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CULTURALHERITAGE

UNESCO 2003 cultural heritadgfinitions:

A tangible heritage: artifactsuch as objects, paintings, buildings, structures
landscapesities.(cultural heritage, natural heritag

A intangible heritage :practicegepresentationexpressionsnemories
knowledgehat are naturally transmitted in oral or written forms

s e

naltaly The Dolomiti,ltaly TheMediterreamliet, Italy

Mode

A digital heritage is made up of computbased materials of enduring value
that should be kept for futugenerations: atlultimediadatatexts images,
audiographicssoftware and wgiagesnativedigitalor afterdigitalization
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COMPUTERVISION FORINTERACTIVITY (&)

Interactingwvith the GreaBeauty:

1)Computewisionfor human-centered(digital) activities in experience
with art and culturdderitage

( monitoring reconstructioR, retrievallearningandunderstanding)

2)Computevwisionfor human augmentationto improve the experience
with art and culturdleritage

( visualaugmentatigmaturaHCI, enjoying)

Rita Cucchiara ECCV W VISART 2014, Italy



COMPUITERVISION FOR
INTERACTIVITY

Computewisionfor interactivitywith artisnot (only) interactive art.
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CV FORINTERACTING WITH CH

Envi-Vision: Vision bgnvironmentfixedor movingcameras

Ego-vision Vision by mobilayearablegocentriccameras

1)forseeingvhatyoureyesl o me@dh
2)for seeingvhatyoureyesannotsee
3)fortellingwhatyoureyesareseeing

4) forseeingvith moreeyes

For seeing what your eyes don’t For seeing what your eyes cannot see
reach ( From W. Disney Peter Pan, ( from Pixar Nemo, video anim.2003)
Video anim. 1953)

RitaCucchiarg AlbertoDel Bimbo,

"Visions for Augmented Cultural Heritage Experience," IEEE

Multimedia, vol. 21, no. 1, pp-8&Jan-Mar., 2014. ) ' — )
For seeing with more eyes (From

For_telllng what yqur eyes al.'e Pixar Toystory3, Video anim.
seeing (from W. Disney Robin 2010)

Rita Cucchiara ECCV W VISART 2014, Italy Hood , video anim.1973)




1.FORSEEINGWHAT YOUREYESDONO T
REACH

A Webcams
A Surveillancecamerasmountedn museumand CHlocations
for seeingnteractiondtaly. Project Cluster SC&C
MNEMOSYNE [Baldanowet aIMCH Worksho012]
A Drones
A Imagesfor 3D reconstruction
[PollefeysvanGool ACM Surv2003]
TheGreat Buddharoject02-07 ‘.
[Hiazaki. lkeuki JCV2007]

Rita Cucchiara ECCV W VISART 2014, Italy



2. FORSEEING WHAT YOUREYESCANNOT
SEE

A Thermal camerasfor monitoring

A Floor camerasfor interactiong *
FLORIMAGE project LECCEMuseunf015

A Sereo andrangescannersfor 3D reconstruction

A Deejmage processiDgviddoes

*M . Lombardi, APieracgiP. Santinelli, R. VezzaniCRcchiarabHumanBehaviolUnderstandinwith Wide Are&ensind-loors
in HBU2013yo0l.8212, LNCS 821pp. 112123,2013 ITALIAN Project PON DICET, Lecce 202816

Rita Cucchiara ECCV W VISART 2014, Italy



http://imagelab.ing.unimore.it/imagelab/publicationSheet.asp?idpublication=363

3. FORTELLING WHAT YOUREYESARE SEEIN t

Typicalinteractiorfrom mobile vision (Google
Goggley

Augmentedreality andvision[Caarlst al JIVP
2009]

A GamingExperimentsor 3D retrievaby
mobile (Enzo Ferralluseun013)

A Vision ancaugmentedeality in cultural and 58
naturakite§MARMOTA FBK: FP7 VENTURI
)

