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Abstract. Image maps prove to be a useful cartographic medium, as the combination of remote sensing imagery with abstract cartographic symbolisation has become a frequently used visualisation option. Common image map design is dedicated solely to the graphic variation of the cartographic symbols. This work presents a new approach to image map design that visually highlights important map objects of the remote sensing imagery in order to place these individual image objects into distinct levels of a visual hierarchy. The joint highlighting of important image objects as well as symbols improves the guiding of the user´s visual attention on the map and thereby aims to enhance the overall visual communication with image maps.
In the first step of design, the cartographer should determine an intended hierarchy level for each object dependent on its intellectual importance. Objects of great relevance are sorted into higher levels and objects of minor relevance are retreated into lower visual levels. This concept enables that intellectually important objects are visualized with a stronger visual salience and therefore attract the user´s perception immediately. This work questions the default design of image maps by considering the design of the raster imagery to the same extent as the design of cartographic symbols.  But, for raster imagery the freedom of graphical configuration is much more limited. The design of remote sensing imagery has to overcome two main problems. (1) Image objects (i.e. depicted buildings) can only be reasonably graphically modified to a degree that does not disguise their naturalistic reflection. And (2), only design operations can be applied that do not alter the image object´s spatial footprint. Every spatial offset from the object´s original location on the pixel image will make the entire image illegible and highly confusing to the user.
Based on image processing, design strategies are introduced that respect the limitations in the freedom of design for remote sensing imagery. The design strategies utilise pre-attentive variables that increase the saliency of important image objects and decrease the saliency of image context information, while maintaining the object´s naturalistic reflection as well as its image context. The intellectual ordering of various objects of remote sensing imagery into an intended visual hierarchy of image maps is verified in examples of use.
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Introduction
Image maps have become a very popular cartographic medium. This map composition of remote sensing imagery and cartographic symbolisation is part of our daily life, even when they are mostly referred to in alternative terms. Ubiquitous mapping services, such as Google Maps (‘hybrid map view’), Bing Maps (‘aerial view’), or HERE (‘satellite view’) offer image map representations used for providing spatial information, for route planning purposes, location based services and virtual sightseeing. Besides the earth viewing services, image maps have become essential for various applications. Disaster mapping is a prominent example (see i.e. Voigt et al., 2011).
It has become common sense in cartography that an effective design of maps must feature a clear visual hierarchy (i.e. Wesson et al., 2013). Within a visual hierarchy objects on the map are defined as figures or as background. Figures catch the immediate attention of a user and are appreciated as more important than background objects. This is not solely a two-tier concept, as all map objects are organised into various vertical visual levels. The ordering of map objects within the visual hierarchy follows an intellectual plan. In other words, the visual impact of individual symbols is designed according to their intellectual meanings (Dent, 1972).
The design of an intellectual plan for image maps has been generally constrained to the cartographic map symbols. Whereas the design of map symbols on imagery has been considered in the past (Dahlberg, 1993, Albertz and Lehmann, 2007, Raposo and Brewer, 2011, Hoarau et al., 2013), the design of the remote sensing imagery has been, until lately, completely neglected. This means, common image map design involves the intellectual ordering of map symbols into a visual hierarchy, but the objects of remote sensing imagery are not intentionally designed and ordered into this hierarchy. Therefore, common image maps offer only a limited intellectual plan.
Visual Characteristics of Remote Sensing Images
Although the remote sensing imagery is a gridded pattern of radiometric values built by independent pixels, the viewer´s perception groups pixel areas of the remote sensing imagery and simultaneously segregates the visual scene into identifiable objects (Albertz, 1997b). In remote sensing images with ground resolutions of several meters, only land cover types and structures could be identified by a photo viewer. Because of the nowadays very high resolution images with sub-meter ground resolutions, besides land cover information, a user can also identify single objects on the earth´s surface, such as buildings, trees, and cars. Figure 1 shows a detail of a typical natural colour high resolution remote sensing image. Here, the viewer may identify several objects: a football pitch, an open-air swimming pool, a street, a car park, a building, plus patches of trees.
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[bookmark: _Ref416265609]Figure 1. Section of a natural colour remote sensing image (© Bing Maps)
The visual hierarchy in Figure 1 is a function of radiometric features. It does not follow an intellectual plan. Most eye-catching is the swimming-pool, due to its entirely different blue tone, which, combined with the rather high saturation visually, stands out from the rest of the scene. Other attention drawing objects may be the football pitch subject to the strong geometric shapes and the car park because of the contrast of colourful, ordered pattern of cars surrounded by visually homogenous tarmac. Remote sensing images have a visual hierarchy. However, this hierarchy is given and set unintentionally.
When such a remote sensing image is to be a component of an image map it does become a challenge to design a good image map. Besides the missing intellectual plan and the unintended visual hierarchy, a good map should be relatively empty (Kraak, 2011). There are by no means empty spaces on remote sensing imagery as it is a seamless collage of depicted objects. Furthermore, image objects may be of intellectual importance (i.e. landmarks) but do not possess a ‘pop-out effect’. Depending on the theme of the map some objects will be of importance and should visually stand out. Other objects can be visually striking even though they are regarded as background information. To solve this problem, the design of maps has to be extended to remote sensing imagery in order to produce effective image maps.
