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1. INTRODUCTION 
Some studies need temporary aspects for analyses accomplishment and inferences about a specific 
phenomenon. These studies can be done through tools that are useful when a decision has to be taken, such 
as, the GIS (Geographic Information Systems) that have been conceived as analysis, planning and decision 
tools about the geographical space. According to THOM and FORNARI (2000, page 13), “time is an 
essential concept for the understanding and modelling of space phenomena in several applications, such as: 
biophysical sciences, epidemic researches, political, social and economic sciences and several applications 
of real time for management and planning.” 
The use of a space-time model in GIS increases its capacity of analysis, facilitating the study of the 
evolution of geographical phenomena. Besides, there is other more specific applicability that can be 
identified when temporal dimension is incorporated to GIS, for instance, forest resources management, 
urban and regional planning, transportation, and so on. 
However, nowadays, the majority of available GIS considers the representation of entities as if the world 
was only a particular moment in time, which is usually the present. MEDEIROS and BOTELHO (1996, 
page 1) mention that “in spite of the fact that GIS are able to analyse a great amount of data in an 
integrated and flexible way, they are still unable to represent the changes that happen along the time, 
assuming a limited and an instantaneous vision of the reality they model.” 
Since the beginning of the nineties, studies were done about the need of insertion of temporal information 
in GIS. In LANGRAN (1993), it is possible to analyse some technical requirements for the insertion of 
time in GIS. However, currently, there are still several difficulties on working with temporary phenomena, 
specifically concerning the modelling, storage, space-temporal analysis and the representation of 
geographical data. 
The importance of the study about time in GIS is reflected on the capacity that this instrument will have to 
guide a decision making in advance. It will also provide a dynamic space understanding. Through space-
time models, considering the knowledge of processes and flows, it will be possible to subsidize the 
planning, management and decision on territory, producing diagnoses or even prognoses that the space-
time analyses allow. 
2. GOALS 
Propose a conceptual space-time model using geographical and historical data for structuring of a 
Temporal Geographic Information System (TGIS), that is also known as Historical Geographic 
Information System (HGIS) according to its application. TGIS or HGIS will support studies aimed at 
understanding the changes of land use, transformations and / or development of public spaces in urban 
areas. Thus, this can be applied to a project which has been developed at the Military Institute of 
Engineering in a park called Campo de Santana, located on Republic Square, downtown Rio de Janeiro, 
showing its appreciation and depreciation processes throughout its history. 
3. SPATIO-TEMPORAL CONCEPTUAL MODELS FOR GIS 
Models are simplified representations of reality, and this process of representation of reality involves 
abstractions, generalizations and approximations due to the complexity of real world. 
According to CORRÊA (2000), there are several ways to express the process of modelling or the solution 
of a real world problem. One of them, according to ELMASRI & NAVATHE (1994), is possible through 
the stages of a database project that can be associated with different types of models. 
Within this context, there are the conceptual models that provide concepts such as entities, attributes and 
relationships that are close to the way many users perceive data (CORRÊA, 2000). A conceptual model 
should allow a direct mapping between what is perceived in the real world and its computational 
representation and, also, should be free from the constraints on implementation. Therefore, as PINHEIRO 
& FORNARI (2002) have already discussed, the mapping of real-world information to a computing 
environment is achieved through the process of conceptual data modelling. According to ROCHA (2001), 
in the conceptual phase of modelling, it is important to express the reality graphically. However, as the 
reality of a TGIS involves the time dimension and the space dimension, there is a lot of information to be 



