




Different ways to make a sandwich 



Routines 
locate bread 
remember loc_loaf 
puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 
remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  



Routine Segmentation 
locate bread 
remember loc_loaf 

puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 

remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 

turnhand right 0 0 0  
fixate loc_loaf 
puthand right 
pickup right  

fixate 0.1 ‐0.2 0.78 
remember loc_bread2 
puthand right  

turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  
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_boDlelid 
puthand right 

pickup right 
fixate ‐0.3 ‐0.2 0.65 
remember loc_boDlelid_on_table 
puthand right 

dropoff right 
locate khandle 
remember loc_knife 
puthand right 

pickup right 
locate pbboDle 
remember loc_boDle 

puthand right 
fixate ‐0.1 ‐0.2 0.78 
puthand right 
puthand right loc_boDle 

fixate ‐0.1 ‐0.2 0.78 
puthand right 
locate jar 

remember loc_jar 
puthand right 
fixate 0.1 ‐0.2 0.78 
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_boDlelid_on_table 
puthand right 
pickup right 

fixate loc_boDlelid 
puthand right 
dropoff right 
fixate loc_jarlid_on_table 

puthand right 
pickup right 
fixate loc_jarlid 

puthand right 
dropoff right  

locate bread 
remember loc_loaf 

puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 

remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 

turnhand right 0 0 0  
fixate loc_loaf 
puthand right 
pickup right  

fixate 0.1 ‐0.2 0.78 
remember loc_bread2 
puthand right  

turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  
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 right 

pickup right 
locate jar 
remember loc_jar 
puthand right 

fixate 0.1 ‐0.2 0.78 
puthand right 
locate pblid 
remember loc_boDlelid 

puthand right 
pickup right 
fixate ‐0.3 ‐0.2 0.65 

remember loc_boDlelid_on_table 
puthand right 
dropoff right 
locate pbboDle 

remember loc_boDle 
puthand right 
fixate ‐0.1 ‐0.2 0.78 

puthand right 
puthand right loc_boDle 
fixate ‐0.1 ‐0.2 0.78 
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_jarlid_on_table 
puthand right 
pickup right 

fixate loc_jarlid 
puthand right 
dropoff right 
fixate loc_boDlelid_on_table 

puthand right 
pickup right 
fixate loc_boDlelid 

puthand right 
dropoff right 



Routine Segmentation 
locate bread 
remember loc_loaf 

puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 

remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 

turnhand right 0 0 0  
fixate loc_loaf 
puthand right 
pickup right  

fixate 0.1 ‐0.2 0.78 
remember loc_bread2 
puthand right  

turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  
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_boDlelid 
puthand right 

pickup right 
fixate ‐0.3 ‐0.2 0.65 
remember loc_boDlelid_on_table 
puthand right 

dropoff right 
locate khandle 
remember loc_knife 
puthand right 

pickup right 
locate pbboDle 
remember loc_boDle 

puthand right 
fixate ‐0.1 ‐0.2 0.78 
puthand right 
puthand right loc_boDle 

fixate ‐0.1 ‐0.2 0.78 
puthand right 
locate jar 

remember loc_jar 
puthand right 
fixate 0.1 ‐0.2 0.78 
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_boDlelid_on_table 
puthand right 
pickup right 

fixate loc_boDlelid 
puthand right 
dropoff right 
fixate loc_jarlid_on_table 

puthand right 
pickup right 
fixate loc_jarlid 

puthand right 
dropoff right  

locate bread 
remember loc_loaf 

puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 

remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 

turnhand right 0 0 0  
fixate loc_loaf 
puthand right 
pickup right  

fixate 0.1 ‐0.2 0.78 
remember loc_bread2 
puthand right  

turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  
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 right 

pickup right 
locate jar 
remember loc_jar 
puthand right 

fixate 0.1 ‐0.2 0.78 
puthand right 
locate pblid 
remember loc_boDlelid 

puthand right 
pickup right 
fixate ‐0.3 ‐0.2 0.65 

remember loc_boDlelid_on_table 
puthand right 
dropoff right 
locate pbboDle 

remember loc_boDle 
puthand right 
fixate ‐0.1 ‐0.2 0.78 

puthand right 
puthand right loc_boDle 
fixate ‐0.1 ‐0.2 0.78 
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_jarlid_on_table 
puthand right 
pickup right 

fixate loc_jarlid 
puthand right 
dropoff right 
fixate loc_boDlelid_on_table 

puthand right 
pickup right 
fixate loc_boDlelid 

puthand right 
dropoff right 

puthand right 
dropoff right 
locate pblid 
remember loc_bo@lelid 
puthand right 
pickup right 
fixate ‐0.3 ‐0.2 0.65 
remember loc_bo@lelid_on_table 
puthand right 
dropoff right 
locate khandle 
remember loc_knife 
puthand right 
pickup right 
locate pbbo@le 

puthand right 
dropoff right 
locate khandle 
remember loc_knife 
puthand right 
pickup right 
locate jar 
remember loc_jar 
puthand right 
fixate 0.1 ‐0.2 0.78 
puthand right 
locate pblid 
remember loc_bo@lelid 
puthand right 
pickup right 



