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Humans & Robots in the near future
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Humans & Robots in the near future
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Car-like model from the

X=vcost
y=vsiné@
. v

0 = —tanvy

L

v: forward speed
L: length of vehicle
y: steering angle
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Robotics Toolbox (Corke 2011):

Example
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PLAN,, Framework

We present an online planning framework for robotic systems
where the environment is dynamically changing and mission
compliance specifications may be updated
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PLAN,, Framework

mputs offline/rarely called online /runtime
global planner
state
Local MTL
Specification local
Local RRT | paths MIL
» Monitoring
Planner (2)
(3)
Global LTL Global feasible Robotic
Specification Planner (1) | | , paths System | |
Path
Evaluation e
: vehicle
/ Environment / global Finite Horizon Metric (4) inputs
Map / map Local MTL Planner

local sensing/update map
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PLAN,, Framework

Local MTL
Specification

/

Global LTL
Specification

Environment
Map

offline/rarely called online /runtime
global planner
state
local
Local RRT | paths MIL
» Monitoring
Planner (2)
(3)
Global feasible Robotic
Planner (1) |° ] . paths System | |
Path
Evaluation e
. vehicle
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Local MTL Planner
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PLAN,, Framework

inputs offline/rarely called online /runtime
global planner

/ Local MTL /
Specificati
pe(:1 catlon MTL
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Local RRT o
Monitoring
Planner (2) (3)
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Path
Evaluation e
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local sensing/update map
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PLAN,, Framework

inputs offline/rarely called online /runtime
global planner
state
Local MTL
Specification local il
Local RRT | paths o
» Monitoring
Planner (2) (3)

Global LTL Global . feasible Robotic |
Specification Planner (1) . paths System

Path
Evaluation o
- _ Metric (4 vehicle
Environment / global Finite Horizon (4) inputs
Map / map Local MTL Planner

local sensing/update map
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@ Linear Temporal Logic
Specification

Syntax: Boolean connectives with temporal operators
¢ =T | P V| GP|F | Pp1UP,

(G a - always a 9 9 9 e e 9

F a - eventually a ° ° ° 9 ° °
a U b-auntilb e e e Q ° a

time
For example, visit R{, R, and R3, in that order:
F(R{ AF(R, ANFR3))

[1] Srinivas, S., Kermani, R., Kim, K., Kobayashi, Y., & Fainekos, G. "A graphical language for LTL motion and mission planning.(ROBIO), 2013.
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LTL,.

* Translate Visual Specification to LTL

* Design the specification so that it is intuitive, while still
maintaining expressivity

@Add Map Mission Mission &= Upload + 1

Preview LTL Template Mode

ROBOT 1

ROBOT 2

13
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PLAN,, Framework

inputs offline/rarely called online /runtime
global planner

———_ state
Local MTL
Specification local e
Local RRT | paths o
» Monitoring
Planner (2)
(3)
Global LTL Global . feasible Robotic |
Specification Planner (1) . paths System
Path
Evaluation e
.. _ Metric (4 velcle
Enviconment /  global Finite Horizon ) inputs
Map / map Local MTL Planner

local sensing/update map
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@ Metric Temporal Logic

Syntax: Boolean connectives with temporal operators

¢ ==T|=¢p|Pp1 V| GPHIF P | DU,

(G a - always a 6 6 6 e e 6
F a - eventually a ° ° ° e c °

alUDb-auntilb
} O—-0—0—0—@
0 0.4 0.7 1.1 1.2 1.7

a Up1.51 b -auntilb

time

Ex: Fio,51(R1 A Fjo 4] (R, A F[0,8]R3))
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PLAN,, Framework

mputs offline/rarely called online /runtime
global planner
state
Local MTL
Specification local
Local RRT | paths MIL
» Monitoring
Planner (2)
(3)
Global LTL Global feasible Robotic
Specification Planner (1) , paths System | |
Path
Evaluation e
: vehicle
/ Environment / global Finite Horizon Metric (4) inputs
Map / map Local MTL Planner

local sensing/update map
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Global
Planner (1)

A

LTL Planning

Workspace LTL Specification
Decomposition [1] LTL2BA [2]
Discrete Abstraction M Buchi Automaton B

E_Feasible Path i

[1] - Fainekos, Georgios E., Hadas Kress-Gazit, and George J. Pappas. "Temporal logic motion planning for mobile robots." ICRA 2005.
[2] - Gastin, Paul, and Denis Oddoux. "Fast LTL to Blichi automata translation.“ CAV, 2001.

