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Abstract

Early on the digital sculpting process, users usually build base models (or virtual armatures) by

sketching arrays of spheres in 2D mediums. Standard 2D interfaces do not properly support mod-

eling and manipulation of such sphere chain base models, as they limit expressiveness and unable

rapid sketching of initial concept designs. This paper explores the sculpting potential of 3D sketches

for building sphere chain base models within a limited work-space offered by a web-cam’s view frus-

tum. An affordable spatial interface, which makes use of a single web-cam to track a tangible 3D

sketching device, was developed to rapidly model and edit sphere chain base models. Monocular

tracking is performed upon a sphere-shaped passive color marker attached to a smart-phone. A

simple color segmentation algorithm estimates marker’s full three-dimensional coordinates. Model-

ing tools are accessed at out-of-display buttons and activated by using the smart-phone’s interactive

surface. A usability study was conducted where users carried out sculpting exercises in a conven-

tional digital sculpting interface and in the proposed spatial interface. Besides being more efficient

when compared to a windows-icon-menu-pointer sculpting application, results indicate that the

view frustum of a web-cam is indeed a useful and suitable work-space for 3D sketching, enabling

coarse base models to be built according to user intent with only a limited set of strokes.

Keywords: digital sculpting, base model, sphere array, 3D sketch, spatial interaction, frustum

of interaction
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1 Introduction

Currently, sphere chain base models are

drawn in Two-Dimensional (2D) media using

conventional computer input devices such as

mouse and keyboard or interactive surfaces.

However, modern digital sculpting input de-

vices tools lack proper expressiveness and in-

tuitiveness, are very complex and continue

to be used primarily by professionals, leav-

ing novice users striving to acquire and per-

fect Three-Dimensional (3D) sculpting abil-

ities using 2D input devices and associated

Windows,Icons,Menu,Pointer (WIMP) interfaces

which were not designed to rapidly and easily

capture initial concepts or ideas ([1]).

This paper is concerned with creative process

requirements of “bulk form creation” and “ease

of form creation”. Moreover, we also explore a

restricted interaction space for sculpting and ex-

amine the feasibility of a spatial interface that

aims to support as well as augment base model

design functions with 3D input. Contrary to sim-

ilar efforts we propose an accessible 3D sculpting

tool for sketching base models in midair using a

single web-cam and a smart-phone as a tangible

3D cursor. Our modeling approach relies on ob-

servations that sculptures can quickly build the

rough structure of an armature with few bends,

twists and folds . By conducting usability tests,

we conjecture that a spatial interface would pro-

vide a quicker way to externalize sphere chain

base models by laypeople novice users. To our

knowledge, a spatial interface for sketching a 3D

base model to assist digital sculpting has not

been presented before.

2 Related Work

Conventional digital sculpting systems are

overly dedicated to mold complex models with

intricate details achieved by applying a multitude

of different brush types. These systems adopted

the WIMP paradigm which is not designed to

aid the initial stage of the creative process ([1]).

Some of the limitations imposed by WIMP in-

terfaces, such as the lack of expressiveness and

expeditious creation, have been partially solved

by adopting a sketch-based approach for 3D mod-

eling ([2]). Several works describe the challenges

that reside in 3D sketching with mid-air gestures

for illustration ([3]; [4]), painting ([5]), posing

([6]; [7]), 3D manipulation ([8]; [9]), sculpting

([10]; [11]; [12]; [7]), and digital fabrication ([13]).

Most of these solutions rely on more than one

camera, several 3D cursors, dedicated hardware

or expensive equipment such as stereoscopic dis-

plays or motion capture systems, and may even

lack portability ([10]; [11]; [14]; [15]; [3]; [16]: [7]).

Although sculpting using free space 3D input

is not new ([10]), a gesture-based spatial interac-

tion system to rapidly build base models inside

a restricted working space, where mid-air ges-

tures are used to explicitly build base models,

has not been developed before for digital sculpt-

ing. This thesis addresses this gap in digital

sculpting, where an interactive system that uses
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a single web-cam and a color-coded 3D sphere is

presented which allows users to directly create

and edit a virtual armature.

3 Spacial Interaction System

The proposed system is called Sculptress and

it was designed to create base models via swift

and expressive mid-air gestures. The Sculptress

system uses a single built-in web-cam to continu-

ously track a 3 degrees of freedom controller built

as passive color marker placed on a sculpting de-

vice. The total volume captured by the camera

sensor consists of an angular square pyramid frus-

tum, hence, a web-cam offers a square pyramid

frustum shaped work-space above the keyboard

(Figure 1). Users are placed at an average view-

ing distance of 80 cm (Figure 1).

Figure 1: Camera’s Frustum.

The sculpting device consists of a smart-

phone and an inexpensive passive color marker

with a spherical form attached to the audio jack

(Figure 2(a)), which jointly form a 3D cursor

to position, move, rotate, scale, select or delete

spheres.

(a) Free-
hand
draw.

(b) Smart-phone GUI.

Figure 2: Smart-phone setup.

