LookUP: Command Search Using Dwell-free Eye Typing in Mixed Reality
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Figure 1: (a) The neutral head position while wearing the HoloLens2. The search icon is placed at the body-fixed top position. (b)
The user moves their head and eye gaze to align with the search icon for activation of the virtual keyboard in both UPDWELL and

UPDWELLFREE.

ABSTRACT

We introduce LookUP, a novel general purpose command search
system for mixed reality headsets, offering a hands-free experience
through dwell-free eye typing. With LookUP, users can trigger the
display of a virtual keyboard with a simple upward head motion.
The keyboard then uses a statistical decoder to interpret users’ in-
tended text based on their eye movements. This approach diverges
from traditional dwell-time methods, significantly enhancing typing
speed and efficiency. Our research involved deploying LookUP on a
HoloLens 2, and benchmarking it against a dwell-based command
search baseline and the native HoloLens system menu. Our user
study indicated that participants spent a significantly shorter time
using LookUP with dwell-free eye typing in command search and
entry, demonstrating LookUP’s potential to be a complementary
command input for mixed reality headsets.

Index Terms: Mixed Reality, Command search, gaze tracking.

1 INTRODUCTION

The advent of Mixed Reality (MR) headsets has introduced new
challenges for command entry due to their limited input capabilities.
Traditional methods such as menu-based command selections and
mid-air gestures have been extensively studied [7,9,37,42], but they
often require intricate interactions or the memorization of gestures.
Additionally, command search and selection are versatile, applicable
to various tasks such as operating systems [29] to text editing [28]]
and 3D sketch editing [47]. These tasks typically require a proactive
shift from other activities.

This paper introduces LookUP, a novel hands-free command
search system designed to enhance user experience in MR environ-
ments. LookUP allows users to activate a virtual keyboard with
a simple upward head motion, enabling dwell-free eye typing for

*e-mail: jh2265@cam.ac.uk
Te-mail:jjd50@cam.ac.uk
fe-mail:pok21 @cam.ac.uk

command search. When the user’s head and eye gaze align with
the search icon, the system triggers the virtual keyboard (Fig. [I).
This design minimizes the need for extensive prior knowledge of the
user interface, making it intuitive and efficient. The system uses a
statistical decoder to interpret gaze sequences, significantly enhanc-
ing typing speed and reducing eye strain compared to traditional
dwell-time methods.

In this paper, we explore the potential of a hands-free command
search system designed to complement and work alongside conven-
tional menu-based methods. Our goal is to support users in scenarios
where their hands are occupied, such as when operating machinery
in a manufacturing plant. Additionally, this system provides a subtle
interaction method in public spaces, reducing the conspicuousness
associated with mid-air gestures or speech input.

Eye-based menu activation [33]] and dwell-free eye typing [23]]
offer an alternative for MR interactions that could be more efficient
in specific contexts [17]]. Leveraging this insight, the system LookUP
allows users to quickly find and execute commands through dwell-
free eye typing. This paper explores the gap in understanding how
eye gaze can be used to assist or provide other means for users to
achieve their specific goals in practical mixed reality tasks.

In summary, our work makes the following contributions:

* We present LookUP: a command search system for mixed
reality that leverages the dwell-free eye typing paradigm.

¢ An empirical user study demonstrating that the LookUP system
allows users to complete command search and selection tasks
30% faster than a conventional hand-based menu system.

