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Abstract 

 

Illustrating and visualizing of three dimensional (3D) geological models are common tasks in 

many areas of geology. In most cases, these tasks consist of sketching on bi-dimensional 

media to transmit a 3D perception of geological concepts. 

In this thesis, we present a spatial gesture based interaction system for rapid construction of 3D 

geological models and illustrations. The models are composed by uniform stratigraphic layers 

(i.e. without geological folds and faults) stacked upon each other. Starting from no-data 

scenarios, the system enables expeditious modeling, edition and exploration of terrains and 

subsoil layers within an immersive 3D environment. The modeling principle is based on the fact 

that the geometry of a terrain or stratigraphic subsurface can be modeled with spatial gestures. 

The developed system enables the modeling of finer details by interacting with the multi-touch 

surface with the user’s fingertips. 

Interaction with the system is acquired by a motion capture technology and a multi-touch table. 

Visualization is granted by a stereoscopic technology that, using 3D glasses, allows a 

tridimensional perception of the created 3D scenarios.  

We performed an experimental user evaluation where we compared the developed prototype 

with a conventional windows-icon-menu-pointer geologic modeling application. The results 

show that the proposed system allows the rapid modeling of layered geologic structures and 

that multi-touch and 3D spatial modeling is a valid alternative to traditional modeling methods. 
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1. Introduction 

 

The externalization of an idea or concept is 

a common task in geology [Natali et al. 

2013]. However, especially in the 

geosciences where building a scenario from 

no-data is very important [Bendiksen 2013], 

3D modeling time of a geologic objects is an 

issue to be concerned with. 
 

Figure 1 – Example of a sketched terrain created 
with GeoCake 



Currently, 3D illustrations are normally 

performed on 2D media, as an attempt to 

transmit a tridimensional spatial perception 

to the viewer. However, the emergence of 

new forms of interaction leads us to call this 

method into question. Solutions like 

stereoscopic visualization or spatial 

interaction that use depth cameras to 

capture and locate user gestures, can 

provide precise control and a natural and 

effective tridimensional experience for 

building geological scenarios. 

Although some work has been done on 

developing systems for rapid geologic 

modeling [Lidal et al. 2013], the use of 

sketching for the definition of a scenario 

resorting on spatial interaction systems, i.e. 

systems that enable 3D content modeling 

using hand gestures, was practically not 

covered.  

 

Therefore, this work aims to develop a 

sketch-based modeling interface for 

expeditious modeling and exploration of 

geologic scenarios with a fast and 

satisfactory learning curve. Thus, the system 

should provide modelers with a set of tools, 

enabling them to materialize their ideas as 

exploring them in 3D. The system should be 

able to produce, through spatial gestures 

and resorting on motion capture technology 

[Optitrack] and a surface fitting algorithm, 

simple stratigraphic layered models.  

 

Moreover the goal of this project is 

demonstrate that the developed sketch-

based system is indeed a viable alternative 

to other similar WIMP systems (window, 

icon, menu, pointing device) [Lidal 2013, 

Bendiksen 2013]. To bring advantages to 

the user, the interaction should be as natural 

as possible and as less complex as possible 

both for experienced and inexperienced 

users. 

 

 

2. Related Work 

 

There are currently multiple applications 

capable of building and exploring 3D 

scenarios in the fields of terrain and 

geological modeling [WorldMachine; 

AutoDesk]. These scenarios range from very 

complex to very simple and are developed 

by CAD systems (computer-aided design) or 

even by tangible interfaces that enable the 

modeler to define surfaces by directly 

sculpting the desired forms. 

Regarding to tangible interfaces we highlight 

the work of [Piper et al. 2002; Leithinger and 

Ishii 2010]. 

The first paper describes a system to 

analyze in real-time landscape models. 

Users can change the model topography by 

molding a surface out of clay. This surface is 

then captured in real time by a laser 

scanner, and the result of the analysis is 

projected back to the surface. 

The second paper presents nontraditional 

tabletop display with actuators that is 

capable of represent and animate 

tridimensional forms trough a malleable 

surface. The display not only can render the 

3D forms but also accepts input from the 

user. The malleable surface is driven by an 

array of electronic potentiometers that slide 

vertically through the display. 

 

The needs and challenges on developing 

computational systems to rapidly build, 

geologic models, has been presented in 

many works [Lidal 2013; Peytavie et al. 

2009]. However, very few adopted a sketch 

based approach [Natali et al. 2012; Natali et 

al. 2014; Lidal et al. 2013]. 

