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Interaction on and Physical Computing Proxemics in HCI and
between digital and Digital Proxemic-Aware
surfaces Fabrication Technology
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Proxemics

People’s understanding and use
of personal space
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Proxemic Interaction



Proxemic Interaction

imagines a world of devices that have
fine-grained knowledge of nearby
people and other devices

and how such knowledge can be
exploited in ubicomp

interaction design



Social Theories about
people’s use and understanding
of personal space

Marquardt, N. and Greenberg, S. (2012) Informing the Design of Proxemic Interactions. In IEEE Pervasive Computing, 11(2):14-23, April-June. Joe
Paradiso, TrevorPering, Albrecht Schmidt, Eds.
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Operationalizing Proxemics for
Interaction Design
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Location Fixed features: spatial

layout, walls, doors

Semi-fixed features:

e.g., furniture


















Towards Ad-hoc
Collaboration Spaces
with Spatially-Aware Devices

Marquardt, N., Hinckley, K and Greenberg, S. (2012) Cross-Device Interaction via Micro-mobility and F-formations. In Proceedings of the ACM
Symposium on User Interface Software and Technology — ACM UIST 2012, (Cambridge, MA), ACM, 13-22, October 7-10.
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Design study:

Proxemics of people & devices



¢ Exploratory study:

!

10 participants
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Tasks



Tasks

collaborative




Tasks

collaborative

competitive




Tasks

collaborative

competitive

individual




Observed behaviors

B1
B2
B3
B4
B5
B6
B7
B8

Devices as extension of person
F-formations vary by task

Moving devices in/out of focal zone
Incidental tilting

Pointing while tilting within the o-space
Reorientation with gradation in response
Avoid persistent spatial invasion
Matching pose while side-by-side



Observed behaviors

B2| F-formations vary by task

B3| Moving devices in/out of focal zone

B5| Pointing while tilting within the o-space



32| F-formations vary by task




32| F-formations vary by task




B3| Moving devices infout of focal zone




35| Pointing while tilting within o-space




B1
B2
B3
B4
B5
B6
B7
B8

Devices as extension of person
F-formations vary by task

Moving devices in/out of focal zone
Incidental tilting

Pointing while tilting within the o-space
Reorientation with gradation in response
Avoid persistent spatial invasion

Matching pose while side-by-side



2vices as extension of pe

F-formations vary by task

Moving devices in/out of focal zone

Incidental tilting

Pointing while tilting within the o-space

6| Reorientation with gradation in respons
Avoid persistent spatial invasion

ing pose while side-by-sj

GroupTogether system



-luid cross-device sharing
technigues for co-locateo
collaporation by considering
proxemics of people and
proxemics of devices



Tilt-to-preview
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Public devices part of formation




Portals
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Cross-device
pinch-to-zoom




Implementation



Hybrid sensing approach




Step 1 | Tracking people’s position

L ==
/7 \
/ \

/ \

/ \
/ 3

SIS,

, N
Orthographic N

projection " \

/ | '
/ ' '
/ \ |
/ ' '
/ : '
/ V '
/ I '
/ ) '
' LS '




Step 1 | Tracking people’s position
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Step 1 | Tracking people’s position
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Step 1 | Tracking people’s position
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Step 1 | Determining f-formations



Step 1 | Determining f-formations
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Step 1 | Determining f-formations




Step 1 | Determining f-formations
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Step 2 | Devices’ spatial relationships



Step 2 | Devices’ spatial relationships




Step 2 | Devices’ spatial relationships




Step 2 | Devices’ spatial relationships
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Step 3 | Sensing micro-mobility




Kinect
cameras
\

Tracked
people and
tablets

Area traked by
Kinect cameras







Hybrid sensing approach




Hybrid sensing approach

1. Person-to-
person proxemics 2_. Dewce-to-_ 3. Micro-mobility
and device proxemics
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HuddleLamp: Spatially-Aware
Mobile Displays for Ad-hoc
Around-the-Table Collaboration

Radle, R. Jetter,H.C., Marquaradt, N., Reiterer,H., Rogers, Y. (2014) HuddleLamp: Spatially-Aware Mobile Displays for Ad-hoc Around-the-Table
Collaboration.In Proceedings atITS 2014, ACM (to appear).
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HuddleLamp

RGB-D
camera inside
the lamp




Hybrid Sensing — RGB and Depth Tracking




Reflectance Properties

RGB Image Confidence Image




Technical Evaluation — Results in Brief

" Accuracy of Hybrid Sensing< 1 cm

= Reliable tracking even when occluded
100% 1 finger, 99.9% 1 hand, and 89.8% 2 hands

= Unaffected by ambient light ranging
10 [ux, 1600 lux, and 2200 lux

" Tracking framerate between 25 to 30 fps



HuddleLamp JavaScript API

Example JavaScript on client device

var huddle = Huddle.client()
.on("devicefound"”, function() A
console.log("devicefound");

1)

.on("devicelost", function() {

console.log("devicelost");

1)

.on("proximity", function(data) {
console.log(data);

})

.connect(host, port);




HuddleLamp JavaScript API
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Large Ubicomp Ecologies
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WatchConnect:

Cross-Device
Smartwatch Interactions

Houben, S., Marquardt, N. (2015) WatchConnect: A Toolkit for Prototyping Smartwatch-
Centric Cross-Device Applications. In Proceedings of the 33rd Annual ACM Conference on
Human Factors in Computing Systems (CHI '15). ACM, New York, NY, USA, 1247-1256.
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c| WatchConnect

toolkit on PC .
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Proxemic Flow:

Peripheral Floor Visualisations to
Mediate Large Surface Interactions

Vermeulen et al. (2015) ProxemicFlows: Dynamic Peripheral Floor Visualizations for
Revealing and Mediating Large Surface Interactions. In Proceedings of INTERACT 2015.



Proxemic-aware
display reacting to
nearby people

Border of
tracking area

Person outside of
interaction area
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Towards proxemic-aware
device ecologies?



Other dimensions that matter?




Proxemics as Analytical Tool
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Proxemics as Analytical Tool

b| Queries for analyzing the event data

€| Comments for coding

d| Timeline |




Only for design of new devices
and interaction techniques®?



Only for design of new devices
and interaction techniques®?

Proxemic Interactions vs.
Interaction Proxemics
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