modelled, which tends to make the data model rather complex. The use of symbols (called stereotypes or 
pictograms) is an interesting way to introduce these dimensions visually, allowing a more complete 
symbolic representation. 
Recently, several conceptual data models have been presented. They try to contemplate the spatial and 
temporal aspects of data, depending on the purpose for which it is intended. However, none did become 
consensus and they are widely used by designers of GIS software. Some existing models for spatio-
temporal GIS can be cited: GeoOOA, Modul-R, MADS, OOTGIS and STER. Especially about the Modul-
R, this will be detailed below. 
3.1. Perceptory (Modul-R) 
CARON & BÉDARD (1993) describe an extension of the ER model (Entity-Relationship) for urban 
geographic applications, called Modul-R Formalism (The term MODUL-R is unambiguous: "MODUL" 
implies a modular modelling structure while "R" signifies an integrated modelling of reality), to address 
the following requirements: spatial reference, time reference, database complexity and dichotomy between 
data and processes. In addition, the Modul-R is a conceptual level formalism adopted for the database 
space-time. The main feature of Modul-R Formalism is its ability to propose, in a unified way, the 
modelling of complex references, space and time through the use of modules for each context of the 
project (ROCHA, 2000; THOM & FORNARI, 2000; ROCHA, 2001). 
The project was initially developed by École Polytechnique Fedérale of Lausanne and Laval University 
and then it eventually evolved into an object-oriented approach (OO) and the use of the UML formalism 
(Unified Modelling Language) (BOOCH et al., 1999). It may become the Perceptory (ROCHA, 2000; 
THOM & FORNARI, 2000; ROCHA 2001). Thus, the Perceptory is the evolution of OO Modul-R. 
UML is a modelling language and not a method. VIEIRA (2001) cites that the basic difference between a 
language and a method is that the method indicates "do's", "how to do", "why do" and "when do". 
Therefore, the method presents direct implications with a particular organization in terms of objectives to 
be achieved. 
On the other hand, the language consists of notation and rules of semantics and syntax to express the 
models that comprise the method (ERIKSON & PENKER apud VIEIRA, 2001). 
Nowadays, the project Perceptory is maintained by Laval University that has been developing a visual tool 
for modelling of applications in addition to a model of spatio-temporal data. 
3.2. The choice of perceptory 
To this extent, the project Perceptory did become suitable for the construction of the proposed model for 
its urban application and the possibility of space-time representation. For the representation and 
understanding of the model, the UML formalism was and is essential because most of the model uses this 
language as formal definition. The study of UML is presented in a very dense and complex way. Moreover, 
more information about the representation language for modelling UML (Unified Modelling Language), 
notations and rules, which can aid the understanding of the model, are found in RUMBAUGH (et al., 
1994), FURLAN (1998), (HEUSER, 2001), VIEIRA (2001) and BÉDARD (2004). 
3.3. Perceptory design in practice 
The modelling of spatial elements and space-time in Perceptory is possible due to the use of UML 
extension called stereotypes or pictograms. All information about the structure of Perceptory, such as, 
classes, attributes, relationships, the association (characterized by a semantic relation), aggregation 
(relation expressed by the verb to have), the composition (relation expressed by the verb to compose), the 
generalization, specialization, notes, packages and others can be viewed in BÉRDARD (2004). Here the 
focus will be on the temporal or spatial-temporal and on some aspects associated with them. 
There are two basic temporal concepts in Perceptory: existence and evolution rules. The concept of 
existence is used in the object and sets the time of its life. Its boundaries are birth and death of the object. 
The concept of evolution is applicable when the object state changes. The evolution can be characterized 
descriptive when considering the exchange of the attributes values of the object or of the space type when 
the values of exchange are maintained at the level of location and shape of the object mapping (THOM & 
FORNARI, 2000; ROCHA, 2001; BERDARD, 2004). 
Concerning the issue, a set of stereotypes (pictograms) was created: spatial (to compose the geometries of 
the modelled objects - spatial form of objects), temporal to compose the temporalities (regarding the 
existence and evolution - the latter combined with spatial pictograms) of the modelled objects (Figure 1). 



 
Figure 1 - Positional Semantics (Perceptory) 
4. CASE STUDY USING PERCEPTORY 
The present study of a proposed case uses the Perceptory as a tool for structuring the conceptual model. 
This case study may intend a space-time application of this instrument within an urban area in order to 
consolidate the first stage of a TGIS building that, in this case, seeks the building of a geographic-historic 
conceptual model. 
4.1. Study area and location 
Considering temporal aspects, the area to be modelled is called Campo de Santana, located on Republic 
Square, downtown Rio de Janeiro. The purpose of this choice may be the understanding of its spatial 
dynamic in different time frames. Campo de Santana is an urban green area (CARVALHO, 2003) that, 
within a conceptual hierarchy, is fitted as a public space. Figure 2 may illustrate the changes that occurred 
in this area over 500 years approximately. 