2 RELATED WORK
2.1 Information Search

Searching for information has become a seamless part of everyday
life, enhanced by the evolution of technology that facilitates easy
access to vast data resources. The introduction of intuitive search
interfaces, from internet search engines like Google and Bing to
local file searches like the Microsoft Windows Start Menu and Ap-
ple macOS Spotlight, has transitioned us from using complex query
languages to natural language inputs. This simplification allows
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users to type, speak, or visually input queries using simple keywords novel context-switching method. GazeDock [57] used a ring-shaped
or questions. Modern search technologies, including voice-activated menu in the users' peripheral area of the eld of view to trigger the
assistants like Siri and Alexa, leverage sophisticated algorithms to menu automatically. Kuiper Belt [4] more speci cally identi ed the
fetch results based on relevance, recency, and user preferences, makngle region of 25to 45 of the eye gaze, which could be leveraged
ing digital information not only accessible but tailored to individual as an input area to avoid the Midas touch problem.

needs. This continuous re nement of search mechanisms has turned

searching into an intuitive, integral tool for knowledge discovery, 2.4 Command Entry

indispensable in both personal and professional contexts. Traditional menu-based interfaces are limited by their structure [2]:
Prior research on information retrieval in virtual or mixed reality ~they show only a limited number of commands at once, necessitat-
environments mainly focused on searching for 3D objécté [11,13,49], ing hierarchical organization. This design forces users to navigate
images|[51], videog [48] and text [59] with handheld controllers  through multiple levels to reach a desired command, even if they
based or voice-based interactions for query input. know its location, and each hierarchical level introduces a potential
Ward et al.[[5%, 56] focused on investigating search engine result for mode errors. In response to these limitations, various studies have
pages in VR. They explored the balance between user comfort andinvestigated the use of gestural inputs as shortcuts for command exe-
task ef ciency through varied spatial layouts of search results and cution on both desktop [6] and touchscreen devices [1, 3, 24, 28, 36].
three controller-based gesture interactions. Their later Work [54] This approach typically involves a prede ned set of gestures, either
demonstrated a positional bias of the participants towards the topmimicking the shape of speci ¢ commands or replicating command
or top-left of the display and novel spatial layouts of the results had names in characters on a virtual keyboard. Users execute commands
different navigational patterns from eye-tracking data. by tracing these patterns with their ngers on the touchscreen, aim-
Giunchi et al.|[11] introduced a novel method for searching 3D ing to improve both ef ciency and user experience.
model collections using free-form sketches with controllers withina ~ Command entry in MR is even more challenging due to the lim-
virtual reality setting. This system was found to be more intuitive and ited eld of view for menu visualization and limited input capabil-
ef cient than traditional linear browsing methods [10]. Their later ities. HoloBar [42] used a smartphone as a secondary modality to
study showed that 3D mid-air sketching was the most intuitive and preview multi-level menus and validate command selections. Oc-
effective method compared to sketching on different 2D platforms. toPocus in VR [8] extended the original dynamic guide on a touch-
ShapeFindAR [49] demonstrated a concept design of a dual searchscreen [3] into the context of Virtual Reality with 3D gestures. In
approach that combines spatial search queries, where users caa more recent exploration, HotGestures [47] combined command
sketch or trace in the physical environment, with textual search selection and control by employing a set of gestures in 3D modelling

methods for 3D models. tasks.
) ) Another way of bypassing a deep hierarchical menu apart from
2.2 Multimodal Interfaces in MR the gestural shortcuts is keyword search. Searching the commands

