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My first Human — Machine Interaction project !

o

" Integrated Owner’s Manuals

Developed the first multimodal owner's manual
integrated into the in-vehicle infotainment system

Launchedin / series 2009
- Hyperlinks
- Search by Pictures / Keywords

- Video Animations
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Smartphone - Car Integration

" Integrated Owner’s Manuals
= [t Send to Car Prototype

Implemented the first prototype of send to
car. Successfully sending Point of Interest
from smartphone to vehicle navigation
system
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Natural Language Understanding

" Integrated Owner’s Manuals
= [t Send to Car Prototype
= Voice User Help

Developed the first Voice Vehicle Assistant
- Natural Language Understanding

- Owner's Manual Knowledge

- Contextual Driving Conditions

- Query/Answer dialogue

intel labs



Voice Authentication & Context

" Integrated Owner’s Manuals
= [t Send to Car Prototype

= Voice User Help

* BMW Speech Technology

Product Owner for In-Vehicle NLP

Voiceprint o

Natural .
Interaction . ]

Car
Expert

Custom Activation O

BMW iDrive
lﬂtelligent Personal Assistant. A new kind of driver-vehicle relationship.

Personalization

Context Knowledge
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Connected Vehicle

" Integrated Owner’s Manuals
= [t Send to Car Prototype

= Voice User Help

* BMW Speech Technology
» Connected Drive APAC

Product Manager for Vehicle Telematics

ApPpPS

Emergency Calls

- Navigation - Connected Drive Store
- Real Time Traffic - Web Services
- News/Weather - ADAS -+ R
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-

700+

RESEARCHERS

intel labs
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-

500+
100+

PRINCIPAL
ENGINEERS
& FELLOWS

-
Neuroscientists
Al Researchers = ———
Software 3 O +
Architects
TECHNICAL Physicists
DISCIPLINES

Circuit Technology Researchers

Computer Scientists
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Intel |20s Areas de Investigacion

&

Data
Security,
Trust
& Privacy

Future of
Artificial Intelligence

@ﬂ
Q’ -~ Autonomous Systems

Datacenter
of the Future

Edge and Beyond
o) | L, 5G Infrastructure

Design and programming
efficiency

= New
mn Compute Models

Future of
Microarchitecture

Future of
Heterogeneous Integration

intel labs
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Human - Machine Cooperation in Autonomous Driving

r r .II. 1= - - - E
’,.-"/f{ A Pt e i = S . -5

“At the intersection between Al and HCI we can build autonomous systems that
understand humanly contextual situations and act upon them to enhance our
experiences”

an. ™=
=9
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Bridging the skill gap for UX in autonomous driving

COOPERATIVE
DECISION MAKING
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Human - Machine Interaction in Automotive

Ethnographic research - Carcheology

In Automotive User Interfaces

ﬁutomotlve Chapter 14
S
“ The Insight—Prototype—Product

Interfaces

B Cycle

Ethnographic Sensor research, Follow up
] Visit phone tracking & Visits
ShS video
intel labs intel. =


https://rd.springer.com/chapter/10.1007/978-3-319-49448-7_14/fulltext.html

Human - Machine Interaction in Automotive

User Experience prototyping

Define
. . the control
Allg n level of the
. events into the experience
drive
Select experience
and configure
. widgets
Establish
your design
principles - — -
® Outline e —
the journey =
experience - —
2
2 J.“b.
|- = =] In Automotive User Interfaces
_ 3 Automotive Chapter 114
ll NACEl | he [Insight—Prototype—Preduct

SKYLINEPROTOTYPING PLATFORM

Cycle
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Creating by doing, the design making process

DESIGN THINKING . o @
A FRAMEWORK FOR INNOVATION B PS5

human-centered. from a clash of ideas.

© © mww @ T==

Prototype e

Hendrie, M., Alvarez, |., & Hooker, B. (2015). Prototyping adaptive automotive UX: A design pedagogy approach.
In Extended Proceedings of the 7th International Conference on Automotive User Interfaces and Interactive Vehicular
Applications—AutomotiveUl (Vol. 15).

DEFINE TEST PROTOTYPE
Innovation should Innovation should Innovation should
solve a problem. be refined. be brought to life.

