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Car / Aircraft Comparison

Market

~yp- Capital investment (ROI)
e Consumer product

Number of vehicles (US)

300,000
wame= 200,000,000

Safety (US)

- 663 fatalities (1998)
e 41,000 fatalities (1997)

Threat response time constant
Order 5-60 sec.
e Order 1 sec.

Hazard density
Low, 3-D collision (vehicle, terrain, animal), WX
e High, 2-D collision (vehicle, object, person, animal, ...)

System complexity

—»— High
wme- Med/low
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~ Track Hardware Layout

« Two 2 GPS antennas were mounted
on the car to form a single baseline

« Data-Linc Group (SRM6000) Modem antenna also

attached to roll bar
— Real-time communication with ground station
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Wahick Position, Yelocity and Attitude

Wehick Trajectory
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Primary Task Analysis

Driver
- - - - -=-=-=-===" I
; | Secondary
I Everything Else ————p Systems
. . I (Secondary Tasks) I (eg: cell phone)
Distraction |




Vehicle Operation Tasks

Vehicle control tasks [skill based]

— Lateral control (steering)
— Longitudinal control (accel., braking)

Tactical decisions [rule based]

— Maneuvering
— Systems management

Strategic decisions [knowledge based]

— Route selection
— Goal management

Monitoring [skill, rule, knowledge]
— Situation awareness

[Rasmussen: Skill Rule Knowledge Hierarchy]



External Environment

g
and .
Vehicle

Goal Route Lane/Line Lane/Line
Selection Selection Selection Tracking










Status

Personal
Factors
Equipment
Vehicle
Performancg

Situation
Awareness

Passengers
on-driving
Elements

Control
Settings




Endsley Situation Awareness Model

Task/System Factors

*System Capability *Complexity
eInterface Design *Automation
«Stress & Workload

/
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Situation Awareness

~
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Memory Stores

/
Perception Of |Comprehension|Projection Of
Eltémentstln OSf.tCu:_rent Future Status Performance
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Environment ituation L |2 Acti
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Individual Factors Information Processing
Mechanisms
*Goals &
Objectives Automatically

*Preconceptions
(Expectations)
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Long Term ]

+Abilities

*Experience
*Training




Driving Task Definition

Driver
- - - - -=-=-=-===" I
; | Secondary
I Everything Else ————p Systems
. . I (Secondary Tasks) I (eg: cell phone)
Distraction |
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Time Spent in Vehicles (US)
- Avera ge 350 hrs/yr/person
- 500 Million hrs/week







Concerns Regarding High Secondary

Task Loads

Growing Evidence and Public Perception of Safety Problem

Cell Phone use in US

— 115-120 Million Active Cell Phones

— 50-70% Use in Vehicles

— 3.9% of Drivers Using (Daylight Hours)

NE Journal of Medicine Estimate

— 4 fold increase in collision risk using cell phone

NHTSA Estimates

— 1.2 Million Accidents (25-30%) caused by Distracted Driver
* Not limited to cell phones

Note: These effects may be latent in normal operations and
may only manifest in non-normal or emergency situations















Controlled Experiment Issues (2)

Variability in Primary and Secondary Tasking

— How do you measure Secondary Task Load?
— How do you control Secondary Task Load?

Performance Measures

— Tracking
— Reaction Time
— Side Task Performance

Subjective Workload Measures

Situation Awareness Measures
— Testable Response Method



Simulator Studies of Driver Cognitive
Distraction Caused by Cell Phone Use

* Independent Variables
— Cognitive Loading
— Hands free/Hands Fixed

 Dependant Variables
— Situation Awareness

— Reaction Time

— Tracking _ .
MIT Age Lab Simulator


















“Standby” System

oY
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Issue: Criteria for automatic “Standby Status



300M Experiment to Determine
Indicators of Driver “Busy” States

« 20+ Subjects Drove Challenging Trajectory in
Boston-Cambridge Area in 300M Instrumented
Vehicle

* Subjects indicated transitions between “Busy”
and “non-Busy” States

« Attempted Correlation with Observable States



Example of indicated busy points

Zaoldiers Field Road

]
-TEs




5% Threshold

Rl -7 -FI06.5 1




Tz

E H-.

1,




Complicated Intersection With Merging Traffic
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Narrow Side Street




Complex Urban Location “Harvard Square”
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Enhanced Vision
Synthetic Vision

Enhanced Vision Synthetic Vision

« Goal is to increase safety and capacity
« Challenge is to ensure no adverse effects are created

Boeing is investigating these technologies, including evaluating prototype systems on the 737 Technology Demonstrator in early 2002. While these technologies hold promise
for increasing safety and potentially improving airport capacity, the designs must be approached carefully to ensure no harmful side effects are induced.






