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Instituto Superior Técnico, Lisboa, Portugal

May 2015

Abstract

With the development of several modeling and capturing tools, the creation of 3D objects has
increased. Hence, the retrieval area of 3D models has been widely explored, as an answer to the
resulting challenges from storing and searching for objects.

However, the latest works on this subject do not use natural interaction nor an immersive environ-
ment to search and explore 3D objects. By executing this work, our purpose was to create a query
specification for 3D object retrieval system, in an immersive environment.

Our goal was to explore a new approach to search methods using sketching retrieval, that would
allow a natural interaction. The users are immersed in a virtual reality environment and define a sketch
query that retrieves similar objects using search mechanisms.

To validate our prototype we performed tests with users, comparing it to an query specification
system that uses 2D sketches. The results obtained with the performed tests allow us to conclude the
validity of our approach, and understand that this route of investigation will allow to discover viable
solutions on the 3D object retrieval context.
Keywords: 3D Object Retrieval, Immersive Environment, Query Specification, Sketches, Visualization

1. Introduction

In the recent years, the number of 3D objects
has largely increased. This is due to technologi-
cal progress, that allows to create three-dimensional
objects easily, taking advantage of several existing
tools. With this rapid growth, the collections where
the models are stored have also grown. This brings
the problem of searching on a large collection. The
current most disseminated searching methods are
text search and query by example. They provide
a simple interface for text input and/or image up-
load, presenting the results as thumbnails lists on a
screen. However, these types of search can’t grasp
completely the needs of a user when he searches a
3D object.

From this, it is possible to see that the current
solutions still have some limitations. By relying on
meta-information, such as tags, file-name and other
keywords, the success of the search depends on the
amount of the textual information attached to the
model and on the text provided by the user that
is searching. Consequently, the results may not be
satisfactory, as there is a good chance that several
objects are left out, because they didn’t have infor-
mation, had poor/incomplete information or don’t
match exactly with the search term used. The use of
images also depends on the images attached to the
models. The success depends on how good are the

viewpoints of the images. As for the results visual-
ization, by being presented on a list as thumbnails,
they might not allow to understand the topology of
an object. Even with the ability of seeing those im-
ages on a bigger size, some may have few details or
poor viewpoints, preventing the user from observ-
ing the shape and properties of the 3D object.

The search and visualization methods of 3D ob-
jects have been the subject of studies on the recent
years. Different approaches have been proposed,
however it is not possible yet to find a solution that
gives the user freedom to specify his search and ob-
serve the 3D objects from different viewpoints. The
existing types of interaction on the object retrieval
systems don’t appear as natural, as the interfaces
are visible.

The need for a query specification system arises
mainly from the limitations of the existing query
specification and result visualization methods. So,
taking advantage from all of the options that were
available to us, our goal was to create a reliable
query specification method for 3D object retrieval
on an immersive environment, that would allow
even inexperienced users to search and find 3D ob-
jects in a familiar fashion.

With this work we wanted to understand the vi-
ability of the specification of interrogations for 3D
object retrieval in an immersive environment, ver-
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ifying if it is possible to create an approach that
allows to overcome the need of a more natural
method. It was essential to develop an interac-
tion method that would allow to create the objects
three-dimensionally, to edit them as the user wishes
and change the viewpoint of the surrounding space,
to ultimately create the desired object. Equally im-
portant was the possibility of observing freely each
result of the performed search.

Basing our approach on the set of information
found, and the defined ideas for the study of query
specification and result visualization on an immer-
sive environment, we developed a prototype to
search 3D objects. Using an HMD Oculus Rift, a
Wiimote controller, a simple bracelet and a move-
ment tracking system, the user has freedom to move
across the scenario, viewing it through the HMD
and interacting with it using the Wiimote. In this
prototype we implemented different approaches to
create 3D air-sketches, as so to allow to turn the
creation task as complete as possible to the user.
The created object will allow to find a result that
is the most similar to the desired object.