To allow for precise 3D interaction, the 3D

cursor is detected within the video image by

color segmentation, using the segmented pixels

to compute the position of the sphere by calculat-

ing the center of the sphere and then the radius,

which is then used to calculate the Z component

of the 3D position. The interactive surface of

a smart-phone can be seen in figure 2(b)). All

communications between the smart-phone and

laptop are over Wi-Fi.

By interacting with the drawing device and

the 3D content the user can create, move, trans-

late, rotate and scale spherical array curves

through mid-air gestures. Tool evocation is

achieved by placing the physical cursor outside

the camera’s field of view, while function acti-

vation/deactivation is performed through toggle

buttons placed at the smart-phone’s interactive

surface.

Interaction with the system relies on the us-

age of a single hand (i.e., the dominant hand)

and the user actions within the interaction space.

The dominant hand manipulates the controller
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device to create, delete, select, move, rotate

and scale spherical chains. Moreover, the domi-

nant hand also perform touch gestures to select

and set different functions, which are accessed

through out-of-screen interface (Figure 3) com-

bined with a toggle button interaction made

available through the smart-phone screen. A

one-dimensional slider is placed in the smart-

phone’s GUI to adjust the sphere size when in

create mode (Figure 2(b)).

Figure 3: Out of screen interface.

4 Tests & Results

Figure 4: User test in session.

A total of 22 participants (17 males and 5 fe-

males) with ages between 22 and 34 years (29,95

+/- 3,24 years old) were asked to sketch several

base models. None of the participants had previ-

ous experience with digital sculpting software. 19

users had at least a bachelor’s degree. Although

all users had some type of experience with de-

sign systems none had worked with any on a

daily basis. Half of the test users have used spa-

tial interaction devices. The test sessions were

individual and each task was timed. The test

as divided in two phases: system familiarization

and base model tasks. During each phase, ei-

ther Sculptress or Dilay (a 2D Computer-Aided

Sculpting (CAS) tool with a similar modeling

paradigm) was tested and the user performed

three sketching tasks seen in figure 5. Each task

could endure up to 10 minutes.

(a) Test 1: Smile.

(b) Test 2: Stickman/Astronaut.

(c) Test 3: Tree.

Figure 5: The visual guides for each test with front
and side view.

All users were able to finish the proposed

tasks in time and with ease. The graphs on fig-

ures 6, 7,8,9 detail the timings of familiarization

with software and each task for both systems. As

expected, users needed more time to familiarize

with Sculptress.

Regarding the tasks, users took less time on task

one. This was due to the freedom that Sculptress
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allows when drawing curves.

Figure 6: Familiarization times.

Figure 7: Smile test times.

On the second task (Stickman) users also

were faster to draw using Sculptress although not

significantly.

Figure 8: Stickman test times.

Finally the last test, draw the tree, the times

were smaller for the Dilay system. In this task,

most users felt more difficult due to the complex-

ity of the drawing.

Figure 9: Tree test times.

In the table 1, it is presented the comparison

between each system.Users classified that the Di-

lay system was easier to use although they clas-

sified the Sculptress system as being more suited

for 3D sketching and offers more freedom than

what they are used to. Users also preferred the

way to choose the various operations in Sculp-
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tress (Out of screen buttons) than the WIMP

interface of Dilay. Users felt a bit discomfort or

tiredness by using the cursor and the camera frus-

tum limit.

All users found the operations to be equally use-

ful for both systems but slightly preferred the

results achieved with Sculptress. They thought

the way of choosing each operation was slightly

better also in Sculptress with the exception of

Rotation and Scale. Regarding the ease of use

for each operation, Dilay was preferred when us-

ing Create and Move.

Lastly, users were queried about the completion

of each task. For the first task, users preferred

the sculptress system as they found it easier to

draw and more pleased with the result. On the

other hand the third task (Tree) the user base

had difficulties on both systems but ended up

to slightly prefer the output of the Dilay sys-

tem. The task presents itself more challenging

as users felt it was significantly more difficult on

both systems, with more difficult being felt on

the Sculptress system, than the previous tasks.

The second task experience (Stickman) does not

bring big differences between the systems other

than the users slightly preferring Dilay in terms

of difficult but enjoyed more the results obtained

on the Sculptress
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Table 1: User Evaluation. 1 = Total Disagreement ; 6 = Total Agreement . Median (inter-quartile range)..

