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Decisional Autonomy



Decisional autonomy

Definition:
« The ability of the robot to act autonomously.

Levels:

It ranges from the simple motion of an assembly
stopped by a sensor reading, to the ability to be self
sufficient in a complex environment.

Dependencies:
« Perception
« Cognition

Robotics 2020 Multi-Annual Roadmap. Horizon 2020 Call ICT-2017 (ICT-25, ICT-27 & ICT-28)
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Levels (from 5 to 11)

« Simple autonomy with environment model
« Task autonomy

« Constrained task autonomy

* Multiple task autonomy

 Dynamic autonomy

* Mission oriented autonomy

- P

« Distributed autonomy

Robotics 2020 Multi-Annual Roadmap. Horizon 2020 Call ICT-2017 (ICT-25, ICT-27 & ICT-28)
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Dynamic autonomy

« The system is able to alter its decisions about
actions (sub-tasks) within the time frame of
dynamic events that occur in the environment so
that the execution of the task remains optimal to
some degree.

* Domain applications:
—  Civil
— Commercial (toward mission oriented autonomy)

* Ability targets:
— Decision validation mechanisms
— User driven decisions
— Certification of decisions
— Decisions based on uncertain data
— Decision layering

Robotics 2020 Multi-Annual Roadmap. Horizon 2020 Call ICT-2017 (ICT-25, ICT-27 & ICT-28)
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Toward higher levels of autonomy
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RoboEarth

‘ Download object models

load-typical-object-models

Robo&Eoarth @

type: LoadTypicalObjectModels
modelsForPlace: HospitalRoom . .
Action recipe
Kinematic
Robot model
start-exploration-modules ‘ Semantic
. Object model Robot
type: StartExplorationModules . T )
L | ‘ ] Capabilities
re_exploration ‘_ 1 — Environment map
- SRDL
explore-environment check-finished Semantic Robot
Description Language
type: re_explore type: CheckingWhetherConditionObtains * *
a objectActedOn: re_explore
conditionEvaluated: COMPLETED_OK
—
T‘ SemanticEnvironmentMap
re_vslam = owL
T stop-exploration-modules
type: StopExplorationModules — -
OctoMap 3D <Zaraggza ) — Zaragoza
I I part_of
' '!i @r’eemd‘fﬂ )_laml Mariano Esquilior
] 1 ——
L] part_of
upload-vslam-map Upload . Building9634 Edificio 1+D+i
leVslamMa, - — swoetNuTber
ma T
type: UploadMapToRoboEarth P — o PO
serviceCalled: REVSLAMMapUploadService _swatetn?? = (Room7234 W':W-G_om
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Web-based knowledge services

Artificial
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task_goal(Action, 'REPLACEABLE-FUNCTION
-ROLL-OBJECT'), get_reach_action(Action
,Reach), get_dynamics_1image_perception

(Reach,Perc), once(designator_
publish_image(Perc)),show_action_trajecto
ry(Reach).

Query Next Solution

Initialize context
Load logged experiments
Load semantic map

----- Queries on the semantic map -----
What is the storage place for perishable items?
Which are electrical devices?

----- Queries on the logged belief state ----- 106272 W

Visualize boxy pre rolling B —— *

Visualize dough pre rolling R —

Visualize dough post rolling i

Show the trajectory for reaching the dough -—dantmii

Show the trajectory for rolling the dough s

Show the trajectory for going going back from r( o s . &

How did the size of dough changed over time(c-

roboh il Roboearth® £ SHERPA 1) sarvari T
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Web-based knowledge services
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Web-based knowledge services

Task Environment
Parameters Knowledge

/ Position to See

Position to Articulate Environment

‘ Container
' ints, Handles, ...
Object . _ , Joints, ’
Location Position to Grasp Articulate Environment
Object * ] Dynamic
Description Grasp Object Perception Knowledge

Position to Articulate Environment

Semantic
‘ Furniture

Move to Dest|nat|on

Destination

Location Articulate Environment

Place Object

—T'TT-T'T
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SWARM Ontology

Mission Management Tool

Queries| Answers Assigned Task Set
to queries tasks v status ruleg
Top level Middleware

Tasks
Register&
Forwarder

Rules &
Policies
Creator
- Robotdata

- Robots capabilities
repository

- Mission progress

Vehicle &
Service
Register

Remote Remote
VSM1 VSMN
Control Data
Terminal

Events

- Environment Reporter

Data Access
Manager

Publish/
Subscription
Manager

Cross Layer Services
=

Security

Communication system

Decisional Autonomy

Onboard VSM 1

Robot services 1
Vehicle Data
Terminal 1

Low level Middleware

Vehicle Data
Terminal N

Onboard VSM N

Notification of ) Notification of | | |nformation
pending '"'°"“a'h'°" Requests| | Reports  pending search  Requests| | Reports
publications searc publications
Robot System 1 Robot System N
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SWARM Ontology

Decisional Autonomy

Service

" requires Task

providedBy

Isa

contributes

>; Asset

VehicleLevelTask

assignedTo

Isa s a
performedBy
Vessel/Buoy ’ RoboticVehicle Action
canPerform
payload 1...
atachedTo
System Vehicle .
—‘ Entity
isa subClassOf
subClassOf
ManmadeObject

Conmunication Link ‘ Sensor

subClass
has 0...
is a

Infrastructure
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Fighting the Curse of Dimensionality with Distributed
Representations

i-th output = P(w, = i| context)

softmax
Neural Probabilistic (X -
Language MOdeI most| computation here \\
simultaneously a distributed '
representation for each word ;
along with the probability tanh .
function for word sequences, : se) |

expressed in terms of these
representations.

