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Abstract—This paper presents an interdisciplinary study on
social science and computing technology to build aovel
interactive device Mirage toward presenting the cdaborative

memories of a place. With the support of social sence theory,
the locative media builds a strong connection betwea the
participants for sharing similar memories at the sane place.
Using the metaphor of magic crystal ball, we constict the
Mirage coordinate by system calibration to obtain pecise 3D
directions and distances of hand motions. With theaid of
computing technologies, participants use their hamsl to
manipulate and to reverse the memory axis intuitivly, and to

control the speed of memory stream with the accurat hands
positions. Through memory navigation, they contacwith each
other by affection communication and create the viual social
relationship between them. During the touching proess, they
gradually turn the world into their world with self -memories
through memory creation, and their self-conscious ®
enhanced. Besides, the experience of attending tdaital art

exhibition helps us to attract the aesthetic peopl® be involved
in the experiment that raises the diversity and qulity of

collected data. We also design the affection compmtion

method for analysis the affection amplification eféct between
the participants, and the experiment proves the irdresting
social factor influence which we proposed in this gper.

Keywords-Affective Computing; Collaborative Narrative;

Human Facial Expression Recognition; Interactive Device;
Locative Media; Memory; Psycogeography

l. INTRODUCTION

Human world has concreted and preserved by man

kinds of memories that form diverse cultures arstiohies of
human beings. Ong’s extensive work [1] on oralityda

communication shows many of the characteristics of

listening prior to print literacy and the recordirend
stockpiling of speech/sound. These memories witcabns
of people are evidences that they ever lived. énrtw era
of rapidly changing technologies, the types of memo
creation have become various and rich, such adl,efh@N
messages, Twitter, or the social website FacebBekple
like to share their life experiences with their fis and
friends. That is easier for them to contact witheos to form
a rich virtual social layer upon the real world.tBaven from
now, the major way of displaying the personal his®is
limited by timeline, and the expression form ofitHeelings
is still poor, for example just using the face swisb That
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brings the issue how to reveal human affection iwithe
abundant recorded memories intuitively and autarakyi.

This research focuses on to develop a novel irtigeac
device for collaborative memory creation and naviga
Using the metaphor of crystal ball, participanttuiiively
enter the magical memory space and control the dixigeto
reverse the world with bare hands. Through the mmgmo
navigation, they sense the strong connections wilters
who ever had similar experiences at the same pliith.the
magical power gift, during the touching processythe
gradually turn the world into their world with selfemories,
as in the Genesis the God gives Adam life, andrezéhtheir
self-conscious. We also design the affection coatprt
method for analysis the interesting affection afigaition
effect between the participants.

Figure 1. The Mirage in Being digital artwork exhibition

The Mirage attended Being digital artwork exhibitio
held by MOCA museum [2] from December 3, 2011 to
January 8, 2012 showing on Fig. 1. The experieefged us

to collect plenty diverse data for experiment.

This paper starts by revealing a new concept dtialir
memory creation to open up a new way of memory
navigation. We then propose Mirage as a novel d&ctere
device to realize the collaborative creation andigeion.
Section 2 provides pointers to related works, idiclg the
social science theory that supports the desigrciptas for
Mirage to meet our several expectations. Sectidesgribes
the system implementation including two models for
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affection computing. Section 4 presents a prelinyirsaudy
of the system and the analysis on users’ feedb&uksyed
by the conclusion and future work in Section 5.