Routine Segmentation 
locate bread 
remember loc_loaf 

puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 

remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 

turnhand right 0 0 0  
fixate loc_loaf 
puthand right 
pickup right  

fixate 0.1 ‐0.2 0.78 
remember loc_bread2 
puthand right  

turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  
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_boDlelid 
puthand right 

pickup right 
fixate ‐0.3 ‐0.2 0.65 
remember loc_boDlelid_on_table 
puthand right 

dropoff right 
locate khandle 
remember loc_knife 
puthand right 

pickup right 
locate pbboDle 
remember loc_boDle 

puthand right 
fixate ‐0.1 ‐0.2 0.78 
puthand right 
puthand right loc_boDle 

fixate ‐0.1 ‐0.2 0.78 
puthand right 
locate jar 

remember loc_jar 
puthand right 
fixate 0.1 ‐0.2 0.78 
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_boDlelid_on_table 
puthand right 
pickup right 

fixate loc_boDlelid 
puthand right 
dropoff right 
fixate loc_jarlid_on_table 

puthand right 
pickup right 
fixate loc_jarlid 

puthand right 
dropoff right  

locate bread 
remember loc_loaf 

puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 

remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 

turnhand right 0 0 0  
fixate loc_loaf 
puthand right 
pickup right  

fixate 0.1 ‐0.2 0.78 
remember loc_bread2 
puthand right  

turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  
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 right 

pickup right 
locate jar 
remember loc_jar 
puthand right 

fixate 0.1 ‐0.2 0.78 
puthand right 
locate pblid 
remember loc_boDlelid 

puthand right 
pickup right 
fixate ‐0.3 ‐0.2 0.65 

remember loc_boDlelid_on_table 
puthand right 
dropoff right 
locate pbboDle 

remember loc_boDle 
puthand right 
fixate ‐0.1 ‐0.2 0.78 

puthand right 
puthand right loc_boDle 
fixate ‐0.1 ‐0.2 0.78 
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_jarlid_on_table 
puthand right 
pickup right 

fixate loc_jarlid 
puthand right 
dropoff right 
fixate loc_boDlelid_on_table 

puthand right 
pickup right 
fixate loc_boDlelid 

puthand right 
dropoff right 

puthand right 
dropoff right 
locate pblid 
remember loc_bo@lelid 
puthand right 
pickup right 
fixate ‐0.3 ‐0.2 0.65 
remember loc_bo@lelid_on_table 
puthand right 
dropoff right 
locate khandle 
remember loc_knife 
puthand right 
pickup right 
locate pbbo@le 

puthand right 
dropoff right 
locate khandle 
remember loc_knife 
puthand right 
pickup right 
locate jar 
remember loc_jar 
puthand right 
fixate 0.1 ‐0.2 0.78 
puthand right 
locate pblid 
remember loc_bo@lelid 
puthand right 
pickup right 



Routine Segmentation 
locate bread 
remember loc_loaf 

puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 

remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 

turnhand right 0 0 0  
fixate loc_loaf 
puthand right 
pickup right  

fixate 0.1 ‐0.2 0.78 
remember loc_bread2 
puthand right  

turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  
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_boDlelid 
puthand right 

pickup right 
fixate ‐0.3 ‐0.2 0.65 
remember loc_boDlelid_on_table 
puthand right 

dropoff right 
locate khandle 
remember loc_knife 
puthand right 

pickup right 
locate pbboDle 
remember loc_boDle 

puthand right 
fixate ‐0.1 ‐0.2 0.78 
puthand right 
puthand right loc_boDle 

fixate ‐0.1 ‐0.2 0.78 
puthand right 
locate jar 

remember loc_jar 
puthand right 
fixate 0.1 ‐0.2 0.78 
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_boDlelid_on_table 
puthand right 
pickup right 