 



Figure 2 - The evolution of Campo de Santana (1502-2002) (IPP, 2002). 
4.2. Problem 
The conceptual model schema will focus on aspects of social and spatial appreciation and depreciation 
over the history of the public space of Campo de Santana. This area in particular is regarded as the centre 
of Imperial Brazil (Nineteenth Century), where the most important buildings of this political season were 
located. And still today, with some important buildings in its vicinity, for example, Palácio Duque de 
Caxias and the house where Marshal Deodoro da Fonseca lived. During the twentieth century, this centre 
was losing relative position simultaneously with the beginning of a process of degradation of public 
property, invasions of certain buildings and the devaluation of the spatial area. 
In summary, it deals with a spatial area full of historical information, where its spatial dynamic was 
modified in specific and not identified time intervals. From this scenario, some questions arise and they 
can be answered or addressed by a TGIS. Consequently, it may be possible to observe the idea of 
movement and process in all the questions that are about the study area and will be presented below: 
• How and when was the degradation of public property with the loss of the relative position of Campo de 
Santana (historical periods)? 
• Where and when did the uses that valued the area go? 
• When is specifically the loss of centrality? 
• How did the dynamic of objects with their actions happen? 
• What are the periods of the highest and the lowest value of this public space? 
• How is it possible to get the current scenario of the Field and the changes that marked this area? 
Then, it seems to be appropriate to choose the area to conduct the conceptual modelling, considering 
spatial and temporal aspects. Most of the information that supported the process of conceptual modelling 
of Campo de Santana was taken from a diagnosis (BESER DE DEUS, 2003) on the study area. In the 
diagnosis, it was possible to establish restrictions in order to isolate the problem (phase of reality model) 
and, also, to identify various agents and events that marked the history of this public space, for instance, 
changes of toponomy, historical landscape, changes in the physical environment, socioeconomics, cultural 
aspects, management of public property and so on and so forth. This diagnosis did enable the catalogging 
of over one hundred events that happened in the study area throughout its history (in the last five hundred 
years). 
4.3. Modelling considerations  
This section will propose some considerations about the case study that did guide the construction of the 
conceptual model diagram inside the Perceptory, and therefore, they must be submitted: 
• Navigability: it can be mentioned that the processes that occur in space do not act only in one direction, 
acting as reflection and condition, so bidirectional. 
• Temporality: the objects and the actions (man) of Campo de Santana are gathered in a logic that is, at the 
same time, the logic of past history and the logic of today. Then, it was necessary to instantiate not only 
bygone events as well as current situations to characterize the temporality of the model. 
• Inseparability: the geographical space, stage (resulting / determinant) of the historical events of Campo 
de Santana, may be conceptualized as a system of entities and a system of actions. It is worthy to highlight 
that entities and actions are inseparable. A separate analysis of these systems can mask the study of the 
proposed space-time (SANTOS, 1996). 
• Complexity: each modelled object is itself a system operating systematically. Examples similar to the 
supermarket, the shopping centre or a built-up area may prove the existence of complex and systemic 
objects that connect themselves to other systems (SANTOS, 1996). 
• Scale: the concerned model portrays the reality in an intra-urban scale of a public space. However, just as 
some temporal events must be linked to other temporalities, mostly, the fact that triggered particular case 
happened due to previous cases. A similar fact also occurs with space. Then, the social and spatial 
dynamic depends not only on internal agents of the field (inner scale), but also on external agents (outer 
scale) which interfere more or less intensely in the spatial organization of the concerned area. These 
external agents can be located very close to the Field, for example, the case of adjacent local trade or, more 
distant, a political agent of the federal power sphere. In this case, proximity does not define the intensity of 
the agent's action. 
• Space and its agents: public space, which is based on this case study, is the accessible place to all citizens 
and where an audience gathers: political / urban, cultural (religious), economic, social, historical, 



environmental and geographic agents that constitute a society. And so, they characterize the present agents 
of the model. 
• Classes: in the modelling, the classes do not only represent entities of objects, but fundamentally, actions. 
In other words, the given focus refers to the processes or to process modelling. 
• Restrictions: The restrictions allow an approximation to reality. When SANTOS (1996) states that the 
categories of space analysis are disjunctive, he presupposes that any restriction might be applied to them. 
These restrictions are not visible in the diagram, but rather inserted into the conceptual model within the 
Perceptory. As a resource, text notes were used to indicate the presence of restriction. 
• Attributes: the term "attributes (...)" means that they are not complete for that class or possibility to enter 
any more piece of information. 
5. PROPOSED CONCEPTUAL MODEL 

5.1. Presentation of proposed conceptual model 
Below (Figure 3), STS-CAMPO DE SANTANA (Spatio-Temporal Schema of Campo de Santana Park) 
may be shown and the suggested conceptual model can be verified in a preliminary way. It is entitled 
Conceptual Spatio-Temporal Model of Appreciation and Devaluation of Campo de Santana to be used in 
TGIS. This was built in Perceptory (version 2003 - available freeware version in BEDARD (2004). ) 
running on Microsoft Visio Standard 2002. 