A Document and painting recognition for
retrieval

A AsJames amanyf us

Rita Cucchiara ECCV W VISART 2014, Italy



DOCUMEN T RECOGNITION FOR
RETRIEVAL

Computer
vision

- ImageRetrievalZhang PAMI2012]
- Imagesegmentatioand multdigitalization

- Multi-digitalizatiorof minate codenanuscripts
-  TheDE RERUM NOVARUM Project +

- Multi-digitalizatiorof Digitalizedencyclopedia
- TheTreccani-DICET project*

+D. BorghesanC. Grana, R. Cucchiara, "Miniatllustrationgetrievabnd innovativenteractiorfor digitalilluminated

manuscripts"iMultimedia Sysi@d$3
**D.Coppi C.GranaR. CucchiardlustrationSegmentationin Digitalizeddocumentsisinglocalcorrelatiorfeature$roc

d ICRDL 2014, MTAP tappear

Rita Cucchiara ECCV W VISART 2014, Italy



DOCUMENT ANALYSISFOR

INTERACTION

Multi -digitalization of artisticbooks for neviormsof digitalinteractivities

Layoutsegmentation
Picturesegmentatioandtagging
Copydetection

Searchvith relevanfeedback

= -4l Digialization [ |

Manual

annotation

Papery Digital
Documents Library

Document
Analysis

Mutimedianteractive
Digital Library

.—
Rita CUCChiara ECCV W VISART 2014, italy



CV FOR AUTOMATIC PICTURE SELECTIO
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FEATURES

CORRELATION MATRIX
FEATURE POINTS

FROM REIMANNIAN
TO EUCLIDEAN SPACE

AUTOCORRELATION

DIRECTIONAL HISTOGRAMS

Rita Cucchiara ECCV W VISART 2014, Italy
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[Borghesani et al ACM J Multimedia Systems 2014]

[Borghesani et al MTAP 2012]




ACM Multimedia 2010, MTAP2011
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2012 Software written in C++ using Nokia
QT4 libraries

Supports Windows, Mac and Linux

4600 LCD panel equi
multitouch

Now a mult
digitalizegroduct

PANINI Voo,




INTERACTION WITH ENCYCLOPEDIA

Multi-digitalizatiorof Treccani Encyclopedia

Training model

SVM

' ification
- LO.::/:... class

Blocksfeatureextraction

<™. BlocksAutocorrelation Imagesegmentatioandblock
— classification

ni n blocks extraction

"Rita Cucchiara ECCV W VISART 2014, Italy Thankgo C.GranaM.FornaciariD.Coppi




INTERACTING WITH

Layoursegmentation

Specifidailoredfor drawings and artistic schemes

nd four on the extremity of the body

When inpelled by instinct o provide for the contimmnce of its
species. the Phora eners the beehive and gains admissian 1o a cell
when it bores with its ovipositor through the skin of the bee larva,
laying its long oval ege ina horizontal position just under the skin
The embryo of the Phora is already well developed. so that in three
hours afier the cge is inserted in the body of ils ususpecting and
helpless host. the embrya is nearly ready o hatch Inabaui two hours
more it actually breaks off the larger end of the egg-she
begins to eat the fany tissues of ils vietin its posierior Talf still
renuining in the shell, Inan hour more, it leaves the cpg

buries itself completely in the fatty portion of the young bee.

The maggot moults three times. Intwelve hours afier the last moult it
turns around with its head owards the posterior end of the body of
its host. and in another twelve hours, having becone full-fed, it
bores through the skin of the young, eats its way (hrough the brood-
covering of the cell and falls 1o the botiom of the hive, where it
changes (0 a pupa in the dust and diri. or else creeps out of ihe door
and transforms in the carth, Twelve days afler, the fly appears

The young bee, emaciaied and enfeebled by ihe atiacks of iis
ravenous parasite, dies, and is decaying body fills the botiom of the
cell with a slimy. foul-smelling mass. called "foul-brood." This
gives risc 10 a miasma which poisons the neighboring brood, until
the comagion (for the disease is amlogous 1o typhus, jail or ship-
fever) spreads ihrough the whole hive, unless prompily checked by
removing the cause and thoroughly cleansing the hive,

Foul-brood sometimes atacks our American hives, and. though the
cause may not be known, vet from the lims given above we hope o
have the hisiory of our species of Phora cleared wp, should our

sheds its skin and changes to an oval puparium of a dark brown
color,

Its habits resemble those of
the flea. Indeed, should we
compress its body strongly
it would bear a striking
resemblance o that insect. It
is evidenly 2 connecting
link between the flea, and
the two winged flics, Like
the former it lives on the
body of its hast, and obtains
its fod by plunging its siout
beak imo e bee and
sucking its blood.

