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ABSTRACT

In this poster, we explore manipulation of an object represented by
an image-based rendering approach in a 3D scene. We focus on
two manipulation techniques that address the problems with using
an image-based rendering approach and the constraints imposed by
implementing such a system on a mobile device. We present results
from our preliminary experiments.

Index Terms: H.5.2 [Information Interfaces and Presentation]:
User Interfaces—Interaction Styles; I.3.6 [Computer Graphics]:
Methodology and Techniques—Interaction Techniques

1 INTRODUCTION

Traditionally, scenes are represented as purely 3D graphics (with
all entities represented as 3D objects) or through a collection of 2D
images. We explore the idea of representing the entire scene as a
3D model while representing a variable object in the scene through
an image-based rendering approach. This approach could be useful
in object arranging applications similar to My.Ikea [3].

Using an image-based rendering approach to represent an object
introduces some constraints, most notably the lack of viewpoints
which are solved by using techniques such as image-based model-
ing [2] and view morphing [5]. We also want to deploy our system
on a mobile device. Although mobile device computing power and
speed have increased immensely recently, it is still an issue when a
mobile device is used to implement such a system. In this regard,
we explore two manipulation techniques that do not provide users
with additional viewpoints of the object, but allow them to rotate
the object at any angle while adhering to some natural constraints.

We conducted a preliminary user study to gain better understand-
ing of the proposed techniques and to study the effect of changing
the number of images to represent the target object on user perfor-
mance and preference.

In this poster we use three terms to pertain to different elements:
1. Target object - the variable object represented through an image-
based rendering approach. 2. Target scene - the 3D scene (without
the target object). 3. Combined scene - the resulting scene when
the target object is placed inside the target scene.

2 RELATED LITERATURE

Image-based rendering techniques have been explored in earlier
research to represent 3D objects. Patro [4] created a system that
will allow the user to model an object in 3D. They used network-
connected iPhones to acquire synchronized images of an object
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which were then uploaded to a server for 3D reconstruction. We en-
vision a system that is fully functional even without external hard-
ware or apparatus. With the constraints imposed by mobile devices,
constructing a 3D model from images is unviable.

The image-based rendering technique we used presents the user
with an image of the target object generated from a structured col-
lection of images of the target object, as seen through a virtual cam-
era’s position in the scene space. This is similar to the research
approach used by QuickTime VR [1].

QuickTime VR first requires the user to gather numerous snap-
shots of the target object at precise angle increments (ideally every
10 degrees). These are then organized in a structured collection to
produce an interactive 3D experience for the user. Two problems
arise when using the system: 1. To gather the images, a special
apparatus is needed and 2. To produce a 3D experience the angle
increments should be kept to a minimum.

To preserve the 3D experience with a small image collection,
view morphing between each image can produce intermediate
views that were previously unavailable [5]. On current mobile de-
vices this approach is not feasible because it is computationally ex-
pensive, which may lead to a delay in rendering the output based
on user interaction leading to a loss in the overall 3D experience.

The two manipulation techniques that we propose will allow
users to rotate the object at any angle by taking advantage of the
orientation relationship between the target scene and object.

3 PROPOSED MANIPULATION TECHNIQUES

In general, from a starting orientation (Fig. 1a) when a single object
is rotated inside a scene its final orientation relative to the scene is
changed (Fig. 1b). To achieve the similar orientation, the scene can
be rotated in the opposite direction but in equal magnitude while
keeping the object static (Fig. 1c). Both proposed techniques follow
this basic concept. Their difference lies in the sequence of actions
in which the end viewpoint is achieved.

Figure 1: The basic concept behind the two proposed manipulation
techniques.

3.1 Proposed Technique 1 (PT1)
For PT1, when the user executes a rotation (r) on the target ob-
ject, the target scene is adjusted to rotate in the opposite direction
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with equal magnitude while the target object is kept static. The
scene is continually rotated until the accumulated rotation reaches
a threshold (Ta - half the angle increment between each successive
object image taken in the Y-axis). The object is then rotated and the
scene’s orientation, adjusted to preserve their relative orientation.

Table 1: Summary of PT1

i f r > 0
Target Object Target Scene

if −r > Ta currentImage −r
else if −r ≤ Ta nextImage nextImage.angle −r

else i f r < 0
if −r < Ta currentImage −r
else if −r ≥ Ta prevImage prevImage.angle −r

3.2 Proposed Technique 2 (PT2)
For PT2, when the user executes a rotation (r) on the target object,
the object is rotated together with the target scene to the nearest
viewpoint angle (Tb). The scene is continually adjusted until it re-
turns to its initial orientation while the object is kept stationary.
After which, the object and the scene are again rotated in a manner
that preserves their relative orientation to each other.

Table 2: Summary of PT2

i f r > 0
Target Object Target Scene

if initial rotation nextImage Tb − r
else if 0 < Tb − r currentImage Tb − r
else if 0 ≥ Tb − r nextImage Tb +(Tb − r);r = 0

else i f r < 0
if initial rotation prevImage −Tb − r
else if 0 >−Tb −r currentImage −Tb − r
else if 0 ≤−Tb −r prevImage −Tb +(−Tb − r);r =

0

Figure 2: With a positive r and Ta = 45 and Tb = 90, the displayed
output when the user rotates from 0 to 90 degrees.

To illustrate the two manipulation techniques’ differences, figure
2 is a sequence of snapshots of the combined scene after a rotation
(from 0 deg. to 90 deg) by the user.

4 PRELIMINARY USER STUDY

To evaluate our manipulation techniques, we made an initial proto-
type using an iPad 2. The ordered image collection representing the
target object was gathered through OpenGL. A total of 24 people
participated in the user study.

The first experiment focused on the performance of the two tech-
niques. Two tasks were completed using three different manipula-
tion tools/conditions (Table 3). The Conventional tool set refers
to manipulation techniques that are common in 3D user interfaces.
The difference between task 1 and 2 was their goal orientation:
Task 1 did not require small target scene adjustments while task
2 did. The Conventional tool set and PT2 tool set had no signifi-
cant difference in terms of performance. For the second task, the
Conventional tool set and PT1 had no significant difference in per-
formance. However, the preference data suggest that for both tasks,
the users preferred to use the Conventional tool set.

Table 3: The list of available manipulation techniques for each tool
set/condition in Experiment 1.

Target Conditions: Tool set
Conventional PT1 PT2

Combined Scene Rotate Rotate Rotate
Target Scene Rotate ———- ———-

Target Object Translate Translate Translate
Rotate PT1 PT2

The second experiment explored the effect of increasing the an-
gle increments in between each successive image taken in the Y-
axis. The four different angle increments were: 22.5, 30, 45 and 90
degrees respectively. We found that there was no significant differ-
ence between 22.5, 30 and 45-degree increments in terms of user
preference, but 90 degree increments proved to be different.

The Post Study Interview suggested that the two techniques can
be easily used after some practice.

5 CONCLUSION AND FUTURE WORK

Although the participants preferred to use the Conventional tool set,
we were made aware that the two techniques can be easily used after
some practice. The performance of both techniques was compara-
ble to the conventional tools. Also we found out that we can lessen
the number of snapshots making our system more usable.

We will first improve the prototype by modeling a more realistic
target scene and addressing issues from the first user study. We will
then conduct more user studies using this new prototype. Lastly,
we will be making a program that will gather the snapshots of the
target object.
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