Recent advancements in multimodal interfaces for MR focus on DY keywords allows users to directly access features or information
enhancing user interaction by integrating various input modalities PY typing relevant keywords. Prior studies [29] have shown that
like gaze, head movements, hand gestures, and other manual indSers dgmonstrated the ability to cgmplete 90% of web browsing
puts [16,41]. GazeSwitch [15] leverages machine learning to opti- {2Sks using keyword commands. This was later used for natural lan-
mize real-time switching between eye and head modes for hands-freeduage interfaces in image editing [26,53,58] and programming [34].
pointing, offering a natural and adaptive interaction method, though MR technologies have expanded the scope of these applications
it sacri ces some control and stability compared to manual switch- BY introducing novel ways of formulating and interacting with text
ing. Similarly, PalmGazer [40] combines eye-hand interactions dueries [43].
for a single-handed menu system in AR, facilitating quick digital 5 Eve tvpi
commands through hand gestures and gaze, although tasks requi?—' ye typing
ing higher degrees of freedom may still need two-handed input. Dwell-based eye typing, a longstanding research focus [12] for aid-
Gaze-assisted text entry [31] reduces physical movement and eydng individuals with physical disabilities, requires users to select
fatigue by aligning gaze with manual input, outperforming gaze-only keys by gazing at them for a speci ed duration [33]. Efforts to
and manual-only methods. In addition, the Gaze-Hand Alignment optimize this method, such as reducing dwell time and improv-
technique [32] combines eye gaze and mid-air pointing to interact ing text prediction, have been limited by slow entry rates and eye
with menus in AR. This method improves the precision and speed strain. The concept of dwell-free eye typing [23] emerged as a
of menu selections by aligning gaze with hand movements, reduc-solution, enabling text input by xating on letters without a dwell
ing the cognitive load and physical effort required for interaction. threshold and using a statistical decoder for varied text granularities.
Furthermore, gaze-shifting introduces a novel mechanism that mod-This approach, theoretically capable of reaching high typing speeds,
ulates between direct and indirect inputs based on visual attentionwas later commercialized as a complementary product for disabled
applicable across pen and touch modalities to enhance dynamicusers [21]. Later studies [5, 25, 30, 38] have mostly focused on word-
interaction [39]. at-a-time inputs, with systems employing unique mechanisms to
reduce recognition errors and enhance ef ciency.
2.3 Context Switching

Mode-switching is critical for enhancing user interaction in HMDs,

where traditional methods involve physical buttons [27], handheld In developing LookUP we sought to apply the six key design princi-
controllers, and hand gestures [46,50]. These methods can be inef -ples outlined below to guide the system design.

cient, especially when both hands are occupied. Alternative methods . .

were introduced by recent studies to address the inef ciency. Several3-1  Design Principles

head gestures were explored for mode-switching in VR headsets [44]. « P1 Direct command accesdmplement search mechanisms
Shi et al. [44] demonstrated the ef ciency and ef cacy of switching that allow users to bypass traditional, multi-level menu naviga-
methods using four head gestures in a 3D painting application. Head- tion by allowing random access to commands. Use keyword-
Boost [14] distinguished head gestures and head-gaze as different based command inputs to directly trigger functions, thereby
types of head movements and used head gestures for window switch- simplifying interactions and reducing task completion times.
ing in card sorting applications. Eye gaze was also introduced as a This design principle leverages the limited eld of view in

3 SYSTEM DESIGN



MR environments by avoiding an overloaded interface and
minimizing the number of visible hierarchical layers.

» P2 Visual clarity and work ow integration. Maintain a
clean and organized visual layout that avoids overcrowding
the interface with excessive options. Design interactions that
ow logically and intuitively from one step to the next, re-
ducing the cognitive load by minimizing the need for users to
recall or navigate through complex menu paths. This approach
supports streamlined task execution and improves overall user
experience.

* P3 Enable a fast and accurate activation method while
minimizing accidental activations. Design the interface so
that activation of tools is both quick and intentional, avoid-
ing inadvertent triggers (addressing the Midas Touch prob-
lem [52]). Use speci ¢, deliberate actions to activate the com-
mand search, ensuring that inputs are both fast and precise,
enhancing the system's responsiveness and usability in dy-
namic environments.

» P4 Reduce physical effort.Opt for input methods that mini-
mize physical strain, making the system suitable for prolonged
use in various operational contexts.

P5 Facilitate occupied-hand scenariosEnsure the system de-
sign supports hands-free operation to accommodate scenarios
where users' hands are engaged or when discretion is required.
This is particularly valuable in professional settings or in situa-
tions where users must maintain attention on other tasks while
interacting with the MR system.

