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Abstract
This paper presents our proposal to undertake a test protocol to evaluate colour contrasts in maps to give to cartographic experts. Marks of hues and values are analysed to recalculate the contrasts matrix and to create a homogeneous chromatic circle.
Keywords: cartographic analysis, chromatic circle, contrasts, colours, hues, values

1. Introduction

Amongst its research activities, the COGIT laboratory aims at improving maps created by users on the Internet, tending to “maps on demand”. These maps done by a user have to remain efficient, that is to say readable. It raises one issue: the users’ map choices may not come from cartographic knowledge but stem from their tastes, the willingness of originality or the global harmony of the map. To ensure its efficiency, it has to be analysed cartographically. This study is particularly centred on the legend of the map, in term of how the objects are symbolised. If the map is unreadable or inefficient, symbolisation of certain objects should be changed. 

One proposition to carry out this symbolisation analysis is given by Elisabeth Chesneau in her PhD thesis done at the COGIT laboratory: “Automatic methods to analyse and improve the colour contrasts of the symbolised objects in the legend” [Chesneau 2006]. The objective of her work is to improve colours contrasts between objects. Her model, called ARiCo, is based on calculations of contrast between 2 colours, one cartographic object being represented by one colour and its neighbour object on the map by another one. Thus colour contrasts are computed on the map according to the neighbourhood relations between graphic objects. It is based on a matrix that contains contrast marks for all colours. 
The objective of this paper is to validate and improve the colour contrast calculations done in taking into account more expert knowledge. Thus the first part of this paper is devoted to explaining ARiCo, the second part is a description of the test protocol as a framework to carry out the tests to acquire expert knowledge and finally the last part gives the first results about colours to recalculate the matrix marks and to rearrange the chromatic circle. Then we conclude and open perspectives.
2. Explanation of ARiCo [Chesneau 2006]
2.1. Context
Hazards maps overlay a relative amount of information on the same map: both topographic data and hazard objects. Colour is one of the visual variables of graphic semiology [Bertin 1967] the most used in risks, as its use facilitate the maps understanding. However it happens frequently that the colours overlap. Due to low contrasts of certain objects compared to their surrounding objects, some colours could be hidden or imperceptible. As a consequence, information on the map can be partially lost. To improve the good visualisation, a colour contrast mark is given to evaluate contrasts between neighbour colours. As a result, a matrix comparing every couple of colours is established.
The first step is to create a chromatic circle to reduce the possible space for colours. The chromatic circle consists in 12 colours plus braun, ocre and grey that intensively used for risks maps. Each colour is declined in 7 intensities of light. Moreover greyish-colours are added to emphasis saturation as another variable. The 12 pure hues are based on the chromatic circle of Johannes Itten [Itten 1967]. Hue, saturation and value (HSV) define a colour space shaped like a polar system. Z is called value and defined by the same values of low-key contrast: yellow being lighter than purple, we add black to yellow but we keep the purple as a pure colour. Thus Z is both lightness and saturation according to the colour considered. φ is the saturation or the grey addition and θ is the hue.
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Figure 1: chromatic circles and polar coordinates in these circles (from Elisabeth Chesneau, 2006)
The second step is to calculate contrast marks according to Johannes Itten in considering above all two types of contrasts: hue and value contrasts. The hue refers to our θ angle: 180° is the maximum contrast. The value refers to Z: a high Z meaning one of the colours is dark and the other light, which is quite a big contrast. It triggers off theoretical equations for θ and Z, and for the model 2 matrices, namely hue and value, linking each couple of colours with a mark of contrast [Grelaud 2005, Jolivet 2006].
2.2. Input of colours in the model
A colour represents a theme in the legend; in others word a cartographic family in the map. Two colours represent two families such as roads and streams. It is obvious that the colours chosen have to be different since these families are semantically different. Ideally both hues chosen should be far enough in the chromatic circle (high Δθ) to enhance their semantic difference. Thus two colours must make clear the relation between objects. This is the first step of the cartographic analysis from the user map: checking if colours chosen are correct in regards to the relation between themes [Brewer 1997, Weger 1996] and to the colours thematic. 

Several relations are found: 1) association (a stream and a flooding hazard) whose themes are represented by close hues (low Δθ), 2) difference whose themes are represented by far hues(high Δθ) and 3) order (a low, a medium and a high hazard) whose hues remain the same but the value varies within the very hue.
2.3. General process

The process of changing colours is done step by step to converge towards a better legend.
From each cartographic object, we compute its neighbour objects and then the contrast mark between each couple of objects in reading the contrasts matrix. According to the existing semantic relations between the two (association, difference or order), we check if the mark agrees with the relation constraint: if the colours’ relation is not coherent with the semantic relation, one of the colour should be changed.

