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Fig. 1. Our ARAnimator allows users to move an AR-enabled mobile device to directly control and animate a virtual character situated in a real-world

environment. Please refer to the accompanying video for the animation results.

Creating animated virtual AR characters closely interacting with real en-
vironments is interesting but difficult. Existing systems adopt video see-
through approaches to indirectly control a virtual character in mobile AR,
making close interaction with real environments not intuitive. In this work
we use an AR-enabled mobile device to directly control the position and
motion of a virtual character situated in a real environment. We conduct
two guessability studies to elicit user-defined motions of a virtual character
interacting with real environments, and a set of user-defined motion gestures
describing specific character motions. We found that an SVM-based learning
approach achieves reasonably high accuracy for gesture classification from
the motion data of a mobile device. We present ARAnimator, which allows
novice and casual animation users to directly represent a virtual character
by an AR-enabled mobile phone and control its animation in AR scenes
using motion gestures of the device, followed by animation preview and
interactive editing through a video see-through interface. Our experimental
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results show that with ARAnimator, users are able to easily create in-situ
character animations closely interacting with different real environments.

CCS Concepts: - Human-centered computing — Gestural input; Mixed /
augmented reality; Mobile devices.

Additional Key Words and Phrases: Mobile Augmented Reality, Interactive
System, Character Animation, User Defined Gestures, Gesture Classification

ACM Reference Format:

Hui Ye, Kin Chung Kwan, Wanchao Su, and Hongbo Fu. 2020. ARAni-
mator: In-situ Character Animation in Mobile AR with User-defined Mo-
tion Gestures. ACM Trans. Graph. 39, 4, Article 83 (July 2020), 12 pages.
https://doi.org/10.1145/3386569.3392404

1 INTRODUCTION

Augmented Reality (AR) aims to augment a real world with vir-
tual content, often with proper alignment. With AR technologies,
augmenting virtual static objects into our real world is relatively
easy. However, even with powerful mobile AR platforms recently
developed by Apple (i.e., ARKit) and Google (i.e., ARCore), creating
animated contents closely interacting with real environments is
still challenging. Since virtual objects need to be aligned with real
environments at different moments, making the reuse of existing
animations difficult. In-situ creation of animation thus becomes
more important.

Several tools such as Motion Doodles [Thorne et al. 2004], Spatial
Motion Doodles [Garcia et al. 2019] and PuppetPhone [Anderegg
etal. 2018] have been designed to allow novice users to create charac-
ter animations on top of a virtual or real scene. They can be directly
applied or extended for in-situ creation of AR animation. However,
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these approaches either require precise scene understanding to de-

tect 3D geometry surfaces for character interaction, or highly rely
on room-based motion capture (MoCap) hardware with complicated

setup (e.g., VR). Thus, itis challenging to use these tools for creat-

ing in-situ character animation closely interacting with complex
physical environments, such as an outdoor environment with trees.

In this work, we aim to design and develop an intuitive tool for
creating in-situ character animation in complex real-environments
without the requirement of precise scene understanding or addi-
tional MoCap hardware. Our target users are causal animation users,
who want to quickly create in-situ character animations without lots
of training or hardware setup. Thus, instead of elaborating anima-
tion e ects, our system design focuses more on tast, accessibility,
portability, andease-to-learn.

To this end, we explore the use of an AR-enabled mobile phone as
a direct controller for in-situ performance-based character anima-
tion in mobile AR (Figure 1). Our key idea is to mimic the process of
make-believe plays using dolls for storytelling (Figure 2(a)): users
control a mobile phone (Figure 2(b)) to move the character on and
around real objects, and perform motion gestures simultaneously to
retrieve existing animations from a character animation repository.
This is an intuitive process even for casual users, since most of us
have similar experience of such plays in our childhood.

However, there is a huge gap between character animations with

(@) Doll drama (b) Our method

Fig. 2. We can intuitively control a mobile phone similar to the way we play
with a doll, to tell animated stories.

restrict the exibility of those techniques for their use in di erent
scenarios. Besides, they support only static e ects or limited pre-
de ned animation e ects in speci c locations.