fixate loc_boDlelid 
puthand right 
dropoff right 
fixate loc_jarlid_on_table 

puthand right 
pickup right 
fixate loc_jarlid 

puthand right 
dropoff right  

locate bread 
remember loc_loaf 

puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 

remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 

turnhand right 0 0 0  
fixate loc_loaf 
puthand right 
pickup right  

fixate 0.1 ‐0.2 0.78 
remember loc_bread2 
puthand right  

turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  
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 right 

pickup right 
locate jar 
remember loc_jar 
puthand right 

fixate 0.1 ‐0.2 0.78 
puthand right 
locate pblid 
remember loc_boDlelid 

puthand right 
pickup right 
fixate ‐0.3 ‐0.2 0.65 

remember loc_boDlelid_on_table 
puthand right 
dropoff right 
locate pbboDle 

remember loc_boDle 
puthand right 
fixate ‐0.1 ‐0.2 0.78 

puthand right 
puthand right loc_boDle 
fixate ‐0.1 ‐0.2 0.78 
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_jarlid_on_table 
puthand right 
pickup right 

fixate loc_jarlid 
puthand right 
dropoff right 
fixate loc_boDlelid_on_table 

puthand right 
pickup right 
fixate loc_boDlelid 

puthand right 
dropoff right 

locate bread 
remember loc_loaf 

puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 

remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 

turnhand right 0 0 0  
fixate loc_loaf 
puthand right 
pickup right  

fixate 0.1 ‐0.2 0.78 
remember loc_bread2 
puthand right  

turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  
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_boDlelid 
puthand right 

pickup right 
fixate ‐0.3 ‐0.2 0.65 
remember loc_boDlelid_on_table 
puthand right 

dropoff right 
locate khandle 
remember loc_knife 
puthand right 

pickup right 
locate pbboDle 
remember loc_boDle 

puthand right 
fixate ‐0.1 ‐0.2 0.78 
puthand right 
puthand right loc_boDle 

fixate ‐0.1 ‐0.2 0.78 
puthand right 
locate jar 

remember loc_jar 
puthand right 
fixate 0.1 ‐0.2 0.78 
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_boDlelid_on_table 
puthand right 
pickup right 

fixate loc_boDlelid 
puthand right 
dropoff right 
fixate loc_jarlid_on_table 

puthand right 
pickup right 
fixate loc_jarlid 

puthand right 
dropoff right  

locate bread 
remember loc_loaf 

puthand right 
pickup right 
fixate ‐0.1 ‐0.2 0.78 

remember loc_bread1 
puthand right 
turnhand right 0 0 90 
dropoff right 

turnhand right 0 0 0  
fixate loc_loaf 
puthand right 
pickup right  

fixate 0.1 ‐0.2 0.78 
remember loc_bread2 
puthand right  

turnhand right 0 0 90 
dropoff right 
turnhand right 0 0 0  
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 right 

pickup right 
locate jar 
remember loc_jar 
puthand right 

fixate 0.1 ‐0.2 0.78 
puthand right 
locate pblid 
remember loc_boDlelid 

puthand right 
pickup right 
fixate ‐0.3 ‐0.2 0.65 

remember loc_boDlelid_on_table 
puthand right 
dropoff right 
locate pbboDle 

remember loc_boDle 
puthand right 
fixate ‐0.1 ‐0.2 0.78 

puthand right 
puthand right loc_boDle 
fixate ‐0.1 ‐0.2 0.78 
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_jarlid_on_table 
puthand right 
pickup right 

fixate loc_jarlid 
puthand right 
dropoff right 
fixate loc_boDlelid_on_table 

puthand right 
pickup right 
fixate loc_boDlelid 

puthand right 
dropoff right 



Subtask Recognition 
BreadOnTable putting bread on table 

PeanutButterLidOff taking peanut butter lid off 
JellyLidOff taking jelly lid off 

KnifeInHand grabbing knife in hand 
PeanutbutterOnBread spreading peanut butter on bread 

JellyOnBread spreading jelly on bread 
PeanutButterLidOn putting peanut butter lid back on 

JellyLidOn putting jelly lid back on 
KnifeOnTable putting knife on table 

FlipBread flipping bread to make an sandwich 





Raw data from a single 
sandwich maker 

Hand; Data from 6 dof wrist sensor 
Classified in REACHING(Blue) or 
ROTATING (Red) 

Eye : data from the fovea classified 
based on color histogram 



Task: 

States: 

Task node sub-structure: 

Dynamic Bayes Net for  
recognizing the steps in 
sandwich making 

P(Evidence) P(Task|Evidence) 

Yi and Ballard IJHR to appear!





Task Classification based on all the 
data is near perfect 

Task Classification based on the  
data in (0, t) can contain errors 


