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Overall Goals

Addressing research problems relevant to transitioning robots
from Tools to Teammates

Vision: Natural and intuitive bi-directional communication
« Spoken dialogue with mixed initiative

Tool Teammate
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R: I see a door to the right and a door
to the left
H: Scan next open room on left

SimSensei

USClnstitute for
Creative Technologies

Virtual Human
(DeVault et al., 2014)
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Project Objectives

Understand human language use to
design robot capabilities needed for
effective communication

« Collect data containing natural language
commands and associated multimodal
data from robot

« Task: Human “teammate” is engaging
in dialogue with robot “teammate”

« Can we successfully leverage dialogue
management approaches from Human-
Virtual Human (VH) dialogue and apply to
robots?

« Phased “Wizard of Oz" methodology

Team Members

ARL CISD: M. Marge, C. Bonial, C. Hayes, S. Lukin, C. Voss

ARL HRED: S. Hill, A. Evans, A. Foots, K. Pollard

ICT (Army UARC)@USC: D Traum, R Artstein, A Leuski 3
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Phase 2
Automate Some

Phase 3 “Wizard” Labor

Full Automation
Of “Wizard”

;
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Us. ARMY

RDECON Lifecycle of Human-Robot Dialogue

Development

Phase 1 Exploratory Data Collection

Let’s take a step back
to see our end goal...

\\ Phase 2
Phase 3 o f\VI\J/'Fomg,t’eLnge
Full Automation Izar abor
Of “Wizard”
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Approach

VERBAL
COMMANDS
ROBOT
(remote from
Commander)

(Marge et al., 2016, IEEE RO-MAN)

;

UNCLASSIFIED The Nation’s Premier Laboratory for Land Forces



UNCLASSIFIED

Approach

+ Dialogue Manager (DM-
Wizard) is the “brains” of Human
the robot in natural Commander
language interactions

VERBAL
COMMANDS

RN MOVES
ROBOT

)

* Robot Navigator

(experimenter) navigates y .
robot based on instructions Behind the

from DM-W,izard

scenes” Robot Navigator

The Nation’s Premier Laboratory for Land Forces
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Approach

+ Dialogue Manager (DM-
Wizard) is the “brains” of
the robot in natural
language interactions

Human
Commander

~

* Robot Navigator
(experimenter) navigates
robot based on instructions
from DM-Wizard
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Commander View

Commander: Speaks into microphone

Requests and views
photo from robot

Views real-time map + robot

& chatp; Reads DM-Wizard
Chatroo dialogue responses

Usernam
v ’

(10:18:33) robot: I'm not sure. | haven't detected any
people but we haven't fFully explored the space.
(10:18:37) robot: executing...

(10:18:40) robot: done

(10:18:46) robot: executing...

(10:18:53) robot: | could only move 13 feet.
(10:19:09) robot: executing...

(10:19:13) robot: Our bandwidth will currently not
support the video feed.

(10:19:15) robot: Would you like me to send a photo?
(10:19:19) robot: sent

(10:19:23) robot: executing...
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Us. ARMY

BDECOMI DM-Wizard View: Experiment 1 Zgj@f

Dialogue Manager: Listens to Commander via headphones

Views video from robot

Views real-time map + robot

Views photo sent to
Commander

-

Experiment 1. Types responses into
chat windows to Commander and
Robot Navigator
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" Video: DM-Wizard in Experiment 1 G fRf

| UNCLASSIFIED The Nation’s Premier Laboratory for Land Forces



UNCLASSIFIED

Views video from robot

ey s e — e — e
e b D e R L

R NN Rl
- B — -

Views photo sent to

e Tl B
Commander

interface to produce replies

l!‘:, . Presses buttons on graphical
i |

je: wizard has

3:55:53) sys
joined the session

Experiment 2: DM-Wizard interface
instead of typing

;
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Us. ARMY

RBRDECOM" Video: DM-Wizard in Experiment 2

"Move do move south"