P6 Flexible and scalable architectureAs MR technologies
evolve and the array of possible commands expands, design
the system architecture to be exible and scalable. The system
should easily accommodate an increasing humber of com-
mands without necessitating redesigns.

3.2 Activation

In the exploration of how to start command searching, we delineated
the de_5|gn space c_)f SW'tC,h'ng the Cor_‘teXt from searchln_g CommandSFigure 2: Three function structures diagrams [19, 20, 22] for the search
focusing on the visual display location of the search icon and the gygtem design.

selection mechanism used for its activation.

According to the design principles (P1, P3, P5), two novel activa-
tion techniques were distilled from the related work: Kuiper Belt [4]
using eye gaze, and head and eye gaze alignment [45]. Both of the3'3 Command Search
activation methods do not require dwell timeouts for selection and 3.3.1 Dwell-based eye typing
have been demonstrated to be ef cient in prior studies. We decided
to use head and eye gaze alignment as the HoloLens 2 is limited in
its FoV and was not able to support users in looking at most of the
peripheral regions from 250 45 .

We placed the search icon just above the user's eld of view, as
shown in Fig.1(a). This placement means that the icon does not
obstruct the primary content, but is still quickly accessible when

As a baseline condition, we implemented a standard dwell-based typ-
ing method. We subsequently refer to this conditiota@®WELL.
This method is based on a commercially available dwell-based key-
board [21] enhanced with word suggestion capabilities, as shown in
Fig. 2(b). In this baseline condition, users are required to maintain
their gaze on a key for a predetermined duration (500 ms). Once
. ._this dwell time is met, the character under the user's gaze is auto-
asiions tend fo result in more ocolusions. a6 he lower eld ofen Matcally selected by the syste. To streamiine the typing process
! and minimize the need for selecting each character individually,

has a more complex environment than the upper one. Hence, we . - :
chosetop rather than bottom or side positions. the keyboard displays a list of three suggested word completions,

- : I corresponding to the characters already typed. These suggestions
As shown in the function structure model In Fig. 2(_a), when appear at the top of the keyboard and can be chosen using the same
either of the head or eye gaze hits the search icon, the icon will be

highlighted in a hover light. At that point, when the other gaze aligns ?Jvzglwéﬁ?:ige;shgﬁgm' ir-]”';ie Lljreg/go(gl;d layout is identical to the
within a 10 threshold, a virtual keyboard will be shown below the 9 ’

search icon. This means that the center of the user's eld of view and
the eye gaze point align on the search icon, to within 1fnlike
state-of-the-art headsets like the Apple Vision Pro, which require To support command search by dwell-free eye typing, we adapted
users to visually search for a button and then con rm their selection the keyboard introduced by Hu et al. [17], as shown in Fig. 2(c).
with a pinch gesture or controller input, our method integrates head We subsequently refer to this conditionldsDWELLFREE. This

and eye gaze for both visual search and selection con rmation. system initiates when the user gazes at the space bar, starting a

3.3.2 Dwell-free eye typing



Figure 3: The screenshots for the system from HoloLens 2. (a) The main menu (Level 1) replicates the native HoloLens 2 system menu. (b) "All
Apps' interface (Level 2). (c) “Settings' interface (Level 2). Level 3 is identical to this interface but the user must go one layer deeper by pressing
any of the buttons on the Level 2 interface. (d) The virtual keyboard for UPDWELLFREE. The user has just typed "time' and the responses are
shown at the top.

gaze trace that records the user's gaze sequence across the intenddidt of available applications (see Figure 3 (b)). The third level went

word's letters, concluding with a nal gaze at the space bar. This a layer further after the second level. The simulation reproduced

process, analyzed using the I-VT algorithm [35], identi es xations the le system in HoloLens 2 and indexed all the applications and

and saccades. The system then processes this data, focusing on theommands available.

gaze trace from the rstto the last xation and discarding extraneous .

