1 = qua a|G|), (1) ( h |
i=1 2 [P
. | g L@ (9 i c
where 6 generatorG; represent translations i, Y, andZ di- rTuk(d) = c? herwi
rections and rotations aboMt Y, andZ axes andh; are weighting ® otherwise

parameters. Then the problem is reformulated to estimdtestead with the weighting function calculated from

of Randt.
A partial motion of each generator in an image coordinate can be q
computed from T (dX)_
o) = —
2 3 2 3
uo X whereC is set to be proportional to the measured standard devi-
4ws = KRjuGd Y4 2 ation ofd*.
wo 1 After gettinga, M can be estimated for only the current inter
" # frame by (1). To update the motion of the object from the initial
a° € %’0 pose, the transformation matrix can be calculated by using
L= o = % % 3)
W ow

6
R J thei=[R | thkexHd aiG: @)

Iwww.okw.com case mod. A9056108 =1
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segment.
3D Ra De ning planes. After creating three vertices, a 3D plane can
yepipolar line be de ned. If these vertices were de ned in a clockwise manner a

plane's normal is obtained which will be important in establishing
plane's visibility w.r.t. camera pose. The system offers some assis-
tance in that the initial template orientation can be used to rectify
a user de ned plane. For example, if the newly de ned plane has
a difference in orientation of a few degrees w.r.t. the template, the
system can force the plane to be aligned with the orientation of the
original template or adjusted at other pre-de ned angles.

De ning points on planes. It is possible to select an existing
plane to constrain new vertices. After the plane is selected it is
treated as an in nite plane and therefore any new vertex can be
de ned by a single click of button 3. The vertex will be at the in-
tersection of the plane and the 3D ray passing through the image's
centre. A further option for de ning vertices on planes is by extrud-
ing a line that was created relative to a plane. The extrusion uses

To control computational time, the number of sampling points the wheel and can be either parallel or orthogonal to the selected
along the edge model is xed to 400. After undistorting and con- plane. This is shown in Figure 6.5.
volving the image with a Gaussian mask, the Sobel operator is ap-  De ning volume. After a facade is either de ned or selected,
plied to get a gradient image, which is then used by the tracker to the user can enter the volume generation mode in which a second

nd a potential edge feature. Sampling is performed along the pro- facade is extended, aligned with the selected plane's normal. The
jected edge model between the end points of each line segment.  wheel is used to grow this volume and wheel step increments are

To make the tracker more robust to outliers, the rstfeature along available from 1mm to 100mm through button 2. Volume creations
a search path that has a gradient magnitude greater than a thresholdre shown in Figures 6.3 and 6.6.
and the angle between its gradient direction and the projected edge Editing. A vertex can be adjusted by selecting it in the view
direction is less than 20 degree will be selected. of the camera. There are two editing options. In the rst option,

It is important to note that the tracking procedure is straight- the selected vertex can be moved along the epipolar line computed
forward and amenable to real time implementation without requir- from the original 3D ray or the user can de ne a new 3D ray by
ing the computational resources demanded by say, SLAM or struc- clicking button 3 to then move the vertex along the epipolar line

Figure 4: De ning a free standing vertex.

ture from motion systems. of this new ray. The second option is when it is desired to move
the vertex inside a plane. This is possible if it belongs to a plane,
4 INTERACTIVE BUILDING AND EDITING the editing is then done trough dragging with gestures in space to

place the vertex in the new location. This is an intuitive interaction
and the new location of the point will be constrained to the plane it
belongs to.