RG] [\ R17ZONA STATE CIS1 ab-




18
PLAN,, Framework

mputs offline/rarely called online /runtime
global planner
state
Local MTL
Specification /\ local
Local RRT [\paths | = MITL
» Monitoring
Planner (2) (3)
Global LTL Global feasible Robotic
Specification Planner (1) | | , paths System | |
Path
Evaluation e
- vehicle
/ Environment / global Finite Horizon Metric (4) inputs
Map / map Local MTL Planner

local sensing/update map
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Local RRT |
Planner (2)

Local Planner

RRT-Based Spread-Based
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[1] - Von Hundelshausen, Felix, et al. "Driving with tentacles: Integral structures for sensing and motion." Journal of Field Robotics, 2008.
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PLAN,, Framework

mputs offline/rarely called online /runtime
global planner
state
Local MTL
Specification local
Local RRT | path MIL
» Monitoring
Planner (2)
(3)
Global LTL Global teagisle Robotic
Specification Planner (1) | | , paths System | |
Path
Evaluation e
: vehicle
/ Environment / global Finite Horizon Metric (4) inputs
Map / map Local MTL Planner

local sensing/update map
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Monitoring MTL Monitoring

G
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1. Determine window size

21

MTL Specification | Ry = Fjo21R>

Monitoring Algorithm [1]

Window Size

\ 4

Local Planner

Hrz = 2

[1] Dokhanchi, A.; Hoxha, B.; and Fainekos, G. On-line monitoring for temporal logic robustness. RV 2014
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MTL . .
3@ Monitoring MTL Monitoring

3

2. Classify Local Paths

. Robustness Estimate

>~10F ~—‘4c—4—/‘n 77—7.0 . .
| &‘5‘ Ex: Ry > Fjo1R» ! Specification

Robustness

positive robustness — signal satisfies the formula
negative robustness — signal falsifies the formula
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2. Classify Local Paths

3@ Monitoring MTL Monitoring

PPl — MTL Specification

zl . e Ex: Rl - FOZ Rz
! x\i\‘ [ , ]
| S

\x
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MTL
RN v
| Monitor |
1
| -

Robustness: € € R U{x 0}

positive robustness — signal satisfies the formula

negative robustness — signal falsifies the formula

CIS1 ab-




24

PLAN,, Framework

inputs offline/rarely called online /runtime
global planner
state
Local MTL
Specification local il
Local RRT | paths o
» Monitoring
Planner (2) (3)

Global LTL Global . feasible Robotic |
Specification Planner (1) | paths System

Path
Evaluation o
- _ Metric (4 vehicle
Environment / global Finite Horizon (4) inputs
Map / map Local MTL Planner

local sensing/update map
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]

Path 2
< Evaluation > Path Evaluation Metric

Metric (4)

e

1. Global Path 2. Local Paths

Which path should | choose?

Selection Criterion:

max c1 X Robustness Estimate(p, ¢) + ¢, X Similarity Measure(p)
pEfeasiblePaths

Where ), c; = 1
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PLAN,, Framework

mputs offline/rarely called online /runtime
global planner
state
Local MTL
Specification local
Local RRT | paths MIL
» Monitoring
Planner (2)
(3)
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Specification Planner (1) | | , paths System | |
Path
Evaluation e
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/ Environment / global Finite Horizon Metric (4) inputs
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Future Work

* Detect Livelock Situations

* Other candidates for the selection criterion

* Maintain future obligations when updating global plan
* Utilize PLAN, with a complex hybrid system
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