Empatia Definir Idear Prototipar Probar

intel labs




Skyline a tool for rapid UX prototyping

Host System *
-~

[ Journey Builder ] [ Journey Runner

Virtual World [ node.js ]
(Unity-based) -
HMI Widget
HDMI g Library

Q

v
Moblle App Settings

HUD X - - 0 e O
3 uses Ethernet —~
- Funaswnger Auths/Camfort

RealSense

D
AppMD" Passenger
Phane - eeeee Intel Labs
, e Component
- Admin
N . Intel Component
=

(] Web Standard
Component

Ivem Checkiist

Miasing tem B.

Miasing ltem Benaon .

Wizard-of-Oz Control

* Skyline is a Cross-0S environment. It can run on Windows, Linux & Android

Alvarez, |., Rumbel, L., & Adams, R. (2015, September). Skyline: a rapid prototyping driving simulator for user experience.
In Proceedings of the 7th International Conference on Automotive User Interfaces and Interactive Vehicular Applications (pp. 101-108).
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SKINIVI: Increasing Automated Driving Simulator Fidelity

- Full automation
. Customizable Traffic with event triggering
. Navigation U

. Multimodal datasets collection

/

(CHROME

(NODEJS 1 ( UNITY (umw ]

Node Client Node
Server

Map Location

Controller Controller

HMIUI
(Instrument Panel, MQrT -
Center Cluster, Passenger, HUD) Client [ MQTT C|Ie|’:t ] MQTT Client
MQTT Broker |— MQTT Broker

ANDROID

WINDOWS/LINUX/MAC 0S / ANDROID WINDOWS 10
>

~ IMIUSERINTERFACE AUTONOMOUS DRIVING IN MANUAL DRIVINGIN
SKYNIVI SKYNIVI

O https://github.com/GENIVI/genivi-vehicle-simulator
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Design Making for Autonomous Driving

Rivera, V. P., Rumbel, L., & Alvarez, |. (2016, October). Autonomous hmi made easy: Prototyping reactive in-cabin aware hmis. In Adjunct Soas

Proceedings of the 8th International Conference on Automotive User Interfaces and Interactive Vehicular Applications (pp. 1-7).
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Emotion Induction in automated driving

Startle

Questionnaire Training Instructions . .
Big5, PANAS, PSS Coastal drive Scenic Environment
5 - 10 min 7=15min .
H I I I [
7 =15 min
. i Instructi
Intrumentation Frustrgtlon nstructions Off-boarding
. Urban environment
Heart-Rate, Voice Open Ended eval
60 min * Cameras * Heart-rate
* Microphone
Drive scenarios: * wristband
(1) Urban environment (2) Scenic environment 17 DyadS 17 S|ng|e
AR S p—

Company Employees

$ 25 Compensation

Alvarez, |., Healey, J., & Lewis, E. (2019, June). The SKYNIVI experience: evoking startle and frustration in dyads and single drivers.
In 2019 IEEE Intelligent Vehicles Symposium (IV) (pp. 76-81). IEEE.
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UX tools can serve multiple purposes ...

Research Platform Product Showcase Platform

Design Wins

VxWorks IND

Integration

INTEL COMPANY

intel labs



Human — Machine interactions for Automotive Safety
requires understanding the user current behavior / relation with vehicle automation

Recruitment Individual ) Group ) Framekwork
Survey Interviews Workshop

Analysis

Online survey 1:1 Interviews and Gamified Workshop Framework Analysis
Over 250 respondents design exercise 20 people in Hillsboro Design Guidelines
10 people in Sdo Paulo User’s perspective of safety

20 participants in Hillsboro
10 participants in Sdo Paulo
16 participants in London

ADAS requirements

Strano, M., Novak, F. & Alvarez, |. (2018, November). “Peace of Mind”, An Experiential Safety Framework for Automated Driving Technology Interactions. In 2018 21st International
Conference on Intelligent Transportation Systems (ITSC) (pp. 53-59). IEEE.

intel labs 20 intel.
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Gamified UX Workshops

Aimed to gather insight of vehicle automation
safety concerns in a social environment and
required feedback.

