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Abstract 
In the area of Architecture and Civil 

Engineering, performing thermal simulation 

of buildings is not new and its recurrence is 

customary. However, only after obtaining 

an accurate model is possible to associate 

the thermal properties of the materials 

constituting an architectural plan. However, 

modelling in 3D a building is slow and 

requires the user to invest a lot of time in 

learning CAD tools.  

In this work we developed a solution to this 

problem, which enables thermal studies at 

an earlier stage of the project. We created 

symbol recognition software based on a fast 

and easy method of 2D reconstruction of 

architectural plans and of its surrounding 

environment. To develop this system we 

considered essential to perform a 

Requirement Analysis with users, from 

which we have identified most of the 

important functional requirements for our 

solution, as well as a more suitable symbolic 

language for the architectural plan design 

and specification of thermal properties. 

After the development of the application, 
we performed an evaluation with ten 
students of Architecture and five students 
of Civil Engineering in order to validate the 
final solution. For these tests we evaluated 
the usability of the interface, the number of 
errors, the number of times they used the 
Help Menu, the time taken to create an 
architectural plan and the number of 
symbols they can recognize on different 
tasks. According to the results, we can 
conclude that the users consider it a useful 

tool with an easy to use interface and with a 
high rate of recognized symbols. 
 
1. Introduction 
From an early age there was a great effort 
to align reality and models built by 
architects and civil engineers. These models 
are not only used to model visually a house 
or building but also for specifying aspects 
related to thermal simulations. 
 
However, these thermal simulations are 
only possible after we accurate model of a 
building. 
 
Thus, it is important to associate properties 

of building materials in an earlier stage of 

the project, without the need to create a 

rigorous model. Typically, their interfaces 

are too complex, which make difficult their 

interaction. After investing so much time 

with these tools, the architect or civil 

engineer becomes less receptive to perform 

the desired thermal simulation. 

The objective of this work is to develop a 
solution that allows specifying (quickly and 
easily) an architectural plan and associate 
thermal properties from basic sketches 
 
In order to achieve this goal, it is necessary 
to develop a visual language (sketched 
symbols) describing the different elements 
of an architectural plan. These symbols will 
be interpreted and combined and, at the 
end, the architectural plan is reconstructed, 
allowing the association of thermal 
properties. 
 
2. Related Work 
First of all, we analyzed the literature 
related with our work. 



 

 

 
So, we examined two aspects: 
commercialized technologies used by 
architects (or civil engineers) and 
methodologies about recognition and 
interpretation of architectural symbols. 
 
2.1. Commercialized technologies 
In this section we will present two tools 
that we considered important to develop 
our work: Google SketchUp and 
DecoSketch. 
 
2.1.1. Google SketchUp1  

Google SketchUp is a tool developed by 

Google and it allows the construction of 3D 

model from the architectural plan (in 2D 

format).  This tool is easy to learn and it 

allows the combination of textures 

materials (only in 3D model).  

SketchUp is not specialized in drawing of 

architectural plans, although there are 

plugins that allow it. However, the user has 

to do it manually, which becomes a stressful 

task and therefore a disadvantage.  

This tool is useful in our work because it 
presents an objective interface without 
unnecessary features, as you can see on 
Figure 1. 
 

 
Figure 1- SketchUp 

 
2.1.2.  DecoSketch 

DecoSketch [1] is a tool that uses a 

calligraphic interface and it allows the 

furniture allocation, quickly and easily.  

                                                 
1
 http://www.sketchup.com/products/sketchup-pro 

The DecoSketch allows creation of 2D 

architectural plans (see Figure 2). 

It is considered simple and useful tool for 

architects who want to show their ideas 

quickly and simply, without a "draft" paper 

tool.  

 

This tool allows the association between 

properties and elements (color and 

texture), but in a very limited way. 

Positive aspects, such as the association of 
properties, may be adopted (and inherited) 
to our solution.  
 

 
Figure 2 - DecoSketch 

 

2.2.  Methodologies 

In this section we will analyze 

methodologies based on architectural 

recognition. 

 

2.2.1. Recognition based on grammars 

and graphs  

Soon Ah presents a way to detect symbols 

using a Messmer's network [2]. 

The symbols are considered a set of 

constraints of segments and arcs. The 

constraints can be of two types: points 

between two segments (or arcs) and 

simple constraints (symbols does not fit in 

the first type). These constraints are 

represented by a grammar.  

The grammar descriptions are specified in a 

file with instructions that allow the symbol 

reconstruction. 



 

 

These symbols are detected from the 

propagation of arcs and segments in the 

network (similar to [3]). 

