Hybrid Intelligent Systems

Lecture 16
Hybrid Information Systems for Robots
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Organization of hierarchical

decide what
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World model: -l
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= Built by SRI (Stanford
Research Institute) for
DARPA 1967-9

= Used Strips as main
algorithm for
controlling what to do
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= — World modellrepresentation”
_ Difference table with operators, preconditions, add &
deletelists
— Difference evaluator

= Strips assumes closed world

E

— Closed world: world model contains everything
needed for robot (implication Is that it doesn’t
change)

——

- — Open world: world is dynamic andwoerld model maysss
noeL ke cemplete

Strips suffers from frame problem

— Frame problem: representation grows too large to
reasonably operate over




Rodney Brooks:




= Most apps are programmed with this paradigm
= Biologically based:

—Behavioers)(independent processes), released by
perceptualienintennal events (Staie)

= No'world"models or long term memony.
— Highly modular, generic
— Overall behavior emerges

——




BENavIor-SpecHIC Or

bahalior

Perceptual
Schema

percept

Perceptual
Schema

Perceptual
Schema

sensor 1 sensor 2

Schema

hMotor
Schema

actuators



JOJH]OW

— e

= Behaviors?
= Random
= Avoid

— Avoid(bump=obstacle) |
— Avoid(wire=boundary) www._friendlymachines.com

o Stop
- — Stop(tllt=0ON)
= All active

-




= \Worker places robot at entrance to
unstable building, leads in the floor
plan, contextual knowledge and
tells robot to look for survivors
efficiently and map out safe routes

for workers to pass through

contextual knowledge includes
probability of where people are
more likely to be
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Deliberative functions
*Can “eavesdrop”
*Can have their own
Sensors

*Have output which
Looks like a sensor
Output to a behavior

ACTUATORS




= Past Present, Future
= Reactive

—exists in the PRESENT (will-a-bit of
duration)

peliberative -
"=can reason about the PAST
—can project into the FUTURE
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* How does the architecture distinguish
pbetween reaction and deliberation?

* How does It organize responsibilities in

the deliberative portion?
_= IHow.does overall behavior emerge?




S Commort

= Missionrplanner
= Cartographer
= Seguencer agent

= Behavioral manager

= Performance monitor/problem
selVing@agent (Jaidy rare) -




—_ I\/Ianagerlal (dIVISIOn ofires
loeks-like In business)

—AURA, SEX

= State Hierarchies (strictly by time
scope)

BT

"VedelF@rented (models serve as
virtual sensors)

—Saphira, TCA
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cartographer

mission planner
navigator

pilot

homeostatic
conirol

! reactive




S Commort

= |Vissionplanner

= Cartographer

= Seguencer agent

= Behavioral manager

" Performance moenpitor/problen...
SEIVIng agent
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= \Worker places robot at entrance to
unpstable building, loads in the floor
plan, contextual knowledge and
tells robot to look for survivors
efficiently and map out safe routes
for workers to pass through

contextual knowledge includes
probability of where people are
more likely to be




=\\orker places robot at
entrance to unstable building,
loads in the floor plan,
contextual knowledge and

tells robot to look for survivors
efficiently and map out safe
ioutes for workers to pass
areugh

s contextuallknowledge
Includes probability of where
people are more likely to be
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Cartographer accepts the: map

Navigator Uses path planning
algorithm-toe visit nodes in order of
likelihood of survivors

Pilot determines the list of
behaviors, Motor Schema

Manager instantiates them (MS &
PS) and waits for termination

Homeostatic might notice that
iehot Is running out of power, So
epportunistically.picks up low
prekhanbiliAreomieRivay Iack e
nome




AI—'\

E

= FOCUS 0N Sensing
= Biomimetic organization
= deliberative layer consists of

managerial agents

weieactivedayer has tactical.behaviors
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SEX (Sensor Eusion Effects)
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Focus of attention,
recalibration

e Cerebral

: Cortex-like
e functions
o

Choice of behaviors, resource
allocation, motivation, context

ehaviors,
task progress

Superior
Colliculus-like
functions

actions

Actuators




Sensor Mgr

Cartographer| | Effector Mgr

Interface

Information

directs sensing

Sensors

o |

Acuators

Behaviors

Use, Fuse 1







=\\orker places robot at
entrance to unstable building,
loads in the floor plan,
contextual knowledge and

tells robot to look for survivors
efficiently and map out safe
ioutes for workers to pass
areugh

s contextuallknowledge
Includes probability of where
people are more likely to be




= Cartographer accepts the map

= Task Planner agent asks for
path, reguests behaviors, passes
to managerial layer

Sensing and Effector Mgrs

negotiate allocation

Behaviors run until terminate or
encounter exception (either
Preset condition by mgrs or
through moniterng)s

s Vgrsican see “below” but not
above--cannot relax constraint of
Planner/Boss




diacticallBehaviess

strategic behaviors

Sensors tactical behaviors

actuators

inclino-= slope

meter safe velocity

speed-control % drive

CaMET&— follow-path e

stratiegic
velaci

clutter |\ direction to path safé direction

» Steer
:  motor

obstacles :

how much vehicle turns |:

swivel camera
camera

center-camerayj




deliberation?

