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Fig. 1. Interactive virtual graphics with everyday physical objects. Under a touch tablet (e.g., iPad in this example), the user can rig a
real object under the camera view (a), draw virtual graphics (b), annotate their relationship (c), and then animate the virtual graphics
by moving the physical object (d). The annotation can be performed across multiple camera views analogous to keyframe-based
animation, with effects ranging from handle-based deformation to physical simulation.

Everyday objects are commonly deployed for a variety of real-world applications, such as storytelling, components for game play, or
props for concept explanation. Recent advances in tangible interface and augmented reality have shown promise in helping users
authoring and performing combinations of real objects and virtual effects, such as body-driven graphics [44] and object-driven concept
visualization [48]. However, it remains challenging to create expressive interactive graphical effects with physical objects. We present
a system that enables the real-time creation of rich interactive augmented-reality effects with ordinary physical objects. The interface
of our system allows users to map between real objects and virtual graphics so that tangible manipulations of the former can drive the
movement of the latter, including handle-based deformation, key-frame animation, and trigger-based physics and interactions. We
evaluate our system with a variety of applications in interactive art, tangible gaming, and concept explanation.
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1 INTRODUCTION

There is a rich history in HCI of using physical objects and spaces to interact with the digital world [17, 21, 54]. With the
technological advancements and better understanding of the benefits of tangible and immersive interactions, researchers
have explored such interactions to enhance learning, education [11, 43, 52], collaboration [6], design [50], storytelling
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[4] and artistic expression [12]. By leveraging our innate experiences with the physical world, tangible interactions
enhances our immersion and engagement [21]. Despite the benefits and potential, crafting interactive experiences
with everyday physical objects in improvisational ways is still challenging [36]. Existing systems are domain specific
and often rely on pre-programmed behaviors without easy customization interfaces for novice users. Due to the lack
of flexible and expressive improvisational tools, users often rely on post-production to augment videos with concept
visualizations and graphical effects.

With the recent advancements in head-mounted display (HMD) and consumer grade augmented reality (AR) devices
(such as smart phones and tablets), researchers have explored creating interactive AR experiences in real-time with
sketching, gestures, and contextual (e.g., 3D planes, geometry) information [3, 8, 23, 31, 32, 44, 48]. For instance,
RealitySketch [48] facilitates the real-time creation of concept visualizations that are driven by physical objects. In this
paper, our goal is to empower novice users (e.g., , teachers, artists, amateurs with no programming expertise) to craft
interactive AR experiences with arbitrary objects that goes beyond concept visualizations. Examples include crafting
interactive game experiences, playful interaction with hand-drawn sketches, or demonstrating educational concepts in
whimsical ways. However, there are both technical and interaction challenges to achieve this goal. For instance, to play
a Pac-Man game with an articulated physical object, like scissor Figures 7 and 10, we need to reliably track the physical
object (scissor), identify states (open vs. close), and track continuous parameters (e.g., the angle between the two metal
blades). Further, from an interaction standpoint, one needs to specify the states (open or close), parameters (angle), and
the corresponding actions and events to the graphical objects for these states and parameters, such as how the physical
scissor angle will scale the virtual object being eaten.

In the paper, we present an end-to-end interactive system that enables the real-time creation of rich interactive
graphical effects with everyday physical objects (e.g., scissors, pens, food items, linkage systems, or even human hands).
With our system, users can sketch virtual graphics, map their spatial and temporal properties to physical objects, and
start to manipulate the physical objects to drive the virtual graphical objects. Some example effects include virtual light
particles reflected by a physical barrier (Figure 11) for explaining physics, a virtual parachute animated by a physical
banana (Figure 17) for animated art, and a virtual ball game played with physical rods (Figure 14).

To facilitate the easy creation of virtual graphics that align with physical objects [37], we have designed and
implemented a direct drawing interface that leverages the camera views and touch interfaces of AR enabled consumer
devices (phone or tablet) which are accessible to billions of users. As shown in Figure 1, users can select and rig physical
objects, draw virtual graphics, link them, assign physical properties, and then play. They can also rapidly iterate on
their interactions by playing some and then adding, removing, and changing the existing pieces. Our authoring tool
consists of two major (iterative) steps: rigging and mapping. First, in the rigging step, users first select a physical object,
and physically attach colored dot stickers to track and specify points of interest. In the UI, these colored dot stickers are
used to parameterize the desired variables (e.g., lines, angles, length) and states of the object. Second, in the mapping
step, the user maps the tracked object parameters to graphical effects, such as handle-based deformation [20] as well
as trigger-based interactions [24]. Once mapped, users can manipulate the physical object and see the corresponding
virtual effects in real-time.

Essentially, our proposed solution provides a rigging abstraction with several key benefits. First, by simplifying the
tracking problem, it enables the use of any arbitrary objects to interact with virtual graphics in improvisational ways.
Second, it provides a general and flexible method for parameterization, enabling the user to map desired properties and
parameters from complex and articulated physical objects (e.g., length of a limb, angle between blades of a scissor).
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Overall we aim to propose a general, simple, and accessible solution to create interactive virtual experiences with

arbitrary physical objects.

