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Different ways to make a sandwich
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Routines

locate bread
remember loc_loaf

puthand right

pickup right

fixate -0.1-0.2 0.78

. remember loc_breadl
W puthand right
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locate bread
remember loc_loaf
puthand right
pickup right
fixate -0.1-0.2 0.78
remember loc_bread1
puthand right
turnhand right 00 90
dropoff right
turnhand right 00 0
fixate loc_loaf
puthand right
pickup right
fixate 0.1-0.20.78
remember loc_bread2
puthand right
turnhand right 00 90
dropoff right
turnhand right 00 0
locate jar-lid
remember loc_jarlid
puthand right
Fpickipright == ==
fixate -0.40 -0.2 0.65
| remembertoc_jariid_on_table
puthand right
I dropoff right
locate pblid
remember loc_bottlelid
I uthandrigt
pickup right
I fixate -0.3 -0.2 0.65
remember loc_bottlelid_on_table
I puthand right
dropoff right
. logata khaadl

Routine Segmentation

locate bread
remember loc_loaf
puthand right

pickup right

fixate -0.1-0.20.78
remember loc_bread1
puthand right
turnhand right 00 90
dropoff right
turnhand right 000
fixate loc_loaf
puthand right

pickup right

fixate 0.1-0.20.78
remember loc_bread2
puthand right
turnhand right 00 90
dropoff right
turnhand right 000
locate jar-lid
remember loc_jarlid
puthand right

pickipright = = = =

fixate -0.40-0.2 0.65
remember loc_jarlid_on_table I
puthand right
dropoff right I
locate khandle
remember loc_knife
puthand right I
pickup right
locate jar I
remember loc_jar
puthand right I
fixate 0.1-0.20.78
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remember loc_knife
puthand right

pickup right

locate pbbottle
remember loc_bottle
puthand right

fixate -0.1-0.20.78
puthand right

puthand right loc_bottle
fixate -0.1-0.20.78
puthand right

locate jar

remember loc_jar
puthand right

fixate 0.1-0.20.78
puthand right

fixate loc_knife
puthand right

dropoff right

locate jar

fixate loc_bread1
puthand right

pickup right

turnhand right 0 0 -90
fixate loc_bread2
puthand right

dropoff right

fixate loc_bottlelid_on_table
puthand right

pickup right

fixate loc_bottlelid
puthand right

dropoff right

fixate loc_jarlid_on_table
puthand right

pickup right

fixate loc_jarlid
puthand right

dropoff right

locate pblid
remember loc_bottlelid

puthand right

pickup right

fixate -0.3 -0.2 0.65

remember loc_bottlelid_on_table
puthand right

dropoff right

locate pbbottle

remember loc_bottle
puthand right

fixate -0.1-0.20.78
puthand right

puthand right loc_bottle
fixate -0.1-0.20.78
puthand right

fixate loc_bread1
puthand ri

pickup right

turnhand right 0 0-90
fixate loc_bread2
puthand right

dropoff right

fixate loc_knife
puthand right

dropoff right

locate jar

fixate loc_jarlid_on_table
puthand right

pickup right

fixate loc_jarlid

puthand right

dropoff right

fixate loc_bottlelid_on_table
puthand right

pickup right

fixate loc_bottlelid

puthand right

dropoff right



Routine Segmentation

e /7: puthand right puthand right :
.- - | dropoff right dropoff right :
e I locate pblid locate khandle I
o . - : remember loc_bottlelid remember loc_knife I
I I  puthand right puthand right :
: : I pickup right pickup right I
I I I fixate -0.3 -0.2 0.65 locate jar I
L __ | X : remember loc_bottlelid_on_table remember loc_jar :
\\\ \ I puthand right puthand right I
R I dropoff right fixate 0.1-0.2 0.78 I
| locate khandle puthand right |
AR I remember loc_knife locate pblid |
\\4: puthand right remember loc_bottlelid |
- piclupright = = = = = = = = = = puthand-right- = — — = |

locate pbbottle pickup right



Routine Segmentation

puthand right

dropoff right

locate pblid

remember loc_bottlelid

puthand right

pickup right

fixate -0.3 -0.2 0.65

remember loc_bottlelid_on_table
puthand right

dropoff right

locate pbbottle

puthand right
dropoff right

locate jar

remember loc_jar
puthand right

fixate 0.1-0.2 0.78
puthand right

locate pblid

remember loc_bottlelid
puthamd-right- = — — —
pickup right



locate bread
remember loc_loaf
puthand right

pickup right

fixate -0.1-0.20.78
remember loc_bread1
puthand right
turnhand right 0 090
dropoff right
turnhand right 000
fixate loc_loaf
puthand right

pickup right

fixate 0.1-0.20.78
remember loc_bread2
puthand right
turnhand right 0 090
dropoff right
turnhand right 0 00
locate jar-lid