Motion Doodles (MD) [Thorne et aR004] is a pioneering ani-
mation system for novice users, and mainly uses 2D curves with
2-DoF gestures to de ne virtual character animations. To extend it
to 3D, 3D geometry proxies are needed for projecting 2D curves to
3D trajectories. Lockwood and Singh (LS) [2016] present the rst
work utilizing 3-DoF motion sensor data of a mobile device to con-
trol a character on a virtual plane surface (detected at surfaces for
extending to AR). PuppetPhone (PP) [Anderegg ef@ll 8] follows
a similar idea and is tailored for in-situ character animation with

a high degree of freedom (DoF), and the possible gestures on a mobile AR. PP places a virtual character on a detected physical plane

mobile phone, which is a rigid object, with a low DoF. To address
this issue, we rst need to obtain a proper list of motion gestures
that are expressive and intuitive. This motivates us to conduct two
elicitation studies (Section 3). In the rst study, users are asked to
come up various possible character motions that closely interact
with various physical environments. The second study allows users
to de ne motion gestures that describe speci c character motions,
summarized from the rst study. Observing the results of the two
studies, we nd that 6-DoF motion gestures are commonly used
for most of the motion types. We thus design and develop a proto-
type, ARAnimator which allows casual users to directly represent
a virtual character by an AR-enabled mobile phone and control its
animation in AR scenes using 6-DoF motion gestures of the device,
followed by animation preview and interactive editing through a

video see-through interface (Figure 6). We show that an SVM (Sup-

in front of the camera with a certain distance (i.e., MotionStick), and
controls a character using 3-DoF device motions.

These three methods require accurate scene understanding or
even manual creation of 3D planes in an AR world for in-situ cre-
ation of AR animations. However, such problems are very challeng-
ing on their own for complex real environments. Besides, they all
utilize indirect approaches which rely on video see-through inter-
faces to control a character. Such indirect approaches thus require
the camera to be always facing to a character's current position dur-
ing animation authoring. It thus restricts the phone orientation and
results in a lower DoF (i.e., 2 or 3). Their low-DoF design cannot pro-
vide free-form character orientation control requiring the character
to always be vertical and heading along the trajectory, and they are
less expressive to provide various character motions. In contrast,
our direct interaction based on 6-DoF motion gestures represents a

port Vector Machine) based learning approach achieves reasonably virtual character and its character motions using a mobile device

high accuracy for motion gesture classi cation. Our quantitative
and qualitative evaluation show thaARAnimatorprovides users
with an intuitive, easy-to-use and e ective way to create in-situ
character animations.

2 RELATED WORK
2.1 In-situ Character Animation in AR/VR

The state-of-the-art AR technologies allow users to place animated
virtual characters or scenes in real environments. However, most of
existing works are highly dependent either on pre-de ned physical
objects with markers for animation [Bai et 82015; Barakonyi and
Schmalstieg 2004, 2006] or as interaction environments [Cimen et al
2018], or on complex setups and devices for creating animation
e ects [Kim et al. 2014; Osato and Koizumi 2018]. Such requirements
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and its device motions. Section 3.3 gives more detailed discussions
on the expressiveness of 6-DoF gestures.

Very recently, Garcia et al. [2019] present Spatial Motion Doodle
(SMD), which is a 3D extension of Motion Doodles for exploring
3D character animations in VR scenes. They utilize an outside-in
VR MoCap system to track a VR controller and map its 3D move-
ment to a virtual character to create a 3D trajectory with free-form
3D orientation control. However, due to the complicated setup of
VR hardware, it is inconvenient to apply their system for in-situ
animation creation in various environments. More importantly, its
limited 3-DoF gestures de ned by their authors for animation imply
that they are less expressive compared to our 6-DoF user-de ned
gestures.

These four works are very closely related to ours. We list the major
di erences in Table 1. In summaryARAnimatorhas the following
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Table 1. The di erences between our technique and existing tools that
can be potentially extended for in-situ character animations in AR. MD
(3D): Motion Doodles with 3D extension [Thorne et &004], SMD: Spatial
Motion Doodles [Garcia et al2019], LS: Lockwood and Singh [2016], PP:
PuppetPhone [Anderegg et 22018]. Y and N represent yes and no,

respectively.

Name MD (3D) SMD LS PP Ours
Designed for VR/AR VR VR VR AR AR
Control type indirect direct indirect indirect  direct
Orientation control N Y N N Y
Work without planes N Y N N Y
Gestures 2-DoF 3-DoF 3-DoF 3-DoF 6-DoF
Gesture design authors authors authors  authors users
Classi cation Regexp Regexp Manual FSM SV
Devices PC HTC Vive  Mobile Mobile  Mobile

advantages: 1) It does not require any detected plane or surface
to work well in complex real environments. 2) Our 6-DoF system
design allows free-form character orientation controls and more
expressive creation. 3) The intuitive user-de ned 6-DoF gestures
make our system easy to use for casual users.