34. Hive Trichodes.

It has not been noticed in this country, but is liable to be imported on
the bedies of Halian bees, Generally, one or twa of the Braulas may
on close examination. be deteried on the body of the bee; sometimes
the poor bees are loaded down by as many as a hundred of these
Hungry blood-suckers. Assiuss recommends rubbing them off with a
feather, as the bee goes inand out of the door of its live.

Among the beetles are a few forms occasiomally found in bees' nests
and also parasitic on the body of the bee. Trichodes apiarius (Fig
34, . larva: b, pupa, front view) has long been known in Europe to
atiack the young bees. In its perfect. or beelle state it is found on
flowers, like our Trichodes Nuttallii, which is commorly found on
the Spira in August. and which may et prove (o enter our beehives.
The larva devours the brood. but with the modem hi
may be readily detected

disease be found to be sometimes due to the atacks of such a
parasitic fly

33. Bee Louse and Larva.

We figure the Bee louse of Europe (Fig. 33 b, Braul
is a singular wingless spider-like fly. allied (o the wingless Sheep
tick (Melophagus). the wingless Bat tick (Nycteribia) and the winged
Horse fly (Hippobosca). The head is very large. without cyes on
ocelli (simple eyes). while the ovate hind-body consists of five
segments, and is covered with stff hairs, It is one-half 0 two-thirds
of a line long This spider fly is "pupiparous.” that is. the young. of
which only a very few are produced. is not born unil it has assumcd
the pupa staic or is just about (o do so. The larva (Fig 33a) is oval
cleven-jointed, and white in color. The very day it is haiched, it

caeca), whicl

The Oil beetle, Meloé angusticollis (Fig
35, male, differing from the female by
Taving the anfernee as if twisied inio a knoi
Fig 36, the active larva found on the body
of the bee), is a large dark blue insect found
crawling in the grass in the vicinity of the
nests of Andrena, Halictus, and other wild
bees in May, and again in August
September. The cpes are laid in a muss
covered with earth at the oot of some plant
During April and early in May, when the
ows are in blossom. we lave found the
young recently hatched larvi in considerable abundance creeping
riskly over the bees. or with their heads plunged between the
seements of the body, greedily sucking in the juices of their host
Those that we saw occurred on the Humble and other wild bees, and
onvarious flies (Syrphus and Muscidie), and there is no reason why
they should not infest the Homey bee. which frequents similar
flowers, as they are actually known o do in Ewrope. These larvz are
probably hatched out near where the bees libermate, 5o as fo creep
inio their bodies before ihey fly in the spring, as il would be
impossible for them 1o crawl up a willow tree ten feet high or more,
their fect being solely adapted for climbing over the hairy body of
the bee, which they do not leave until about to undergo their strange
and umsual trarsformations.

Tesseract

and four on the extremity of the body

When impelled by instinct o provide for the continuance of its
species, the Phora eners the beehive and gains admission 1o a cell
when it bores with its ovipositor thiough the skin of the bee larva,
laying its long oval cg in a horizontal position just under the skin
The embryo of the Phora is already well developed. so thal in thee
hours affer the cgg is inseried in the body of ifs unsuspecting and
helpless host, the embryo is o
more it actually breaks off the larger end of the ¢ nd at once
begins 1o cal (ke faty tissves of its vieim, its posterior half still
rermining in the shell. In an hour more, it leaves the egg entirely and
buries itself conpletely in the fatty portion of the young bee.

shell

The waggot moulis tree times. In twelve howrs afier the last moult it
wrns around with its head towards (e posierior end of the body of
its host. and in another twelve hours, havin fi it
bores through the skin of the young, cats its way through the brood-
covering of the cell and falls o the bottom of the hive, where it
changes to a pupa in the dust and dirt, or else creeps out of the door
and transforms in the carth. Twelve days afler, the fly appears