= How does It organize responsibilities in the deliberative
portion?

= How deesioverallbehavion emergess
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= Managerial (division ofi responsibilities looks
ike In business)

— AuRA, SFEX




State Hieranchy. Architectures

How does it organize responsibilities in the deliberative
portion?

HewideeSsteVEerall beRavier emerge?
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~ = Used extensively at NASA

= Merging of subsumption varation

—(Gat, Bonasso), RAPs (Firby), and
vision (Kortenkamp)

= Has 3 layers Dave Kortenkamp,
TRAC Labs (NASA JSC)

— reactive

— deliberative

— In-between (reactive planning) .
= Arranges by time \ 2
= Arranges by execution rate

— ox. visionlnldelberation

—
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= \Worker places robot at entrance to
unstable building, leads in the floor
plan, contextual knowledge and
tells robot to look for survivors
efficiently and map out safe routes

for workers to pass through

contextual knowledge includes
probability of where people are
more likely to be
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e architectuner distnguS A EIWEEh reacon ana
deliberation? = "

= How does it organize responsibilities in the deliberative portion?

S

EEHow does overall behavior emerge?
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Developed al SRI by—
Konolige;, Myers,
Saffioti

Comes with Pioneer
robots

Behaviors produce

fuzzy outputs, fuzzy
logic combines them

Has a global rep called
a lLecal Perceptual
Structure,to filter noise

Instead 6iRAPS, (Ises
PRS-Lite




Schema
Library

Speech

Localization PRS lite peee
inpu

and map

registration

l

Topological
planner

Peaople-
tracking

Chject
recognition

Navigation ]
tasks
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Surface Goall
construction behaviors
Raw depth Reactive

information behaviors
L
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Mission Rlanning;
Perfo

Distributed
Processing
Routines

Penpl_e— Topological
Tracking Planner

_ Local Perceptual
Object Space(LPS)
Recognition

h

i Surfac:a Navigation
t},onstrucu-:m Tasks

Localization, Virtual -\
Sensors

quap Maintenance v
Cartographer | -

>

Sensors

{ Reactive
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: Cdmputers (@and Al) reasons using
symbols

—EX. “room”, “box,
= Robots perceive raw. data

——

corner,” “door”

——
-

"HOW to convert sensor'readings to
these labels?
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. What do you
See?

= How could a
ebot reliably

_ Extract thessame
abels?




- Spatlal \World knowledge
= Object knowledge

= Perceptual knowledge
~sBehavieral knowledge
--Ego krnewledge

" Intentional knowledge




To provide producingof meaning during
action/learning as result of fusion of multimodal
Information from sensors and actuators

Simulation of logical reasoning in neural networks

Usage of meaning as feedback for recognition
Usage of meaning for collaboration between

e

S repots,— simulation of birth andieyvelution of
~language




Proposed Architecture of Control System, for Mobile Robot

(A Gaviiloy, 2003);
ssoclatlons getweer visuel Irrzlge ericl worc
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Hierarchical Semantic-Neural Commands and rules
Network, Rules by words

Analyzing of NL, and sentences
programming and achievement of S —

goals (planning and navigation),
programming of behavior as set of rules

Neural networks for perception

.~ Classification and recognition

of images and situations, ==y ,f angines, images and
- Associations between images, commands to optimize

situations and signs (names) trajectories of motions

Neural networks for motion

ﬁl mages, states States




ElZZy semantic nets technology Tor pch‘e‘s‘§iﬁ§ ol
words and sentences from technolegy in learned
system for search of documents by query in Natural
Language [Gavrilov, 2001]

Hybrid neural network based on ART-2 and MLP

for recognition of visual images (since 2004)

Engine of fuzzy rule-based expert shell ESWin for
programming of behavior (since 2001)
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P.S-A, deliberation uses globalworld models,
reactive Uses behavior-specific or virtual sensors

Architectures generally have modules for mission
planner, sequencer, behavioral mgr, cartographer,
and performance monitoring

Deliberative component is often divided intor sub-
layers (sequencer/mission planner or
managers/mission planner)

Reactive component tendsiieilse; assemblagesiofi
BERBVIGIS

Hybrids think in closed world, act'in' open world



To provide producingof meaning during
action/learning as result of fusion of multimodal
Information from sensors and actuators

Simulation of logical reasoning in neural networks

Usage of meaning as feedback for recognition

Usage of meaning for collaboration between
S repots,— simulation of birth andieyvelution of

e

S

D languagess