remember loc_jarlid
puthand right

pickup right

fixate -0.40 -0.2 0.65
remember loc_jarlid_on_table
puthand right

dropoff right

locate pblid

remember loc_bottlelid
puthand right

pickup right

fixate -0.3 -0.2 0.65

remember loc_bottlelid_on_table
puthand right

dropoff right

locate khandle

remember loc_knife

puthand right

pickup right

locate pbbottle

remember loc_bottle

puthand right

fixate -0.1-0.20.78

puthand right

puthand right loc_bottle
fixate -0.1-0.20.78

puthand right

locate jar

remember loc_jar
puthand right

fixate 0.1-0.20.78
puthand right

fixate loc_knife
puthand right
dropoff right

locate jar

fixate loc_bread1
puthand right

pickup right
turnhand right 0 0-90
fixate loc_bread2
puthand right
dropoff right

fixate loc_bottlel
puthand right
pickup right
fixate loc_bottlelid
puthand right

dropoff right

fixate loc_jarlid_on_table

i_on_table

puthand right
pickup right
fixate loc_jarlid
puthand right
dropoff right

Routine Segmentation

locate bread
remember loc_loaf
puthand right

pickup right

fixate -0.1-0.20.78
remember loc_bread1
puthand
turnhand right 0 090
dropoff right
turnhand right 000
fixate loc_loaf
puthand right

pickup right

fixate 0.1-0.20.78
remember loc_bread2
puthand right
turnhand right 0 090
dropoff right
turnhand right 000
locate jar-lid

remember loc_jarlid

puthand right

pickup right

fixate -0.40 -0.2 0.65
remember loc_jarlid_on_table
puthand right

dropoff right

locate khandle

remember loc_knife

puthand

pickup right
locate jar

remember loc_jar
puthand right

fixate 0.1-0.20.78
puthand right

locate pblid
remember loc_bottlel

puthand right
pickup right

fixate -0.3 -0.2 0.65
remember loc_bottlelid_on_table
puthand right

dropoff right

locate pbbottle
remember loc_bottle
puthand right

fixate -0.1-0.20.78
puthand right

puthand right loc_bottle
fixate -0.1-0.20.78
puthand right

fixate loc_bread1
puthand right

pickup right

turnhand right 0 0 -90
fixate loc_bread2
puthand right

dropoff right

fixate loc_knife
puthand right

dropof right

locate jar

fixate loc_jarlid_on_table
puthand right

pickup right

fixate loc_jarlid
puthand right

dropoff right

fixate loc_bottlelid_on_table

puthand right
pickup right

fixate loc_bottlelid
puthand right
dropoff right

locate pblid
remember loc_bottlelid

puthand right

pickup right

fixate -0.3-0.2 0.65

remember loc_bottlelid_on_table
puthand right

dropoff right

locate khandle

remember loc_knife

puthand right

pickup right

locate phbottle

remember loc_bottle

puthand right

fixate -0.1-0.2 0.78

puthand right

puthand right loc_bottle

fixate -0.1-0.20.78

puthand right

fixate loc_knife
puthand right
dropoff right

locate jar
fixate loc_bread1

puthand right

pickup right

turnhand right 0 0-90

fixate loc_bread2

puthand right

dropoff right

fixate loc_bottlelid_on_table
puthand right

pickup right

fixate loc_bottlelid

puthand right

dropoff right

locate khandle
remember loc_knife
puthand right
pickup right

locate pblid
remember loc_bottlelid
puthand right

pickup right

fixate -0.3-0.2 0.65
remember loc_bottlelid_on_table
puthand right

dropoff right

locate pbbottle
remember loc_bottle
puthand right

fixate -0.1-0.20.78
puthand right

puthand right loc_bottle
fixate -0.1-0.20.78
puthand right

fixate loc_bread1
puthand right

pickup right

turnhand right 0.0 -90
fixate loc_bread2
puthand right

dropoff right

fixate loc_knife

puthand right

dropoff right

locate jar

fixate loc_bottlelid_on_table
puthand right

pickup right

fixate loc_bottlelid

puthand right

dropoff right




Subtask Recognition

BreadOnTable putting bread on table
PeanutButterLidOff | taking peanut butter lid off
JellyLidOff taking jelly lid off
KnifelnHand grabbing knife in hand
PeanutbutterOnBread | spreading peanut butter on bread
JellyOnBread spreading jelly on bread
PeanutButter[ 1dOn | putting peanut butter lid back on
Tellyl.idOn putting jelly lid back on
KnifeOnTable putting knife on table
FlipBread flipping bread to make an sandwich
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Figure 1. The Markovian task model.




(b) Observed hand movement




Task: (0, {t:}) 2 ({t1}, {t1, 12}) & ({t1, 12}, {t1, ts ta})
o <D

Gaze Object Recognized Object
Hand Object Hand Reaching
Subtask Hand Frequency

Task Time Frame

Time Slice 7 + 1

Node Name Node Name

task time frame
subtask hand frequency
hand object hand reaching

| _gaze object recognized object







— inference
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