The young bee, emaciated and enfecbled by the attacks of its
ravenous parasite, dies, and ifs decaying body fills the botiom of the
cell with a slimy, foul-smelling mass. called "foul-brood." This
gives rise to a miasna which poisons the neighboring brood, wnil
the contagion (for the disease is aralogous 1o typhus, jail or ship-
fever) spreads through the whole hive, unless prompily checked by

removing (he cause and thoroughly cleansing the hive

Foul-brood sometimes attacks our American hives. and, though the
cause may not be known, yet from the hints given above we hope 1o
Iave the history of our species of Phora cleared wp, should our

sheds its skin and changes to an oval puparium of a dark brown
color

lis Iabits resenible those of
the flea Indeed. should we
compress its body strongly,
it would bear a siriking
resemblance to that insect. It
is evidenly a comnecting
link berween the flea, and
e two winged flies, Like
the former it lives on the
bady of its host. and obtains
its food by plunging its stout
beak imo the bee and
sucking its blood

34. Hive Trichodes,

1t Ins not been noticed in this country, but is liable 10 be imporied on
the bodies of lialian bees, Generally, one or two of the Braulas iy
onclose examination, be deteeted on the body of Uk bee; sometines
the poor bees are loaded down by as many as a hundred of these
hungry blood-suckers. Assmuss recommends mubbing them off witha
feather, as the bee goes inand out of the door of its hive

Among the beetles are a few forms occasionally found in bees' nesis
and also parasitic on the body of the bee. Trichodes apiarivs (Fig
34, a. larva: b, pupa, fronl view) has long been known in Europe to
atiack the young bees. In its perfect, or beelle state it is found on
flowers, like our Trichodes Nutallii, which is commonly found on
the Spiraa in August, and which my yet prove to enier our beehives
The larva devours the brood, but with the modern hive its ravages
may be readily detected.

ENCYCLOPEDIA

disease be found 10 be sometimes dwe 10 the atacks of such a
parasitic fly

33. Bee Louse and Larva.

We figure the Bee louse of Europe (Fig 33 b, Braula c
iis a singular wingless spider-like fly
tick (Melophagus). the wingless Bat tick (Nycteribia) and the winge
Horse fly (Hippobosca). The head is very large. without eyes o1
ocelli (sinple cyes), while the ovate hind-body corsists of five
segments. and is covered with stiff hairs, Tt is one-half 1o two-thirds
of a line long. This spider fly is "pupiparows.” that is. the young. of
which orly a very few are produced. is not bom until it has assumed
the pupa state or is just about to do so. The larva (Fig 33 a) is oval,
clevensjoined, and white in color, The very day it is hatched, it

The Oil beetle, Melod angusticollis (Fig.
35, nale, differing from the female by
having the antennee as if twisted inio a knot
Fig. 36, the active larva found on the body
of the bee), is a large dark blue insect found
crawling in the grass in the vicinity of the
nests of Andrena, Halictus. and other wild
bees in May. and again in August and
September. The cges are laid in a mass
cavered with carth at the root of some plant 35. Melol,
During April and early in May, when the

willows are i blossont we have found the

young recently hatehed lanvie in considerable abundance crecping
briskly over the bees, or with their heads plunged between the
segments of the body, greedily sucking in the juices of their host
Those that we saw oceurred on the Humble and other wild bees, and
on various flies (Syrphus and Muscidz), and there is no reason why
they should not infiest the Honey bee. which frequents similar
flowers, as they are actually known (0 do in Ewope. These larvee are
probably hatched out near where the bees hibernate, 50 as fo ¢
ino their badies before they fly in the spring, as it would be
impossible for them to craw up a willow tree ten feet high or more.
their fect being solely adapted for climbing over the lairy body of
the bee, which they do not leave uniil about to undergo their strange
and unusual ransformations.

Our Method

Rita Cucchiara ECCV W VISART 2014, Italy Courtesy of Treccani Enciclopedia




AUTOCORRELATIONMATRIX

A Blockanalysis

A Visualfeaturegxtraction

Blocks extraction n*n BLOCK Autocorrelation

Za @/
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DIR HIST H PROJ VPROJ

Method |9 TP % FN | % FP | R L LR N
Treccani Our 99,5 0,47 4,5:
Tesseract 52,2t 47,70 0,3¢ EREES

Our 99,5( 0,5 11,5 .
Gutenbergl Tesseract 83.1° 168 1.0 OL_..“JK‘L.AL‘%

n-10 n-10 n-

A Featureclassification
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After multrdigitalizationWebretrievags

Searchingndinteractingvith Treccani imageélsroughthe web

GOLD descriptorg Gaussianf LocalDescriptory
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:El.=: - AL Hukivariate

3 ¥
EEOF -..d:ﬂ.t:”.l.": l::aussllan 7]

BT " ”| " PRI | Cowanance & Linear
JEEE MaLriz Classifier
L LL Derae r
- ‘.:: Sescripton | Projection

ane eatraction . 8

i Euclicean
g% d s i)

A e e b, g

gﬂalnu l m.h.

