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Abstract

Icons serve everyone's daily life: in physical places like train stations, on almost every interactive user interface - and on
many maps. They convey information in a non-verbal language that is independent of language, making their role in
design essential.

When multiple icons are used on a map, they need to be visually consistent. However, this is a challenging task as creating
visually consistent icons is time-consuming and requires design expertise. Extensive icon sets already exist, such as The
Noun Project (n.d.) and Maki (Mapbox, n.d.) icons. However, there will always be a need for new map icons, either
because a new graphic style needs to be matched or because a new function is required to be included in a visually
consistent way in an existing set of icons (e.g. charging station for electric vehicles).

Since the emergence of natural language Al tools, research has been carried out into the generation of icons by Al. Such
tools can be used to assist cartographers. For example, the recent tool PictoAl (Drews et al., 2024) uses predefined
prompts. The users can type one or a few words describing an icon (e.g., ‘cable car'), and the tool generates an icon
accordingly. The tool allows non-experts to easily create map icons for thematic maps. However, tools such as PictoAl
do not allow the generation of a set of icons: sometimes, the generated icons don't work well together since the Al model
is based on the probability of a large group of data, so individual results may vary. This is illustrated in Figure 1, where,
for example, the ‘cable car' and 'bank’ icons generated using PictoAl have different styles (flat VS perspective) and levels
of detail.
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Figure 1. Comparison between a tool that generates icons one by one, and a tool designed to generate a set of icons.

To address this problem, this research focuses on the training and evaluation of an Al-based tool capable of generating
visually consistent sets of map icons. According to recent work on icon design standards, icons can be compared
according to several attributes, such as: access to meaning; familiarity; visual complexity; aesthetic appeal; concreteness;
complexity (Collaud et al, 2022); iconicity; sign-vehicle; referent (Kelly, 2021); legibility; simplicity; uniqueness;
artistry; attraction (Yang et al, 2021). This research will integrate the finetuning Low-Rank Adaptation (LoRA) method,
which adapts large pre-trained models like Stable Diffusion or other diffusion/image generation models using fewer
parameters for specific uses. A large language model can train and learn our icon sets and return icons that maintain
consistent characteristics and style, which could belong to the same set. For example, if we predefine the data on how
visually complex an icon is, an Al-based tool would be able to generate sets of icons with the same level of visual
complexity. This principle can be used to customize an Al-based tool from external data and learn to generate sets of
visually consistent map icons.
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The methodology for this research combines LoRA technique and usability evaluation. First, we collect a large collection
of existing icons. To limit the range of design parameters, we select only black and white, flat-design icons in the first
iteration of the project. Each icon's attributes are assessed by human evaluation: on consistency levels of simplicity, line
thickness, visual weight, fill style and corner radius. The image icons and their characteristics are captioned using vision-
language model during preprocessing, enabling the Al to learn the visual features and semantic context. This allows the
model to generate new icon sets with similar styles. To evaluate whether or not our Al-based tool performs well at
generating sets of visually consistent map icons, we conduct a user study. In the first part, the participants are shown sets
of icons made by graphic designers and some by our Al-based tool, without being told, and they have to select any icons
they find visually inconsistent. In the second part, they have to rate icon sets based on several aspects of visual
consistency, some of these sets being generated by our tool. With our research, we aim to provide a framework for
customizing and using Al in future generations of map icon sets as design support for cartographers.
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