1. PRIORART

A. The Virtual Social Relationship

For the improvement of new technology, a rich \attu
layer has generated upon the physical world whiels h
unigue meaning to an individual. As Shotter [3Hsé&World
as activities and events rather than substanceshamgs,”
and therefore, the virtual world formed from aniudual’s
cognition is more meaningful than the real worlcha®
brings the topic to discuss the interesting virtgakial
relationships among the world. SecondLab [4] crxeae
remote lab that allows students to control a mictob

to the virtual social layer with the life experi@sc of
residents. Urban Tapestries [13] enables peogkaie their
path in the city generating a complex network. Theyide
the geography information on the map, but theytdateéract
with each other to create virtual social relatiopsh

Bakhtin [14] gives explanation of human’s view thgh
dialogism. He claims that each person organizeswibdd
through his unique experiences. That echoes Shofieint
where the individuals construct their own world their
unigue cognition. In prior work, Storylog [15] caertes the
Michael Ende’s [16] Fantasica, in which people tzea
virtual social relationship via collaborative naiva
storytelling. That implies the interaction propertyf
Salamensky’s theory. Each avatar they created fitweir
unigue cognitions is embedded with their true peatites,
and their different cultural background supportiien’s

working with real experience in the social 3D-basedview. Besides, they name the locations of story lavor

immersive environment, and creates the novel Vidoaial
relationship. Moreover, the virtual interactive igity has
realized in gameplay field. Uncle Roy All Around Y 5] [6]
held a city game by following online-player’s ditens to
find the mysterious Uncle Roy hidden in the city.

From virtual social relationship creations, we findt
that there is a connection within people, content location.
As Salamensky’s theory [7], “a new kind of convéimzal
space opens up... The particular mix of spatial nfeiapnd
the dynamics of instantaneous communication... baild
sense of belonging.” Under the premise, the digitaltent is
meaningful to people with embedded location infdiomg
otherwise it is meaningless for the sense of beéfmnipst.
Milgram [8] defines a Reality-Virtuality (RV) comtuum as
a way to define how new technologies could form mgves
of realities in the new age. The virtual layer pdes us
abundant resources for digging the new type of asoci
relationship and we will further discuss these fiveamedia.

B. The Locative Media

Locative media has been realized in the new erahfer
technology improvement. Many smartphones can shmawv t
locations of users’ near friends, moreover, thesp dike to
share where they currently stay via the Faceboahkéck-in
function. It brings the trend that people starpay a lot of
attention to location information and it has megnioa them
with the social aid. Harrison [9] declares the aliénce
between the term “space” and “place.” Space istheture
of the world, it is a three-dimensional environmemtwhich
objects and events occur and have relative positemd
directions. A place, at the base of previous diédinj is a
space invested with understanding of
appropriateness, cultural expectations, and sd.fakacob
[10] and Alexander [11] further illustrate that #age is
considered including the people’s life experiertueré with
deeply-echo social and historical meanings. Thatssthe
investment to find out the connection between peapid
place they lived. Sonic City [12] is a real-time siwicreation
system that generates different sounds accordinghéo
buildings or passenger users met on the streetyghrthe
discovery they are aware of their daily routes ahd
connection of the city is enhanced. However, itstitereach
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creating the relations between people and locagidmoes
Shotter’s theory.

The world concreted from the people’s thoughts detae
locative media to the mental level and enables themarn
the real world into their own world. The power ofring
space into “a sense of place” [17] depends on hep df
the inner mind people inject to the world. For thason, we
focus on how to reveal the inner layer of peopteifively,
the memories with their thoughts, minds, and aitfest

C. The Human Affections within Memories

Memories contain people’s affections and recortheir
life traces. The early researches still narrow fe memory
retrieval how to help people preserve and recelividduable
memories. iRemember [18] retrieves keywords frotruge
vocal data recorded from everyday conversationsh wit
campus for two years. The transcript text brighgnés
proportional to recognition confidence that tries recall
people’s social experiences. Matthew [19] aims gk
physically in the health filed to help people witie EMI
(Elderly Mentally 1ll) problems. Using the portabtievice
combining with Microsoft SenseCam [20], an off-tieelf
voice recorder, and a GPS logger, he records eagryd
behaviors of patients then provides the helpful mgncues.
But, it still needs the expert knowledge of caregiw decide
which good memory cues are.