2.2 Computer Puppetry and Character Animation

Like performing a puppet play, hardware-based computer puppetry
provides users with a speci ¢ tangible and/or articulated puppet
hardware to manipulate for 3D virtual character animation cre-
ation [Glauser et al2016; Gupta et aR014; Hiroki et al2012; Lam-
berti et al 2017; Oore et aR002; Shiratori et aR013; Wang et al
2018; Yoshizaki et a22011]. However, these techniques require spe-
cialized devices and hardware (e.g., robot, blocks), or built-in sensors

et al. 2012]. However, none of them considers the mapping between
6-DoF user-de ned motion gestures and articulated character ani-
mations. Our work focuses on eliciting user-de ned motion gestures
for abundant character motions, and using such gestures together
with a moving trajectory to create 3D character animations situated
in real environments.

3 USER-DEFINED CHARACTER MOTIONS & GESTURES

Our core idea is to mimic the make-believe doll-play for in-situ AR
animation creation. Creating animated scenes with virtual char-
acters usually requires the support of various character motions.
However, due to its rigid nature, a doll or mobile device (i.e., a mo-
bile phone in our case) itself is not exible enough to represent
complex and detailed motions (e.g., motion details of dancing). For
make-believe, users often perform 6-DoF motion of a doll to de-
pict its complicated character motions. Thus, before designing our
system, it is essential to study: 1)What character motions are com-
monly wanted by novice and casual users to create animated AR
scenes? and 2Howto perform motion gestures corresponding
to these character motions with a mobile phone? To answer these
two questions, we conduct two elicitation studies.

3.1 Study I: User-defined Character Motions

In the rst study, we aimed to know what character motions are

often wanted by novice and casual users for in-situ character ani-
mation creation. Since our goal was to explore the possible motions
of virtual characters in a human-liked shape, to avoid any bias from

(e.g., electronic and magnetic sensors) and peripheral cameras, thusthe shape of a doll/phone, we selected a human-liked rigid doll to do

limiting their accessibility for casual users.

Another kind of puppetry is based on performance-based inter-
faces, which attempt to map human ngers [Lockwood and Singh
2012], hands [LEite and Orvalho 2017; Liang eR8ll7; Luo et al
2010], hand shadow [Tsuji et a2018], or full body [Dontcheva
et al. 2003; Sakashita et.&017; Seol et a2013] information from
motion sensors to the parameters of a virtual character. With these
interfaces, users can edit inherent motions of a character, while in-
teractive control of a character's global moving trajectory is not well
supported. In contrast, our work uses an AR-enabled mobile device
as a puppet for intuitive creation of character animation along a
user-de ned trajectory and with close interaction with real-world
environments.

3D animation tools [Choi et al2016; Ciccone et 22017, 2019;
Eom et al 2019; Fender et #2015; Koyama and Goto 2018] provide
interfaces for users to manipulate 3D character animation by widget
controls and/or sketch inputs. Similar to performance-based inter-
faces, these tools do not support direct control of global moving
trajectories. Thus, they are not suitable for in-situ animation.

2.3 User-defined Motion Gestures
User-de ned motion gestures for mobile interaction were rst ex-

this study instead of a mobile device (i.e., a cuboid). 5 participants
(aged 25-27, 2 females) were invited to do the study. One participant
had a little experience in creating 3D animations, while others did
not. We rst showed them 6 di erent real scenes of great variety,
involving indoor/outdoor, complex/clean, with at/curvy surface,
and tall/short structures. Then each participant was asked to think
of any possible character motions interacting with the real-world
objects in the given scenes. To come up with as many motions as
possible, each participant was given about one day to think. Then
the participants came back and performed their designed motions
or even stories by holding and moving a given doll (Figure 2(a)) in
the respective scenes with a think-aloud strategy. This strategy was
important for us to understand the intentions and the designs of
the motions from the participants.

In this study we observed in total 43 types of character motions
from all the participants. However, the motions observed in this
study do not necessarily mean that they are commonly wanted, as
some motions might come from the inspiration of single individ-
ual users. Thus we Itered out 14 unusual motions (i.e., appeared
only once during the study). Figure 5 lists the remaining 29 mo-
tions. Among all of them, the most frequently used motions are
jumping (frequency: 36), climbing (frequency: 17), and walking

plored by Ruiz et al. [2011]. Later researchers have conducted guess{frequency: 15) among 172 motions (including those with the same

ability studies to elicit user-de ned motion gestures for various
tasks, such as text processing [Zhu et 2017], navigation [Dim
and Ren 2014; Shimon et &015], and 3D manipulation [Liang

types) in total. Most participants claimed that with these three mo-
tions, they could design many interesting short animations around
various real-world objects.
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