To validate our approach, we carried out user test
sessions, where our prototype was compared to a
traditional WIMP and 2D sketching 3D object re-
trieval system, the 3D Model Search Engine. Our
approach proved to provide better visualization for
the creation of objects and interpretation of the re-
sults, having less errors and time needed to find a
specific object. It also allowed to create more accu-
rate representations of the searched objects.

2. Related Work

Over the years the studies and efforts to develop 3D
object recovery methods have increased with the
progress of technology. With the increase of the
amount of 3D models, more efficient methods are
needed to recover this content, that are not based
only on text. Several solutions have emerged as a
response, emphasizing the use of sketches and ex-
amples for recovery, and a different form of results
exploration, more natural and permissive in terms
of features. Here we describe some of the works
related to these areas.

Regarding sketch-based retrieval, Funkhouser
et al. [4], Min [7] focused their investigation on sev-
eral query methods. They implemented a hybrid
system (3D Model Search Engine, Figure 1), that
allowed the identification of 3D objects through
sketches and text. The test results showed that de-
spite not being able to identify 3D models by itself,
text is a helpful aid to the sketches, allowing to re-
fine the search and categorize the object. The com-
bination of these two methods gets better results
than the two methods by themselves.

Still using sketch retrieval, Magic Canvas was

Figure 1: 3D Model Search Engine: an example 2D
sketch query and its results.

created by Shin and Igarashi [10]. It is a system
that allows the users to build 3D scenes composed
by various objects, as illustrated in Figure 2. The
user creates a scene with sketches of several objects.
Then, the system searches for the corresponding
models and adjusts their position and orientation
according to the sketches drawn by the user. The
most similar model is automatically positioned in
the sketch. In the tests the users found useful the
possibility of examining similar models and consid-
ered creating a scene to be quite fast.

In response to the difficulties of the existing
mechanisms for manipulation and recovery, Santos
et al. [9] created the LSketchIt system, which lets
the users create LEGO models through sketches.
The sketches are compared with stored LEGO
pieces by its size and, after a search, the user se-
lects the desired LEGO piece from the list and can
then manipulate it as if it was a real piece. It’s also
possible to refine the search, through sketches on
the returned parts, modifying them.

Focusing on the exploration and visualization of
results, Pascoal [8] created Im-O-Ret, a new method
to visualize results of 3D objects queries. The re-
sults are presented in a three-dimensional immer-
sive environment, which allows the users to browse
and manipulate the results (Figure 3). Tests with
users showed that when using the system, compared
to other 3D recovery systems, tasks are performed
more quickly and with less errors, allowing better
visualization and interpretation of the results.

Figure 2: Construction of a 3D scene from a sketch
in Magic Canvas.
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Figure 3: Interaction in Im-ORet: a) user exploring
the 3D space with an HMD and gloves; b) the user’s
point of view.

Still regarding the visualization of results, Hen-
riques et al. [5] created an immersive visualization
system with three-dimensional interactions to ex-
plore the results of queries in a 3D objects col-
lection. This system has a search method that
combines voice commands and gestures. To ex-
plore and analyze results, the system has an im-
mersive 3D environment, viewed with the Oculus
Rift. Results can be arranged according to four dis-
play modes: Rectangular Grid, Quadrangular Grid,
Spherical Grid and Cylindrical Grid. The user nav-
igates freely moving his head. Tests showed that
this interaction is better than the traditional 2D
with a thumbnail grid, allowing the users to browse
and explore 3D objects easily.

3. Implementation
To overcome the limitations of the existing 3D ob-
ject retrieval system’s, we present our approach:
an immersive air-sketching 3D object retrieval sys-
tem. Named ASfOR (Air-Sketching for Object Re-
trieval), it allows the user to sketch and create
objects three-dimensionally, observing it and the
search results on a virtual immersive environment,
from all of the objects viewpoints.