Intellectual Highlighting of Imagery
The design of remote sensing imagery has several limitations. The design cannot be implemented as freely as with cartographic symbolisation. Symbols can be designed exploiting the full range of all visual variables. For example discrete objects can be represented as associative symbols, as conventional symbols, in an abstract, geometric way, or simply as labels (Hake et al., 2002). The design of image maps cannot exploit all visual variables and also not in the full range. The naturalistic reflection of image objects has to be maintained. Furthermore, the design of image objects must stick to its geographical footprint. Otherwise the image would become illegible and highly confusing. Among other limitations this rules out the graphical variation of the visual variables size, orientation and shape. All remaining visual variables can only be designed to a degree that does not impede the naturalistic reflection. Visual highlighting strategies have been introduced to emphasize important image objects on image maps. For vertical remote sensing images three design strategies were introduced (Murphy, 2014):
Semantic Focusing,
Selective Brightening, and
Spotlight Highlighting
These design strategies have been implemented into the explained example image (Figure 1). The following figures make apparent how the intellectual plan of a remote sensing imagery can be controlled, rather than being subject of a non-designed, unintentional visual hierarchy.
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[bookmark: _Ref416337898]Figure 2. Semantic Focusing highlights the tree patches
Figure 2 demonstrates the impact of Semantic Focusing on the original remote sensing image (Figure 1). The tree patches that were originally in a lower visual level are made visually most prominent. Semantic Focusing mainly utilises the crispness variable to sort individual image objects into visual levels (Murphy, 2014). The use of crispness is very effective for guiding the viewer´s attention (Kosara, 2001). The viewer´s attention immediately falls onto the sharply depicted objects and the blurred image areas are perceived as background information.
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[bookmark: _Ref416339159]Figure 3. Selective Brightening orders the building as primary object and the football pitch as secondary object into the visual hierarchy
Figure 3 demonstrates the design potential of not only separating image objects into fore- and background. Intellectual highlighting of remote sensing images also includes the ability to build a multi-level visual hierarchy. The placement of image objects within the visual hierarchy is reconfigured. The building which was easily overlooked in the original image is now the visually most prominent object. The football pitch is designed to be in a visual level between the building and the remaining objects. This is achieved by the highlighting strategy Selective Brightening, which simulates haze. This highlighting strategy individually compresses tonal values of image areas towards lightness in order to downscale these to lower visual levels (Murphy, 2014). Selective Brightening makes use of the depth perception by simulated atmospheric effects, namely haze. High contrast objects appear to be nearer in contrast to objects that are seen in low contrast (Albertz, 1997a).
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[bookmark: _Ref416348899]Figure 4. The swimming bath area is emphasized as primary object and the car park is ordered as secondary object by Spotlight Highlighting
Figure 4 demonstrates the use of the design technique Spotlight Highlighting for intellectual highlighting purposes. Like the previous two design techniques, Spotlight Highlighting is based on known natural phenomena. Hereby, an illuminating effect is applied to objects of intellectual importance. The spotlight naturally decays on the spatial borders of these objects, whereas background information is darkened (see Murphy, 2014). The illuminated objects have a pop-out effect comparable to the spotlight effect on theatre stage. Spotlighted features are noticed much more than remaining features. In Figure 4 the swimming-pool is the visually most striking object, while the car-park is the second most striking object. Here, different intensities of the spotlight effect lead to a multi-levelled visual hierarchy.
A conducted user test previously proved the effectiveness of the three highlighting strategies. Here, the evaluation showed that image-object highlighting enables a clear figure-ground segregation and can facilitate a multi-levelled visual hierarchy (Murphy, 2014). At the same time the retreated background objects remain widely legible.
Conclusion
Customary image map design does not exploit the whole design potential. A good image map design should design individual image objects with the same relevancy as cartographic symbols. The here implemented highlighting strategies show that the design operations can be extended to the remote sensing component of image maps. Local, object-specific manipulations are used to introduce an intentional visual hierarchy. Intellectual highlighting enables a mapmaker to carry out the intellectual plan onto image objects. The unintentional saliency of the imagery is respected and modified, so that depicted objects of importance are made visually prominent and lesser important information is pushed down to lower visual levels. This means, that mapmakers can adapt the imagery according to the map theme and tailor it for specific use. The image map will become more suited to the needs of the user.
The here presented highlighting options are definitely not exclusive intellectual highlighting strategies. Further similar design strategies are possible and perhaps advisable for gaining a larger set of design tools for image map designer. Regarding the feasible intellectual hierarchy of image objects, the previous user test was based on a three tier visual hierarchy (Murphy, 2014). The question remains how sophisticated a visual hierarchy within a remote sensing image can be designed by intellectual highlighting.
To improve image map design for the future the cartographic world has to become aware of intellectual highlighting possibilities. The intended design of image objects should become the default. Apart from the missing awareness, imagery design is also probably not part of customary map design due to non-existent software assistance. Standard cartographic software is convenient for vector graphic design. Therefore, image map designers currently would additionally have to switch to raster graphics editors that are not suited to deal with spatial data. It is therefore vital, that future image object highlighting software applications are developed and embedded into standard cartographic software.
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