......................
shared parameters
across words

index for wy_,41 index for w,_» index for w;_;
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Joint Learning of Words and Meaning Representations

0. Input (raw sentence): A musical score accompanies a television program ."

1. Structure inference: ((_musical JJ score NN ), _accompany VB , _television program NN )
2. Entity detection: ((_musical JJ 1 score NN_2), _accompany VB 1, television_program_NN_1)
3. Dutpu]t (MR): _accompany_VB_1((_musical JJ 1 score_HNN_2),__ ._I:_Evisi:.l_p:c&crr._am NM_1)
E((Ihs, rel rhs))
{hs{re!) rhs(re!)

gleft(-) gright(-)
T N7 =~
] L 1

]
Ems \ / E rhs

Ere!
’
(lhs, rel, rhs)
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Visual Question Answering (VQA)

. yes no no no . . bakery art supplies . 2
{;:c;ri?]itmg?(eunr;der ves no ﬁ:gyou park no no Yxir;gt kind of store is bakery grocery :c;v\tlhrgfer]’y bikes 5 2
. yes no no yes : pastry grocery : 2 12
33 5 : white and orange red : no no . 48 4
prepumberdo 33 g yhercdoris e andounge 1ed ke o e e umbers g s
Y ’ 33 7 Y ’ white and orange yellow ’ no yes : 48 number 6

Does this man have i]’:z 522 Has the pizza been )};:2 ﬁz How many pickles % % What does :Egg zigg
i ? ? ? i ? !
children? ves ves baked? ves ves are on the plate? 1 1 the sign say? stop yield
no no : : feta mozzarella ; circle circle ; octagon diamond
Is this man crying? no yes Yxhazgrg:] (t)rf\igheiiig’)ls feta mozzarella gQﬁZ'S ltaP;:?shape round round Y}\fir;astisrrlz;pe s octagon octagon
PP pizza: ricotta mozzarella plate: round round gn octagon round

<o

7

3 2 Do you think the yes no Are the kids in the room  probably yes 2 1
How many glass?es 3 2 boy on the ground yes no the grandchildren of the yes yes How many balls 2 2
are on the table? 3 6 has broken legs? ves yes adufts? yes yes are there? 5 3
What is the woman  door handle fruit Why is the boy his friend is hurt ghost What is on the nothing  books What side of the right left

glass

reaching for? wine

other boy fell down

on the right
someone fell

glass
freaking out?

remote

lightning

sprayed by hose bookshelf?

left
right side

teeter totter is
on the ground?

right
right side

books

nothing
books

nothing




Architectures in VQA

Joint embedding

_ mountains | 1Op answers in a
CNN ) sky predefined set
Classif. clouds
Y e
. Variable-length sentence generation
|What 's |in|the |background | '?I RNN J | A| snow | covered |mountain|range |
Region-specific features
[ 1
> ® Classif.
|| Attention
— Attent. weights
RNN

|What 's | in | the |background | ?| RNN J
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The VQA-Machine: Learning How to Use Existing Vision

Algorithms to Answer New Questions
Authors: Peng Wang, Qi Wu , Chunhua Shen, Anton van den Hengel

Question: What is the girl doing? —»| Word Embedding |—»> Q% »| 1-D Conv. [ QF > LSTM [=>Q?
_<dmg_i _contain i horse>
<_img att riding>
Visual ~ man | hold ing : ropes .
..... < .man.;:..hc.)ldln.g_.:u..rOpe?.... . Fact Embedc“ng -_ F — _I e - - - - - .- I_ -_— en e s s e = I
Facts: _<gil i _on i horse>
_____ <man i with ! horse> I I I
| | |
|ma e RS CNNS ....’V ""E ..... .I..... .....................................E. ..... ' .......................................... § I
Pl P Eo
vy vV V vy vy vyVveyYy |
Co-attention Co-attention Co-attention
W GWw f'w w D P ~p P ~ i I *q
- —{a" 9" 1) o (@, v, iy o {q0,99,f1}  af
Answer: riding a horse ~ <— MLP < J I I I
« The image contains | | |
the object of horse . Top—N . | I
Reasons + The image contains 4= Formatting |« = <—| Ranking [¢*@Q¢ = = = = = — —
- the action riding Facts |
e Thegirlisonthehorse ] em em oem oem omm omm omm e e e e e e e e
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Explicit Knowledge-based Reasoning for VQA

Authors: Peng Wang, Qi Wu, Chunhua Shen, Anton van den Hengel, Anthony Dick
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@ name AttCat same-
-200 concept
"
Scenes: 0 TTTTT oo oo oo o oo oSS oo msm—————————--—-
' museum
indoor Input What is the common properties between the animal on the
NLQ right side of this image and the zebra?
Visual Question: How many giraffes in the image? l,
Answer: Two. Reason: Two giraffes are detected. Parsing | Template: CommProp.
* <obj> = “right animal”; <concept> = “zebra”.
Common-Sense Question: Is this image related to zoology? ¥
Answer: Yes. Reason: Object/Giraffe --> Herbivorous animals --> Mapping | ‘rightanimal” > 0b31-1>0b5-girraf fe>Kp:Girat e
. . e “zebra” = KB:Zebra
Animal --> Zoology; Attribute/Zoo --> Zoology. l

KB-Knowledge Question: What are the common properties between Query
the animal in this image and the zebra? lr
Answer: Herbivorous animals; Animals; Megafauna of Africa.

?x: ((KB:Giraffe, subject/?broader, ?x) AND
(KB:Zebra, subject/?broader, ?x))

Answer: Herbivorous animals, Animals, Magafauna of Africa
Reason: Giraffe Herbivorous animals —> animals
Zebra Magafauna of Africa

Answer
&Reason

Decisional Autonomy 28/04/2017 Pagina 17