3.1. Hardware Configuration
The developed solution uses the motion caption sys-
tem Optitrack, composed by ten NaturalPoint cam-
eras. Each device used by the user has markers that
allow the Optitrack system to track their position
and rotation in the three-dimensional space. It’s
possible to view the used devices in Figure 4.

One of the devices used with our solution is the
virtual reality HMD Oculus Rift. With the mark-
ers attached to this device, it’s possible to detect if
the user has changed his position and/or his orien-
tation, updating his position in the virtual world.
In order to give freedom to the user, this device
is equipped with a battery and a wireless trans-
mitter/receiver, allowing the user to move freely
around the room. These devices are placed in a
backpack, allowing comfort and freedom.

To give the user the possibility of interacting with

Figure 4: Devices used in our solution: a) Oculus
Rift; b) Wiimote Controller; c) Bracelet.

the application and create his own sketches, it is
used a Wiimote controller. This is a wireless de-
vice, being usually used for playing games. The
buttons of this controller allow the user to interact
with the system’s menu and create sketches. In or-
der to represent the menu and track the users other
hand, a simple bracelet with markers is used.

3.2. Architecture

With this work we wanted to create a system that
would allow the user to search 3D objects, explore
and manipulate the results in a natural way. Based
on these goals, we idealized the architecture repre-
sented in Figure 5. The system was divided in two
bigger modules, the Interaction Module, that con-
tains all of the interaction with the system logic,

Figure 5: System’s architecture.
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and the Retrieval Module, which allows to retrieve
the most similar objects to the specified on the
query.

3.2.1 Retrieval Module

The Retrieval Module is responsible for indexing
and returning 3D objects. It uses the same collec-
tion as the 3D Model Search Engine. As a shape
descriptor it was used the Spherical Harmonic De-
scriptor, created by Kazhdan et al. [6]. This de-
scriptor is also used on 3D Model Search Engine.
The descriptor allows to compare objects regard-
less of their rotation angle. With this invariant of
the rotation, comparing objects is faster and more
efficient, improving the performance.

To retrieve the 3D objects, this module uses the
EnContRA extensible tool, created by Dias et al.
[2]. To make a search, our system converts the
sketch created to an .off file (Object File Format1)
and sends it to EnContRA. The tool iterates all of
the 3D objects on the collection to find the most
similar. The results are written to a file, that is
later accessed by our system allowing to pick the 5
most similar results and place them on the scene.

3.2.2 Interaction Module

The Interaction Module is a pillar of the system.
This module allows the communication with the Re-
trieval, Tracking and Visualization Modules. It is
where the virtual environment lies, and is responsi-
ble of managing all of interaction logic. It contains
the following sub-modules:

• Sketches Construction: this sub-module re-
ceives the users hand positions, obtaining his
movements. After processing this information,
it finds the corresponding points where the
sketch is created on the virtual world. To place
a solid, it uses the position of both hands. This
way the sketch is created using different meth-
ods.

• Query Specification: this sub-module allows
to specify the queries. It takes the objects
characteristics, creating an .off file with them
and exporting it. It calls a command with the
file’s path and sends it to EnContRA on the
Retrieval Module. Later it receives from En-
ContRA the paths of the most similar objects,
placing them on the scene.

• Results Exploration and Visualization:
this sub-module is responsible for managing

1Object File Format (.off) files are used to represent
the geometry of a model by specifying the polygons of the
model’s surface. The polygons can have any number of ver-
tices.

the logic that allows to represent any element
on the 3D environment, from an object to the
result of a stroke, and even the placement of
a solid. It communicates directly with the Vi-
sualization Module, which maps the visualiza-
tion to the screen. The results of a query or the
drawing aids are also presented by this module,
on the palette menu.

• Drawing Aids: this sub-module acts as an
auxiliary tool for the sketch created by the
user. When the user stops sketching, this sub-
module presents suggestions for his sketch, to
replace the part he finished drawing.