The rapid improvement of portable device makes the
memory recording easy and brings the researches int
lifelogging field. | Like to Log [21] also recorddata by
SenseCam and automatically generates keyfarme srzge
people’s daily lives. It's like diaries with spdcifnames,

behaviorakvents and time. The new problem is how to deah Wie

huge amount raw data recorded day after day, anst mo
researches are disoriented by the huge log inféomat
People keep their memories for sharing their fgsliwith
others to form the meaningful lives. That is why f@eus on
the inner layer of people, their affections witlmemories.
We try to find out their treasure memory fragmebis
human affection analysis. It was shown that imageai
stronger material than text, or voice to reveal ®aéfection
state. This research identifies the affection sthtgeople by
human facial expression recognition and human hehav
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detection, and further analyzes the affection dioption  B. Mirage System
effect between them in the common memory world. Mirage is an interactive device for collaborativemory

A. User Senario

creation and navigation. After alpha blending pssaeg, the
3D virtual memories fragments are reflected through
Fresnel lens and then are projected in a transpareylic
ball. Using two cameras, we construct Mirage cowat#i by

Ill.  PROJECTDESCRIPTION

The memory flow consists of three parts and shows Ogystem calibration to obtain precise 3D directicarsd
the Fig. 2. distances of hand motions. With the specific infafion,

The Chaos: In idle mode, the crystal ballysers control memory axis and modulate memory rstrea
continuously displays a haze through particlewith acceleration speed according to their handstipas.
generation to turn on people’s curiosity. It regeal Besides, another camera is embedded for ambietiraap
the Chaos world as the initial state of memory dorl of their faces during the interaction.

without any infections. The system architecture of Mirage shows on Fi@rice
The Overture: The participant touches the crystalt detects the user’'s hand motion, it triggers ¢henera to
ball and the haze fades away then the door ofontinuously capture one block of 60 memories franty
memory world opens. It starts with a stream ofrecording the block index, we know the start and paints
predesigned images retouched by artist, and bringsf the user's memory creation. After one periodtgapg,
to participant the experience of passing through ththe block index is updated. In the meantime thalsatew
time tunnel. In the meantime, it triggers the camer elements to the current memory world by shiftingd an
to capture his face images continuously. replacing a block of 60 memories frames. The coiotiis
The Genesis: After the overture, a tinkle soundsle updating maintains the transition in the memory ldv@nd
the participant that he arrives to the territory ofuser can see the evidence of his influence.

memory world. It plays the memory fragments  We display one block of past 240 to 180 framestonf
collected form the past visitors. With the magicalthe past memory stream, and the four blocks of p&&to 1
power gift, he controls the time axis with frames to form the current memory world. The inémwas
acceleration speed, navigates in the depiction otested in the design phase and it creates bestectom
flashback way, and continues or temporally stops tdetween the current and previous users that allbins
view the detail of a memory frame. During the almost to see the previous one’s memories. Tharetbere
touching process, the memory fragments passs the best chance within couple friends seeindp edlcer’s
through his fingers and he will be surprised to seenemories and occurring to the interesting intecactivith
own faces showing in the memory flow. The moresocial meaning. Besides, the transition is a sk#playing
he involves in, the more he infects the world. Thethe delayed memories instead of showing them
memory creation gives the world new element asimultaneously. That achieves the spirit of slosht®logy
God gives Adam life in Genesis, and finally, the[22], which inspires the audiences to discovemtieaning of
world turns into his own world only with his artwork by themselves, not teaches them in advance.
memories. During the interaction process, once

