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1."Mo.va.on"

!  We"use"headCmounted"cameras"to"study)how)
toddlers)interact)with)parents,"including"how"they"
coordinate"hands"and"head"turns."

!  We"need"to"detect,)disambiguate,)and)track)all)
hands"in"the"toddler’s"view."

!  We"apply"probabilis2c)models)of)joint)head)and)
hand)mo2on)in"egocentric"video."

2."Challenges"

Head% mo(on% makes% the% child’s% view% extremely% dynamic:% hands% vary%
dras(cally% in% size,% shape,% and% orienta(on,% and% hands% come% in% and% out% of%
view%and%overlap%frequently.%

3."Modeling"Egocentric"Interac.ons"

Graphical% model% for% a% 2Aframe%
video.%

!  Use"weak"skin,)head,)arm)appearance"models)to"
generate"(noisy)"likelihood"maps"in"each"frame."

!  Model)spa2al)constraints)on"hand"posi.on"with"a"
fullyCconnected"graphical"model."

!  Model)temporal)constraints)with"edges"between"
parts"in"adjacent"frames"and"global"shiN"variables."

!  Model)outJofJview)parts"with"a"special"state"whose"
probability"is"integrated"over"offCframe"spa.al"
constraints."

!  Solve)using"Gibbs)sampling.)

!  We"tested"on"5)parentJchild)pairs)(31"min"of"video)."
!  We"evaluated"against"2,400)manuallyJannotated)

frames)(~1"frame/second)."

5."Results"
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Results%with%es(mated%posi(ons% (dots)%and%ground% truth%boxes.%Red:% your%
head,%blue/green:%your%leH/right%hand,%magenta/cyan:%my%leH/right%hand.%%

Overall)
Accuracy)

Observer) Partner) %)Perfect)
Frames)

Disambigua2on)
Error)Rate)R.)Hand)) L.)Hand) R.)Hand) L.)Hand) Head) Head)(VJJ))

68.4" 70.7" 61.2" 63.6" 64.5" 82.1" 72.4" 19.1" 32.7"

Method) Overall)
Accuracy)

%)Perfect)
Frames)

Disambigua2on)
Error)Rate)

random" 17.0" 0.1" 95.1"

random"(skin)" 27.3" 4.3" 72.0"

skin"clusters" 58.1" 14.4" 36.0"

our"method" 68.4) 19.1) 32.7)

Top:% Detec(on% rates% for%
hands%and%head%(compared%to%
ViolaAJones).% Right:* Various%
baselines.%

!  Given"an"egocentric"video"
sequence""

!  Es2mate)loca.on"of"parts")))))))))
)
in"each"frame"as"latent"
variables""""""""""""""""""","and"
global)shi]))))))between"
consecu.ve"frames"caused"
by"head"mo.on."

I = {I1, . . . , In}

P = {yr , yh, yl ,mr ,ml}
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See)Full)Papers)for)More!)
!  This%Hand%Is%My%Hand:%A%Probabilis(c%Approach%to%Hand%

Disambigua(on%in%Egocentric%Video,%CVPR)Workshops)2014.)
!  Detec(ng%Hands%in%Children’s%Egocentric%Views%to%Understand%Embodied%

ATen(on%during%Social%Interac(on,"CogSci)2014.*

LabJbased)A`en2on)Project) Naturalis2c)Ac2vi2es)Project)
1."Mo.va.on"

2."Data"Collec.on"

3."Hand"Detec.on"

4."Segmen.ng"Hands"

5."Ac.vity"Recogni.on"

More)Informa2on:)
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!  Dataset"will"be"published"online:""
vision.soic.indiana.edu/egohands)

!  We"are"interested"in"automa.cally"analyzing)complex)and)dynamic)interac2ons)from"firstJperson)views."
!  To"do"this,"we"need"to"robustly)track)hands)and"dis2nguish)hand)types)(my"hands"vs."your"hands"or"leN"vs."right"hands)."
!  We"present"two"projects"related"to"analyzing"hands"in"firstCperson"video."One"considers"“clean”"video"from"lab"sedngs,"using"weak"(but"

fast)"appearance"models"with"spa2al)constraints)of"firstCperson"views"to"dis.nguish"hands."The"second"detects,)dis2nguishes)and)
segments)hands)in"realCworld"interac.ons"with"strong)(deep))appearance)models)that"explicitly"capture"hand"types.)

