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Abstract

It can be argued that today's cartography includes 4 types of representations: graphic maps, photo-maps, satellite maps and GISs, the characteristic of which are herein defined. The similarities and differences of these documents are discussed from several points of view: the duality of the representational plane, the nature of media, the message context in the communication process, and the semiotic approach. Aerial photos and satellite images are then compared with graphic maps.
Premises

This paper takes for granted that today's cartography includes various types of maps. Many kinds of image-documents, be they analogue or digital, are available and are often proposed in place of traditional graphic maps. 

In the last fifty years, the national mapping agencies have been proposing cartographic documents - photo or satellite maps - that use photographic expression  in place of, or together with, the traditional map. In turn, the graphic map, by now digital and numerical, is done through Geographic Information Systems (Bianchin 1993).
Computer science's capacity to overcome the incompatibility between raster and vector formats has made it possible to integrate cartographic layers (vector) with ortho-photographic documents, resulting in what is called BD-ortho. As such, several products are now available in cartography. I find it useful to classify them in the following four typologies, the characteristics of which can be defined by basic descriptors referring to the physical principles of the technique and the signifier used, the system of signs, the kind of data recorded, the ideology underlying the specific technology, and any other characteristic related to their use.
· Graphic map 

linear drawing _ geometry (point, line, polygon)

isolated objects _ selection between what is significant and what is not _ monosemic context 
· Aerial photo
grain of photographic emulsion _ spots _ darkening of grains = light radiating from the surface 
cover _ pansemic/polysemic context_need for discretization _ search of signifiers_ interpretation

· Satellite image 

Raster _ grid+digital number (pixel) _ radiometric values 
cover _ visualization and image processing
· GIS

vector _ geometry (point, line, polygon)
isolated objects _ selection between what is significant and what is not _ monosemic context
This initial description clearly identifies the elements shared by graphic maps and GISs and by aerial photos and satellite images, as well the analogue/digital opposition of graphic maps and aerial photos versus satellite images and GISs. All four categories, however, are image-documents, material objects that are the result of production processes and systems of signs located on the image plane and, thus, of spatial systems of signs as defined by Bertin (1967).
Document, here, is defined according to Escarpit (1976, p.120): 

"On définira donc le document, comme un objet informationnel visible ou touchable et doué d'une double indépendance par rapport au temps: 

- synchronie : indépendance interne du message qui n'est plus qu'une séquence linéaire d'événements, mais une juxtaposition multidimensionnelle des traces 

- stabilité : indépendance globale de l'objet informationnel qui n'est plus un évènement inscrit dans l'écoulement du temps, mais un support matériel de la trace qui peut être conservé, transporté, reproduit." 

The cartographic plane

Cartography deals with spatial (or geographic=localized) information, its acquisition and/or production, management, elaboration, and communication. For J. Bertin this means spatial systems of signs; for GIS literature, it means geographic or spatial systems. 
Both, however, share a common idea of system that refers to space: the bi-dimensional space of the image (Bertin) and the space of a geo-referenced system, which is geodetic and ultimately plane (GIS). It must be remembered, however, that, in the GIS approach, “system” refers to the way in which information is structured in the DB, and the coordinates can be viewed as an attribute; while, in Bertin, it is an “image system”. Both of these spaces are geometric spaces (point, line, polygon) and a space of coordinates. 
Photography is based on geometric perspective and, as such, it is also a geometric plane – or, in general terms, a surface with a relative system of coordinates. The visual system through which we perceive the images also presupposes a plane (or surface) where the visual image is formed. 
The geometric plane and the coordinate system associated to it are the elements that bring together these various types of cartographic representations. As  J. Bertin emphasizes, the cartographic plane is a geometric plane with its metric properties but, at the same time, it is also a plane of meaning, which is continuous and homogenous. This duality creates a source of misunderstanding as only the geometric planes and not necessarily the planes of meaning coincide.
Representation and communication