The second step is to find the best colour candidate to be changed. For that, a list of propositions of colour changes is computed by noting the bad contrasts either because coloured data are not visible or because colours do not respect the data relationships. If the colours are not relevant, we attribute them a weight. Thus the list is ordered according to the most important theme of the map and the biggest incoherence. The solution chosen corresponds to the first element on the list. The new colour is affected.
Once the new colour applied, a new analysis is undertaken. If this new state gives better results than the previous one, we validate it; otherwise we come back at the first state and choose the second element on the list. The process goes on until the map is satisfying or can not be improved anymore.

3. Test protocol

3.1. Objective

The process presented above lies on computations of contrasts between colours belonging to a chromatic circle. The aims of this part are to improve 1) the existing contrast computations and 2) the chromatic circle, by means of expert knowledge acquisition.

To improve hue and value contrasts, neighbour colours in the chromatic circle are compared by pair. It answers to the questions: 1) What is the hue contrast between 2 neighbours in the circle? 2) What is the value contrast between 2 neighbours in the circle?

The value questions aims at adjusting the circle by Z, whereas the hue ones at evaluating neighbours distance by θ (figure 3). To confirm the results, questions are asked for 3 values: 2, 4 and 7, respectively light, pure and very dark colours.
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Figure 2: pair colours concerning by the questions in the chromatic circle

3.2. Protocol
Who? As we want to test colours in a cartographic context, only cartographic experts have been interviewed. 20 experts answered to the questionnaire. Amongst them we can quote a painter, a designer, a map printer, researchers, map producers or marketers. They work at the IGN, at the University or at Michelin. A headline specified their current activities and they could add comments about the test conditions, the difficulty or the colours visualisation at the end of the test.

How? As the main purpose is to visualise maps on the internet, we design and broadcast our test on a computer screen [Aumaitre 2004]. The advantage is that we skip the time-consuming phase of printer calibrating. However the constraints of such a computer test are numerous: the colours system RGB is compulsory to take into account what is broadcasted on the computer screen. Secondly test conditions have to remain the same for all the experts: the computer to ensure to evaluate the same colours, the room luminosity and the screen inclination. In order to comply with these constraints, we decide to interview people separately, individually with the same laptop (from the brand Dell which is said to respect the colours quite well). Another attention was paid not to use artificial light but natural light: all the tests were performed at the same period of the day, in afternoon.
Test designing. Generally speaking, tests should be as short and simple as possible to avoid interviewees’ boredom. Choices were made in respect of the display software: Excel appeared to meet the requirements [Dadou 2005]. Thus the test is an Excel sheet, gathering 6 different parts of questions about colours: 1) hue and value for associated themes, 2) values for ordered themes, 3) location of braun and ocre in the chromatic circle, 4) hues for different themes, 5) different hues for ordered themes and 6) making thematic families of colours. This paper describes only the first part called hue and value for associated themes. 
4. Results

4.1. Value
Aim: we try to know if two neighbour colours in the chromatic circle have effectively the same value or if one is darker than its neighbour.
Answers are scored between 1 and 5: 1 means that the colour underneath is darker, 3 no value difference in the pair and 5 that the top colour is darker. Figure 3 is the experts mean ordered by value. The 12 samples of the value 4 are represented. The straight line (Y=3) is underlined to strengthen the neutral answer which should be the result in the theory. 
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Figure 3: value marks between neighbour colours
As an example to read the figure 3, the mark of the sample 1 lies under the straight line, meaning that the blue-purple (under) is darker than the blue (above). From the sample 1, the colour underneath is seen darker than the one above as marks are under the neutral line. Moreover in this sample, the darkness is stronger is the value 7, then 4 and then 2: there is more contrast in high values for this hue. We observe that:

· From the sample 1 and 12, blue-purple is the darkest colour in the chromatic circle, whatever the value. Red (samples 8 and 9) as well is seen quite dark.
· On the contrary, yellow is the lighter (samples 5 and 6). This gap effect is also visible for the blue-green (samples 2 and 3) which seems lighter than its neighbours.

· The purple-pink colours are rather balanced, tending to the neutral line (from 10 to 12).