Why)Egocentric?""
Wearable"cameras"are"catching"on,"with"many"new"
consumer"devices"on"the"market."Hands"appear"
oNen"and"prominently"in"firstCperson"video,"and"their"
pose"gives"important"cues"about"the"camera"wearer.")

!  We"study"egocentric"hand"detec.on,"iden.fica.on,"
and"segmenta.on"of"interac.ng"people"in"realis2c)
sehngs."

!  Evaluate"the"poten.al"of"deep)hand)appearance)
models)to"detect"different"hand"poses"and"types."

!  Analyze"how"informa.ve"hand"pose"and"loca.on"
can"be"for"firstJperson)ac2vity)recogni2on.)

Sample% frames% from% our% dataset.% Le6:% Ground% truth% hand% masks%
superimposed%on%sample%frames,%where%colors% indicate%hand%types.%Right:*
Random%subset%of%cropped%hands%according%to%ground%truth%segmenta(ons.%

!  Recorded"synchronized"firstCperson"video"from"
interac.ng"subjects,"using"two"Google)Glasses.))

!  Four"different"actors,"four"ac.vi.es,"at"three"
loca.ons,"for"4x4x3"="48)unique)videos.)

!  Annotated"4,800"random"frames"with"pixelJlevel)
ground)truth)for)15,053)hands.)
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ours | AP: 0.807 | AUC: 0.842
SS | AP: 0.763 | AUC: 0.794
obj. | AP: 0.568 | AUC: 0.591
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own left | AP: 0.640 | AUC: 0.666
own right | AP: 0.727 | AUC: 0.742
other left | AP: 0.813 | AUC: 0.878
other right | AP: 0.781 | AUC: 0.809

!  Use"our"strong"detec.ons"to"
ini.alize"GrabCut,"modified"to"
use"local)color)models)for"
hands"and"background."

!  Yields"stateJofJtheJart)results.""

Top:*To%predict%ac(vi(es%based%on%hands,%we%train%
and% test% a% CNN% with% video% frames% in% which%
everything% but% hands% is% masked% out.% Bo8om:*
Accuracy%versus%temporal%window%of%video.%*

!  Ac.vi.es"can"be"successfully"
es.mated"using"hand"pose"and"
loca.on"alone."

Top:*Segmenta(on%examples%
on% random% frames.% Bo8om:*
Intersec(on/union%results.*
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Joint View
Joint View (conservative)
Single View

Random%detec(on%results%of%own%leH,%own%right,%other%leH%and%other%right..%

!  We"apply"convolu2onal)neural)networks,"using"
a"lightweight)region)proposal)technique"that"
samples"based"on"skin"color"and"spa.al"loca.on."

!  Our"region"proposals"yielded)be`er)coverage)
than"other"methods"like"“selec.ve"search”"or"
“objectness.”"

!  CNN"is"trained"for"a"5Cway"classifica.on"task"
between"own"leN"hand,"own"right"hand,"other"
leN"hand,"other"right"hand,"and"background."

!  Different"dataset"splits"show"that"performance"
generalizes"across"actors/ac.vi.es/loca.ons."

PrecisionArecall% for%hand%detec(on.%
Le6:* Results% compared% with% other%
regionAproposal% methods.% Right:*
Results% for% detec(ng% four% different%
hand%types.*

Method)
Own)Hands) Other)Hands)

Average)
Le]) Right) Le]) Right)

Li%et%al.% 0.395" 0.478" 0.534" 0.505" 0.478"

Ours" 0.515) 0.579) 0.560) 0.569) 0.556)

4."Experiments"