Mac Eachren begins the first chapter of his book stating that "Cartography is about representation". In the preface he states that: "The representational nature of maps, however, is often ignored – what we see when looking at a map is not the word, but an abstract representation that we find convenient to use in place of the world. When we build these abstract representations we are not revealing knowledge as much as are creating it."
A map, be it geographic or topographic, is a representation of the world. A representation implies the existence of an underlying object, what semiology calls a referent. In this case, the referent is the territory or, as topographers prefer, the earth's surface. The history of cartography relates directly to the history of visions of the world. 
In the past, maps were created on the basis of geographic knowledge, which was derived from philosophical speculations or travel accounts (as in the atlases of  Buaches, Gastaldi, Ortelius, etc.) or, since nineteenth century, from observation and description. These descriptions were established by disciplines and their categories. A description requires naming, classifying, unifying/separating, establishing relationships, and drawing what words are unable to express. Undoubtedly, some geographic descriptions are rooted in their graphic/cartographic representation.
The cartographic document, therefore, results from of two components: ideology (content) and technology. 
IDEOLOGY + TECHNOLOGY = DOCUMENT 
The intertwining between these two components can be analyzed starting from the document itself, as indicated by semiotics. 
J. Bertin has already spoken of the map's role in communication, referring implicitly to the theory of the information. Bertin's analyses of the suitability of graphic constructions are always based on their communicative effectiveness or, more precisely, on the complete correspondence between the addressed and the received message. 
The monosemic character of the message, on which he insists, guarantees the unequivocal nature of the communication process. The monosemic context is ensured by the map's legend introducing the code through which it is to be read. 
The communication schema of a graphic map and, in the same way, of a GIS, has, as input, precise information to transmit (territorial objects), which is already listed in the legend or the data dictionary of the GIS. In addition, the GIS's query allows users to select the recorded data that fit the required message and thereby to construct their own thematic map. 

Graphic process vs photographic process 
Semiotics, according to Hjelmslev, introduces the distinction between the content and the expression plane. They are independent planes whose semiotic relation is materialized in the text, which is the result on the manifestation plane, a semiotic object, a specific occurrence which can be analyzed. “According to the generative point of view, the process of producing a text can be thought of as a twofold passage from the deep structures towards the surface structures, in the view of their manifestation at the moment of semiosis.” (Marsciani, Zinna p. 32).

In the field of the cartography today, two types of expression planes are available: graphic and photographic. To analyze them, I will consider the various types of documents, with the aim of ascertaining the meaning processes that have been put in action, especially as far as the representational aspect is concerned. 
The base element of graphic expression is the line, from which more complex figures are generated, classified by geometry as points, lines, and polygons. The vector model of digital images presents exactly the same 'conversion' from the deep level - the 'single vector' or a 'couple of coordinates' - to the superficial level - the 'open or closed polyline' - that is manifested in a specific configuration. 
By its very nature, the map or representation of the earth's surface produced by this type of expression plane privileges edges, separations between spaces, or perimeters of spaces – briefly put, linear objects or linear configurations. The content that it manifests is pre-determined by the geographic description of the territory of which the traditional map is coeval. The cartographic space is populated by the isolated objects listed in the legend and  by the contours that describe the morphology. 
In as much as it is semiosis, the map manifests, first and foremost, the geometric aspects of the territory; it transforms the geographic or territorial categories in geometric configurations; it records the edges of the objects. They are lifted out of anonymity thanks to toponymy. On the representation plane, the territory is nothing but the sum and the distribution of isolated objects (Chrisman 1997) over the cartographic plane, which coincides with the earth's surface; isolated objects described through their geometric configuration with the exception of scale and corresponding cartographic rules. 
The base element of the photographic expression plane is the spot (or perceptible or recordable minimal surface) that differs in contrast from adjacent spots. In analogue photography, it is an irregular photographic grain; in digital photography, it is a discreet element with regular geometry. The aggregation at a higher level is obtained by chromatic homogeneity and contiguity among spots. Each point of the image space is qualified by a chromatic value. The image displays colors or grey levels. 
On the content plane, the territory that is rendered by an aerial photo is visual and is recorded through the properties of color, form, and dimension (Casati 1991). Thus, the same referent is declined differently in the content planes associated to the two expression planes.
It is worthwhile analysing the terms of the production process in both cases.
The graphic map records already defined geographic objects. It refers to an interpretation of the world previously constructed by disciplines such geography, morphology, agronomy, etc.. The objects have been selected by the cartographer and displayed on the map according to a graphic code listed in the legend. In the communication schema, the cartographer is the addresser; the reader of the map, the receiver. The user of the map can only receive selected information, which has been made completely clear by reading instructions. As far as the user is concerned, the cartographic process has already censored what is meaningful from what is not. 
The aerial photograph records some of the world's visible properties; it makes a selection that depends on physical properties and phenomena regarding the territory, as well the technological characteristics of the recording system (photography or remote sensing). As previously mentioned, the observer receives color spots, which occupy the whole image space with continuity. Finding world objects or phenomena requires interpretation and categorization committed to the user. 
Going back to Mac Eachren's definition of a map "[…] representation that we find convenient to use in place of the world", we might add that, while the traditional map proposes an abstract representation by creating it, the aerial photograph does so by revealing it. Both can be used in the place of the world. 