(bestaccuracat IMAGECLEF2013)
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C.Grana , G. Serra, M. Manfredi, R. Cucchiara,"Beyond Bag
of Words for Concept Detection and Search of Cultural
Heritage Archives«in  SISAP 2013, vol. 8199, LNCS 8199,
Spain, pp. 233-244, Oct. 2-4, 2013

TUTORIAL AT ICPR2014 .
Rita Cucchiara ECCV W VISART 2014, taly  1-nankso C.GranaG.SerraM. Manfredi




4. FORSEEINGWITH MORE EYES

Physicalaugmentedxperienceith tangibleCH

Theexplosiorof wearablecamerasandego-centric vision:
- wearablenuseunor cityguides
- self gestureanalysior interactions

- realtimerecognitiorof CH targets

:/).j-_». R -
Using Vision for detecting/ tracking/ recognizing 78 # “7&%

targets andobserversinteraction

Rita Cucchiara ECCV W VISART 2014, Italy



EGOCENTRIC VISION

Egocentric vision( EgoVisiom )

models and technigques for understanding what a person sees, from the
first personds point of view and

Often calledirst-person vision to recall the needs of using wearable camer
(e.g. on glasses mounted on the head) for acquiring and processing the s
visual stimuli that human acquire and process.

a broademeaning
to understand what a person seas want to see

and to exploit similar

learning, perception and reasoning paradigms of h

Rita Cucchiara ECCV W VISART 2014, Italy



CV CHALLENGES FOR CULTURAL
EXPERIENCE IN EGO-VISION

Culturalexperiencen egovision

|
! l
Life Logging Human Augmentation
Organizing memory and data Understanding world by visioné
Off-line ) On-line
Big data

Noisy unconstrainedata

Deep learning o Fast learningvith fewexamples
Storage and transmission issues  Processinigsues

Rita Cucchiara ECCV W VISART 2014, Italy



A CULTURALEXPERIENCEWITH EGO-
VISION

Computer
vision

ﬁ U n Social sharing

Museum Social
Area Network

Museum database

Thankgo Giuseppe Serra, Stefano
Aletto, Lorenzd3aldini
Francesco Paci, Luca Benini @ETHZ

Rita Cucchiara ECCV W VISART 2014, Italy



CHALLENGESIN EGO-VISION

Egovisiodf or vi sual augmentation e *

Similar to videosurveillance and robot vision

fast, reatimeA ( please, limit the degaarchspage

reactived pro-active

similar scenes ( typically people, social life, children..)

many similar methods ( detection, action recognition , tracking)

To To o I»

but

A Unconstrained

A Large different motion factors

A Frequent Changes of field of view

A Very Long videos

* R.Cucchiara Egocentric vision tarcking and evaluating
human signs ICVSS Catania 2014

Rita Cucchiara ECCV W VISART 2014, Italy



CV CHALLENGES IN EGOVISION(1/3)

1. Hardware

A Design nevhardware
A Exploit reatime capabilitiefor egovision

2. RecognizingFoA/ Pol

A EstimatingroA[Li ICCV2013], [OgakiCVPRW2012]iahfeng
CVPR201}

A Eyetracking & egovision

& ' =
G4.0

)

Rita Cucchiara ECCV W VISART 2014, ItaIy GglassVuzixM100,Golden, Mobox+OdroidXy ME




CV CHALLENGES IN EGOVISION(2/3)

3. Recognizing head motion

A Head/body motion foroutdoorsummarization[ Peleg CVPR2014]
A Motion for indoor summarization [Grauman CVPR2013]

A Motion for supporting attention [Matsuo, CVPRW2014]

A Motion for SLAM as in robotics [Bahera, ACCV2012]

4. Recognizing objects
AObjects useful for humans [Fathi, CVPR2013, Fathi, CVPR2011]
AObjects in the hand [Fathi, CVPR2011]

ATarget tagging in the scendPjrsiavastRamane
CVPR 2012] |

or Artworksin amuseurg .

