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The GeRT project

Generalizing Robot manipulation Tasks
Aim: coping with novelty in manipulation tasks.

» Abstract away the variability in objects (shape, size and pose)

» Adapt to the context in which the task is performed (obstacles,
initial configuration)

» Perform tasks it has not encountered before, given the necessary
building blocks for that task



The planning problem in GeRT

Achieving this involves different research
areas:

= Planning

To compute a sequence of actions to perform the task

= Learning

To extract knowledge from example programs

= Machine perception

To figure out the locations and types of objects in the scene

= Grasping

Which is a difficult problem on its own
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The planning problem in GeRT

Hybrid planning

Geometric knowledge  Symbolic knowledge

2 plans are solution to
Initial state the symbolic problem:
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e L] at robot2 p2 PLAN1:
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The planning problem in GeRT

Hybrid planning
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Relation to workshop topics

Terminology: }ask descriptions, action recipes, skills and other primitives,
anc

at are their relationships?

« Conventions: shared definitions, conventions (coordinate systems, units),
and data structures

Scene graphs:)How should data be represented (maps, objects, actions)?
VAAT data snourd be annotated and how? What kind of reasoning is performed
or needed?

Reuse of knowledge: How can a robot decide which knowledge (e.g., map or

skill) to reuse In a new situation?

* Reuse of tools: What existing software modules, algorithms, libraries, or APls
can be reused?

« Knowledge engineering: How will/should the knowledge base grow? What
are the processes leading to creation of a substantial knowledge base useful in
real applications, i.e. the bootstrapping of the KB?




Terminology, Action recipes

Today: GeRT:

Operators and methods | | Geometric knowledge

# #

Hybrid planning <« | Goal

i

Executable plan

.

Hand-written Python scripts Python script

(Example programs)




Knowledge representation

= Symbolic Knowledge

States Actions
Operator: Grab(hand, obj)
Sgléﬁup(lllet: b(l)et) RightHand) Preconditions: Free(hand), Clear(obj)
Empt g(Cu 1p) S Effects: NOT Free(hand), NOT On(obj, table),
PYASER Holding(hand. obj)

= Geometric Knowledge

= Geometries of the robot and objects
(trimeshes)

= Position and orientation of objects
(transformation matrices)

= Configuration of the robot (vector)

= Relative positions (transformation matrices)



Reuse of knowledge: Abstraction

Example programs

n
5 select_cat('cubes')

6  goto_pos('get ready’)
7
8

#open right hand

9 select_cat{'common positions')

10 gotg—~

11 5 select_cat(cubes')

12 #990 § goto_posi'getready’)

13 self 7
8
9

14 loci #open right hand

15 gote select_cat('common positions')

16 0 gotg—g~

17 #om11

B seldi 4 5

19 gotd 13 seldd
8
9

select_caf('cubes')
goto_pos('get ready’)

20 14 loc
0 #9915 gote
2 selgl1p 0
B locd 17 #oy 1
#9418 selel 17 #goto green cube with ight hand
5119 gof 13 select catl'cubes)
3% #pifl 20 14 locate_object( cube_green’)
7 seldy #gd 15 goto_frame{'right pregrasp green’)
8002 seld g5 -
a3 locd 17 #openlet hand
0 24 gotd 18 select cat(‘common positions')
3L g5 19 goto_pos{'open left hand')
32 selg|26  #pif 59
30027 selel g1 #goto red cube with left hand
#0008 g0t selert catfcubes)
35904129 appl 23 locate.okject(cube red)
36 guaf 30 24 qoto_frame('left pregrasp red')
37 seldl 3 #d 25
3B o132 seldl 26 #pickup green cube
39 a0l 33 gotd 37 select cat’common positions)
40 seld 34 quall 38 goto_pos/right hand pick cup)
S gotd)35  qotd 29 app.ave interface bindlrightam, "cube_greerr)
2 1136 gual 30
3 #1937 seld 31 #dropping right
“4 038 gotd 1 select_catl'cubes')
5 139 apf 33 goto framelight above drop)
¢ #pia seldl3s  guad enable({ight tcp': (2, "<, 5.00)]H
4S9l gotd| 35 goto frame(ight a dron)
B ooMa 3 guardisbe)
9 ap| a3 #nid 37 select_catcommon positions)
0 44 qotd 33 goto_pos'open right hand’)