The photographic vs the cartographic message 
The message of the graphic map has been developed and studied, in general terms, by J. Bertin and, in a more articulate and comprehensive framework, by H. Schilchmann. As far as photographic communication (in this case photo-maps or aerial photos) is concerned, it is useful to refer to the essay in which R. Barthes qualifies the photographic message as non-codified, clearly expressing the difference between a graphic map, which displays discrete units, and the photographic continuum.
"Quel est le contenu du message photographique? Qu'est-ce que la photographie transmet? Par définition, la scène elle-même, le réel littéral. De l'objet à son image, il y a certes une réduction : de proportion, de perspective et de couleur. Mais cette réduction n'est à aucun moment une  transformation (au sens mathématique du terme);  pour passer du réel à sa photographie, il n'est nullement nécessaire de découper ce réel en unités et de constituer ces unités en signes différents substantiellement de l'objet qu'ils donnent à lire; entre cet objet et son image, il n'est nullement nécessaire de disposer un relais, c'est à dire un code ;  certes l'image n'est pas le réel; mais elle en est du moins son analogon parfait, et c'est précisément cette perfection analogique qui devant le sens commun, définit la photographie : ainsi parait le statut particulier de l'image photographique: c'est un message sans code ; proposition dont il faut tout de suite dégager un corollaire important : le message photographique est un message continu."
In the cartographic context, this problem is well known. Photo-interpretation procedures and methodologies aim to find sign-units that seem to be consistent with the phenomenon studied. In remote sensing, classification procedures produce, on the bases of their radiometric properties, image-units to which territorial meanings are associated. 
The realism of photography 

The following summarizes the arguments that have been put forth to explain the realism of photography (Dubois, 1983). 
1. The automatism of its technical genesis implicitly guarantees absolute mimesis, the perfect coincidence of the real object with its image. Comparison is usually made with the manual picture or drawing.
"Pictures produced by camera can resemble paintings or drawings in presenting recognizable images of physical objects. But they have also characteristics of their own, of which the following two are relevant here: first the photograph acquires some of its unique visual properties through the technique of mechanical recording; and second, it supplies the viewer with a specific kind of experience, which depends on his being aware of the picture's mechanical origin. To put it more simply: (1) the picture is coproduced by nature and man and in some ways looks strikingly like nature, and (2) the picture is viewed as something being by nature." (Arnheim 1974, p.156)

The automatism eliminates human action and consequently every possible interpretation of represented object, as stated by Bazin. 
"Aussi bien le phénomène essentiel dans le passage de la peinture baroque à la photographie ne réside-t-il pas dans le simple perfectionnement matériel (la photographie restera longtemps inférieure à la peinture dans l'imitation des couleurs), mais dans un fait psychologique : la satisfaction complète de notre appétit d'illusion par une reproduction mécanique dont l'homme est exclu. La solution n'était pas dans le résultat mais dans la genèse. […] L'originalité de la photographie par rapport à la peinture réside donc dans son objectivité essentielle. Aussi bien, le groupe de lentilles qui constitue l'œil photographique substitué à l'œil humain s'appelle-t-il précisément 'l'objectif'. Pour la première fois, entre l'objet initial et sa représentation, rien ne s'interpose qu'un autre objet. Pour la première fois, une image du monde extérieur se forme automatiquement sans intervention créatrice de l'homme, selon un déterminisme rigoureux. […]. Tous les arts sont fondés sur la présence de l'homme ; dans la seule photographie nous jouissons de son absence. Elle agit sur nous en tant que phénomène 'naturel' […].
Cette genèse automatique a bouleversé radicalement la psychologie de l'image. L'objectivité de la photographie lui confère une puissance de crédibilité absente de toute œuvre picturale." (Bazin 1945).