 

This methodology represents one of the 

most important topics of our work: symbol 

detection. This methodology shows how to 

recognize symbols and how to reconstruct 

them in an architectural plan. 

 
2.3. Discussion 
Regarding the tools used by architects and 
designers, we can conclude that few (only 
Decosketch) have some kind of recognition 
of sketched symbols.  
 
Although there is a possibility of association 
properties (color and texture) to 
architectural symbols, none of the tools and 
methodologies allows the association of the 
thermal properties. 
 
We can conclude from the study of tools and 
methodologies, that there isn’t any tool 
which allows the reconstruction of a 2D 
architectural plan from sketches and, 
simultaneously, allowing the association of 
thermal properties. 
 
3.  Requirements 
Before the development of Sketch House, it 
was essential to identify the needs of users. 
 
At this stage we defined the symbolic 
language and functionalities that users want 
to see during the interaction with our 
application. 
 
For this, we have met with two Architecture 
teachers. In these meetings we discussed 
symbolic language and low-fidelity 
prototypes. In order to validate what has 
been discussed at the meeting, we decided 
to do a survey with 45 students from the 
same course. 
 

After analyzing the Figure in the Appendix 

we conclude that the proposed symbols 

were mostly well accepted by the students, 

with the average value 4 (Agree). 

Door symbol received very positive 
evaluation with values greater than 4 .The 
majority of students considered that the 
proposed symbol was similar to the symbol 
used in architectural plans. 
 
Thus, the feedbacks obtained help us to do a 
list of requirements that we want to achieve 
after the development of our application. 
 
3.1. List of Requirements 
(NF – Non Functional; FR – Functional 
Requirements) 
 
NF1 - It should be possible to draw 
architectural plans 
FR1 - It should be possible to create a new 
architectural plan;  
FR2- It should be possible to reverse 
actions;  
FR3 – It should be possible to save 
architectural plans;  
FR4 - It should be possible to detail a 
symbol whenever requested; 
FR5 - It should be possible to resize a 
symbol;  
FR6 - It should be possible to create of new 
architectural plans whenever the user 
desire; 
FR7 - It should be possible to associate 
thermal properties to architectural 
symbols; 
 
NF2 - The application should have a help 
menu (with sketched symbols available 
in the context)  
 
NF3 – The user should know the status 
system during the interaction. 
FR1 – It should be possible to know that the 
symbol was correctly recognized;  
FR2 - It should be possible to know which 
symbol was recognized;  
FR3 - It should be possible to know that an 
error occurred. 
 
4. Architecture 
In order to present architecture of Sketch 
House, we used a model that defines 
architecture through a set of views. 
 
The model that we choose was 4+1 
Architectural View Model [4] and it 



 

 

provides a set of architectural views of an 
application.  
This model contains four views (Logic, 
Deployment, Process and Physics) plus 
one (Use Cases).  
 
4.1. Logical View  
The Logical View represents the 
functionality aggregated by models. We 
propose a Domain Model to represent this 
view (Figure 3). 
 
In Figure 3, we can see a Plan which is 
composed by Door, Wall, Window, 
External symbols. External symbols should 
be a Tree or Orientation (North symbol).  

 
Figure 3 - Domain Model 

We also define a set of Operational 
Symbols that allow user to interact with the 
symbols designed in the the architectural 
plan. Operational Symbols should be Detail 
and Delete.  
 
As mentioned previously, architectural 
symbols have associated thermal and 
dimensional properties that, during use of 
the application, can be changed.  
 
So, a Window can be a Balcony, with 
Frames and / or Shading.  
 
A Wall has thermal properties or may 
contain materials that affect thermal 
properties. So, we selected Concrete, Air, 
Styrofoam and / or Grout. Although 
thermal bridge is not a sketch, it is also a 
wall property. 
 
These thermal properties are represented 
in another Domain Model (see Figure 4). 

 
Figure 4 - Domain Model (Thermal Properties) 

 
4.2. Process View  
This view deals with the dynamic aspects of 
the system, explains the system processes 
and how they communicate, and focuses on 
the runtime behavior of the system. In 
Sketch House it has this aspect when the 
user finishes the contact with the screen, 
and the timer triggers (the timer triggers 
after 500 milliseconds). Expired this timer, 
the sketch goes to the next step: 
Recognition.  
 
4.3. Physical View  
The interaction requires the use of a screen 
and computer, where the JAR application is 
running during user interaction when the 
screen is needed.  
 
Once the user touches / drags the pen on 
the screen, the coordinates are sent to the 
application for the necessary calculations in 
order to make the design of architectural 
plans.

