«,"I'f.lsi ﬂ’w’"“ rternatitt_)nal é:arnt'togramhic Asls:)ciatit:_)n I
\\“\‘““"’",, ssociation Cartographique Internationale

e

Rethinking Cartographic Generalization in Mixed Reality for
Dynamic Mobility Scenarios

Nianhua Liu®* | Ziyu Hu?

@ Chair of Cartography and Visual Analytics, Technical University of Munich, Germany, nianhua.liu@tum.de, ziyu.hu@tum.de

* Corresponding author

Keywords: Adaptive Abstraction, Natural User Interfaces, Cycling Navigation

Abstract:

Historically, cartographic generalization first emerged to optimize map design primarily for desktop computers and
conventional screen-based displays (Shea and McMaster, 1989). Subsequently, the proliferation of smartphones shifted
the research focus toward mobile-first generalization (Ricker and Roth, 2018), with mobile devices widely discussed as
a holistic display category (Mullins, 2015). Although contemporary cartographic agendas have begun to acknowledge
the rise of augmented and mixed reality (MR) environments (Roth et al., 2024), existing literature broadly categorizes
these immersive mediums without specifying the exact generalization mechanisms required across diverse, real-world
operational scenarios. Consequently, the transition from screens to MR environments challenges many foundational
assumptions of traditional cartography, necessitating a multi-dimensional framework that addresses dynamic mobility.

MR devices enable users to view and interact with maps directly within the physical world, often in dynamic mobility
scenarios such as walking or cycling. Navigation cues or maps can be presented in a heads-up, hands-free manner,
allowing pedestrians or cyclists to receive guidance without looking away from their path (He et al., 2024; Qiu, 2024).
Prior research has begun to explore MR interfaces for cycling contexts, such as using a head-up display (HUD) or
helmet-mounted display for navigation (So6rés et al., 2013). In the context of dynamic mobility within MR
environments, cartographic generalization must adaptively account for the following dimensions:

*  Hardware constraints: Physical display constraints directly dictate the effectiveness of spatial communication. The
choice between full-color and monochrome outputs requires adaptive reselection of visual variables to ensure that
critical information remains legible. Furthermore, the distinction between monocular and binocular hardware
alters the generalization strategy while significantly impacting the user's cognitive load and depth perception
(Roth et al., 2024). Crucially, the Field of View (FOV) defines the information load that MR devices can present.

*  Visual approach: Navigation cues require a strategic selection between directional arrows, networks, or a hybrid
combination (Figure 1). Cartographic generalization must also determine which specific landmarks and how many
should be displayed on the MR device to ensure spatial legibility. This process is essential for balancing
orientation needs with the limitations of the display interface to prevent information overload (Keil et al., 2020).

Figure 1. Arrow (left); Network (right).

. Interaction modalities: Map interaction in MR represents an emerging frontier. Traditional input paradigms, such
as mouse-wheel scrolling or finger-touch zooming, are not appropriate in immersive environments. This shift
necessitates a fundamental exploration of how new interactions, including voice commands, eye tracking, and
mid-air gestures, can be synchronized with map abstraction levels. Furthermore, the integration of wearable
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peripherals, such as utilizing a smart ring to control map scale through tactile sliding, offers a novel way to
manage cartographic detail during high-mobility tasks where hands-free or discrete interaction is required.

. Situational context: The map scale in MR devices must be responsive to the user’s status, specifically whether
they are moving or stationary. All displayed information should be dynamically linked to movement speed and the
surrounding environment to optimize spatial perception and ensure the level of detail remains appropriate.

e User-centric customization: Map generalization must be dynamically tailored to individual user characteristics and
the prevailing cognitive load to ensure operational safety and efficiency. In demanding mobility scenarios, such as
switching routes during cycling, the system should implement extreme data filtering to present only the most
critical navigational cues based on the user's immediate needs (Meng and Reichenbacher, 2005). This scenario-
driven customization minimizes the mental effort required to process spatial information, effectively preventing
cognitive over-saturation.

We plan to conduct a two-stage exploratory study. First, expert interviews with cycling research specialists will
examine how existing generalisation methods can adapt to MR environments mobility scenarios. Second, insights from
these interviews will inform prototype generalization strategies that will be evaluated through pilot user studies in
mobility scenarios. This pilot study aims to open new conversations about how cartographic generalization must evolve
in the MR devices within mobility scenarios.
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