Under the topic of 3D modeling based on 

sketches, appears Terrain Sketching [Gain 

et al. 2009], a modeling interface trough 

sketches that enables procedimental 

generation of terrains. The terrain is 

generated iteratively to meet the sketched 

restrictions using surface deforming 

techniques.  

[Amorim et al. (2012)] reports a sketched 

based modeling system with an interface to 

evaluate in early states of prospecting for 

gas and oil enabling, from a data scenario,  

to build and edit geologic features using 

sketches. 

However, probably the most notorious work 

in computational systems for geologic 

sketching is presented by [Lidal 2013]. In his 

thesis, various sketch based systems to 

rapid modeling of stratigraphic layered 

structures were presented and compared.   



Following the work of [Lidal 2013], and with 

the objective to enable rapid modeling of 

geologic structures [Bendicksen 2013] 

proposes a sketch based system, using a 

cube as proxy to create stratigraphic 

models. Thus, the initial state of the model is 

an empty cube, which faces are used to 

sketch the outline of a surface. The surface 

is generated through the interpolation of the 

outlines sketched on the various faces of the 

proxy. 

 

Notice that gesture based interfaces are a 

relatively recent technology which enable 

the interaction with computational systems 

without any physical. 

[Rico and Brewster 2010] describe gestures 

as being deliberated movements of the body 

with the intention of communicating an idea. 

These movements can be performed during 

a conversation between to humans or 

between a human and a machine. 

 

Gestures are mainly captures by two types 

of interfaces, (i) invasive, where the users 

have two wear or manipulate a physic 

device, and (ii) noninvasive, where gestures 

are captured mainly through cameras. 

As a representant of invasive interfaces, 

[OptiTrack] is a motion capture technology 

that uses a set of infrared cameras for 

capturing the position of a group of optical 

markers that are captured by infrared 

cameras. This technology is considered 

invasive because it needs the user to have 

the markers copulated to the user’s body or 

to a device.   

This system is used, for example, by [Tang 

et al. 2011]. The Optitrack markers are used 

for an interactive dancing game in which 

dancers wear a suit covered by these to 

capture their movements. 

 

With the appearance of the last generation 

of videogame consoles, there was a 

considerable progress in the creation of 

devices capable of capturing the movements 

of players, making it accessible to such 

technology to. 

One of those devices is the [Kinect] an input 

device with motion sensors produced by 

Microsoft. Kinect has an RGB camera and 

depth sensors that enables the users to 

interact with the console or computer without 

the need of a physical controller. 

Since it is a relatively cheap device, this 

technology is largely used in various 

research areas, from volumetric data 

manipulation to gesture based 

communication. By using Kinect [Wang et al. 

2011] introduced a new method for acquiring 

the spatial position and orientation of user 

hands. This method does not need any 

invasive device and is based on depth 

images captured by Kinect sensors. 

 

With the emergence of the new 3D 

televisions and screens, stereoscopy had 

become more accessible for the masses. 

Such technology provides users with a 

depth perception by resorting, in many 

cases to a set of special glasses. The 3D 

glasses can be passive or active. 

Glasses with active lens use a shutter to 

activate or deactivate each lens alternately 

according to which eye the image is sent to 

by the 3D display.  Shutter glasses are 

used, as example, by the Nvidia 3D Vision 

system. 

Passive glasses have polarized lens and 

images sent by the display are filtered 

according to its frequency. 

 

Nowadays, multi-touch screens and 

surfaces had become common to most 

people. The man advantage of a 

touchscreen is to allow a direct user 

interaction with what is being displayed on 

screen. This is, for example, very useful for 

object and data manipulation. 

Geometric transformations on 3D tabletop 

displays are discussed in [Hancock et al. 

2007]. In this work a few are introduced 

some interaction techniques that provide 

control over rotation and translation (6-DOF) 

of virtual objects on a multi-touch tabletop 

display are introduced. The paper also 

presents a study that examines the 

efficiency of the developed techniques. 

Following the same research, [Hancock et 

al. 2009] presents an interaction paradigm - 

Sticky Tools - that brings the benefits of 

interaction based on forces with complete 

manipulation in 6DOF. Sticky Tools unifies 

methods that are used for translation, 



rotation and to turn virtual objects, with 

propagation of behaviors between them. 

 

Another method used for manipulation of 

virtual objects are Widgets. These 3D 

transformation interfaces are used to 

represent manageable objects and are used 

in some multi-touch interfaces. In his work, 

[Cohé et al. 2011] studied how widgets 

could be successfully be adapted to multi-

touch interfaces resulting in the 

development of the framework tBox. This 

widget can manipulate tridimensional 9DOF 

transformations in an easy an efficient way 

through multi-touch. 

