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Increasing Prevalence of Taskable Robots
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What do we want robots to do?

+ Assist humans with accomplishing tasks
« Accomplish tasks without requiring a lot of human hand-holding

« Be versatile
* Do the dishes, prepare the food
 Mow the lawn
* Vacuum the house
and so on...
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What we see robots doing
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FOOTAGE 3X SPEED
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What goes on under the hood!
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Human Plan

1. Drive from Arad to Sibiu

2. Drive from Sibiu to Fagaras

3. Drive from Fagaras to Bucharest

Robot’s need to
searchin the
—  space of joint

Robot Plan for the Human Plan
1. [0.0,0.0, 0.0, ...,1.2]

2. [1.2, 3.2, 4., ..., 3.xX]

5 . values!
174.[200.9, 3.142, 2.1, ..., 44.X] —

175,000 Plans are much
555.[400.X, 3.2, 3.X, ..., 9784.X] longer too and

556.[521.X, 5.6, 3.X, ..., 10023.X] takes a lot of

time to compute



Open Questions and Challenges

Humans want to instruct robots at a “high-level”
Robots expect humans to instruct at a “low-level”
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Open Questions and Challenges

Humans want to instruct robots at a “high-level”
Robots expect humans to instruct at a “low-level”

() =) Q. Do humans need to know robot programming
- to operate robots safely and productively? -

Using Explainable Al and Hierarchical Planning for Outreach with Robots



Open Questions and Challenges

Humans want to instruct robots at a “high-level”
Robots expect humans to instruct at a “low-level”

>, 4 a’
N -

o)) Q. Do humans need to know robot programming
- to operate robots safely and productively? -
m Q. How can we bridge the gap between the robot
Y, and the user’s understanding of the robot?
o0

e ———— R —.—
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What we need

Humans want to instruct robots at a “high-level”
Robots expect humans to instruct at a “low-level”

- @’

Q. Do humans need to know robot programming
to operate robots safely and productively? -

and the user’s understanding of the robot?

A )(5\ \
9
m Q. How can we bridge the gap between the robot
N/
o0

Need a tool that enables non-experts
to learn and use robots

e ———— R —.—
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Introducing JEDAI.Ed - JepAl Explains Decision-making Al

Get At Curricum

Goal State
- | Initial State i :
Actions can_blue' is on
Move robol . v After applying Action 1 .mmeﬁb‘ue.
N Pick up Afte ing Action ‘can_brown' is on ..
Pick Up 5 Pick up from location ‘can_green' is on
Place ‘counter object ‘can_red' .5 —5iis on
4 using gripper ‘gripper’ - 2
‘/ . this robot 'fetch* =
using this gripper: (TTaad ‘can_brown is on
- \ ofthis robor: (ZEIXD
—

fetch is at location
gripper is holding
can_blue is on counter

can_green is on counter  Expected goal state
configuration

Place
\ PR counter v |
this object: EXYIITED
using this gripper: ETITSR8
of this robot: 3
B Explanation: The robot couldn't place the blue can on the counter because the gripper
wasn't holding the blue can. Brief message: The robot couldn't put the blue can on the
counter because it wasn't holding it with the gripper. Suggested fix: Make sure the gripper
— ToaE — T e is holding the blue can before trying to place it on the counter,
[ °

‘ An easy-to-use GUI tool that allows
programming robots via human plans

Invalid Action 2

TLDR: The action at step 2 (Place at location ‘counter” object ‘can_blue using gripper
“gripper’ this robot ‘fetch’) could not be performed because ‘gripper” is not holding
‘can_blue'
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Our Contributions

JEDAILEd, an online platform that:

* Teaches users to understand reasoning and quickly provide high-level
instructions to robots to perform tasks.
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Our Contributions

JEDAILEd, an online platform that:

* Teaches users to understand reasoning and quickly provide high-level
instructions to robots to perform tasks.

* Identifies and explains bugs in user instructions so that users learn
more about the capabilities of the robot and update the instructions.
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Our Contributions

JEDAILEd, an online platform that:

* Teaches users to understand reasoning and quickly provide high-level
instructions to robots to perform tasks.

* Identifies and explains bugs in user instructions so that users learn
more about the capabilities of the robot and update the instructions.