‘ Icebreaker
‘ Road-trip
‘ Commute

Road Event + SafetyFeedhack + + ADAS Feedback

experiential.safety.qitbook.io

Strano, M., Novak, F. & Alvarez, |. (2018, November). “Peace of Mind”, An Experiential
Safety Framework for Automated Driving Technology Interactions. In 2018 21st
International Conference on Intelligent Transportation Systems (ITSC) (pp. 53-59). IEEE.

intel labs


https://experientialsafety.gitbook.io/project/

Experiential frameworks help UX I ons yirenmens
articulate their designs ’

- For example in our experiential safety framework
(*) we created a bridge between automation and
user

- The user’s lense tailors feedbaack in criticality

. User’s lense ' ' Machine’_s lel_lse
levels that correlate to involvement. of experiential : : of experiential
safety : : safety

WORKFORME| TALKTOME

TELL ME
SHOW ME
INVOLVEME

- Machine’s lense guides functional safety operation
in a layered stage with peace of mind fulfilment at
the top

(*) Strano, M., Novak, F. & Alvarez, I. (2018, November). “Peace of Mind”, An
Experiential Safety Framework for Automated Driving Technology Interactions. User environment
In 2018 21st International Conference on Intelligent Transportation Systems observation

(ITSC) (pp. 53-59). IEEE.
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. Highway Pilot Requirements

Gathering technical

] fabricio.no’

3 Present ~

Highway Pilot Requirements Specification
File Edit View Insert Format Slide Arrange Tools Table Add-ons Help

QK H-Q- N - Background...

Last edit was made 14 days ago by Beatriz Palmeiro Comments,

+ -\ e A Layout-  Theme.. = Transition...

[am——

requirements 4

Gathering technical requirements during initial
survey and participant workshops will help

you start to document your product
specifications ,

W gy Plot Respiremar:

£ i Secure | hitps.

Highway Pilot Requirements Specification ]
Fie Edt Vaw s Fomsl Side Amange Toos Tate Adbons Heb
B a REB-Q- N B s
Operating
Envelope.Highway-
" Only Operation

[0t comment here]

For the purpose of i
document a Fghway s detned

Operating Entrances.and e 1o the.
i vy re. provese at
— Envelope.Maximum .. oF g roade
& " Grade {ramea), which. ataw for
changesbatwsen Do ity

= fadke cormment here]

== The masimum cross 908 of he

Pict wil oporate == 10% =

Click 0 ad speaier notes

Wit are yea doing (Gangest)

Adaptive Cruise
Control. Automatic
Speed Limit
Detection

[add comment here]

The system will autsmatically
detect speed limit signs and
B
accordingly. f ne signs have
been detected, the system wil

DefauttSpeedLimit.

Implement Initial traffic sign
recognition capabilty.

Can leverage the Mobileye
camera capability. Perhaps we
can also get speed limits from
maps.

Adaptive Cruise
Control.Cruising
Speed.Maximum
[add comment here]

The Vehicle's maximum speed
shall be the lesser of the
currently configured
GruaingSpeed andi the
Speadlmt.

When traveling long stretches of
highway, the speed limit can
change. As when ariving
manually, the vehicle should
respect the current speed limit.

Click to add speaker notes

intel labs

Adaptive Cruise
Control. Correct
Operation on
Curves

[add comment here]

The vehicle should not
erroneously detect a vehicle in
an adjacent lane and keep the
following istance from that
venicle.

Gorrect eptien on curved
highways.

For example, on a curved
highway, if a senser is only
detecting vehicles in front of the
wenicle on a straignt line, it wil
slow down for cars that aren't in
its lane.

Longitudinal
Biasing.Execution

[add comment here]

-Longitudinal
Biasing.Conditions.
Vehicle Merging

[add comment here]

If a vehicle in another lane is
attempting to merge into the
host Vehicle's lane, the host
Vehicle may provide the merging
vehicle with mara space to
merge by siowing cown.

Courtesy maneuver

Lane
Change.Conditions.
Lane Change
Required to Follow
Planned Route

[add comment here]

5.1.3.The system shall
automatically change lanes
when necessary to follow the
planned route (e.g. 2 highway
spiit)

The system needs navigation
fouting Information.

Lane
Change.Direction

[add comment here]

The eystem shall b capabla of
performing a lane change to the
agjacent lane on the left of te
tight.

In different situations a lane
enange may be required to either
direction.

For example, a lane change to
the right to prepare to exitor a
ane change to the left to avoid a.
slow leading venicle.

The Highway Piot will be able to
automatically changes lanes,
botn 1@ following a
pre-datermined route and as a
manewver in resgonse 1o
detected situations.

The system shall be able to
automatically change to an
adjacent lane.

A comman manauver for
highway griving.

Lane
Change.Conditions.
Lane Change
Required to Remain
Operational

[add comment here]

The system shal automatically
change lanes te remain
operational on the highway when
a destination Is not specified.

The systam shall have map

information for the highways in
the Gperating anvelope.