The standard deviation of the test varies from 0.4 to 1.2. Figure 4 represents the confidence interval in which 68% of the answers are included.
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Figure 4: mean and confidence interval for the value 4
Figure 4 shows two types of disagreements between experts: qualitative and quantitative. The widest interval for the standard deviation is reached for yellow-orange (samples 7 and 8) but always above the line (Y=3). It means the experts always say orange is darker than yellow, but the intensity of answers varies. It is the quantitative difference. On the other hand if we consider the sample 11, standard deviation is low in itself, but the answers interval overlaps the line (Y=3): experts disagree for determining the darkest colour of the pair. It is the qualitative disagreement.

From figure 3, we notice that some colours appear darker than others. To obtain a chromatic circle with neighbours of similar value contrast, neighbours should be displaced, in function of their darkness force. In normalising the marks from 0 to 1.6 (maximum mark between neighbours in the theory), the means of the 2, 4 and 7 values enable us to model the forces between colours, first on a horizontal scale. On figure 5, an arrow represents the ratio force between neighbours: the higher the mark given is, the longer the arrow is, meaning neighbours need to be vertically displaced to respect the same value. A displacement down means the colour is lighter than its neighbour. 
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Figure 5: forces modelling for the value 4
Applying the same method to the values 2 and 7, and then in generalising to the whole values, these displacements could be seen on a polar scale, colours moving towards the centre if the value is too light. By this value evaluation, the chromatic circle could be deformed as in figure 6 and thus becomes:
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Figure 6: chromatic circle deformed by value evaluation

4.2. Hues
Aim: we try to know if neighbour colours in the chromatic circle are separated by homogeneous gaps. It will give us the perceived gaps between hues to improve the contrast calculations and also the chromatic circle itself.
The hues are scored between 1 (“close hues”) and 4 (“far hues”), taking into account the hues are always different since colours are neighbours. The standard deviations are included between 0.2 and 0.8 which satisfying for such a test. As an example to read figure 7: from the sample 1, a mark of 1.3 means the 2 hues are close, closer in the values 7 and 4 than the value 2.
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Figure 7 : hue mean for the values (2-4-7)
Some hues are seen as far hues (high marks), even if they are neighbours in the circle: green and yellow (sample 5) whatever the value, green and blue-green in value 7 (sample 3) or the orange and the red in value 7 (sample 8). From this figure we deduce that perceived gaps depend on the samples value.
In addition, the higher the value, the higher the mark. It reveals that the hue evaluation keeps the value order. The value 7 (V7) obtains a higher mark than V4, itself higher than V2. Summing all the marks by value, we notice that: total distance of V7> total distance of V4> total distance of V2. It stems from the fact that the more the value we add, the more the hue is visible, increasing its faculty to be differentiable from others. However there is an exception: the case of the yellow-orange colours. Their marks in V7 is low, giving rise to the lack of colours in V7. It can be explained by the impression of grey addition, instead of colour addition in yellow, yellow-orange and orange, and the grey brings closer the colours. 

These marks have been translated into a separation distance on a horizontal axis, modelled as in figure 8. 
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Figure 8: hue distance for the values (2–4–7)
Back to polar distance, we need to create a referential of distance. We designed a polar referential where each unit of separation is an angular distance of 3°. Thus three lines serve us as separation units were drawn. Thus a mark of 2 will be interpreted as an angular distance of 6°, and the colours will be moved apart at the second line. Here is the circle deformed by hue with our referential:
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Figure 9: the chromatic circle deformed by hue evaluation
5. Conclusion and future prospects
This test shows that the experts perceive value shift and hue heterogeneity between neighbour colours. They gave us marks which led us to model the visualised distortions in the chromatic circle either by value, which shows that one colour is seen darker than another one and then some colours are under others on the circle (figure 6), or by hue which shows heterogeneous gaps between hues (figure 9). 
Our work will be first to recalculate the matrix of hue and value contrast, to put in the model to improve the colour contrasts.

Then we will rearrange the chromatic circle to balance the colours. On the one hand, values will be adjusted in making a new chromatic circle with new but more homogeneous value. As the value 7 seems to be darker than the others, we could create another value and then reduce the gap with the other values. On the other hand, some hues appear to be far from their neighbours. There are two possibilities to cope with it: either to modify the hues or to add other hues within the gaps to ensure homogenous gaps. 
Lastly this paper presents only the first part of the whole test carried out. The analysis of the five other parts is still ongoing. We are demonstrating that the hue of neighbour colours of this first part is used to evaluate of non-neighbours colours, in summing the neighbours’ marks. Furthermore we are trying to evaluate the values homogeneity in a ramp to emphasis the notion of order in maps and the location of braun and ocre in comparison with other hues. 
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