3.2.3 Tracking Module and Visualization
Module

In order to interact with the devices used, two mod-
ules were implemented. The Tracking Module is
responsible for managing the movements tracked
by the NaturalPoint Cameras. The marker sys-
tem tracks the position and movements of the user’s
hands and head, allowing him to interact with the
virtual environment. By managing the data given
by the buttons of the Wiimote controller, it’s pos-
sible to sketch and give commands for the wanted
actions. The other hand is followed with a bracelet
with markers, which also represents the system’s
menu. By using devices with markers, these are
less intrusive than gloves or wired devices.

The Visualization Module allows the user to see
the virtual environment, where he can sketch and
interact. It uses an HMD Oculus Rift with markers,
allowing the user to only see the virtual world and
be totally immersed in it. In Figure 6 it is possible
to see a user interacting with the system.

Figure 6: User interacting with the system.
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3.3. Palette Menu

The systems menu is represented as a metaphor for
the painters palette (Figure 7). The palette displays
the different tools available to the user. The goal
was to make the user feel that choosing a function-
ality was as easy as a painter chooses a colour. The
menu had to allow freedom and reduce complexity
of the tasks. From the menu the user can make the
queries, with the results being presented there too.
The user can bring his hand closer to himself to
move the menu and observe results or other icons.

By using the different icons on the menu, the user
can also choose many definitions for the sketch. He
can change the colour, the thickness of the strokes,
he can add solids, such as a sphere, a cylinder, a
pyramid and a cube. It is also possible to change
the position and orientation of an object/stroke by
picking it with the Wiimote controller, or to delete
it, using the garbage can icon. Each of these func-
tionalities are represented on the menu by its icon.

The drawing aids are also shown on the menu, like
the results of a search. The user can choose one of
the five suggestions, if he wants, which will replace
the sketch part drawn. One of the suggestions is to
maintain the sketch made, whereas the other four
are the result of algorithms. In the results list, each
object is represented visually by a small version of
itself. The list appears above the menu, with each
object rotating around itself. Each object acts as
an icon, to inspect an object the user selects the
object, which is shown above all of the results, in
a bigger size. By touching this bigger object, the
user can preview how it will look when it replaces
the sketch. If choosing to replace the sketch, the
object will be placed automatically with the same
scale and position.

3.4. Drawing Aids

The Drawing Aids module acts as an assistant to
the user until he finishes his sketch and performs
the search. It offers a drawing mode that allows the
system to automatically correct the strokes made
by the user, the Stroke Smoothing. It also offers

Figure 7: Menu and systems virtual environment.

four suggestions to improve the user’s sketch, ev-
ery time the he stops sketching. These suggestions
are automatically created by the module, without
resorting to the Retrieval Module. One of the sug-
gestions (number four) is the possibility to maintain
what the user created, without changes. The goal
of these suggestions is to try and turn the sketch
closer to the user’s idea.

3.4.1 Stroke Smoothing

As the user sketches in the air, the stroke may not
be as straight as intended, so the user can choose
to draw only straight strokes automatically. When
the user starts to draw, the first two created points
provide the basis for the stroke being built. These
two points create the initial segment. Starting from
the third point, every following point that is drawn
is checked according to the direction vector of the
initial segment.

If the angle between the direction vector ~AB, be-
ing A and B the two initial points, and the vector
~BC, being C the last point, is smaller than a pre-

viously defined threshold, the line is the same and
will continue being drawn with the same direction
as the initial segment. If the angle is bigger than
the threshold, then a new stroke is created using the
vector ~BC as the initial segment. In Figure 8 it’s
possible to see one stroke drawn with smoothing,
and other without it.

3.4.2 CALI

The first suggestion uses the plane computed by
the Best Fit Plane algorithm to find the best ap-
proximate plane that contains the drawn strokes.
Then, a modification of the CALI tool (by Fonseca
et al. [3]) uses the points projected on the plane
to find possible geometric shapes formed by them.
The tool returns the points that form the likely ge-
ometric shape. These points are then used to cut
the plane into a polygon with the geometric shape
computed by the CALI tool, as seen in Figure 9.