39 app.rave interfacerelease("rightarm", "cube_green")
2 selg s #il select_cat('cubes')
B e selg o goto_frame('right above drof)

#open right hand
select_cat('common positions')
qoto_pos{'open right hand')

gz 9049 appll i3 #right am away
guay 50 44 goto_frame('right am away’)

B 005 selgss #pickupred cube

9300153 gotd 47 select_cat’common positons)

60 seld 54 quaf g goto posleft hand pick cup)

61 gotd 55 qorq 49 app.rave interface.bind('leftArm”, “cube_red")

5
6 #e)s7 sl 51 #dropping et
00058 gotd 52 select_catl'cubes')
i 39 app 53 goto frame('left above drop')
60 self 54 quard.enable({"left tcp':[(2,"<",-5.00)]})
61 gotd 55 goto frame('left at drop)
62 56 quard.disable()
63 #le§ 57 select_cat('common positions')
64 gotd 53 goto pos/'open left hand')
65 59 app.ave interface.relecse("leftAmn", "cube red’)
60  select_cat('cubes')
61  goto_frame('left above drop'}

63 #leftam away
64 goto_frame('left am away')




Reuse of knowledge: Abstraction

Example programs

select_caf('cubes')
goto_pos('get ready’)

#open right hand
select_cat('common positions')

oty
select_caf('cubes')
#99 6 qgoto_posf'get ready')
seled 7
locg| g
oot g

#open right hand
select_cat('common positions')

10 gotg—

#of| 11 5 select_cat('cubes’)
seld 12 #0d 5 goto_pos/oet rezdy)
9413 sele| 7

14 locg g  #open right hand

#9915 qotg o select_cat('common positions')
seld 16 10 goto_pos{'open right hand')
locgl 17 #op| 1
9914118 seld| 13 #goto green cube with ight hand

19 9ot 13 select cat('cubes')

#9if| 20 14 locate_object( cube_green’)

seld 01 #0915 goto,frame(right pregrasp green)

90 22 seld 16 -

aPPI| 23 locg| 17 #open|eft hand

24 gotd 18 select cat(‘common positions')

#rf 25 19 goto_pos{'open left hand)

seld| 26 #pif| 30

90127 seld 21 #goto red cube with left hand

9uali 28 gotd 2 select cat('cubes')

9914129 appl| 33 locate object{cube red)

gual 30 24 goto_frame('left pregrasp red')

seld| 31 #dr| 35

901132 seld| 36 #pickup green cube

aPP|| 33 gotd 37  select cat(‘common positions')

selel 34 quall 28 goto_posright hand pick cup)

9035 gotd| 29 apprave interface bindirightam’, "cube._green’)
1|36 guall 3

#1037 seld| 31 #drapping right

9914138 gotd| 33 selert catcubes’)

139 app| 33 goto_frame(right above drop)

#ifl 20 selg 3 quard.enable(["right tcp": [(2, "<", 5.00)]})

seld 41 gotd| 35 goto, framefright &t drop)

92 35 quad dissble(

PRI\ 43 #1d 37 select_cat('common positions')

44 qotd 33 goto_pos'open right hand’)

#i 25 39  app.rave interface relezse("rightArm", "cube_green”)
selg 46 #if] select_cat('cubes')

90 47 sela| a1 qgoto_frame('right above drop)

9049 appll i3 #right am away
guay 50 44 goto_frame('right am away’)

052 seley a5 #pickupred cube

PPL53 gotd 47 select_catl'common positions’)

seld 54 qual 8 goto posleft hand pick cup)

% 55 gotd 49 app.rave_interface.bind("leftarm", "cube_red")