Rita Cucchiara ECCV W VISART 2014, Italy



CV CHALLENGES IN EGOVISION(3/3)

5. Recognizing actions

A Selfactions gesturegKitani, CVPR 2013BaraldiEVW2014]

A Actions of peoplesocialactions[Ryog CVPR 2013Alletto EFPVW
2014]

A Actions in the environment (sporiiténi, IEEE PC Magazine 2012]

6. Tracking: recognizing among the time

A Tracking target objects
A tracking face and peopidlgtto, ICPR 2014}—— ’
A Multiple target tracking

Rita Cucchiara ECCV W VISART 2014, Italy




EGO-VISION INTERACTION WITH CH

Positioning

p— g P
Recognizingargets indoor or outdoor I - " - ]I - ]

(a) Like gesture in the museum sstiing

e I"1191"Y

Gesturerecognition from egocentricvidec ) Diskie gta

Recogition of emotionsand feelings
Experiencaugmentatian
Recognizingisualaudio queries

andinteraction 1ol l-

(e) Shide night to left gesture in the museum sctting, while another
visitor walks in

-

(f) Shide left to right gesture in the demo room setting performed by
user 3

Rita Cucchiara ECCV W VISART 2014, Italy




A VIDEO

L. BaraldiF. Paci, G. Serra, L. Benini, R. CuccBiesture Recognition using Wearable Vision
Sensors to Enhance Visitorsd Museum Exper.i

Rita Cucchiara ECCV W VISART 2014, Italy




HAND SEGMENTATION IN EGO-VISION

In egovision

AManyluminance variations
ACorrecting strong camera/head motion
ARecognizing eggesture from very few example

It is an old problem, many approaches in different cantexts

Skin classification:[Khan et al ICIP2010] Random forest: ( better than BN,
MP,NB,AdaR: )

Background subtraction after image registratidrakhilCCV 2011] (assuming
staticbckg hands with objects etc..)

Generic object recognition: [Li, Kitani CVPR 2013] sparse feature selection
and a battery of RF trained with different luminance conditions

Rita Cucchiara ECCV W VISART 2014, Italy



EGO-GESTURERECOGNITION

= n
= n
= n
= o Power-normalized BoW
= n
= n
= n

B ; Trajectory "h
Camera motion suppression LU

. ectory i HOG ‘
Gesre ecogron (> w of T i || M
: OF

n

n

n

n

n

] u :

- nm Gestures database -

Frame - L]
: : vor i I ;
SEQUENCE e ey eeEEEEEEEEENEESEEEEEEEEEEEEEESN B n
‘IIIIIIIIIIIIIIIIIIIIIIII n

Linear SVM gestura .

clasification .

Superpixel Light consistency and .
EEEEEEEEEEEEEEEEEEEEEEEEEERY

extraction superpixel classification

Temporal and spatial
Ei; F > coherence

Hand detectipn

W
W
N

1) (Ego)Handdetection
2) (Ego)Cameranotionsuppression
3) Featureextraction

4) Classification L.Baraldi, F. Paci, G. Serra, L. Benini, R. Cucchiara,"Gesture
Recognition in Ego-Centric Videos using Dense Trajectories and

. . Hand Segmentation« in Proc. of 10th IEEE Embedded Vision
Rita Cucchiara ECCV W VISART 2014, Italy Workshop@CVPR2014



http://imagelab.ing.unimore.it/imagelab/publicationSheet.asp?idpublication=379

AN EGO-VISION SOLUTION

Superpixel Light consistency and
superpixel classification

- Temporal and spatial
‘ [ coherence
RV YIRYA

W
W

Superpixel
segmentatiol

-

— ‘ — = =
|

- SLIC Simple linear Iterativeclustering*)
- K meansn 5D (Lab+xy)

*[Radhakrishna Achanta, Appu Shaji, Kevin Smith, Aurelien Lucchi, Pascal
Fua, and Sabine Slsstrunk,

SLIC Superpixels Compared to State-of-the-art Superpixel Methods,

IEEE TPAMI, vol. 34, num. 11, p. 2274 - 2282, May 2012

Rita Cucchiara ECCV W VISART 2014, ltaly [Serra ACM MMw 2013] [Baraldi CVPRW2014]
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AN EGOVISION SOLUTION