2. Photography in sign theory. 
According to Peirce, signs can be related to their objects (referent) in three different ways:
· on the basis of a resemblance or similarity (signs as icons)

· according to an arbitrary or conventional relation, either innate or acquired (symbols)

· contiguity to the referent by virtue of some physical or actual connection (indexes). 

The photographic sign shares all three these kinds of relations. The index function includes, in some way, the other two functions. In photography, index-sign, in as much as it is a trace of the object, attests the presence of the referent; it is a guarantee of its existence. The likeness of the correspondence (icon) to the referent can be thought of within the index function as well as the symbol function.

In photo interpretation methodologies, the index function is applied to allow access to the referent through a large variety of 'indice', such as, for example, the distinction between direct and indirect keys. Direct keys use iconic elements of the image, which is to say, the correspondence of shape, dimension, texture, and color. Indirect keys use visible traces that concur to access something that has not been recorded in the photo. This requires modeling the cause-effect relationship between the phenomenon investigated and the visible traces, as in, for example, the shadow attesting the object.
3. The mirror relationship between image and object 
The idea that photographs mirror reality is very common. As Barthes says, it is the specific status of photographic medium:
"[…]certes l'image n'est pas le réel; mais elle en est du moins son analogon parfait, et c'est précisément cette perfection analogique qui devant le sens commun, définit la photographie : Ainsi parait le statut particulier de l'image photographique: c'est un message sans code."

4. Realism and objectivity rooted in social and cultural uses.
In their dictionary (1979), Greimas and Courtès explain iconicity with the term "illusion referentielle", which is defined as:

"le résultat d'un ensemble de procédures mises en place pour produire l'effet de sens de 'réalité' apparaissant ainsi comme doublement conditionné par la conception culturellement variable de la 'réalité' et par l'idéologie réaliste assumée par les producteurs et les usagers de telle ou telle sémiotique."

Bourdieu, as well, ascribes the belief of 'truth' and objectivity in photography to a social status of its practices. 

"[…] en fait, la photographie fixe un aspect du réel qui n'est jamais que le résultat d'une sélection arbitraire, et, par là, d'une transcription : parmi toutes les qualités de l'objet, seules sont retenues les qualités visuelles qui se donnent dans l'instant et à partir d'un point de vue unique ; celles-ci sont transcrites en noir et blanc, généralement réduites et toujours projetées dans le plan. Autrement dit, la photographie est un système conventionnel qui exprime l'espace selon les lois de la perspective […]. Si la photographie est considérée comme un enregistrement parfaitement réaliste et objectif du monde visible, c'est qu'on lui a assigné (dès l'origine) des usages sociaux tenus pour 'réalistes' et 'objectifs'. Et si elle s'est immédiatement proposée avec les apparences d'un 'langage sans ordre ni syntaxe', bref d'un 'langage naturel', c'est avant tout que la sélection qu'elle opère dans le monde visible est tout à fait conforme dans sa logique, à la représentation du monde qui s'est imposée en Europe depuis le Quattrocento."
Today, most scholars agree that iconicity is not due to the analogon parfait but to a "brévet de réalisme", borrowing the Bourdieu's terms. There are various reasons for this: photographic practices, the genesis of production, the reconstruction of the object through the reciprocity of the projective lines that have generated it (well known in photogrammetry applications), and many other arguments the breadth of which cannot be discussed here. 
Graphic maps vs photo-maps 
For the moment, let's consider aerial photos and photo-maps together. What really matters here are the communicative and cognitive aspects of these documents. The aerial photo benefits more than any other kind of photo from the "brévet de réalisme", because no human operator chooses the conditions of the photographic shot. One could say that the underlying intentionality is that of map-making. The goal is to obtain the image the closest to that of a traditional map, the closest to orthogonal projection. Any shift from this model, which is a geometric model, is considered a disturbance or a noise. 
In the relationship between photographic language and 'truth', the aerial photo can be classified in what Floch (1986) calls "referential photography".