participant’s finger lefts, the world goes backthe R
T . . N 60 60 60 60 60 60 60 60
initial Chaos state showing mysterious haze. WVemorvcreation| | ¢ es | Frames | Frames | Frames | Frames | Frames F|
However, what ever done is irreversible. The Memory Flow —1 1 -1 =1
The Chaos User Viewing Predesigned Images Memory | Memory | Memory | Memory | Memory
> Idle Mode Hand Motion Detection The Ovirture The Genesis
h 60 60 60 60 60 60 60 60 60
' Frames Frames Frames Frames Frames | Frames | Frames Frames |- | Frames
The Overture Camera Input
Th P d . d v v Past Past Self- Self- Past Self- Self- Self- Self-
| | | e rredesigne Activity Model Emotion Model Memory | Memory | Memory | Memory | Memory | Memory | Memory | Memory || Memory
mages
Head M(.Jtion Facial Expression The Gonesis
The Genesis Detection Recognition
The Collaborative @ | nformation Fusion Figure 3. The components of a user's memory creation
Memory Frames Weightin . .
V o Score Computing Adjuftmeft The correlation of user's memory creation and the
OS! . . )
W 4 Blocks memory flow is shown on Fig. 3. A user's memorydie
The Self-memory v will be added one by one to the memory flow by the
Frames Affection Score updating mechanism. The first three blocks of memor
Index Record ] creation capturing in the Overture period are theehine of a
Initialization N Database user’s affection. The record blocks correspond be t

predesigned images by the artist for the art atsthé&/e
Figure 2. Mirage system architecure only consider the next four blocks to analyze thevipus
one’s affection influence on a user, and ignorerésé blocks

Copyright (c) IARIA, 2012.  ISBN: 978-1-61208-220-2 40



CONTENT 2012 : The Fourth International Conference on Creative Content Technologies

corresponding to repeated memories. For the firs,tthe A=S,xS,, where §=threshold (1)
user sees the content and it causes him stroregastds. For
the same reason, we choose the next eight blockshwh A= 8§, x(-S,), where $<threshold

contain both previous one’s memories and self-m&sor
and analyze the social factor influence among théhe
number of rest blocks is without limitation untilet end of a
user’s interaction. We propose a real-time affectioalysis
method to measure the user’s affection level anctiy the
affection amplification effect.

The parameters.&nd G are emotion and activity score,
respectively. The positive value represents theitiges
affection of a user and the negative value mearms th
negative affection. The threshold of emotion scaGb has
been tested with best identification to distinguitie
expressiveness and blank faces in the design phvdse.
C. The Affection Analysis Method further describe the adopted methods in each model.

We consider the facial expression and gesture edass  In the emotion model, based on our previous wo,[2
from Argyle’s [23] six clues of people’s positive we consider local and holistic face components.idess
communication behaviors and define the human affetty ~ both local facial components and global face areptetl.
emotion model and activity model. In emotion modet  We divide face into seven components including &sfe
define the positive degree of affection by facigpression (LE), right eye (RE), middle of eyebrows (ME), nds),
recognition method, and in activity model we idgnthe = mouth and chin (MC), left cheek (LC), and right ek¢RC),
strong degree of affection by head motion detectiég. 4 and add upper face (UF) and holistic face (HF) comemts
shows the four possible affection states of a usefow  to the classification. Then we adopt manifold léagnand
emotion condition, user is bored within low actjviitate, fusion classifier to integrate the multi-component
and is suddenly out of patience with high actidtate. In  information. Given a face imadea mappindV: R x c— R
high emotion condition, a user is immersed withaw!| is constructed (2), where ¢ is the number of corepts
activity state, and is excited with high activitpte. my( - ) is an embedding function learned from the madifol
of component, andl; is ad-dimensional sub-image of tle
th component.

M (1) =[my (1) my(1,),- - my(1,)] @

The multi-component information is encoded ta-a
dimensional feature vectoM(l), wheret > c. To
characterize the significance of components frone th
embedded features, a fusion classifferR — {Positive,
Negative} is used based on a binary classifier S\Wler
Bored il the LDE and SVM models construction, we do face
registration and feature extraction of each compbriEhen
we project each component’s feature to the corrmedipg
manifold models and calculate the belonging prdiglof
each class. Finally, we combine all probabilitissaanew
feature vector, and use it as the input of SVM sifees to
come out the final result. Through the method, ghsitive
affection degree of each memory frame can be rézedn
v \opAtien eIt In the activity model, for the continuous capturinge
adopt face tracking and head motion detection nustho
each memory block. We run each memory frame thr@ugh
face detection algorithm [25], and come out witte th

From the observation, no matter which activityestist ~ locations and sizes of all faces in the image. Twerdetect
it reveals a user with positive affection in higmation face and calculate its movement to find the adaptegdping
condition, and with negative affection in low enosti of face movement and head motion score by adjushiag
condition. The difference is that the strong degumfe variance of a Gaussian. For computing the actisitgre,
affection that people’s motions generates stromdfection  firstly, we consider the persistent property ofadnct state.
than the expressions. Therefore, the flow of affect We calculate the calm value of current frame irthegi
computation is shown on Fig. 2. We combine thedigtle  from the previous adjacent frame (3).