OutlinAR is an online interactive system that enables the de nition
of a model's structure through a series of user input actions and 3D
gestures. The most basic steps involve de ning vertices, planes, and
shapes and re ning these through editing. These steps are explained
as follows. 5> REsuLTs

De ning a free vertex. The most basic step is to specify a point  Intermediate steps for the building of models using OutlinAR are
in 3D space to serve as a model's vertex. Given the camera pose ashown in Figure 6. Note that the rst object is particularly chal-
computed from the model tracking, the rst step involves aligning lenging for automatic modelling methods due to its uniform colour
the centre of the camera image (indicated by a crosshair) with the and lack of visual texture. An initial template (white rectangle)
vertex that is to be created and clicking the wheel button. This pro- helps to position the camera to start the process. In Figures 6.1
duces only a 3D ray in space that links the camera with the vertex in 6.3, the rst three free vertices are created as explained in Figure
space as shown in Figure 4. For the second step, one option woulds. As a result, they de ne a plane and then the fourth vertex can be
be to move the handheld to a different place in space and once morede ned by one click only. After building a facade, it is possible to
align the object's vertex with the crosshair at the centre of the image extrude it to complete the volume. Figures 6.4—6.6 show a different
and click to de ne a second, hopefully intersecting 3D ray. How- procedure where a line is de ned from two vertices which lie on
ever, we have found this procedure less reliable in practise as thethe selected plane. Then a new facade is created by extruding this
re-centering often takes the current trackable part of the model outline. Finally, the facade is selected and extruded to create a vol-
of view. We prefer a different approach based on the epipolar line asume. The new model segments can then be passed to the tracker
follows. After the rst 3D ray is produced, we compute the epipolar which can use these to maintain tracking even if the initial template
line for every frame as the handheld is moved to a different view- is removed from view (Figure 6.7). After the model is built, it can
point. From the new viewpoint, the user has to simply scroll with be moved and placed in a different place for visualization (Figures
the wheel the current estimate of the vertex's depth along this 1D 6.8-6.9). Figures 6.10—6.12 show the modelling of a curved object
line until the projected vertex is aligned with the true object's ver- from straight segments. The same principles apply, the top of the
tex. This allows for better accuracy as the current trackable part of mug and a side of the handle can be extruded to quickly complete
the model is more likely to remain in view. This two step procedure the model. The tracker is robust to moderate occlusion. In terms
is shown in Figure 4 and is repeated for the rst three points in a of speed, the average tracking of the model takes 8ms with non op-
plane or for any other free standing vertex to be de ned. timized code in a 3.4GHz desktop machine. We have performed

Lines from vertices. After two vertices are de ned these are preliminary tests with ve volunteers who have had no previous ex-
linked with a straight 3D line which can be added to the current perience with using the system. They were briefed on the basic
model being tracked. The steps commonly involved in creating a steps and asked to build models of a cabinet as in Figure 6.1. For
3D line are shown in Figure 5. In addition, it is possible to cancel this object of size 30dm 585mm 570mmthe average errors are
this stage by pressing button 1. Button 2 is used to indicate that 6mm in width (5mm std), 25mm in height (11mm std) and 2mm in
the rst and latest point added so far are to be joined by a straight depth (20mm std). A video showing the system in operation from
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Figure 5: The basic steps to incorporate a straight segment from two free vertices.

Figure 6: Stages of interactive model building for two objects.

the point of view of the user accompanies this paper. The system
works in real time (30Hz) as it completes tracking and visualization

at the camera’s framerate.

6 CONCLUSIONS

Although there have been examples of work aimed to do object

[5] T. Drummond and R. Cipolla. Real-time visual tracking of cdexp
structureslEEE Trans. on PAMI24(7):932—946, July 2002.

[6] R. Freeman and A. Steed. Interactive modelling and traciar
mixed and augmented reality. Rroceedings of ACM Virtual Reality
Software and Technologpages 61-64, Cyprus, November 2006.

[7] A.P. Gee and W. Mayol-Cuevas. Real-time model-based skingu

modelling using automated methods, for some applications such as __ /e segments. lint. Symp. on Visual Computing006.

in wearable or mobile computing, an interactive approach may be
the way forward. In particular, to enable the user to make decisions
as to what should be included in the model. This paper presents
an interactive wireframe model building system that uses compu-
tationally cheap methods for the tracking of the camera pose and
that enables the tracking to use the model that is being build to ex-
tend the area of operation. The interaction is intuitive and enables
modellingin situ. Future work will look at extending the object
primitives, as well as improving the ergonomics of the device. The
ultimate platform to implement this system would be in a camera
enabled mobile.
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