We demonstrate applications of our tool in interactive art, tangible gaming, and concept explanation. In summary,

the contributions of this work include:

� A �exible rigging mechanism for a wide range of everyday objects (e.g., soft and rigid objects, simple to complex

linkages, 3D objects, deformable objects such as ribbon and mesh) without having to rely on recognizable objects

or recognition accuracy of computer vision algorithms;

� An end-to-end prototype that achieves novel functionalities and capabilities, including a mapping interface

between physical variables and virtual e�ects that go beyond concept visualization;

� Results across applications in concept explanation, interactive art, and tangible gaming.

2 RELATED WORK

There is a long history of research in HCI about interacting with virtual environments via physical hand gestures

[39, 49] as well as driving virtual performances with facial expressions [35] or body/hand gestures/postures [3, 32,

38, 44]. For example, ChalkTalk [38] and MagicalHands [3] can match interactive mid-air sketches and gestures with

pre-built libraries to produce dynamic animated e�ects in real-time, while PoseTween [32] and Saquib et al. [44]

can map body postures with drawn graphical e�ects for interactive AR performance. In addition to human bodies,

physical objects have also been explored to a�ect virtual graphical e�ects across a variety of applications, including

information/instruction/concept visualization [5, 19, 33, 48, 57], and physical proxies for manipulation [17, 58] or design

[53]. In these works, the physical objects play the main role while the virtual graphics are augmentations. Our project

instead focuses on the virtual e�ects and uses physical objects as tangible manipulators, as inspired by prior puppetry

techniques for videos [4], objects [16], and articulated �gures [15]. However, these prior works limit mappings between

inputs and outputs such as object-to-object [16] or morphology-to-morphology [15]. We aim to continue this line of

research with expanded scope of e�ects and �exibility of mapping and manipulation, in which everyday objects can be

directly deployed to drive a variety of virtual graphical e�ects. In addition, inspired by static visual blends [10, 41], we

would like our system to be able to integrate virtual e�ects with physical objects.

Our target applications are inspired by prior works in creating dynamic graphical e�ects that are responsive to various

input mechanisms, such as direct manipulation for primary deformation [1, 20, 47] or secondary motion [55] to achieve

dynamic animation e�ects. For example, optimization-based shape deformation can be combined with direct hand

manipulation [20] or indirect video transfer [47], and the primary motions of virtual graphics can automatically drive

detailed secondary motions [55] to reduce the need for manual authoring. Beyond animation, responsible graphics can

also be an e�ective means to convey mathematics and physics concepts [7, 29, 45, 46, 51]. In general, the graphical e�ects

should be customizable, with a potential wide variety of means such as sketches [30, 59], triggers [24], rigs/parameters

[22, 25], and presets/templates [26, 56]. Our applications are also inspired by prior works in AR and tangible interfaces,

such as education [14, 23, 40], visualization [9, 42, 50], and content creation [2, 13, 27, 28]. We continue this line of work

by manipulating real-world objects through mobile AR for animating sketched graphical e�ects.

3 SYSTEM AND INTERFACE

This section introduces the design of our system and user interface which allows users to map between real objects and

virtual graphics so that the tangible manipulations of the former can drive the movement of the latter.
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3.1 System design

In order to take the spatial parameters of the physical objects as input to drive the virtual performance, the design of

the user interface aims to solve the following questions:(i) how to designate and track di�erent movable parts of a

physical object to extract the relevant spatial information and(ii) how to map the tracked physical variables to the

virtual graphics to achieve the intended interactive e�ects.

Based on the question above, the work�ow of our system can be decomposed as follows:

Rigging and tracking real objects which may be rigid or have multiple mechanically movable rigid parts.

Drawing virtual graphics to be deformed, animated, or physics-simulated.

Mapping between real objects and virtual graphics so the tangible manipulations of the former can drive the

movement of the latter,

To support the aforementioned goals and work�ows, we have surveyed relevant techniques in computer graphics

and human computer interaction, and found inspirations from deformation [20], simulation [22], keyframe animation,

and trigger-based animation [24, 44]. Speci�cally, keyframe-based animation and deformation provides a familiar

mechanism for users to specify the driving parameters of di�erent stages via design-by-demonstration. To further

leverage that, we also developed a trigger-based binding incorporating physics and other interactions. To facilitate

expressiveness, we also add functionalities of directly adjusting the environment parameters such as global visibility

and gravity, which are useful for our intended applications.

3.2 Basic setup

(i) System setup (ii) User interface

Fig. 2. An overview of our system setup (i) and user interface (ii).Our user interface consists of the physical object augmented by color
dots (a), virtual graphics drawn by users (b), bu�ons to switch between di�erent authoring and interaction stages (c), environment
parameters to adjust (d), bu�ons for changing stroke colors and specific functions (e) and bu�ons for reset and undo (f).
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