Emotion

Activity

Figure 4. Four possible affection states of a user

results into emotion and activity scores throudlrimation Sc(t) = Sc (t-2 +VUP Jif static head 3)
fusion, and dynamically adjust the emotion scoretlogy

activity score as weighting adjustment to enhanke t S.(t) =axS,(t-1), else (where<1)
previous result. Finally, we come out with the effen The initial value of &t) is zero. The calm value
score A (1). increases stably without any head motion detecihin
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one second sliding window, otherwise it rapidly ases:

were interested in the past memory navigation amdew

time (=1/3 in experiment). Then we use its reciprocal asaware of they are part of the memories in the mgrfiow;

the activity score and define the strong degreaffefction.
When S is 0, we set Sto 100 to avoid the zero divide error
and define the range of affection score from -19Q®0.
The higher affection score means more positivectifie
feedback to the corresponding memory blocks irctireent
memory flow; otherwise, the lower affection score
represents the lesser responses. The method wesgwp
quantifies the affection level of a user and enkanthe
affection by weighting adjustment.

D. TheMirage Elements

From the social science support, the elements ofdéi
are listed as following.
Time: The memory navigation is a narrative way

that echoes Ong’s viewpoints and memories whictk

are collected from the visitors is with time sequeen

embedded. Besides, the updating mechanism kee|

the transition with attractive and magical powers,
always with unknown things to be discovered.

Location: Nowadays the huge amounts of data ar
contributed without location information embedded.
They drift on the internet without any meaning to

others and cause the phenomenon of sense of place

lost. On the contrary, the locative element binilis a
of the residents and forms the universe of Mirage.

Interaction: In Mirage, the participant gives the
world meaning through memory creation and

changes the architecture of universe via turning it

into his own world. The architecture will continue
changes for another participant involving, and will
turn into a new world to flatter its new master.

Affection amplification: Through memory creation,

18.34% users with 7 to 15 blocks and 4.14% uselts avier
15 blocks mean many users’ behaviors with highractson
properties and often with social factor influencéde
observed the users interaction behaviors and foourd
interesting circumstances where people changedifgessto
find out the correlation of the delayed memory feanand
played with their friends to see each other’s fastemving in
the memory flow. These memory blocks often contaore
than one face or interchange with the same sevVacals
showing on Fig. 5. The virtual social relationshigtween
the avatars in virtual memory world and them in teality
causes the interesting affection amplification. refare, we
make two assumptions. One is that others’ affestion
amplify an individual's affection. The other is ththe
familiar element generates strong affection angalifon.

Frame 69153

Frame 69091 Frame 69172 Frame 69179

Figure 5. The memory fragments with social factor influence

We are interested in the positive influence witkie
virtual social relationship. Therefore, we onlynsaler the
positive affection state to define our positive eaffon
detection rate (4), where the unit is frame.

