ProObjAR: Prototyping Spatially-aware Interactions
of Smart Objects with AR-HMD
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Figure 1: We present ProObjAR, an all-in-one system enabling designers to easily prototype spatially-aware interactions among
real objects. (a) A designer wearing an Augmented Reality Head Mounted Display (AR-HMD) manipulates real objects (attached
with AR markers for tracking) to set up triggering events and the corresponding effects, e.g., “The computer will send data to
the mobile phone if the phone appears over the computer”. (b)&(c) show the testing result in situ viewed from the AR-HMD,
i.e., the user-specified event triggers the data transmission effect (represented by a green arrow). (d)-(k) show three additional
prototyping results: (d)-(f) “A phone will be charged if it is placed at a certain position”, (g)-(h) “The 3D poses of a phone and a
3D model are synchronous”, and (i)-(k) “The lightness of a lamp can be adjusted by changing the orientation of a phone”.
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Table 2: Background summary of the interviewees.
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Figure 2: The design space of spatially-aware object interac-
tions is formulated by four dimensions.
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Table 3: Taxonomy of input events for a single object and multiple objects as well as the corresponding output effects. Please
find the corresponding examples of the events (a)-(1) in Figure 3.

Single Object Multiple Objects
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B ; 3 —=F & | 7 PE S
(c) In an orientation range (d) With an orientation change 3 (g) Tween position (h) Tween orientation i (k) Relative orientation (1) Distance

Figure 3: Examples of each type of spatial event and triggered effect of the spatial interaction model. The objects being interacted
are in black, the events in green, and the effects in blue.
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Figure 4: The workflow of ProObjAR. (a) The user creates an
event (e.g., discrete position in this example) visualized by a
square proxy above a real-world object (e.g., a mobile phone).
(b) The user creates an asset (e.g., a sun symbol) with a speci-
fied effect (e.g., appear) represented by a circular proxy above
the asset. (c) The user drags a line to connect the event and
effect proxies to specify the triggering connection. (d) The
user tests the result by manipulating the object to perform
the specified event and thus trigger the effect.
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(a) Objects with markers (b) Hand menu

(c) Event menu (d) Asset menu  (e) Effect menu

Figure 5: Object tracking and main menus of ProObjAR. (a)
We attach cube AR markers on the objects to be interacted
for object tracking. (b) The hand menu consists of an event
button, an effect button, a mapping button, and several mode-
switching buttons. (c) Associated with a selected object, the
event menu consists of four-row buttons for defining 12 types
of spatial events. (d) The asset menu involves an asset reposi-
tory and a sketching button for creating freehand sketches.
(e) Associated with a selected asset, the effect menu provides
users with 11 types of virtual effects.
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(a) (b) (c) (d)
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Figure 6: Examples of user-specified input events for a single
object (a-d) and multiple objects (e-h). (a) Discrete position
proxy shown as a blue square connected with a bounding
box indicating the defined object position event. (b) Discrete
orientation proxy with an arrow indicating the defined ob-
ject orientation event. (c) Tween position proxies with two
bounding boxes indicating the defined starting and ending
positions. (d) Tween orientation proxies with two arrows
indicating the defined starting and ending orientations. (e)
Distance event is defined with a line connecting two objects,
with a specified distance value, a symbol, and the current
distance value shown on the line. (f) Relative box zone event
is defined by placing an object in one of the six zones around
a target object (i.e., the laptop is at the back of the phone
in this example). (g) Relative fan zone event is defined by
placing an object in one of the four zones around a target
object. (h) Relative orientation event is defined by placing
two objects in an identical, opposite, or vertical direction.
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(2) (b) (©) (d)

(e) () (2

Figure 7: (a) Create an asset by dragging the pre-defined asset
from the asset repository. (b) Create an asset by 3D sketching
using a fingertip. (c)-(d) Create a plane interactively to work
as the active moving area of a virtual asset. (e) Discrete or
synchronous effect is added to the asset visualized by a circu-
lar proxy above the asset. (f) Tween scale effect is specified
by defining two asset scales using a pinch gesture, indicated
by two circular proxies above the asset. (g) Tween opacity
effect is specified by defining two opacity values from a slider,
visualized by two circular proxies above the asset.
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Figure 8: (a) Map discrete event and effect. (b) Map synchro-
nous event and effect. (c) Map tween event and effect. (d) Map
event and effect involving logical operators.
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6 PRELIMINARY USABILITY STUDY
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Figure 9: A gallery of representative results from the user study. The study participants designed the following applications:
(a) A cross-device connection application: When the phone is near the laptop, the laptop screen turns on. (b) A future-vision
intelligent printer: When the user holds a piece of paper facing the printer, the content on the paper will be copied with no
need to put the paper in the printer. (c) A smart locker: When the user moves the wallet approaching and in front of the locker,
it will be unlocked. (d) A smart workstation: When the chair position changes, the light will be brightened. (¢) An auto-heating
table: The user moves the cup to a certain location and the cup will be heated. (f) A smart desktop: the desktop will check
the cleanliness of objects placed on it. If all the objects are placed facing the same direction, it will display a “GOOD” sign
on it. (g) A plant-checking app: The user moves the tablet to check the health of a tree and find a virus-clustered part. (h) A
cursor-controlling ruler: The user uses the ruler as a pointer to project the cursor on the projection screen. (i) A smart gift
vase: When the user places a flower into the vase, it will play music and project a text message “I Love U” on the background.
(j) A smart watering facility: The user moves the watering pot to determine the watering area. (k) A smart desktop: When
the tableware is put on the table, a digital menu will appear on the table and follow the tableware. (1) A smart speaker: The
Bluetooth speaker faces different directions to play different styles of music. (m) A smart pen: The user uses the pen to control
the fan direction. (n) A light-controlling app: The user moves the phone as a slider to adjust the light position in a light tape. (o)
A smart fitness room: The user lifts the dumbbell and a heart is shown on the wall, and the heart scale indicates how much
power has been used. (p) A projection-controlling phone: The size of the projected content is changed according to the distance
between the phone and the wall.

Table 4: Descriptions of user-created prototyping results in Figure 9. The left and right numbers in the “Time” column refer to
the authoring time and the testing time for each result, respectively.
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Figure 10: (a) SUS score distribution. The question description
here is the key points from the full SUS questions. (b) User
prototyping process.
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Figure 11: The potential using scenarios and improvements
of ProObjAR. (a) The user can manipulate physical balls and
sticks to compose different spatial structures to demonstrate
the chemical structures of different substances. (b) We will
include virtual objects for prototyping in the future. For ex-
ample, a smart wall can be designed that reminds “no park-
ing” when a motorbike stops here. The designer can control
the position of a virtual motorbike model to define events
and trigger the effects. (c) An envision for supporting multi-
user collaborative prototyping: multiple users are in a shared
AR space, and one user watches another user triggering an
event by moving the tablet near to the wall and projecting
the screen content (e.g., a map) to the wall. They can also
manipulate the virtual contents from individual AR views.
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