 

 

3. Solution 

 

The proposed system is capable to model 

surfaces, namely height maps, using the 

speed and expressiveness of and gestures, 

resorting on motion capture technologies 

and a multi-touch tabletop display, giving 

users the ability to explore tridimensional 

content created in real-time.  

Note that the system follows the bimanual 

asymmetric model [Guiard 1987], that takes 

into consideration users actions, manual 

dominance and interaction spaces. 

 

The modeler has the ability to use the multi-

touch surface, not only, to carry out 

geometric transformations, but also to add 

geological details to the model.  

Our application enables the user to 

transform the scenario (in particular the 

proxy) in five degrees of freedom (5-DOF), 

namely two degrees for translation, two 

degrees for rotation and one for an uniform 

scale.  

In order to move the model, i.e. translating 

the proxy throughout the plane, the modeler 

uses one finger to touch the multi-touch 

surface and drags it in the desired location. 

To scale the scenario the modeler needs 

two fingers. These should be swept against 

each other or away from each other in order 

to scale the model up, increasing its size, or 

down, decreasing its size. 

Rotation can be performed around the 

vertical axis or the horizontal axis. To rotate 

the model around the vertical axis, the 

modeler should use two fingers, and drag 

them in a circular way to each other. The 

application then takes the angle performed 

by vector between the two fingers and the 

vector generated immediately before, adding 

this value to the overall rotation of the 

object. Rotation around the horizontal axis is 

done using three or more fingers, dragging 

them up or down. The amount of this 

movement dictates the value added to the 

objects rotation. 

 

Furthermore, the modeler has the possibility 

to define clipping planes on the scenario 

along the xx and zz axis of the proxy that 

are accessible by 4 handles located at the 

four corners of the proxy. The handles are 

accessed by touching and dragging them to 

the desired location. Immediately, the 

occlusion limits are updated according to 

their position, enabling the user to visualize 

the interior of the model. 

 

 

 

Multi-touch interaction grants the modeler a 

way of adding details to the scenario. 

Elevations and depressions are created in 

the form of circular Gaussians by adding or 

subtracting at the location where the 

interactive surface is touched. Multi-touch 

enables the creation of multiple elevations or 

depressions simultaneously (figure 2). 

 

In order to give the modeler the capability of 

editing the scenario through gestures, the 

user is surrounded by motion capture 

cameras which capture body gestures and 

the table location. The cameras continuously 

monitor the optical markers placed upon the 

edition device used by the modeler. Thus, 

the device is used to map the user 

movements into the application, 

Figure 2 - Multi-touch interaction for local editing 



manipulating one of three virtual edition 

device avatars. Each virtual device has its 

own function to edit the scenario and the 

modeler can switch between whenever he 

wants. 

The three devices can assume the following 

avatars: 

 Trowel, that enables, locally, direct 

edition of the height map (figure 3); 

 Pen, that gives users the capability 

of curve sketching (figure 4); 

 Drill, that enables the creation of 

drill points through the scenario, to 

define perforation points (figure 1). 

 

 
Figure 3 - Using the trowel to edit terrain localy 

Using the trowel above the surface, the user 

can activate the edition of the height map by 

touching the ‘Sketch’ button present at the 

graphic interface. The changes in the height 

map are immediately perceptible at the 

expected point. Content is added or 

subtracted from the model in function of the 

edition devices height. The new height 

matches the amplitude of an elliptic super-

Gaussian function,  
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Where A is the amplitude (the devices 

height), x0 e y0 is the center, σx e σy is the 

variance in terms of x and y, respectively, γ 

≥ 1 the exponent that gives the circular (γ ≈ 

2) or quadratic (γ > 2) form to the Gaussian. 

Note that a circular Gaussian is an particular 

case of (Equation 1) when σx = σy and γ = 1. 

Using the devices orientation it is possible to 

rotate the function around the yy axis 

(vertical). This feature gives the modeler the 

capability of adding a bit more of detail to 

the edition. 

 
Figure 4 - Using pen to sketch curve points 

The pen sketches are represented by a set 

of points (graphically represented as little 

cubes – figure 4).  

From these sketched point cloud curves the 

app can locally adjust the height map from 

the layer to the height of the curve points by 

adjusting the local circular Gaussians to 

sketched points. This feature is very useful 

to add a set of elevations or depressions 

such as a mountain chain. In order to 

perform this modeling task, the application 

starts by filtering the set of sketched points, 

deleting all the points that are too close to 

each other. Afterwards, a super-Gaussian is 

used to elevate or depress the surface to 

match the given point (Equation 1). An 

‘Undo Curve’ button is provided in case a 

user makes a mistake while sketching point 

cloud curves.  

