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“"“Hierarchical Task Network (HTN)

Planning
tasks are decomposed into simpler tasks.

Seeks to decompose compound tasks into primitive tasks,
which define actions changing the world

The knowledge artifacts indicating how to decompose task
into subtasks are called methods
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"“Why HTN Planning (2)?

Hierarchical planning is natural in many domains
Military planning

Strategic
National

JCS/NCA

Strategic
Theater

JTF
Operational

Tactical
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Announcements
Due dates:
HWS5 due Thursday
P3 due one week later
Midterm in one week (styled like homeworks)
Open everything non-electronic
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U
“"Why HTN Planning (1)?

HTN planning is provable more expressive than non-
hierarchical planning (Erol et al, 1994)

Even for those domains in which HTN representations can be
translated into non-hierarhcical representations, a much larger
number of operators is required to represent the HTN
methods (Lotem & Nau, 2000)

Fast planning through domain-configurable HTN planners
(SHOP system)
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“"*Unreal Tournament®

Online FPS developed by Epic Games Inc.

Various gameplay modes including team deathmatch and capture
the flag

Provides a client-server
architecture for controlling
bots

High-level script
language: UnrealScript
(Sweeney, 2004)

unrealtournament.com;

Variants:
Enhanced server (USC/ISI), Java Bots (CMU), Soar (Michigan)
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Application: UT Domination

Games

A number of fixed domination
locations.

When a team member steps into
one of these locations, the status of
the location changes to be under
the control of his/her team.

The team gets a point for every five
seconds that each domination
location remains under the control
of that team.

The game is won by the first team
that gets a pre-specified amount of
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dea

Use of hierarchical task network (HTN) planning techniques to
laid out a grand strategy to accomplish gaming tasks

Use standard event-driven programming allowing the bots to
react in highly dynamic environments while contributing to the
grand task

_UT task: Domination

A,

Strategy. secure
most locations

points.
UT action: moveBotlto
locationB
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Technical Difficulties of using an rre—  Control Al Pants
HTN Planner (1) = »Tak
L 2 I
UT task: Domination CHN win d;’?“_mat_wn
- 1. Declarative language for - Preconditions:
< Strategy. secure, . g ag Assign bot, and bot, % =The team consists at
most locations expressing conditions to capture points £ least of 2 members
H » Subtasks:
Assign bot, and bot, S = Capture all
Solution to 1 use built-in fo patrol befween a domination poirits
- . these points =Assign 2 members to
uT a‘CtIOl'IZ moveBotlto predicates to represent patrol between those
locationB conditions bot, seeks and destroy points
= Assign remaining
team to scarch and
. . destroy task
2. Dealing with - estroy tas
contingencies while Botg Solution to 2 use Java
are executing actions | Bots to represent actions
(event-driven)
resulting plan
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* Activity

Need volunteers to form two teams
Between 3-5 people on each time
Small amount of extra credit for participation
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Robotics Tasks Mobile Robots

UNIVIRSITY
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Motion planning (today)
How to move from A to B
Known obstacles
Offline planning

High-level objectives: move around
obstacles, etc

Low-level: fine motor control to
achieve motion

Localization (later) Why is motion planning hard?
Where exactly am 1?
Known map

Ongoing localization (why?)

—Immovable

V / Obstacles
<

Mapping (much later)
What's the world like?
Exploration / discovery
SLAM: simultaneous localization and mapping

Start
Configuration

Goal Configuration
CS 5300: Robot Motion
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Sensors and Effectors

High-level goals: reconfigure

" Sensors vs. Percepts
environment

Agent programs receive

percepts

Agent bodies have sensors
Includes proprioceptive sensors

Real world: sensors break, give

noisy answers, miscalibrate, etc.

Low-level: move from configuration A
to B (point-to-point motion)
Why is this already hard?

Effectors vs. Actuators

Agent programs have actuators
(control lines)

Agent bodies have effectors
(gears and motors)

Real-world: wheels slip, motors

Also: compliant motion

fail, etc.
Slide 15 I dion Slide 16 0: Robot Motion
‘u Hal Daumé Ill (hal@cs.utah.edu)
UNIVERSITY Hal Daumé 11l (hal@cs.utah.edu)
A ClvERSITY
Degrees of Freedom
g Example
The degrees of freedom are the numbers D
required to specify a robot’s configuration — D How many DOFs?
the “dimensionality” D What are the natural coordinates
Positional DOFs: for specifying the robot's

configuration?