Question Dilay Sculpress
Was the application easy to use? 5(1) 5(1)
How do you classify the application’s utility for creating sketches? 5(2) 5(0,5)
Did you find it easy to figure out how to do the various operations work? 5(2) 5(1)
Did you feel uncomfortable or tired when using the device? N/A 2(1,5)
Did you find the results to be what you would expect? 5(1) 5(1)
Did you find that this way of sketching offers more freedom? 4(2) 5(1)
Has the limit of camera’s frustum caused discomfort? N/A 4,5(3)
Would you use this system again to create sketches? 5(2) 5(0)

Create

Was the operation useful? 6(1) 6(0)
Was the result what you expected? 6(1) 5(1)
Is the way of choosing the operation appropriate? 5(2,75) 5(2)
Was it easy to execute? 6(1) 5(1)

Move

Was the operation useful? 6(0) 6(0,5)
Was the result what you expected? 5(2) 6(1)
Is the way of choosing the operation appropriate? 4(2) 5(1,5)
Was it easy to execute? 5,5(2) 5(1)

Rotate

Was the operation useful? 6(0) 6(0)
Was the result what you expected? 6(1) 6(1,5)
Is the way of choosing the operation appropriate? 5,5(1,75) 5(1)
Was it easy to execute? 5,5(1,75) 6(1)

Scale

Was the operation useful? 6(0,75) 6(0)
Was the result what you expected? 4,5(2) 5(0,5)
Is the way of choosing the operation appropriate? 5,5(1) 5(1,5)
Was it easy to execute? 5(2,5) 5(1)

Freeze Z

Was the operation useful? N/A 6(1)
Was the result what you expected? N/A 6(1)
Is the way of choosing the operation appropriate? N/A 6(1)
Was it easy to execute? N/A 6(1)

Select

Was the operation useful? 6(3) 6(0,5)
Was the result what you expected? 4(2,75) 5,5(1)
Is the way of choosing the operation appropriate? 5(3) 5(1,5)
Was it easy to execute? 5(3) 5(2)

Delete

Was the operation useful? 6(0,75) 6(0)
Was the result what you expected? 5(2) 6(1)
Is the way of choosing the operation appropriate? 5(2) 5,5(1)
Was it easy to execute? 5(1,75) 5,5(1)

Size

Was the operation useful? N/A 6(0)
Was the result what you expected? N/A 6(1)
Is the way of choosing the operation appropriate? N/A 6(1)
Was it easy to execute? N/A 6(1)

Smile
Where you able to finish? 6(0) 6(0)
Where you satisfied with the result? 5(1,75) 6(1)
Was it hard to draw? 3(3,75) 1(0,5)

Stickman
Where you able to finish? 6(0) 6(0)
Where you satisfied with the result? 5(1,75) 5,5(1)
Was it hard to draw? 4(4) 2(2)

Tree
Where you able to finish? 6(1) 6(1)
Where you satisfied with the result? 5(1,75) 4(1)
Was it hard to draw? 3(2,75) 3(2,5)
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5 Conclusion

This work presents a low-cost and portable

Computer-Aided Sculpting system that allows

users to successfully sketch base models, in both

a natural and simple fashion, with a 3D draw-

ing device in a semi-virtual 3D space. The main

contributions of this work consist of exploring

the potential and examines the feasibility of spa-

tial user interfaces for building base models com-

posed by sphere chains. Through a usability

study we compared the proposed spatial inter-

action system with a conventional WIMP sys-

tem. The proposed system provides capabilities

that augment modeling functions by using a lim-

ited number of 3D input, allowing a more ex-

peditious interaction to rapidly externalize ini-

tial concepts when compared to the conventional

use of mouse and keyboard. The results show

that through spatial interaction, users performed

modeling tasks in a shorter time interval. The

main conclusion is that mid air gestures indeed

can be an effective sketch-based input for model-

ing base models with spherical chains. The pro-

posed spatial interface successfully allows users

to build base models as rough externalizations.

Users considered that the environment provides

proper support of CAS modeling practices with

similar or more expeditiousness and expressive-

ness as digital sculpting with WIMP interfaces.

Although they consist of a promising approach,

spatial interfaces for digital sculpting present sev-

eral challenges as they are non customary to most

users. Working inside a limited space may seem

too restrictive for expeditious base model sketch-

ing. Although, the dimensions of the pyramidal
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frustum of interaction are quite limited, the in-

terface still allows a comfortable and easy sketch-

ing environment to build arbitrary base models

with a clean topology while posing in real-time.

In addition, the system is not precise enough for

accurate work as it is difficult to pinpoint the

virtual 3D cursor using a smart-phone as an in-

put device. Further, our experience showed that

this 3D input device is not very stable and suffers

from drift over time, another factor that hinders

the use of 3D input devices in precise creation

of 3D content. Another limitation is the small

number of participants (10). More users are re-

quired to test the proposed interfaces in order to

provide statistical significance to this study.

Sphere chains or sphere meshes permit to ‘sketch-

ing out’ an organic-like 3Ds model quickly and

easily. In order to become a more interesting

tool for digital sculptors, the following functions

would improve expeditiousness and produce more

meaningful models, namely: once the base model

has been built using sphere chains, it can be

‘skinned’ (i.e, a mesh can be created from it)

for further sculpting; inverse kinematics posing

can be implemented to produce more meaning-

ful models. While sphere chains are easy enough

to design using the presented paradigm. one

can consider going beyond spheres and adopt

other shapes such as ellipsoids, super-ellipsoids

or ovoids. Finally, sphere chains are great for or-

ganic modeling but not for faceted objects. A

future research direction could consist of consid-

ering the swept sphere representation which sup-

port free-form and polyhedron objects.
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