 
Figure 5 - Physical View 

 
4.4. Use Cases  
In our application we mapped different use 
cases, but the most important use case, in 
the context of Sketch House, is the design of 
an architectural plan. So, we will describe it 
below. 
  

Computer Pen table 



 

 

Once the user begins interaction with the 
application (see Physical view), a flow of 
actions starts. This flow occurs whenever a 
user draws (or using other features of the 
system) on the screen and it consists in four 
steps: Sketch Phase, Recognition Phase, 
Reconstruction Phase and finally, the 
Edition phase. 
 
The user draws the sketch and only in the 
next step, the recognition will be 
performed. Towards recognition, we used a 
recognizer developed in the IST, the CALI 
[5] . This recognizer does not always get 
reliable results that can be expected during 
the design of an architectural plan. This 
problem has been one of the major 
difficulties during the development.  
Therefore, their use by itself was not 
enough to reach the goals we have set 
ourselves, even using the two aspects that 
this recognizer offers (sketches not 
trainable and trainable).  
 
So, we complement the use of CALI 
recognizer by implementing a Contextual 
Recognition.  
 
Previously, when we presented the Domain 
Model we did it by grouping symbols that 
comprise an architectural plan. This 
Domain Model supports the contextual 
model with the following restrictions: 
 
• On one window can only be sketched 
symbols like Frames, Shading or Balcony;  
• On a wall can only be sketched symbols 
like Grout, Styrofoam, Air or Concrete;  
 
However, Operational Symbols are also 
detailed in this contextual model.  
So, if we want to Delete or Detail a symbol, 
the following restrictions were also 
implemented:  
 
• When the user draws the Delete or Detail 
on the Window and it intersects the Wall 
symbol, the window should be the only 
symbol affected;  
 
• When the user draws a Door or Window, 
should intersect, at least, one wall, 
otherwise the sketch will be discarded;  
 

This approach facilitates the recognition by 
reducing the domain of symbols to be 
analyzed and improve the performance of 
Sketch House.  
 
Finally, we show in Figure 6, a view of 
Layers that illustrates and summarizes the 
use of both recognizers combined with the 
above detailed contextual model. 
 

 
Figure 6 - Recognizer 

  
Finished the stage of recognition, the 
symbol has been correctly identified, taking 
us to the next step: Symbolic 
Representation.  
 
At this stage we obtain a symbol with the 
correct dimensions (with standard 
measures), different representations, and 
different algorithms and data structures 
also distinct. After this stage, the symbol can 
be edited (Edition stage) with different 
properties. 
 
4.5. Interface 
The Sketch House presents an interface 

through which the user interacts. Its 

conception was achieved by two steps, 

given its importance in the success of the 

application.  

The first step was the design of low-fidelity 

prototypes and the second step was the 

development of the interface.  

 

The purpose of the user interface aimed to 

ensure easy adaptation and interaction, 

simulating, as close as possible, a 

familiarized working environment. So, 

during the design of the interface, this 

concern was evident, including in the choice 

CALI 

Context 

Door will be drawn 



 

 

of colors to use in the interface and the 

position of some features. Regarding the 

choice of colors, it was intended to 

approximate the natural working color: 

light colors (like architectural plans); and 

blue: contrast that allows for easier 

readability and design.  

 

In Figure 7, we can analyze the Sketch 

House divided into Functional Menu (1) 

Help Menu (3) Design area (2) and a Status 

Bar (4).  

 
Figure 7- Sketch House Interface 

 

4.5.1. Functional Menu (1) 

To access any of the actions of New 

Document, Save, Zoom (in and out), Undo or 

Redo simply access the Function Menu (see 

Figure 7-1). The Function Menu is static and 

to perform any of the actions available, the 

user has to press the icon. 

 

4.5.2. Drawing Area(2) 

The drawing area of the architectural plan 

(see Figure 7- 2) resembles the drawing of 

an architectural plan room "pencil and 

paper": format features a clean (white 

screen), with support lines so to support in 

the design and a flexible scale.  

The drawing is controlled by the user via 

the drag "cursor" in order to obtain the 

features which are (strokes of) sketches. 

The stroke sketched is just a provisional 

free dash that after analyzed and 

recognized, it will be transformed into a 

real symbol. 

To change thermal properties, the user 

draw on the symbols that they intend to 

change.  

 

4.5.3. Help Menu (3) 

The Help Contextual Menu appears to help 

the user during the sketching. 

 

This menu is a key requirement to ensure 

speed in its use. The Help Menu allows the 

architect to achieve his objective when he 

doesn’t have experience and he doesn’t 

invest much time in learning symbols that 

can be used in all possible operations. 