* Adaptively generates problems tailored to the user’s understanding.
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Example Environments

¥ e it

. »
N " ’\ 4/,

Taties

\_\

Countar

Fetch Gripped

Feten Robot ————

Coffee Shop Keva
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JEDALEd Interface

Goal State

Execute on Robot Help GetAHint Curricullum

"'- : . Initial State

¥ Actions - ‘can_blue' is on
Move robot é{.’ , , ‘table blue’
Pick Up Pick up ® LA After applying Action 1 : ‘can brown' is on ...
. Pick up from location ‘can_green' is on ...
Place e R counter v II;etch ‘counter’ object 'can_red" ‘can red' is on
using gripper 'gripper’ —
this object: ((EM Ad . opol this ?o%o?getcﬁ' :pp -

using this gripper: BlY =08
of this robot:
Place ©)

at this location: (08
IXe =Ml can blue v |
using this gripper: B0 0d
of this robot: (BC1Ad

can_brownis on ...

fetch is at location ...

gripper is holding ...

can_blue is on counter

can_green IS on counter Expected goal state
configuration

Invalid Action 2

TLDR: The action at step 2 (Place at location 'counter' object ‘can_blue' using gripper
'gripper’ this robot ‘fetch’) could not be performed because 'gripper' is not holding
‘can_blue'.

Explanation: The robot couldn't place the blue can on the counter because the gripper
wasn't holding the blue can. Brief message: The robot couldn't put the blue can on the
counter because it wasn't holding it with the gripper. Suggested fix: Make sure the gripper
is holding the blue can before trying to place it on the counter.

Reset
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JEDAI.Ed Interface: Domain and Task

Goal State

‘can_blue' is on
‘table blue’
‘can_brown'is on ...
‘can_green'is on ...
‘can_red'ison ...

can_brownison ...

fetch is at location ...

gripper is holding ...

can_blue is on counter ——

can_green is on counter Expected goal state
configuration

Initial State +

After applying Action 1 :
Pick up from location
‘counter’ object 'can_red’
using gripper ‘gripper
this robot 'fetch’: —

Using Explainable Al and Hierarchical Planning for Outreach with Robots



JEDAI.Ed Interface: Generating a Plan

Help Get AHint Curricullum

Actions
Move robot

Pick Up Pick up
HECE from this location: sl G AS
Y[l can red v

using this gripper: ElJ 50
of this robot: {184

Place

at this location:
this object:
using this gripper:

of this robot:

Reset
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JEDAIL.Ed Interface: Plan Execution

'¥ Actions

Move robot SN

Pick Up Pick up

Blce from this location: {elt]§ |- 4
this object:
using this gripper: BlY Q= hd
of this robot:
Place
at this location:
this object:
using this gripper:
of this robot:

Save Load Reset
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JEDAIL.Ed Interface: Explanation for Errors

'W Actions

Help Get A Hint Curricullum

Move robot
pick Up Pick up ®
Hits from this location: (o015 08
IR JEe can red v |
using this gripper: BI85 0d
of this robot: (E1hd
Place
of this robot: (E=1h4
Save Load Reset

Fetch
Robot

|
=/
N

Invalid Action 2

g ..
N

TLDR: The action at step 2 (Place at location 'counter' object ‘can_blue' using gripper

'gripper’ this robot ‘fetch’) could not be performed because 'gripper' is not holding

‘can_blue'.

Explanation: The robot couldn't place the blue can on the counter because the gripper
wasn't holding the blue can. Brief message: The robot couldn't put the blue can on the
counter because it wasn't holding it with the gripper. Suggested fix: Make sure the gripper
is holding the blue can before trying to place it on the counter.
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JEDAI.Ed Interface: Hints

Execute on Robot Help GetAHint Curricullum
'¥ Actions

Move robot
Pick Up Pick up @®

Place from this location:
IR e can red v |
using this gripper: Bl =0
PRI Jo 1l fetch v |

Place ®

at this location: o= 0d
IR = can blue v |
using this gripper: Bl =0
of this robot:

Save Load Reset

Using Explainable Al and Hierarchical Planning for Outreach with Robots

Users can take help from a hint!
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JEDAI.Ed Interface: Curriculum Design

Execute on Robot Help Get AHint Curricullum
'W Actions

Move robot
Pick Up Pick up @®

Place from this location:
IR e can red v |

using this gripper: Bl S nd . . .
of this robot: (2D Curriculum design adjusts problem

S O complexity based on user understanding!

at this location: (S5 0d
IR = can blue v |
using this gripper: Bl =0
of this robot: (G0