3 Front Facing Camera & ChatPanel
Chatroom: |froom2 || connec t
Username: |wizar d
(1 7:59:04)

system_message: wizard
has joined the session
(17:59:24) wizard: send

br— — T—

i {Wmhl"mum‘ i ‘ P " e ‘ i I(T;gZAO) wizard: move
Wj"’""""‘ o H i “Mm‘vmm‘ E?Sa:g(e):yz%ov?/li'zzard:send
processing || executing H moving ‘ wmng || sent ’ image
o e = e ||
& Last Image Sent Ol o ;‘ i H i m ‘ i ‘ ( & ChatPanel
ok, got it o H cormect ‘&m‘le‘ think s ’ Chatroom: | /room1 connect
- [=[=1=] !é';“_éf.ori‘

Clmy Tagm [ | 1 e o (17:59:20) robot: done
|t W-w | o | \_“”"""'“'" (17:59:26) robot: sent
| W e e e T (17:59:37) robot:
A A e e R (18:0004) robot:

e e ‘Immulvh‘ 1500 mutie | don se0 oo "‘3..’.'.7,.1“"‘ Dsgé““:m moving. ..

Clarity Action [uncure where 1o | | unsure where lo A back?
move capability: | how far forward | | how far move || how far back
skp meng slop gong maw‘ 97 || forward? L .

(18:00:23) robot: done
(18:00:29) robot: sent

‘hwhloo thlumove unsure when o “x‘u';"':" turn capability: | how far turn
m down hallway? | | down hallway? | | stop turning sty or face right?
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Results from Experiments 1 & 2 ARL

Landmark vs. Metric Usage in
Instructions to Robot

« Experiment 1: People use a

variety of language when MAIN TASK 1
Interacting with robots

MAIN TASK 2

® Landmark m Metric
*p <0.05

: _ : # Successful Interactions per
* Expe”ment 2: DM-Wizard GUI Dialogue: Experiment 1 vs. 2

Improves data collection by _
- - Experiment 1 [N 31
enabling faster data collection

(more successful interactions)

**

Experiment 2 [N 41

0 10 20 30 40 50
#Sls / Trial

= p <0.01 14
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Lifecycle of Human-Robot Dialogue Y %> 7 |
Development A L

Phase 2
Automate Some
“Wizard” Labor

Phase 3
Full Automation
Of “Wizard”

i

UNCLASSIFIED The Nation’s Premier Laboratory for Land Forces



End Goal: Autonomous
Dialogue Manager

™ B = B =(100%) 4« TueAug1512:11PM ¥
Record
{3 L

E8 s 1ukin@NB21603:~/svn_botlanguage/Users/slukin/py_scripts/demo$ |

OS Time: 3072.21| ROS Elapsed: |100.74 | Wall Time: 3300.17| Wall Elapsed: |116.45
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Summary

Research Goal: Studying humans having Natural language control
natural dialogues with robots

Proceed forward
until you reach
the target.

« Contributes to natural language & multimodal
training data between humans and robots

Which way?

« Dialogue offers humans a way to supplement a
robot’s knowledge / understanding of the world

« Evaluating ability to leverage work conducted for
virtual humans and apply to robots

« Identifying concepts critical to human-robot Nr—
dialogue Sgt. Blackwe

Virtual Human
Developed at ICT

;
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Us. ARMY

RDECOMI
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Motivation

Status

Challenges report

How is language used in dialogue with
technology (vs. human-human dialogue)?

What will robot need to “know” and “see” in
order to have common ground with

humans? I'm facing an

abandoned

Army-unique issues include operational
environment and tempo, vocabulary,
non-structured environment

Current State of the Art

Robot has limited understanding of navigation
and manipulation commands; no dialogue,
only simple one-way replies
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(us.aRwY)

Series of studies planned that will examine:
» Increased automation support for dialogue management
» Multimodal inputs (e.g., head nods, eye gaze)
» Human-robot dialogue in more complex environments

-Natural interaction to enhance situation awareness
-Simplified control of robotic partners
-Reduced cognitive load

20
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Open Campus Initiative

Past: Current Defense Present & Future: Open Campus Initiative

Laboratory Model Reduction in barriers to facilitate collaboration with
Gates and high walls provide academia, industry, and small business
20th century security, but are
barriers to 21st century
innovation

as for |
bRl 2
2rs and

Defense laboratories relatively An enhanced defense research environment
unchanged since inception that fosters discovery and innovation through
(NRL 1923) collaboration on fundamental research

| U,QCLASSW.ED The Nation’s Premier Laboratory for Land Forces