 
Figure 3 - STS - Campo de Santana 
5.2. Description of proposed conceptual model 
As it was evidenced, Perceptory is a tool that consists of a palette of drawings manufacturers and, also, a 
data dictionary implemented in Microsoft Access system. Perceptory has a utility to generate automatically 
the database code skeleton for commercial GIS and universal servers. Thus, it is possible generate, 
specifically, a skeleton code for the Oracle 8i DBMS (Database Management System) (LISBOA FILHO & 
PEREIRA, 2002). Perceptory uses the terminology of UML and standards ISOTC211-19107 Geographic 
Information - Spatial Schema and ISOTC211-19109 Geographic Information - Temporal Schema to define 
the geometries and temporalities. 
As a result, the project Perceptory, that is the basis of the proposed conceptual model, generated a file 
extension mdb (Microsoft Access) that refers to a meta-model (using a metadata structure), responsible for 
documentation and description of the elements used in the model, through a data dictionary. In this, all the 
elements of the conceptual model are described from a table structure, where there are classes, attributes, 
relationships, references and semantics of the produced diagram. Thus, there is the description of the 



mentioned components in the model explicitly and implicitly (THOM & FORNARI, 2000; ROCHA, 2001; 
BÉRDARD, 2004). 
Thus, we can compute, in a quantitative manner, the number of classes, relationships and attributes, and 
also the existing interfaces between them that are described too. It could be mentioned that there are about 
80 classes, 160 relationships and 174 attributes, showing the amount of data to be worked. Qualitatively, 
the classes refer to objects and processes (justifying the temporal theme) while the attributes refer to 
characteristics, which are also subject to space-time change, specified in the model. Finally, the 
relationships are also subject to changes. These, to be represented “temporally”, must be transformed into 
classes to facilitate the representation of the temporal symbol. 
6. FINAL CONSIDERATIONS 

The reality of TGIS presents aspects of time and space and it involves a great number of data that must be 
considered in an integrated way in the spatio-temporal modelling, making this process and the created 
product complex. A proposal given by ROCHA (2001) is the use of stereotypes or pictograms to simplify 
the space-time modelled reality. Then, in order to support spatio-temporal aspect, a data model should 
show buildings indicating where, in the class diagram, these aspects can be captured. The Perceptory 
allows inclusion, specifically, of the temporal dimension in various levels, such as, class, attribute and 
relationships since these three principal dimensions express in different levels of representation of the 
modelled reality and the time is manifested in each one of them. 
The construction phase of the Conceptual Spatio-Temporal Model introduced important concepts for the 
conceptual temporal modelling of data. Besides, it can identify the elements in a GIS that may be possible 
to "timing" and as this one should be represented. Spatial, temporal and spatio-temporal stereotypes have 
been described allowing that, in conceptual modelling of data, it could be possible to identify which 
represented elements may have or not the temporal capacity. Through this solution, it was possible to 
facilitate the visualization, allowing an identification of temporal elements in an easy, direct, concise and 
clear way. Thus, in conclusion, it may be considered that more theoretical and practical studies are needed, 
involving the project Perceptory objectively, in order to continue this project, which has only started, to 
proceed with the construction of a TGIS. 
There is another criticism focused on analysis and generated products, in this case, by a TGIS. It is worthy 
to mention that models, specifically space-time, may model and reduce the reality. Moreover, they can act 
as advisors of the performed studies and projects. However, it is not recommended to consider these 
models as faithful portraits of reality, or totals. Since this is subjective and, in some cases, unique and too 
complex. Do not forget that the initial process of modelling is the perception of the fact. It becomes the 
phenomenon, by the researcher, for which he observed epistemologically with categories of pre-
determined analysis. BRAUDEL (1990, p. 37) states about the question of models that “it is not against 
them, but against the use people make of them, believed that they are allowed to do.” 
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