Save Load Reset [T T T T T —
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JEDAI.Ed Architecture

Explanation Hint
High-level Simulation l e ™~
New Task (HL) Plan Hint Request Natural
JEDAI-Ed User Interface Language
A Simulation A HL Plan kMUdeEJ
A
Correct
: Low-level| |HL Plan ( Explanation ]
imulator .
Planner L Generator J Explanation
Correct
Low-Level Module HL Plan
R;aizs t - User Hint ]
WS 5| Curriculum | ggiistics Generator | | A
Design
\_ Module User Assistance Module
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Empirical Evaluation

Hypotheses

H6 -

H5 -

H1 -

Responses from User Study with 42 participants

B Not At Al M Slightly B Very M Extremely ---- JEDAI —— JEDAIEd

Percentage Responses to Survey Questions for JEDAI and JEDAI.Ed

@ 71.4%

@ 66.7%
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Empirical Evaluation

Responses from User Study with 42 participants

B Not At Al M Slightly B Very M Extremely ---- JEDAI —— JEDAIEd

Percentage Responses to Survey Questions for JEDAI and JEDAI.Ed

H6 23.8% @ =———===== -l— —————————————————— @ 52.4%
4.8% @ ® 71.4%

ul

e | B0%m—— e e e e e e — — — —— e —————— @ 50.0%

EH"L 43%-_!_ ® 85.7%

= |

E.Ha_ 43%.'-|_ ———————————————————————————— . 76.2%

:i-:"‘ 0.0% @ ® 90.5% v

e e e P e
H1 4.8% @ —! @ 71.4%

0.0% ? ® 95.2%
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Empirical Evaluation

Responses from User Study with 42 participants

B Not At Al I Slightly B Very WM Extremely ---- JEDAI —— JEDAILEd

Percentage Responses to Survey Questions for JEDAI and JEDAI.Ed

H6 238% @ =———————u e ® 52.4%
4.8% @ ® 71.4%

L

L | 25.0% B = = = = = e e e — — — — ———— ———— ® 50.0%

= i

S H3 1 48% @ = ———m— e — e — e e ————————— ® 76.2%

= 0.0% @ Bl

i

&
<«
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Responses from User Study with 42 participants

B Not At Al I Slightly B Very WM Extremely ---- JEDAI —— JEDAILEd

Percentage Responses to Survey Questions for JEDAI and JEDAI Ed ‘




Empirical Evaluation: Test Times

JEDAI . Ed | -0 |
(No Adaptive) m
JEDAI.Ed | H ] 20% Improvement
‘.JH_H__‘______ for JEDAI.Ed
JEDAI } ¥—m l
100 200 300 400 500 600

Time (s) Taken to Solve Test Problem

20% improvement in test times!!
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Engagement in JEDAI.Ed’s pilot program on 2 high
schools (90 students)

TNy | ] “‘%t; T
o | e

= = il 2 — V ',..—.!«,- ‘
o 7
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Open-Source Code for JEDAI.Ed

Source code is available at: https://github.com/AAIR-lab/jedai

Execute on Robot Help GetAHint Curricullum ' { Initial State Goal State
¥ Actions ’ & ‘can_blue' is on
Move robot : é{ ) ) . 'table_blue’
LU Pick up @ AR /\t°r applying Action 1 : ‘can_brown' is on ...
Place , , e Pick up from location  W'cangreen’is on ...
from this location: Fetch counter' object ‘can_red ‘can red' is on
Robot using gripper ‘gripper’ =

IY el can _red v | this robot ‘fetch’ : -
using this gripper: IS ad
of this robot: (108

Place @)

at this location: (NS 8d
e )Ml can blue v )
using this gripper: Bl =88
of this robot: (G108

can_brownis on ...
fetch is at location ...
gripper is holding ...
can_blue is on counter
can_green is on counter

Expected goal state
configuration

Invalid Action 2

TLDR: The action at step 2 (Place at location ‘counter' object ‘can_blue' using gripper
‘gripper’ this robot ‘fetch’) could not be performed because 'gripper' is not holding
‘can_blue'.

Explanation: The robot couldn't place the blue can on the counter because the gripper
wasn't holding the blue can. Brief message: The robot couldn't put the blue can on the
counter because it wasn't holding it with the gripper. Suggested fix: Make sure the gripper
is holding the blue can before trying to place it on the counter.

Reset
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https://github.com/AAIR-lab/jedai
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