X, Y, z) of free-flying robot
fiire)::tign robot isyfaging 2D8gs These are th_e configuration
space coordinates
Effector DOFs O <> .
g What are the natural coord_mates
Arm angle for specifying the effector tip's
Wing position position?
Static state: robot shape and position (. These are the work space
Dynamic state: derivatives of static DOFs 3 DOFs coordinates
(why have these?)
Question: How many
DOFs for a polyhedron
free-flying in 3D space?
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Example
RA _R
A
l R
v
How many DOFs?

How does this compare to your arm?

How many are required for arbitrary positioning of end-

effector?
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Coordinate Systems

Workspace:
The world's (x, y) system
Obstacles specified here

Configuration space
The robot's state
Planning happens here
Obstacles can be projected

to here
—1 R
» (¥
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Configuration Space
re(l,4]
(@7
(37/4,2) (7/4,2)
Configuration space T
Just a coordinate system 5
Not all points are reachable /
legal
Legal configurations:
No collisions
No self-intersection
O -
» (¥
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Holonomicity

Holonomic robots control all P

their DOFs (e.g.

manipulator arms) O¥
Easier to control
Harder to build

3

]
cg\sf“
Ed

Afj?

Non-holonomic robots do
not directly control all DOFs
(e.g. acar)
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Kinematics

Kinematics

The mapping from
configurations to workspace
coordinates

Generally involves some
trigonometry

Usually pretty easy

r cos{a)
y = rsin(a)

Inverse Kinematics z

The inverse: effector positions
to configurations

Usually non-unique (why?) Forward kinematics
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Obstacles in C-Space

What / where are the obstacles?
Remaining space is free space

5

Z
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More Obstacles
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Example: 2D Polygons

Workspace Configuration Space
° .
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Degrees of freedom
Legal robot configurations form configuration space

Even simple obstacles have complex images in c-space
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Topology

You very quickly get into tricky
issues of topology:
Point robot in 3D: R®
Directional robot with fixed position in
3D: SO(3)
Two rotational-jointed robot in 2D:
S,xS,
For the present purposes, we'll
just ignore these issues
In practice, you have to deal with
it properly
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Example: Rotation

o
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Motion as Search

Motion planning as path-finding problem
Problem: configuration space is continuous
Problem: under-constrained motion
Problem: configuration space can be complex

Why are there two

paths from 1 to 2?
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Decomposition Methods

Break c-space into discrete regions
Solve as a discrete problem
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Actually used in some
real systems

But:
Not optimal
Not complete
Still hopeless
above a small
number of
dimensions
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Visibility Graphs

Shortest paths:
No obstacles: straight line
Otherwise: will go from vertex to
vertex
Fairly obvious, but somewhat
awkward to prove
Visibility methods:
All free vertex-to-vertex lines
(visibility graph)
Search using, e.g. A*
Can be done in O(n?) easily,
O(n?log(n)) less easily
Problems?
Bang, screech!
Not robust to control errors
Wrong kind of optimality?

Oyoar
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Approximate Decomposition

Break c-space into a

grid

Search (A*, etc)

What can go wrong?

If no path found, can

subdivide and repeat

Problems?
Still scales poorly

Incomplete*

Wiggly paths

CS 5300: Robot Motion
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Skeletonization Methods

Decomposition methods turn
configuration space into a grid

Skeletonization methods turn it into a
set of points, with preset linear paths
between them
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Voronoi Decomposition

Voronoi regions: points colored by closest obstacle

. Y

G B

Voronoi diagram: borders between regions
Can be calculated efficiently for points (and polygons) in 2D
In higher dimensions, some approximation methods
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Voronoi Decomposition Probabilistic Roadmaps
Algorithm: Idea: just pick random points as
Compute the Voronoi diagram of nodes in a ViSibi"ty graph

the configuration space

Compute shortest path (line) from
start to closest point on VVoronoi

diagram This gives probabilistic roadmaps
Compute shortest path (line) from . .
g_oal to closest point on Voronoi Very successful in practice

iagram. f

Compute shortest path from start Lets you add points where you need
to goal along Voronoi diagram them

Problems: If insufficient points, incomplete, or
Hard over 2D, hard with complex weird paths
obstacles

Can do weird things:
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Roadmap Example Potential Field Methods

So far: implicit preference for short paths

Rational agent should balance distance with risk!
Idea: introduce cost for being close to an obstacle
Can do this with discrete methods (how?)

Usually most natural with continuous methods
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Potential Fields

Cost for:
Being far from goal

Being near an
obstacle

Go downhill

What could go
wrong?
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