Superpixel
descriptors

- Descriptors

- -meamand covariance RGB

- LabHandHSVH

- 27 Gabor filters (9 orientation, 3 scales
7x7,13x13,19x]19

- HoG
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AN EGOVISION SOLUTION

| N ‘9 Classificatioby
| | Collection ofRFs

Classifier
- Collection of Randoriorests P(s|L, g)
- Indexedby a 32 bin RGBH

- It encodesheappearancaf the scene and
the globaluminance

- Hp: bkgandhandschangesolors
accordingly
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AN EGOVISION SOLUTION

N Temporal
coherence

Temporabmoothing
iIn awindowof k frames

—

Estimatedriors

. 4 : i Z
P(xi;=1) =) wi(P(x; = 1|x; = 1) /

k=0
: P(K:—k = 1|lt—x,8t—x) + P(xi = 1|X:—k =0)-
- P(x;_p = 0|lt—x, gt—x))

Posterioprobabilityto be omot
ahandpixel in greviousvindow
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AN EGOVISION SOLUTION

Spatial
>
coherence

Spatiatonsistency
Eliminatespurioussuperpixels
Closeholes

Usegrabcut usingposterioriasaseedooint
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HAND SEGMENTATION CONSISTENCY

A Hand segmentation without temporal and spatial consistency
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HAND SEGMENTATION

Resultshows thathere is @ignificant
improvementin performancewhen all the
three consistency aspacat used together:
A illumination invariance (I1)

A temporabmoothing TS)

A spatial consistency (SC).

The method proposed by Li et al. is hlethod

most similar to our approach,
neverthelessxploiting temporal and
spatial coherence we are able to
outperform their results.

Features EDSH2 | EDSHK

Single RF classifier | 0.761 0.829

II 0.789 0.831

IT +TS 0.791 0.834

IT + TS + SC 0.852 0.901

EDSH2 | EDSHK

Hayman and Eklundh [6] | 0.211 0.213
Jones and Rehg [7] 0.708 0.787
Li and Kitani [§] 0.835 0.840
Our method 0.852 0.901
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CAMERAMOTION SUPPRESSION

.....................................................
Power-normalized BoW l . .
- - Trajectory "h
Camera motion suppression s | 7 7 -
. Trajectorlf sdhnpling HOG ||” |||
Gestu ifion =] =N b
esture recognigon ] and delcription
HOF 4“
= RIS n ]
L] a = Gestures database
Frame - "
. MeH !.Iihl : = \l/ /T\
sequence " 2 =
LN NN NN NN NN NN NN EEEEEEEEEED ]
: " Linear SVM gesture
I. ENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEERER n I i'f t
3 - clasification
' Light consistency and = 0
superpixel classification N wEEEEEEEEEEEEEEEEEEEEEEEEES ’
- b il Temporal and spatial
S e ]
Hand detectipn - 2 ) Q - coherence .
|
: @) :
|
- 'RTAYEYE
|
n
|
|
S RN NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

1) (Ego)Handdetection

2) (Ego)Cameranotionsuppression
3) Featureextraction

4) Classification
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CAMERA MOTIONN

Camera (head) motion removal.

To o

hands movement is usually not consistent with camera motipresulting in wrong
matches between the tivames.

A For this reason we introduceeymentation maskthat disregards feature matches
belonging to hands

Dense
motion

Object detection

Original frame sequence

St

Output frame sequence
without camera motion

A 4

Extract dense keypoints

Estimate Homography

y

Apply to It

A 4

Extract dense keypoints

StJrl
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EGO-GESTURE FEATURE
........................ I E L B

|
| n
- - - Trajectory IIII.
= Camera motion suppression Hiitin
|
- i i HOG
. Trajectory sampling |||| || |
Gesture recognitthn =1 ] 1L R
B > and description
|
: o
: ) Gestures database
Frame - . MBH I I !
seqguence G EEEEEEEEEEER FEEEEEEEED F 1
pQREEEEEEEEEEEEEEEEEEEEEER ——
—> . Linear SVM gestura
- " clasification
- n
. Superpixel Light consistency and L]
u extracti superpixel classification .