Figure 8: a) Stroke without smoothing. b) Stroke
smoothed.
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Figure 9: Polygon created from a sketch using
CALI: a) sketch; b) sketch replaced.

3.4.3 Best Fit Plane

The second and third suggestions are the computa-
tion of the Best Fit Plane algorithm. The module
uses the points from the strokes sketched by the user
and finds the best approximate plane that contains
these points, projecting them in it.

After finding the set of points projected on the
plane, it checks repeated points and removes them.
The next step is cutting a polygon on the plane for
the second suggestion (Figure 10), and projecting
the lines of the original stroke on the plane for the
third suggestion (Figure 11), creating a new stroke.

Figure 10: Polygon created from a sketch using Best
Fit Plane: a) sketch; b) sketch replaced.

Figure 11: Stroke created from a sketch using Best
Fit Plane: a) sketch; b) sketch replaced.

3.4.4 Convex Hull

Lastly, for the fifth suggestion, the Convex Hull al-
gorithm is performed on the sketch, returning a
solid (Figure 12). This is based on the algorithm
written by Barber et al. [1] and connects the most
outer points of a sketch by edges and then faces,
creating a solid.

4. Results
In order to validate our approach, it was necessary
to conduct a set of user tests. Our approach was
evaluated in regards to ease of usage and compared
to 3D Model Search Engine, an object retrieval
system which uses 2D sketches and the WIMP
paradigm. Each user performed five search tasks
on each system.

4.1. Methodology
The tests were structured accordingly to the follow-
ing scheme:

• Profile Questionnaire

Before the test sessions, the participants filled
in a questionnaire with the objective of getting
to know their profile: age and experience to-
wards modeling programs, immersive environ-
ments and electronic devices.

• Introduction and Training Session

Both systems were presented to the partici-
pants, as well as the purpose of the tests. We
demonstrated how to use each system and al-
lowed a 5 minute training period on each.

• Tasks Execution

We randomly determined which system was the
first to be used by the user, to guarantee that
the order of usage did not influence the results.
Then the user executed five search tasks on
each system. The order of the tasks was semi-
randomly determined, to allow to each task to
be executed on every possible position, by the

Figure 12: Solid created from a sketch using Convex
Hull: a) sketch; b) sketch replaced.
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same reason already stated for the systems or-
der. The time limit for each task was 5 min-
utes.

• Final Questionnaire

After the tasks conclusion, the users filled in a
questionnaire to evaluate different aspects on
each system, such as ease of usage, ease of
search and fun factor.

4.2. Tasks
To perform each of the five search tasks it was given
to each user an instruction sheet. For each task the
user was presented with an image of a real object,
and asked to find a similar one through each sys-
tem. The images were the same for each system.
Due to the variety of the existing objects on the
collection, to each search could exist more than one
correct result. On Table 1 we can see the 5 images
presented to the users on the tasks, as well as an
example of a correct result to each of the tasks. On
Table 2 we can see some examples of the sketches
created by the users during the tasks on ASfOR.

Bike

House

Mailbox

Plane

Turtle

Table 1: Images presented to the users on the tasks,
with an example of a possible result found for each.

Table 2: Som examples of the sketches created by
the users during the tasks.

4.3. Apparatus and Participants

The test sessions were performed on a closed envi-
ronment, without the possibility of external influ-
ences. The laboratory had a tracking system with
ten NaturalPoint cameras. It was used an HMD,
the Oculus Rift, a Wiimote controller and a simple
bracelet, all with markers, to interact with ASfOR.
To interact with 3D Model Search Engine, it was
used a ZaagTech multi-touch surface, with 10 touch
points. The users drew with a touch stylus pen.
Both computers used by each system possessed a
Windows 7 operating system, with an Intel Core i7
- 3770K 3.5 GHz CPU and 16 GB RAM.