5
ey 57 sele 51 dropping et
0 58 gotd 52 selert cat(cubes)
39 app 53 goto frame('left above drop')
60 self 54 quard.enable({"left tcp':[(2,"<",-5.00)]})
61 gotd 55 goto frame('left at drop)
62 56 quard.disable()
63 #le§ 57 select_cat('common positions')
64 gotd 53 goto pos/'open left hand')
65 59 app.ave interface.relecse("leftAmn", "cube red’)
60  select_cat('cubes')
61  goto_frame('left above drop'}

63 #leftam away
64 goto_frame('left am away')

Abstraction / Learning

selec il utes )
got_pos{ gt )

Sogen ighthang
select_cat] common positions’)
ot gos{opr g )

e, DK e e
ol femel it pregasp e

6

ogenlefhand
select ca common pestons')
ot os(opr et hand )

o ed b with et g

selct il s ) 4
) < e e

oot frem et pregresp ed) oo

7
& sopenigthond

21 seleet il commor pesitons') 9 select catlcommon osicns’)
26 goto_pos{right hand pick cup) 10 goto_pos{cpen right hend))

2 aprave tetace in igpeAr, ‘ube creen) o

1 12 #qom geen cube ithight hard

31 Hdopingight
2 el

L
quardsrable{*iht g [12,°<, 507
oot framel gt 2t dop) v P .

quard el o e et

10 Tl 00 - e e |
15 coto frame i pregrcp creer )

3 apprave nterface eleaselighAm”,

40 seleet il cates)
41 ooto_fremef it zoove dop)

eer’) 21 #qoto red cube vith efthand
22 select_cati'cutes')
Jocae atjct(c1be e}

2
I iramelleft perasn e
G sigtam away ;4 oo feme et pregasp )
4 golo framefightam anay) 2 .
I 26 #pcupgreencute

27 seect cat/common ositns'
26 cotogosi gt hnd ick )
29 eppreve eracebinelrifoamy, cube grer')

5 2pp reve_inerface bind et "cwte_red) w

1 Hidupredube
47 selctca common gcitors)

D st cllcies)
51 sdoppinglet D seertefaies)
o el Ry As—

34 guarderabiarght o[, S0l

uard izl

31 seleet cat{commor psitns)

3 coto_pos{cpenrigt end)

39 apreve teace releaselrifiam, “abe geer')
40 selec cautes)

2 eppreve merace i ghtar’, e crean) 41 goto framelight above o)
] o

31 #doppingright £ #ightam vy

T seert il cLes) 4 got frmelight am auay)

3 gt frama rght 2bcve drop) 5
AR 1 #icupradabe
41 seectcat/common ositens'

36 cuard ssable) 48 coto_pos{ et band pk cp)
37 select at{commn sitons') 49 aprave_teace bingletam, cuoe red]
36 goto_pos{oper right hend | 50
3¢ 2pp.ave_inerface releaseighcam’, ‘b greer®) 51 #dugpng et
40 select catl cuoes | 52 select catfcunes')
41 goto frame gt abcve dop) 53 goto ffeme leftabos diop)
2
43 sightam avay 5 goto_fremel eftatcrop|
4 oto fremef iftam anay' 56 guarddiseblz)
45 57 selec cat/commor psites)
46 picpred cube 56 coto pos{cpen et ard')
48 _ coto pos{ left hanc pick cap) 60 select cat/cutes] -
- = - 61 coto femellefabove dop)
&

51 dnopping left 6 Heftam avay
2 select catf cLoes| B4 coto,freme(left am awey')

goto freme et above drog | 5

5 ooto_fremed et at cop)
56 guard disis)

57 select_catf commor pusitons’)

56 goto os(opr et hand )

59 zppreve metace eleaselleam, e e
80 seedtcacies)

61 got fremef et above o)

6 #ftam avay
6 ooto femef et am anay )




Reuse of knowledge: Abstraction

Example programs

select_caf('cubes')
goto_pos('get ready’)

#open right hand
select_cat('common positions')

oty
select_caf('cubes')
#99 6 qgoto_posf'get ready')
seled 7
locg| g
oot g

#open right hand
select_cat('common positions')

0 goiq

#‘iﬂ 1 5 select_cat('cubes’)

SElE 12 #9006 goto_pos/getready)