Positive Affection Rate
_ #of frames that user is detected positive affections in memory blocks

# of frames in memory blocks

4

the residents of Mirage are contacting each other

even they are not really presented here in théyeal
Their affections are amplified by the virtual sdcia
relationship, and it's more obvious with the “faizil

elements factor,”
friends’ memories.

the self-memories and their

IV. EVALUATION RESULTS

Using the affection method to analyze the collectath
from three stages we mentioned before, the staistisults
shows as follows. We calculate the original affectstate
of all users from the average of the first threemuogy
blocks as the baseline for comparison, and the882%
average rate shows that participants are curioositathe
device with high participation. Then from the ag@a@f the

During the 37 days exhibition, we collected 347,400next four blocks we get the affection state aftérecs’

useful images from 1014 participants which condisbé
5,790 memory blocks. The camera set were clodectoiger
to capture the images with clear faces and exmnesspf
participants, and the detail information also helpes to
compute the affection elements. The special logaitiothe
culture region of Taipei city easily brings in maanfists or
those who are interested in art and being involvedhe
work. Besides, the nearby Metro station also briadst of
travelers that also expands the diverse and depenties
of our data collection. The statistics result of tength of
participants’ memory blocks is as follows: 38.06%ens
with less than 3 memory blocks reveal the slow netdgy
property of the interactive device that they disred the
device by themselves and caused many small merwavg;f
39.05% users with 3 to 7 blocks reveal that manyhefmn

Copyright (c) IARIA, 2012.  ISBN: 978-1-61208-220-2

affections influences, and the 70.5610% averagep@aives
the first assumption that most of the users’ affest are
amplified by others’ positive affections througte thnemory
navigation. Finally, from the average of the neighe
blocks define the affection state after the sodédtor
influence, and the 74.4864% average rate reveads
evidence of the “familiar elements” influences frtime self-
memories or the last visitor's memories. That révebe
evidence of social factor intervention and provessecond
assumption. That is why even with the showing memor
flow with low positive affection, it also amplifiehe users’

affections with obvious influence. We also intemwvésl the

participants how they felt about the memory navaygtall

them thought it is interesting and they liked thevel

th
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experience of seeing themselves, and especiallypl@eo [3]

whom they know being shown in the memory flow.
[4]
V.

We designed and built the interactive device Mir&me
create an open, infinite and agnostic memory wddsing

CONCLUSION AND FUTURE WORKS

the metaphor of crystal ball, the users navigageniemory  [5]
world intuitively to sense the connection of thetpésitors.

Moreover, with the magical power gift, they infleenthe  [6]
world and become part of it through memory creatibime  [7]

collaborative behavior concretes the universe ofalyi,
which consists of the memories belonged to all fod t
residents in the memory world. The locative medi@pprty
also creates the connection of the preserved memow
fragments, and forms virtual social relationshipwzzn all
of the participants by sharing common memories.

We proposed a real-time affection computation syste

for analysis the affection amplification effect amgothe [
participants. The basic virtual social relationstgmstructed

by the locative media plays an important role ire th
experiment. Their affections are amplified eacheotby [10]
sharing the similar experiences at the same pBesides,

the familiar elements provide obvious evidence fédction [11]
amplification. From the real-time affection metegchanism,

it enables us to add the memory fragments with piggitive  [12]

affection simultaneously to the showing memory fliomthe
next version. However, in the current version wegkéhe
sequence of memory creation in the memory flow for
observing the social factor influence. [13]
This work can be viewed as a pilot study in thédfibat
first focuses on the place memory, the collaboeathemory

creation, and the affection amplification effecturdg the il
exhibition, we observed the interaction behaviofsthe
participants. Most of them really liked the noveéemory
navigation experiences and felt that the memoryptivas  [15]
are indeed interesting. Besides, they were not ewéthe
ambient recording that ensures the accurate arferatit [16]

properties of collected data in the experiment.

The virtual social relationship can be expandedun
future work. For example, a crowd generate stronge
atmosphere of a place than just single one, thexefee can
track every faces in the image to count the numbsran
affection adjustment factor. Besides, with the neggowth
of number of smartphones, it's common that peoake ta
shot and share it to the internet immediately. therreason,
the affection analysis method can be applied toiriternet
photo album or the social website with locativeomfiation
tagging, and provides a new display rule by hunffetton.
With this pilot study, we believe that the develam of
collaborative memory brings new possibilities ir thocial
computing field, and the human affection as thermadédr of
memory world helps to solve the problem of huge amof
raw data in the lifelogging field.

(18]

[19]

[20]

[21]
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