PURDUE

UNIVERSIT Yo

Modeling Driver Physiological State Using EEG under
Auditory Real-time Travel Information Provision

Shubham Agrawal?, Irina Benedyk?, Srinivas Peeta?
IPurdue University, West Lafayette, IN; °Georgia Tech, Atlanta, GA

a

CENTER FOR CONNECTED AND
AUTOMATED TRANSPORTATION

Background & Motivation

Plethora of real-time information (RTI) sources Cognitive benefits
 Multiple modalities and sources * Informed travel decision

Some well-designed, others not so much

Cognitive load

* Limited cognitive resources

Reduced drowsiness

* Driving is a cognition-heavy task

* Sharing of cognitive resources for

information perception/processing of real-time

 Reduced travel uncertainty

through alerts and warnings

Dichotomous impacts

mproved situational awareness

v Evaluate driver distraction and fatigue

v Interactions with in-vehicle information systems

v
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Past Literature

Assessment of advanced driver-assistance
systems
Route choice behavior under RTI provision

Cognitive impacts of RTl characteristics using

survey-based methods

Cognitive assessment of RTI characteristics using

objective measures

* Distraction can have negative safety . ) ] : . ,
S information on drivers X Data collection under realistic travel environment
implications
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Driving Simulator Experiments

Real-world network-level roadmap
Dynamic traffic using microscopic traffic simulator integration
Public infrastructure and personal device

Biosensor data: EEG, ECG and eye tracker

XN X X X

Point-based reward system to encourage realistic driving
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Methodology

Linear regression / ANCOVA

95 right-handed participants who completed all 3 runs

Dependent variable: Average band power of EEG electrode

Independent variable: Average band power of EEG electrode

Across runs (learning effects)

Across stages of information (perception and processing)

Across information characteristics (content and amount)

Covariate: Average band power of EEG electrode before information

Voice information

Before information First repetition Second repetition Post-information
(10 seconds) (Rep 1 ~5-10secs) | (Rep 2 ~5-10 secs) (Post-Info)
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Legend: Statistically significance levels ® 95% 090%

Results & Discussion

Learning effects — increasing familiarity (simulator, road network, and RTI) over runs

A Increasing Delta in Left Anterior - internal processing and memory retrieval

V Decreasing Theta in Posterior — more alert (expecting RTI?)

A Increasing Alpha in Posterior — conscious effort to process information

Stages of information interactions — perception to processing

V Decreasing Delta in Left hemisphere — initial contextualization of RTI

V Decreasing Theta in Posterior - more alert (more focused upon receiving RTI)

ncrease and decrease in Alpha — possible indicator of decision-making

Information characteristics — referenced to Current and Alterative Information

No information - ¥ Delta in Left Anterior, A Theta and A Alpha in Posterior
Prescriptive information - ¥ Delta in Left Anterior — travel time vs. route suggestion

Current Route No Info

Prescriptive
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Information Characteristics

Conclusions & Future Research

Evaluated driver cognition under real-time information ...
in a realistic driving simulation environment
using objective and measurable physiological measures (EEG)

Most findings are in agreement with neuroscience literature
Statistically significant differences in brain activity pattern can be observed

for driver familiarity, elapsed time, information characteristics

Need more focused experiments to substantiate some effects

Future Work

Include ECG and eye tracker — mimic driver monitoring system

Route choice behavior using physiological indicators







Accessibility Report





		Filename: 

		Modeling Driver Physiological State Using EEG_Poster_REM.pdf









		Report created by: 

		Nellie Kamau, Catalog Librarian, Nellie.kamau.ctr@dot.gov



		Organization: 

		DOT, NTL







 [Personal and organization information from the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 0



		Passed: 29



		Failed: 1







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Failed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top