Lane Change.
Planning.Front
Headway

[add comment here]

5.2:3.The lane change maneuver
‘shall be planned such that the
end-state front headway 's
greater than a specified value
(1.58h

Fabricio Novak
.. 5:54 AM Jan 2

Courtesy. Social.

Marina Strano
¥ 11:05 AM Jan 8
the famous "driving is £

It was interesting to sex
described as a tech rec

Fabricio Novak
b 5:52 AM Jan 2

Mobile Eye. Probably &
include

Fabricio Novak
b 5:58 AM Jan 2

Connected to the Activi
Confirm Takeover on sl
the difference? Which ¢
should follow?

§ Marina Strano
¥ 11:08 AM Jan 8

"confirm takeover" is to
process of the car drivi
"lane change required 1
planned route” regards
changing lanes in the n
journey, when the car i




Then you can start articulating your

Interaction Touch points \ Heads up display ® Instrument cluster
Keep driver informed Icon notifies driver that
about how much time is the highway pilot is
still available available ? Steering wheel Rearview mirror

P e Green light keeps everyone informed
i : about the correct operation of the car

Green light gives the
driver a hint to where to

Orchestrating all B
touch points WSy
inside the cabin
to grant peace of
mind

® Gives complementary

information together with
A .

H Infotainment system
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Keep an open mind and consider how to
deliver the message with both traditional and
novel interfaces.

Using Traditional and novel
interaction points for
experiential safety

intel labs



A User Journey offers multiple interaction touchpoints
in a familiar context

RE-ROUTING
DUE TO TRAFFIC

= PEDESTRIAN DETECTION
ADDING A STOP (OUTSIDE)
planning approaching entering adjusting """ riding in concluding exiting post-trip
trip vehicle vehicle environment vehicle ride vehicle actions
deciding destination locating vehicle unlocking vehicle adjusting seating re-routing vehicle deciding drop-off location unlocking vehicle paying for parking
deciding desired arrival time observing vehicle opening vehicle adjusting climate adding stops paying for ride opening vehicle going to destination
deciding when to depart state closing vehicle inputting destination adjusting vehicle behavior completing activities orienting to environment  reflecting on ride

considering accompaniment deciding how to enter orienting to vehicle moving objects around interacting with occupants disconnecting de\(ices
deciding what things to bring unlocking vehicle plugging in devices gathering belongings

planning route adjusting music exchanging pleasantries

intel labs intel. 26




UX in robotaxies requires closer bridges to reality

perspective view side view

intel labs



... With clearly defined interaction areas %

@120 union st (.
or 0.8mi
‘ then

ymmunication screen

perspective view

intel labs intel. 28




... and new UX tools
” "

Netgear Nighthawk X710

Teradek Cube 655 l

T Intel Skull Canyon NUC / Teradek Cube 625 Decoder

GoPro Hero 5 Black l
Google Chrome

c. 0

woz i ~ !_/

Remotely Located Vehicle

-

Other Components:

AT&T Unite Express Mobile Hotspot
AirCard Smart Cradle Wifi- Booster
AWS Elemental Web Streaming Service

Ekandem, J. E., Alvarez, |., Rayburn, C., & Johnson, A. (2018, September). Conversational Route Negotiations with Autonomous Driving Assistants. In Adjunct
Proceedings of the 10th International Conference on Automotive User Interfaces and Interactive Vehicular Applications (pp. 261-262).

intel labs intel.






i /

I'M MUCH QUICKER
TALKING THAN | AM
WITH MY FINGERS

Participant

intel labs

Voice input is ideal for time
sensitive interactions

Fomtime sensitive actions, such as
puluwg over, voice was preferred. When
it came to complex tasks or interactions
people leaned back on familiar touch
interactions over voice input.
&

-
b
)

i

4
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Automotive UX in the ield

J

. — 3 . .\,'. \ A Y

Ly
o o

around the lack @f 1an judg

. i : and at the same time, there is
2 , 1
7

E
£ v, | o confidence that these vehicles will
\"\
VS
//‘, ‘

//. - L - | be safer because of their la‘ci_k of.
= o y -

human error.

e

»2 7
L CEA4aC 1107

::::
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PROOF IT WORKS
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Automotive UX in the wild

IGC Display IcC ICC Following o ICC Speed Above
[MPH] Enabled Engaged Speead Distance Set
Type your message to send to the car here: Common Questions
Do you fesl that car changes lanes smodthly while mvi..'| What is the best part of the syslem? Phay
What is the worst part of the system? Play
Send  Reset What would you change? Play
How do vou feal using the svatem? Play