The evaluation had 20 users, three females and
seventeen males, with ages between 22 and 65
(mean = 28.6). Nineteen users had a college degree,
and one had an high school degree. Most users use
the computer on a daily basis, with one just using
it sometimes for simple tasks. All users use their
smartphones/tablets in simple tasks, as to surf the
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Figure 13: A user creates a sketch of a plane using
ASfOR.

Internet, make calls and play. Five users never used
3D modeling programs, thirteen had already tried,
but only two use them regularly. Only two users
had already experienced virtual reality, with Ocu-
lus Rift, with one using it regularly to work. Most
users had played gesture games with friends or at
stores, four play regularly, while three never played.
From the users that had already played games with
gestures, fourteen had tried the Wiimote, six the
Kinect and four the Playstation Move.

From the tests we recorded some measures to per-
form the analysis, such as the time to perform a
task, time spent drawing, time spent looking at re-
sults, number of errors (deleted sketches) and num-
ber of results observed. On Figure 13 we can see a
user creating a sketch of a plane on our system.

4.4. Results and Discussion

This evaluation allowed us to understand the ap-
proach that felt most natural to the users. We
analysed our global measures using the Paired T-
Test, comparing the tasks set from each system with
the other. We observed that all of the results were
statistically significant. In this section we will re-
fer to 3D Model Search Engine as its abbreviation,
3DMSE. On Figure 14 we present graphics with the
measures analysed.

The time to complete a task on ASfOR was less
than on 3DMSE (t(99) = −4.410, p < 0.001),
which could be mainly due to the ease of creat-
ing a sketch and the number of results displayed.
In ASfOR only one sketch is needed for all of the
views of an object, whereas in 3DMSE using only
one sketch is less optimal than using three. From
this we can understand why the time spent drawing
on ASfOR is less than on 3DMSE (t(99) = −6.228,
p < 0.001): due to the ease of visualizing a sketch
from the viewpoint the user needs, unrestricted to

one view. With that and the help of drawing aids,
the sketch is created faster. With the number of
errors also being lower on ASfOR (t(99) = −2.771,
p = 0.007), the number of searches also becomes
lower (t(99) = −3.394, p = 0.001). With the abil-
ity to create more complete and final sketches, less
erasing is needed. Being also an air sketch gives
more freedom to the sketch, not limiting it by a
size of a box or the friction of using a pen on a
two-dimensional surface.

The time to show the results was also lower
on ASfOR compared to 3DMSE (t(99) = −3.836,
p < 0.001). Finding a result was proved to be faster
on ASfOR (t(99) = −9.390, p < 0.001), due to the
difference in number of results. ASfOR shows 5
and 3DMSE shows 100, where the first significant
result was on average found only on the 52nd posi-
tion. Also, on 3DMSE there were 31 tasks where
no relevant result was found, compared to only 2 on
ASfOR. As already stated, that could be caused by
the fact that drawing in 3D allows multiple view-
points, no limits and due to having drawing aids.
That increases the chances of obtaining a significant
result and, with less results, it’s faster to conclude
if a significant object was found. The number of re-
sults observed was bigger on ASfOR (t(99) = 5.642,
p < 0.001), because, as stated by the users, visual-
izing an object in 3D was a new experience.

An analysis regarding how the time was used on
each system showed that on ASfOR the time was
mostly spent using drawing aids and observing the
sketches, whereas on 3DMSE the time was spent
sketching or observing the results. These conclu-
sions are along the line of the ones already pre-
sented, as on ASfOR the drawing aids allow less
work and are helpful. On 3DMSE, without auxil-
iary tools, the time distribution is natural.

4.5. Qualitative Analysis

On the final questionnaire, the users were asked to
classify their experience with each system and its
characteristics. Once again we will refer the 3D
Model Search Engine by its abbreviation, 3DMSE.