points. The user can drop any current gaze trace by looking outside3-4 Search Response Mechanism

of the keyboard area and retyping the word. The space key wasEach time a new word was typed or a word alternative was selected,

positioned at the top of the virtual keyboard as shown in Figure a shortlist of four commands would be shown in front of the user

3 (d) for a smoother gaze ow which avoids the back-and-forth without occluding the keyboard view. We used the conventional

movements when checking results and word alternatives (P2). bag-of-words to retrieve the available commands in the system for
A specially adapted gesture decoder processes these gaze pointsemonstration of the interaction technigue. The icons on the left of

to suggest potential words. This gesture decoder employs a probathe commands indicate the category of this searched item. For both

bilistic model that accounts for letter sequence likelihood and key the UpDWELL andUPDWELLFREE conditions, the command was

proximity and is capable of correcting common typing errors. This selected by 500 ms dwelling time. The deletion key on the left of

method allows for eye typing without the need for xed dwell time the text input eld permits character-level and word-level deletions

on each key, providing a more uid, sentence-level typing experi- for dwell-based and dwell-free methods respectively.

ence by linking word completion and initiation with a single gaze

action on the space bar. The system has a vocabulary of 64,0004 USER STUDY

words. This can accommodate a growing array of commands with-\we conducted a user study to evaluate the performance of the three

out necessitating system redesigns, adhering to our system desiggommand search and selection conditiddsDWELL, UPDWELL-

principle (P6). FREE and HANDMENU.

3.3.3 Hand Menu 4.1 Participants and apparatus

We used the HoloLens 2's default holographic interface, with a par- 12 participants were recruited for the study, comprising 7 females
ticular focus on the Start menu, as a central calibration point. We and 5 males, aged between 20 and 36 years. Half of the partici-
subsequently refer to this condition B\NDMENU. This Start pants (1= 6) reported prior experience with VR headsets, two were
menu interface, integral for user interaction and information re- familiar with the HoloLens, and three had experience using eye-
trieval within the HoloLens system, is typically activated by a ges- typing applications. As compensation for their participation, each
ture—tapping the Start icon on the user's wrist. Figure3 (a) shows individual received a voucher.
the start menu in our simulation system. The study was conducted using a Microsoft HoloLens 2 headset,
In the middle part, the Start menu organizes applications into two leveraging its built-in eye-tracking capability through the Extended
categories: Pinned apps, which users can customize by adding oEye Tracking API. This feature captures eye gaze data at a rate of
removing apps via a context menu that appears upon a prolonged0 Hz. The virtual keyboard was positioned 1.5 meters from the
press on an app tile, and All apps, which lists every application user, with dimensions of 0.27 meters in height and 0.7725 meters in
installed on the device, accessible through a button on the menu'swidth. Our system was developed using Unity and deployed directly
right side. onto the HoloLens 2 headset. All statistical decoding processes also
We deactivated the standard gesture-based activation of the systake place on the headset itself.
tem's Start menu for our study to prevent the activation of the actual
system menu. Then, we replicated the default gesture for bringing4-2 Procedure
up the Start menu in our reproduced environment. We reproducedParticipants were instructed to complete the three conditions within
the default Start menu layout and behaviours to allow for use within one hour. Before the study, participants completed a demographic
our experimental application and allow for full logging of user in- questionnaire including questions about their previous experience
teractions. This menu interface featured three hierarchical levels.with AR/VR headsets and familiarity with any eye-typing systems.
The primary level comprised the Start menu and its internal buttons, At the beginning of the session, participants were rst instructed to
accessible through a tap gesture. The secondary level became acceperform eye calibration for the device and were familiarised with
sible upon interacting with the primary level buttons. For instance, the HoloLens 2. Subsequently, the three conditions were introduced
selecting “Settings' from the Pinned apps would reveal the settings by a video demonstration. The three conditions were fully balanced
list (Figure3 (a)), and pressing "All apps' would display a complete between the participants using a Latin Square. At the beginning
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