Thus, the symbols that are in the Help Menu 

are all symbols that are specified at the 

Domain Model. 

 

4.5.4. Status Bar (4) 

At the bottom of the application there is a 

status bar (see Figure 7- 4) which inform 

the user of the system state during 

interaction with the system. This feedback 

is important because it allows the user to 

understand if the sketch was recognized 

correctly or if there was any delay or error 

during the drawing of the architectural 

plan.  

 
5. Evaluation 
To verify whether our objectives have been 
fulfilled, it was necessary to perform the 
main step that allowed us to validate the 
objectives we set ourselves: tests with 
users. 
 
To do that we prepared a set of tasks where 

we defined what we intended to measure, 

how we would do, session time and the 

number of users. 

 

As a final result, we wanted to know 

answers to the following metrics: 

 The profile of each user; 

 The time taken in each task; 

 The number of errors for each task; 

 The number of times the help menu 

was used; 

 The ease of performing each task 

(questionnaire SEQ); 



 

 

 User satisfaction before the House 

Sketch (SUS questionnaire); 

 
After gathering these metrics we aimed to 
understand, we wanted to understand what 
the effectiveness of our application. 
 

During the available time the users had to 

draw an architectural plan, and then we 

realized that everyone did it in less than 10 

minutes (see Figure 8) 

 

 
Figure 8 – Time per Task (minutes) 

If we add the average time of drawing an 

architectural plan to the average time to 

associate of thermal properties, we also 

conclude that the user can do it in less than 

15 minutes. 

The number of errors decreases (see Figure 

9) as the users get accustomed to the 

symbols. And even when users didn’t have 

experience with the application, the number 

of errors was never over 5 per user. 

 
Figure 9 - Errors per Task 

Through the SEQ questionnaires, we 

realized that the users consider that the 

tasks, in general, become easier as their 

experience with the application increases. 

The number of times they use the help 

menu decreases during the interaction with  

Sketch House, leading us to conclude that 

the users easily learned the proposed 

symbols. 

 

100% of users correctly drew the symbols 

Detail, Wall, Window, Door and Tree. These 

symbols were the most often drawn on 

Tasks 1 and 2. 

 

The symbols with worse recognition rates 

were the Frames and Balcony. According to 

informal feedback from users, some 

symbols that were used during the test and 

were eventually forgotten. Analyzing the 

results obtained from question 4.3, some 

users (2) draw the symbol Frame as a 

simpler symbol (“+”). We considered this as 

an error, although it is very close to the 

proposed sketch. Referring back to the 

stage of lifting requirements in Chapter 2, 

these symbols had an Average and Standard 

Deviation very acceptable by users, leading 

us to conclude that, with increased 

experience in applying it would culminate 

in a fluid use. 

After an average 81.67 score on the SUS 

questionnaire we can conclude that our test 

users found our application easy to use and 

learn with no previous related knowledge.  

6. Conclusion 
The time taken in performing an 

architectural plan, on average, did not 

exceeded 7 minutes with a standard 

deviation of approximately 1 minute. Both 

the number of errors, as well as the use of 

the Help Menu decreased throughout the 

experiment with the application. Users 

were satisfied with Sketch House, getting an 

average of 81.67 in the SUS questionnaire. 
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Thus, we can conclude that we have 

reached all the goals originally set. 

 

6.1. Future Work 

As future work, it would be very interesting 

to export a file to .idf, where the 

architectural plan could be read, 

interpreted and reconstructed by an 

application specialized in thermal 

calculations of buildings. 

 

A way to improve, we believe that new 
features could be added to the current 
application, making Sketch House a tool 
with more potential. Our proposals are 
extruding an architectural plan to 3D in our 
application; combine the architectural plan 
(in Sketch House) with voice commands 
and Virtual Reality.  
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Name Symbol Median Average 
Standard  
Deviation 

Select 

 

4 4,02 0,89 

Detail 
 

4 3,49 0,84 

North 

 

4 3,98 1,08 

Tree 

 

4 3,8 1,01 

Window 

 

4 3,89 1,03 

Door 
 

5 4,47 0,76 

Balcony 
 

4 3,44 0,94 

Shading 
 

3 3,16 0,93 

Frames 
 

4 4,11 0,75 

Wall 

 

4 3,93 0,91 

Concrete 

 

4 3,24 1,09 



 

 

 
Air 

 

3 3 1,02 

Styrofoam 
 

4 3,71 0,92 

Grout 
 

3 3,11 0,8 