Besides local edition, our system provides a 

way to fit a surface to all drawn curves, 

replacing the current height map with a new 

one that contains the geologic features that 

were sketched by the user. Once again, the 

system starts by filtering the curve points, 

deleting all those that are too close to each 

other, or have the same height map position. 

This process is important because it 

prevents the surface fit algorithm to fail. 

 

In order to interpolate the sketched point 

curves and adjust the height map, we use 

the TPS method (Thin Plate Spline). This 

method consists in an implicit surface 

interpolation commonly used in 

tridimensional reconstruction methods 

[Bærentzen et al. 2012]. A TPS can be 

represented in terms of a weighted sum of 

radial basis functions (RBF), that maps a 

location x in a new location f(x), 
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Where ||.|| is the Euclidean norm, ci is the 

set of mapping coefficients, wi is a set of 

control points (where i assumes values 

between 1 and K) and φ represents the RBF 

(where φ = r
2
 x log(r)). The use of RBF for 

surface generation in terrain modeling is not 

new [Bærentzen et al. 2012]. This method 

consists in determining a of an implicit 

surface defined as a scalar function with real 

values s(x), where all points satisfy the 

condition s(x)=0, where we can write a K 

equation system by K variables. The surface 

coefficients ci are then calculated by solving 

the linear equation system. Note that that, in 

order to generate a surface, a minimum of 

three points are needed (three points 

correspond to a planar surface). We chose 

this representation not only because of the 

good performance reached with the 

numbers of points we deal with, but also 

because the output given are very similar to 

the expected results. 

 

In addition, using the drill avatar, the 

modeler can set some drill points through 

the model. The user has to define a drill 

point at the surface and another in the 

interior of the stratigraphic scenario. The 

app then takes the too points and creates a 

drill path between them.   

 

The system enables the modeler to switch 

between the present stratigraphic layers at 

any time, giving the choice of which layer 

should be edit next. The user can also 

adjust the height of a whole layer and even 

export the models of the created surfaces to 

an *.obj file.  

 

The 3D perception of the graphic content is 

granted by a stereoscopic display and a set 

of 3D shutter glasses. This perception is 

enhanced with a depth camera that 

continuously tracks the modeler’s position 

relative to the tabletop display in order to 

create a personalized perspective for the 

user. 

The tracking system starts with choosing the 

user’s skeleton that is nearest to the 

tabletop display (i.e. the nearest user is the 

modeler). This position is sent to the 

application that calculates the projection 

matrix for the modeler. We used the 

Generalized Perspective Projection [Kooima 

2008] because it takes in account the user’s 

position and orientation relatively to the 

display to create the projection matrix, what 

is exactly what we intend. 

 

To achieve this work we used a setup that 

combines a multi-touch tabletop 3D display, 

a motion capture system and a Kinect depth 

camera.  

 

 
Figure 5 - Interaction device with optical markers 

The multi-touch surface of the tabletop 

display is composed by a 3D television and 

a frame. The frame is provided with the 

[Infrared Grid] multi-touch technology. We 

used the Optitrack as motion capture system 

which is composed by a set of infrared 

cameras and projectors, placed around the 

room, and a set of optical markers. The 

markers can be used to define virtual rigid 

bodies with a position and orientation in the 

covered space. 

The Kinect camera is situated behind the 

tabletop display in order to track users head 

position relatively to the display. 

 

We used Unity3D as development platform, 

because it combines a powerful 3D render 

engine with a set of tools that really helped 

us in developing our system. 

 

 

4. Results 

 

In order to assess the features present in 

our application, such as the interaction 

methods used for multi-touch gestures, we 

performed some user evaluation tests with a 

group of users. The tests had the expected 

time of 60 minutes and were divided in two 



main phases. The phases consisted in 

testing two different prototypes for geologic 

modeling, GeoCake – our applications – and 

GeoIllustrator – provided for this purpose 

from [CMR] group.  

 

 

 

To evaluate the developed application, we 

asked users to execute a set of three tasks 

upon the two prototypes. Two of the tasks 

(first and third) consisted in reproducing 

previously created models as faithful as 

possible. In the second task we showed the 

users a more complex model and asked 

them to create a similar model. Our main 

objective here was to see how the 

application is suited to created models with 

a little more complexity. The users could use 

all features to perform the asked tasks. 