Qo413 seld 7

14 locg g  sopen right hand

#gl 15 gotd 9 select cat('common positions’)

seldl 16 10 goto_pos{'open right hand')

locg 17 #op| 11

99418 seldl 12 4g0to green cube with ight hand

i 19 gotd 13 select cat{'cubes')

ﬁ' 20 14 locate_object( cube_green’)

SelSl 21 #99/15  qgoto_frame('ight pregrasp green’)

90 22 seld 16

PP 23 locg| 17 open et hand

4 24 gotd 18 select cat(‘common positions')
5 19 goto_pos{'open left hand)

seld 26 #pif| 20

90127 seld 21 #goto red cube with left hand

9uali 28 gotd 2 select cat('cubes')

9914129 appl| 33 locate object{cube red)
gual 30 24 goto_frame('left pregrasp red')
seld| 31 #dr| 35

901132 seld| 36 #pickup green cube

aPP|| 33 gotd 37  select cat(‘common positions')

selel 34 quall 28 goto_posright hand pick cup)

9035 gotd| 29 apprave interface bindirightam’, "cube._green’)
1|36 guall 3

#1037 seld| 31 #drapping right

9914138 gotd| 33 selert catcubes’)

139 app| 33 goto_frame(right above drop)

#ifl 20 selg 3 quard.enable(["right tcp": [(2, "<", 5.00)]})
seld 41 gotd| 35 goto, framefright &t drop)

92 35 quad dissble(

PRI\ 43 #1d 37 select_cat('common positions')

44 qotd 33 goto_pos'open right hand’)

#i 25 39  app.rave interface relezse("rightArm", "cube_green”)
selg 46 #if] select_cat('cubes')

90 47 sela| a1 qgoto_frame('right above drop)

9049 appll i3 #right am away
guay 50 44 goto_frame('right am away’)

052 seley a5 #pickupred cube

PPL53 gotd 47 select_catl'common positions’)

seld 54 qual 8 goto posleft hand pick cup)

% 55 gotd 49 app.rave_interface.bind("leftarm", "cube_red")

5
ey 57 sele 51 dropping et
0 58 gotd 52 selert cat(cubes)
39 app 53 goto frame('left above drop')
60 self 54 quard.enable({"left tcp':[(2,"<",-5.00)]})
61 gotd 55 goto frame('left at drop)
62 56 quard.disable()
63 #le§ 57 select_cat('common positions')
64 gotd 53 goto pos/'open left hand')
65 59 app.ave interface.relecse("leftAmn", "cube red’)
60  select_cat('cubes')
61  goto_frame('left above drop'}

63 #leftam away
64 goto_frame('left am away')

Abstraction / Learning

selec il utes )
got_pos{ gt )

Sogen ighthang
select_cat] common positions’)
ot gos{opr g )

e, DK e e
ol femel it pregasp e

6

17 ogenlefhand

select ca common pestons')
ot os(opr et hand )

o ed b with et g

selct il s ) 4
) < e e

oot frem et pregresp ed) oo

7
& sopenigthond

21 seleet il commor pesitons') 9 selectcatfcommor psitcs)
B coto pos{rghchard ick ) 10 coto_pos{cpenright end)

2 aprave tetace in igpeAr, ‘ube creen) H B

E

1 g0 yeencibewithrghthand
31 Hdopingight .. e
2 el

10 Tl 00 - e e |
15 coto frame i pregrcp creer )

e
3 quard sl gkt 2, <!, 5007} %
5 goto framef gtz drop) 0 6

querd dsabla) . Wemﬂw

3 apprave nterface eleaselighAm”,

40 seleet il cates)
41 ooto_fremef it zoove dop)

eer’) 21 #qoto red cube vith efthand
22 select_cati'cutes')

Jocae atjct(c1be e}
- N—— oo el et preges e
4 coto frme{iftam anay)

26 #icpgreencube
27 seect cat/common ositns'
26 cotogosi gt hnd ick )
29 eppreve eracebinelrifoamy, cube grer')