For Barthes the photographic message is non-codified and continuous. How then is the photographic image to be approached? According to Barthes, as said above, one must discretize and codify this continuum. But with what code? In general, the code is something already existent, innate or previously acquired. 
For the user of the map the code is, primarily, that of the map. Either that, or he/she must operate by means of discretization strategies, which are based on the characteristics of the expression plane and free from a pre-set code.

What matters here is how a photo is observed. If, on one hand, the iconic sign denotes single objects according to standardized models, on the other hand, it has been acknowledged that perception – and not just visual perception – has its own ability to construct visual entities in relation to the entity of the experience. For cognitive semiotics, (Groue µ), sensoriality and cognition are closely tied.
The richness of the photographic image, reduced by Barthes to a "lexicon of concepts whose standardized meanings can be read off like a description in words", is stressed by Arnheim.
"It will be evident that such an interpretation denies the very substance of visual imagery, its capacity to convey meaning by full perception experience. The standardized designation of things are nothing but husks of information. By reducing the message to meager conceptual fare one accepts the impoverished practical responses of modern man in the street as the prototype of human vision. In opposition to this approach we must maintain that imagery can fulfil its unique function – whether photographic or pictorial, artistic or informational - only if it goes beyond a set of standardized symbols and exerts the full and ultimately inexhaustible individuality of its appearance."
The aerial photo should not be impoverished and merits an exploratory attitude. One mustn't forget, however, that the cartographic code, with its standardized and basic information about the world, serves as a husk of information. 
In any case, the photographic image always requires a semiotization process. The observer has the difficult task of censuring between what is meaningful and what is not, of building his/her own vision of the world. The risk is that, in absence of analytical tools and code systems, the representation of the territory remains speechless beyond its visual appearances.

Maps vs satellite images
A satellite image records spatial data in multispectral mode, multiplying thus the information on Z. This characteristic makes it possible to apply processing techniques based on multispectral classification.  Furthermore, the satellite image is digital and numeric in nature, and thus, compatible with computerized tools. Computers offer a vast calculation potential and can supply a wide range of image processing techniques developed in various fields of mathematics, geometry, and statistics (Coster and Cherman 1989). The possibilities for processing the information contained in a satellite image are almost infinite (Cocquerez and Philipp 1995, Richards 1999, Tso and Mather 2001). A cartographer using satellite images for mapping purposes must be somewhat of an expert in processing techniques, in that he/she must know how to differentiate between the various approaches in order to apply the technique that best responds to the type of information required.

Let's consider the information contained in maps and satellite images. In the traditional map, the information is conveyed through graphic signs, and concerns material objects present within the territory, such as buildings, roads, etc., or categories of land cover or land use, such as pastureland, woodlands, marshes, glaciers, urban areas, and so on. In the satellite image, the information is a digital number which expresses the radiation received from the earth's surface associated to a pixel and relative to the specific spectral recording band. The visualization of a satellite-image map is simply the result of a function of visualization (LUT, or diverse color composite) of digital numbers. Conversely, satellite image-processing procedures imply a transfer from the realm of radiometric measurements to that of territorial categories. This means passing from radiometric data to data represented by a classical map legend. 

Visualizing a satellite image does not imply a traditional cartographic legend associating one color with one meaning within the field of territorial categories. Some authors mistakenly present, as a legend, the visualization function that associates a color with a radiometric value. A map – as intended in traditional way -  must have a legend that is relative to territorial categories or, at least, be semantically compatible with them. Such a map, produced from satellite images, can be compared with a traditional one, very different in its informational content from a simple visualization, even if with a 'legend'. 
Conclusions

By referring to studies and theories on photography, even if in a fragmentary way, I have attempted to shed lights on (1) the differences in status of maps and aerial photos as media, (2) the difference in informational content (territorial objects vs visual continuum), (3) their different interaction with the receiver in the communication process (the receiver of the codified message vs the observer). This should free us from the idea that map = photo-map. In a rougher classification, graphic maps and GISs as well as aerial photos and satellite images could be considered together. But, focusing on their practices, it must be acknowledged that the digital environment gives the user much more freedom for manipulating data, given an appropriate knowledge of theoretical and technological tools and the skills required to apply them. Far from considering these documents equivalent, they would be used in a complementary way, as they vary in both content and  performance. 
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