The users thought that learning how to interact
with ASfOR was more difficult than with 3DMSE
(Z = −3.758, p < 0.001), due to their familiar-
ity with menus, lists and windows, and their daily
interaction with touch devices. However, that dif-
ficulty disappeared once they were acquainted with
the system, feeling that it was easier to sketch and
interact with ASfOR (Z = −3.804, p < 0.001).

In finding a correct result from the results set,
the users felt that ASfOR allowed them to find with
more ease (Z = −3.985, p < 0.001), as the 100 pos-
sible results in 3DMSE slowed the process. As for
observing a result, the users also felt that ASfOR
was easier (Z = −3.782, p < 0.001), with the pos-
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Figure 14: Measures analysed globally.

sibility of checking it from all of the possible view-
points.

The users felt more eyestrain on ASfOR than on
3DMSE (Z = −4.099, p < 0.001), due to the low
resolution of the Oculus Rift. There were no differ-
ences in physical fatigue. The users also felt that
ASfOR was more fun (Z = −3.874, p < 0.001),
being a new type of interaction they had never ex-
perienced.

In general, the drawing aids were considered use-
ful, with Best Fit Plane - Tubes and Convex Hull
being considered the most useful compared to Trace
Smoothing, Best Fit Plane Plane and CALI (Z =
−4.035, p < 0.001 and Z = −4.185, p < 0.001
and Z = −3.606, p = 0.001). The Trace Smooth-
ing was considered the most difficult (Z = −4.300,
p < 0.001), not being used at all for restricting the
users freedom.

5. Conclusions

In the recent years, the number of 3D objects digi-
tally available has grown. Consequently, the collec-
tions that contain these objects have also grown.
That brings the problem of how to search on a
large collection. Current search methods use mainly
meta-data, which may be missing or wrong in an ob-
ject. Most solutions, to present the results, use the
traditional WIMP system, showing lists of thumb-
nails.

With this thesis we sought to develop a natural
method of query specification of 3D objects for ob-
ject retrieval, in an immersive environment. For
that we developed ASfOR (Air Sketching for Ob-
ject Retrieval), a system where the user interacts in
a three-dimensional virtual environment, creating
sketches on the air, also using other efficient draw-

ing aids to create his sketches. The user can choose
features from a palette, just like a painter dips his
brush on paint. The search results are shown three-
dimensionally, allowing a thorough viewing of all
angles of an object.

To validate our approach, we carried out user test
sessions, where our prototype was compared to a
traditional WIMP and 2D sketching 3D object re-
trieval system, the 3D Model Search Engine. Our
approach proved to provide better visualization for
the creation of objects and interpretation of the re-
sults, having less errors and time needed to find a
specific object. It was easier to specify an object in
3D compared to 2D, as it allowed to create more ac-
curate representations of the searched objects, with
help from the drawing aids provided.The biggest
setback was the eyestrain.

In spite of that, it was possible to conclude that
the existing solutions are not the most adequate
to search and visualize 3D objects. The devel-
oped solution presents itself capable of competing
against the existing solutions, showing ease of use
and pluses on the satisfaction level. That is due to
the simplicity of the solution, which allows the user
to feel present on the virtual environment.

Regardless of having reached our goals, we be-
lieve it is possible to improve and complete this
work. With the validation of our approach, possi-
bilities of improvement and challenges arise for the
future. On of them is the integration of the Oculus
Rift 2, which has improvements that could allow
to reduce the eyestrain observed. Also, we chose
to present the results using the Menu, however it
could be interesting to explore different formats to
present the results, which would allow the user to
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use his favourite.
One remark from the users during the tests was

the need of having more tools for existing objects,
like the ability to scale, change the colour and, the
most asked for, the ability to duplicate objects.
That would allow to improve the sketch created and
not have to draw an object’s part multiple times.

These ideas could offer an even better interac-
tion, navigation and visualization in this prototype,
although it reached its goals of creating a natural
and immersive solution to sketch and search 3D ob-
jects. With the knowledge gathered and progress
achieved in this work, we created a foundation to
improve and maybe even support future works on
this topic.
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