Approaches to Enhancing Focus In the
Information Rich Cockpit (cont.)

Enhanced Perception

— IR/MMW Radar (eg Cadillac Night Vision System)
— Multidimensional video (“super mirror”)

— Perioritized audio

» Situation Awareness Displays
— Datalink

» Alerting Systems

* Advanced Internal Diagnostics Architectures
— “Master Caution”

 Driver Condition Monitoring

» External Visual Systems
— Active Signage



Approaches to Enhancing Focus In the
Information Rich Cockpit (cont.)

Enhanced Perception

— IR/MMW Radar (eg Cadillac Night Vision System)
— Multidimensional video (“super mirror”)

— Prioritized audio

» Situation Awareness Displays
— Datalink

» Alerting Systems

* Advanced Internal Diagnostics Architectures
— “Master Caution”

 Driver Condition Monitoring

» External Visual Systems
— Active Signage









Naturalistic Direction Study

» 13 Subjects: Directions categorized

 Most common types:
— Street names and route signs 26%
— Left/right turn indication 23%
— Distance by Reference point
» Stoplights/ Stop signs 21%
* Landmarks 11%

* Least common types:

— Distance by measurement 4%
— Heading 1%












Results: Comparative Ratings

K2 vs. Map

Carin vs. Map

Indifferent

K2 vs. Carin

Carin







Approaches to Enhancing Focus In the
Information Rich Cockpit (cont.)

Enhanced Perception

— IR/MMW Radar (eg Cadillac Night Vision System)
— Multidimensional video (“super mirror”)

— Perioritized audio

» Situation Awareness Displays
— Datalink

« Alerting Systems

* Advanced Internal Diagnostics Architectures
— “Master Caution”

 Driver Condition Monitoring

» External Visual Systems
— Active Signage






Example Alerting
Threshold Locations




Alert Issued

v
Total Braking Distance

Response ' Braking Distance
Latency
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“Master Caution” System
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300M Face Analysis

* Driver Internal State \
— Vigilance
— Stress

 Driver Habits
— Scan Patterns



300M Pupil Tracking

T .'- s Image with Image with
:ﬁ EEEERE ',' HHL On-Axis LEDs off On-Axis LEDs on

IBM BIueEyes Camera

Difference Image










Aerospace Experience
Drive by Wire

— Criticality - Fault Tolerance
 B-777 example

Collision alert criteria
— Alert vs.. autobrake
* F-16 example
— Complex threat field
— False alarm issue

» System Operations Curves

HUD applications
— Limited FOV

* Runway, alignment,

* Gunsight applications
— Visual Accommodation

* Infinity Optics

* Visual anomalies

— e.g...Lack of Fusion

Situation Awareness (SA) displays
— Testing Methods



Technology Migrating into
Automobile Cockpits

Mobile Communications (Voice, Data)

Portable Devices (Cell Phone, PDA, Wireless)
— Not Controlled by Automobile Industry

Entertainment / Info Systems (CD, Web)
Navigation and Guidance (GPS, DGPS)
Advanced Displays (Flat Panel, HUD)
Sensors (Radar, IR, MEMS)

Databus Architectures (CAN,AIRINC)
On-board Processors (Embedded, Auto-PC)
Control augmentation (ABS, Cruise C)









Direction Study Conclusions

 Humans and navigation systems both
use street name and direction of turn to

describe the action

* They differ in the method used to warn

the driver of the upcoming action
— Humans rely on external reference points:
andmarks, stoplights

— Navigation systems use distance &
neading






















What Will Ultimately Control
Secondary Task Levels ?

Market Forces tend to increase complexity
— Market Values functionally >> complexity

Industry Practice
Regulatory Action
Litigation
Insurance

Public Awareness

Pressure for action

We don’t have sufficient data to support rational
action at this point















Chrysler 300M Research Platform

DaimlerChrysler

Cooperative

Effort

Motorola




CC++ 300M Driver Study

Identify
Vehicle »
Motion (speed, position, ...)

Location Aware

(stop, turn,
accel)

’ ‘ - Monitor In-vehicle

Situation
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(mood, cognitive load
Develop Tangible thrySIef 30 M ‘ ,
Interfaces ®
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(transfer info to O
human) Identify Driver

Behavior and Stress
Level