W
N

n
Hand detectich
n

Temporal and spatial
> Q‘; EI: > coherence

A dense trajectories, HOG, HOG, MBH* extraamimd handegions.

A Featureoints arsampledinsigend ar ound the user
during thegesturginside apatietemporalolume aligned with eatthjectory.

A descriptors in a Bag of Words and then classified using a linear SVM cla

*[Wanget al cvpr2013
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DENSE TRAJECTORIES

From * dens@oints( butasin ShiT o0 ma s i onlyifnthe @gemvalues the
autocorrelatiomatrixareeverysmall) . :

Tracking in each spatial scale separately Trajectony description
Dense samgling I = e
in each spatial scale N
o T -'_,";-"._L'."-"-— B "__.-51-,-,— .
' .-l::-' =7 __"--\._H e E——T L] - . ._._-__.‘.' --..__,__.-" ] ?
; . . - I ] T ' ,
- = - - et | "---------.‘l i '
r‘-l‘ lrl-‘-ul ! "-’-’ = s - -
TN 1 1 = BEY REE
Tt * ‘J-c\"a"]' . g 0] I | . Fig 3 Visualization of densely sampled feature points after mmoving
oY HOG HOF  MBEH points in homogeneous areas using the criterion in Eq. (1). We only
show feature points in the first spatial scale. The sampling step size W

Fig 2 Nstration of our approach 1o extract and characterize dense rajectories. Left: Festure points are densely samped on & grid for each spatisl is 5 pixels, which is the default setting m our experiments.
scake. Middle: Tracking is camied oat in the comesponding spatial scale for L frames by median fillering in 2 dense optical fow field Right The

trajectory shape is repre sented by relative point coordinates, and the descriptors (HOG, HOF, MEH) are computed slong the trajectony ina N « N

pizzls neighborhood, which is divided into ne = ne x ne cellk

Pointsareconnectean trajectoryananormailizearajectoryshapeas used

_ |.’_4|.P4, . .,L"I.PL_H_,_[]
it AR

DalalandTriggs2005 | HOGstaticappearance
[Lamper2008] HOF with ®ins motion
[Dalal2004] Motiorboundaryhistograms

Fisr = (Tegr. M) = (T w) + (M 2wz, g3

[*] H. Wang, AKlaser C.Schmidand GL. Liu. Action Recognition by Dense Trajectories. In Proc. of QOPR,
and 1IJCV2013.
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TRAJECTORY DESCRIPTION

A Having removed camera motion betweeratij@cent framegajectories
can be extracted.

A Featuregoints are densely sampled at sesatibl scalesdtracked.
Trajectories arerestrictedtoliei nsi de and atthandsnd t

Withouthandsegmentation With handsegmentation
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TRAJECTORY DESCRIPTION

A Thespatiestemporal volume aligned with each trajectory is considered, a
Trajectory descriptor, HOG, HOF and MBH are computed around it.

A Since the histograms tend to be sparse, thegveeenormalized to
unsparsifghe representation, while still allowing for linear classification.

The function: ¢(p,.y — ion(h,) - || ?

Is applied to each bin.

A The final descriptor is the concatenation of the four puwaralized
histograms. Gestures are eventually recognized usingSVividars-1

classifier.
TD descriptors —>» BOW s R I I T I b
. y v 3 HOG . .
HOG descriptors * BOW 1106 | RHOG| RO L hic Power-normalization
— and concatenation
HOF descriptors > BOW """ |/ |h577 ... e
A\ 4
MBH descriptors *| BoOW o LS T St 1% il I hy 1 SVM 1-vs-1

Rita Cucchiara ECCV W VISART 2014, Italy



EXPERIMENTAL RESULTS

Datasets:

A The Cambridge-Gesture
databasewith 900 sequences of “ & n
nine hand gesture types under f ’ 4 |

different illumination conditions;

A Our Interactive Museum
Dataset an egaentric gesture
recognition dataset with 700
sequences from seven gesture
classes performed by five subjes

A The EDSH dataset which
consists of three egocentric vid
with indoor and outdoor scenes
and large variations of

ilumination.
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GESTURE RECOGNITION

Cambridge Gesture DB

Results on thinteractive Museum
Datasetusing onl\2 samples per
classfor training.
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