 

The user tests were performed with 15 

users, with ages between 22 and 47 years. 

All of them had at least a bachelor’s degree, 

80% interact with multi-touch devices 

several times per day (Tablet, Smartphone, 

etc.) and only one didn’t had one. All users 

already used a stereoscopic visualization 

device, like 3D glasses, and 87% had 

already used a spatial interactive device, like 

Microsoft Kinect. The tests were individual 

and the time was taken that users took to 

perform each task. We also notated all the 

comments made by users during and after 

the tests.  

 

The evaluation results showed that our 

application  allowed the users to perform the 

asked tasks faster than GeoIllustrator. In 

order to verify this results we performed a 

non parametric statistical test (the time 

destribution in some tasks was not normal). 

Thus, since the results were significantly 

better at task 2, we proved that GeoCake 

allows users to perform more complex tasks 

much faster than GeoIllustrator.  

 

 

 

This fact is probably related to the great 

dificulty lever of adding details to models 

using GeoIllustrator app, since users 

classified, in general, GeoCake much better 

for this type of models. Although, for simple 

models, users consider achieve similar 

results, in general they classified the use of 

GeoCake, with the spatial interaction, easier 

than GeoIllustrator.  

 

Users found the feature of adding content 

with the trowel useful and suggested to have 

an option to define the thikness of the added 

content.  They also suggested a fusion of 

the camera and edition mode in order 

provide a more fluid editing and better 

perspective on data while editing. 

 

 

5. Conclusion and Future Work 

 

With the purpose of finding an alternative 

interaction form to conventional WIMP 

systems for creation, manipulation and 

visualization of geologic scenarios, we 

introduced in this dissertation a system for 

3D modeling based on hand gestures for 

expeditious creation of stratigraphic layered 

scenarios.    

 

We reviewed some systems and work in the 

areas of gesture based interaction, multi-

touch interaction, 3D visualization and 

exploration and modeling of geologic 

models. Despite terrain and subsoil 

modeling being used in a large scale in 

various areas, since geology to videogame 

industry and architecture, and the lately 

Figure 6 - Models used for tasks 2 and 3 

Figure 8 - User evaluating GeoCake 

Figure 7 - User testing GeoCake. 



technological evolution in interaction 

methods, we concluded that a geologic 

modeling system that take advantage of new 

interactive technologies has been little 

explored.  

 

User evaluation, where compared our 

system with an prototype of GeoIllustrator 

(WIMP application of geologic modeling 

based on sketches), showed that the system 

developed in this dissertation not only 

reached a better modeling time for more 

complex scenarios but also that it granted 

very satisfactory results in the expeditious 

creation of geologic stratigraphic scenarios 

due to its spatial interaction.  

 

Hereupon, as the principal contributions of 

this work we stand out: 

1) The use of spatial gestures with the 

hand for direct manipulation of the 

system and the use of 3D 

technology on the creation of 

geologic scenarios constituted by 

stratigraphic layered-cake models.  

2) Definition of new research paths in 

interaction techniques for sketching 

in this specific type of models. 

 

As future work, we consider important the 

addition of some features and the revision of 

some tools used in our system. 

As interesting features we stand out 

enabling the modeler of using annotations 

through the model, importing previously 

created data with the application for further 

enhancement and interconnect our system 

with other applications like CityEngine to 

enable architects for performing tasks like 

urban planning on GeoCake. 

The addition of an undo/redo button was 

considered very important for users as the 

feature to sketch curves on proxy planes. 

The last is a feature of the GeoIllustrator app 

that was thought as useful. 

Users also considered the capability of 

defining the edition tools (as the trowel or 

multi-touch) thickness (or hardness) as very 

useful, giving the modeler a way of 

increasing the level of detail of the scenario. 

A great enhancement too, would be the 

ability to erase single curve points or adjust 

their position, to give more precision to the 

user.    

 

As a potential definition for new research 

paths on interaction in the area of geologic 

modeling, the interaction technique used 

would benefit with some adjustments, to 

maximize the systems precision. Thus, the 

gesture capture could be migrated to the 

new Microsoft Kinect (launched during this 

dissertation), enabling the modeler to use 

his hand directly in the system, getting rid of 

the physic device used for interaction so far.     

 

At last, we shall not forget that changing the 

data structure used at the moment, with a 

height map representation, for a more 

complex and versatile one would grant us a 

set of new possibilities in terms of geologic 

structures, enabling the modeling of faults 

and folds for more realistic geological 

environments. 
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