5 2pp reve_inerface bind et "cwte_red) w

1 Hidupredube
47 selctca common gcitors)

2 sectctlanes)
51 sdopping et 2 selt ctlcnes) )
9 59\:‘?:?[3?\&1;: B qot famel gt boee o)

34 guarderabiarght o[, S0l

uard izl

31 seleet cat{commor psitns)

3 coto_pos{cpenrigt end)

39 apreve teace releaselrifiam, “abe geer')
40 selec cautes)

2 eppreve merace i ghtar’, e crean) 41 goto framelight above o)
] o

31 #doppingright £ #ightam vy

T seert il cLes) 4 got frmelight am auay)

3 gt frama rght 2bcve drop) 5
AR 1 #icupradabe
41 seectcat/common ositens'

36 cuard ssable) 48 coto_pos{ et band pk cp)
37 select at{commn sitons') 49 aprave_teace bingletam, cuoe red]
36 goto_pos{oper right hend | 50
3¢ 2pp.ave_inerface releaseighcam’, ‘b greer®) 51 #dugpng et
40 select catl cuoes | 52 select catfcunes')
41 goto frame gt abcve dop) 53 goto ffeme leftabos diop)
2
43 sightam avay 5 goto_fremel eftatcrop|
4 oto fremef iftam anay' 56 guarddiseblz)
45 57 selec cat/commor psites)
46 picpred cube 56 coto pos{cpen et ard')
48 _ coto pos{ left hanc pick cap) 60 select cat/cutes] -
. - = 61 coto femellefabove dop)
&

51 dnopping left 6 Heftam avay
2 select catf cLoes| B4 coto,freme(left am awey')

got framal et abov P

5 ooto_fremed et at cop)
56 guard disis)

57 select_catf commor pusitons’)

56 goto os(opr et hand )

59 zppreve metace eleaselleam, e e
80 seedtcacies)

61 got fremef et above o)

6 #ftam avay
6 ooto femef et am anay )

Operators

Methods




Reuse of knowledge: solving a

new task
Operators
Goal
Hybrid
77777777777777777777777777777777 Methods ﬁ pla):\ nrilng
=1 I

/'% % Geometric knowledge




Reuse of knowledge: solving a

hew task

Python script

select_cat('cutes')
p e ra 0 rS goto_pos(get ready’)
#open right hand
select_cat('common positions')
goto_pos(‘open right hand')

Goal

#goto green cube with right hand
select_cat('cubes')
locate_object('cube_green’)
goto_frame('right pregrasp green’}

#open left hand
select_cat('common positions')
goto_pos(‘open left hand')

4
&

6

7

8

9

10

1

12

k]

14

15

16

7

18

19

20

21 #qoto red cube with left hand

22 select_cat('cubes')

23 locate_object('cube._red)

24 goto_frame('left pregrasp red)

5

26 #pickup green cube

27 select_cat('common positions')

28 goto_pos(ight hand pick cup’)

29 app.rave interface.bind("righiArm’, "cube_green")
0
3
2
3
EY
35
¥
31
k]
9

#dropping right

select_cat('cubes')

goto_frame('right above drop')
quard.enable({"right_tcp": [(2, "<", -5.00)1})
qoto_frame('right at drop')

quard disable()

select_cat('common positions')

goto_pos( open right hand')
app.rave_interface.release("rightArm", "cube_green")
select_cat('cubes')

41 goto_frame('right above drop’)

Hybrid
planning

43 #right am away
4 goto_frame('right am away')

46 #pickup red cube

47 select_cat('common positions')

48 goto_pos(left hand pick cup’]

49 app.rave interface.bind("leftArm", "cube_red")

51 #dropping left
52 select_cat('cubes')
53 goto_frame('left above drop')
54 guard.enable({"left tcp" [(2,"<",-5.00)]})
55  goto_frame('left at drop!)
56 quard.disable(]
H 57 select_cat('common positions')
eometric knowle ge % g sosopenltfnd)
59  app.rave interface.release("leftAm", "zube_red")

60 select_caf('cubes')
61  goto_frame('left above drop')

goto_frame( left arm away')

62
63 #leftamaway
64
65




The End

Thanks for your attention.

Questions?
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