Martelaro, N, Ju, W. WoZ Way: Enabling real-time remote interaction prototyping & observation in on-road vehicles
In CSCW 2017. Portland, OR.
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If you are considering working in Automated Driving UX
| recommend my latest book...

| Studiesin Computational Intelligence 980

| » broad overview of the state-of-the-art user experience research in automated

Andreas Riener

Myounghoon Jeon d r|V|ng

Ignacio Alvarez Lditors

* Help researchers, engineers, and designers speed-up the implementation of

automated vehicles

Dedicated to user experience design for automated driving

* Provides fundamental knowledge, tools and UX design methods and
methodologies,

* Provides a range of examples how Ul/UX design can positively influence users’
perception on automated driving technology

User Experience
‘Design in theEra .
“of Automated
‘Driving

@ Springer

https://link.springer.com/book/10.1007/978-3-030-77726-5



https://link.springer.com/book/10.1007/978-3-030-77726-5

Beyond Automotive ...

SWITCHES LANGUAGES DEVELOPER COMMUNITY NEWS/UPDATES DOCUMENTATION -

ACAT

Assistive Context-Aware Toolkit (ACAT) is a free, open
source software to enable people with severe disabilities to
communicate.

( Download )( A Message From Stephen Hawking )

: : Facial gestures (EMG) Eye movements (EOG) Brain signals (EEG)
Enabling developers to rapidly

innovate and customize
solutions using ACAT

Cheek Sensor Ring Sensor Gaze Tracker

intel labs intel. 3¢



37

intel.

intel labs



Human — Machine interaction in Education
Adaptive Learning

Multi-modal Feature I::> Labels
Sensing Extraction & Models
" Facial landmarks Emotional
Camera [N CEaes "é [ P — States

. -
>
B vuanaseEa ()
........................... 1
= | Contentduration, c
Content Context& === | number of trials/hints, Behavioral %
SIEL (el Performance 1= gifficulty level, etc. States o
c
LL

= L

e e \

k.
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Teacher Dashboard [Class View]

OVERVIEW

Color Codes: dominant engagement
label for each student is displayed and
it is updated every minute.

Platform

Notifications: If the dominant
contextual state for the last minute is
Off Platform, a bell is displayed.

Contextual Behavioral Emotional Engagement Color
State State State Mapping Mapping
On- On-Task Satisfied Engaged Green
Platform

On- On-Task Bored Maybe Yellow
Platform Engaged

On- On-Task Confused Maybe Yellow
Platform Engaged

On- On-Task Cannot Maybe Yellow
Platform Decide Engaged

On- Off-Task NotEngaged Red
Platform

Off- NotEngaged Red

Ethan Eli

@
@

N [oF:1 T (V1Y
July Noah
Ethan

Ethan Eli

Noah  July

ok

July Noah

Ethan

Session Summary Report

Ethan Eli
Noah  July

()
July Noah
Ethan

Investigating the Impact of a Real-time, Multimodal Student Engagement Analytics Technology in Authentic Classrooms.

S Aslan, N Alyuz, C Tanriover, S Mete, E Okur, S D'Mello, A Esme. CHI 2019

intel labs

>

Engagement History

Average
Engagement
Percentages

of all students for
the last minute.

Average

Percentages of
May be Engaged +
Engaged since
session-start.

intel.
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Smart Spaces

Al agents supporting early
childhood learning in the
physical environment

We want technology ...

but not screen time

intel labs intel.
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file:///C:/Users/jsherry/Desktop/1. SSR/Projects/Smart Task Spaces/Smart Home/Kids Spaces/Givinig Virtual Agent Presence0918.mp4

Human - Robot collaboration

tal Camera

'-\.1 \ _\. '\‘.\,:"\_. " .'-\. '-\._- - g

Functional Delay (s): -2.63 £ 0.281 Robot ldle Time (s): 0.43 = 0.254 Hurnan |dle Time (s): 0.96 = 0,244 Total Task Time (s): 332,58

reach
Human T ¢ a8 7] &9 5 1 T T 1.06 ¥ 80 1.1 163 ua 1.08 &1 g9 111 1 e 1.35 4 33
e YA wwnwm - T . e 3ES cheas ' TR S e aa e H TR XN s H PRl BT e e H T T iy T ' transpaort
Robot - 157 i i 181 ] A3 188 [ 11 17 2 [ 214 1.2 41 10 T 208 71 44 208 104 | |4 retreat
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