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NEDO
Funded Project

“Driving Behavior”

www.utd.edu/research/utdrive/



John.Hansen@utdallas.edu                          Slide 5 VTTI Meeting  – CRSS-UTD UTDrive project Aug. 25-27, 2008

Heart-rate&
Blood Pressure

Hands-free



John.Hansen@utdallas.edu                          Slide 6 VTTI Meeting  – CRSS-UTD UTDrive project Aug. 25-27, 2008

Speech –voice dialog in car, information access
Driver –actions (head, hands, eyes, etc)
Car –exterior (context of road conditions, weather, etc)
Car –CAN-bus (steering angle, vehicle speed, brake, acceleration,..)

Speech

Distraction
Tasks

Route Info

Driving
Behavior
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Data: 8 Drivers
Two GMMs: Neutral vs Distraction models
Two modes:

Route-Dependent: Train & Test on the same leg of the route
Route-Independent: Train & Test with the whole route

5 seconds worth of data/token

Route-Dependent Model Route-Independent Model

UTDrive: Distraction Detection
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Pause Distributions for AA Dialog Questions

In a Vehicle – Driving Case In a Booth – Neutral Case
Mean: 0.948 sec Mean: 0.694 sec

+26.8% Increase in Pause Duration w/ Driving Distraction

Response Delay for American Airline Dialog System 

UTDrive: Distraction Detection
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Driver maintains smoother steering degree in 
neutral vs. distracted driving 
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1-8 Drivers included
DISTRACTION TASKS

LC – Lane Changing
CO – Conversation
MP – Mobile Phone
CT – Common Tasks

p - reference probability distribution
q - arbitrary probability distribution

(Based on CAN-bus
GMM model analysis)

Neutral 
Model

Distraction
Task 
Model- =Δ

UTDrive: Distraction Detection
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IEEE  ICASSP 2008 Panel Session: 
Human behavior signal processing 

for vehicular applications

Organizers:
Hakan Erdogan, Sabanci University, Turkey

and
Kazuya Takeda, Nagoya University Japan
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Panelists
John H.L. Hansen, UT Dallas, USA  
Mats Viberg, Chalmers Institute of Technology, 
Sweden  
Toshihiro Wakita, Toyota Central R&D Lab., Japan 
Shane McLaughlin,  Virginia Tech, USA
Juan Carlos De Martin, Politecnico Torino, Italy

Moderator
Huseyin Abut, San Diego State University (Emeritus) 

& Sabanci University, Turkey

Organizers
Hakan Erdogan, Sabanci University, Turkey
Kazuya Takeda, Nagoya University Japan
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BOOKS:
[1] K. Takeda, J.H.L. Hansen, H. Erdogan, H. Abut, In-Vehicle Corpus and Signal 

Processing for Driver Behavior, Springer Publishing, 2008 
[2] H. Abut, J.H.L. Hansen, K. Takeda, Advances for In-Vehicle and Mobile 

Systems: Challenges for International Standards, Springer Publishing, 2006.
[3] H. Abut, J.H.L. Hansen, K. Takeda, DSP for In-Vehicle and Mobile Systems,

Springer Publishing, 2004.

In-Vehicle Publications
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4th Biennial on DSP for In-Vehicle Systems 
and Safety, Dallas, USA, June  2009

DSP for In-Vehicle Systems & Safety



John.Hansen@utdallas.edu                          Slide 15 VTTI Meeting  – CRSS-UTD UTDrive project Aug. 25-27, 2008

BOOKS:
[1] K. Takeda, J.H.L. Hansen, H. Erdogan, H. Abut, In-Vehicle Corpus and Signal Processing for Driver 

Behavior, Springer Publishing, 2008 
[2] H. Abut, J.H.L. Hansen, K. Takeda, Advances for In-Vehicle and Mobile Systems: Challenges for 

International Standards, Springer Publishing, 2006.
[3] H. Abut, J.H.L. Hansen, K. Takeda, DSP for In-Vehicle and Mobile Systems, Springer Publishing, 

2004.
BOOK CHAPTERS:
[4] J.H.L. Hansen, X.X. Zhang, M. Akbacak, U.H.. Yapanel, B.Pellom, W. Ward, P. Angkititrakul, "CU-

MOVE: Advanced In-Vehicle Speech Systems for Route Navigation," Chapter 2 in DSP for In-
Vehicle and Mobile Systems, Springer Publishing, 2004.

[5] M. Akbacak, J.H.L. Hansen, "Advances in Acoustic Noise Sniffing for Robust In-Vehicle Systems," 
Chapter 10 in Advances for In-Vehicle and Mobile Systems: An International Perspective, 
Springer Publishing, 2006.

[6] X.X. Zhang, J.H.L. Hansen, K. Takeda, T. Maeno, K. Arehart, "Speaker Source Localization using 
Audio-Visual Data and Array Processing based Speech Enhancement for In-Vehicle 
Environments," Chapter 11 in Advances for In-Vehicle and Mobile Systems: An International 
Perspective, Springer Publishing, 2006. 

[7] P. Angkititrakul, J.H.L. Hansen, "UTDrive: The Smart Vehicle Project," Chapter 5, In-Vehicle Corpus 
and Signal Processing for Driver Behavior, Springer Publishing, 2008

[8] W. Kim, J.H.L. Hansen, "Feature Compensation Employing Model Combination for Robust In-
Vehicle Speech Recognition," Chapter 19, In-Vehicle Corpus and Signal Processing for Driver 
Behavior, Springer Publishing, 2008. 
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JOURNAL PAPERS: 
[9] U. Yapanel, J.H.L. Hansen, "A New Perceptually Motivated MVDR-Based Acoustic Front-End (PMVDR) for Robust Automatic 

Speech Recognition, Speech Communication, vol. 50, pp. 142-152, Jan. 2008 
[10] W. Kim, J.H.L. Hansen, "Feature Compensation Employing Multiple Environmental Models for Robust In-Vehicle Speech 

Recognition," IEICE Trans. on Information and Systems - Special Issue on Robust Speech Processing for Realistic 
Environments, accepted June 2007.

[11] V. Prakash, J.H.L. Hansen, "In-set/Out-of-set Speaker Recognition under Sparse Enrollment," IEEE Trans. Audio, Speech & 
Language Processing, Special Issue on Speaker and Language ID, vol. 15, no. 7, pp. 2044-2052, Sept. 2007

[12]  M. Akbacak, J.H.L. Hansen, "Environmental Sniffing: Noise Knowledge Estimation for Robust Speech Systems," IEEE 
Trans. Audio, Speech and Language Processing, vol. 15, no. 2, pp. 465-477, Feb. 2007

[13] X. Zhang, J.H.L. Hansen, "CSA-BF: A Constrained Switched Adaptive Beamformer for Speech Enhancement and 
Recognition in Real Car Environments," IEEE Trans. Speech & Audio Processing, vol. 11, no. 6, pp. 733-745, Nov. 2003.

CONFERENCE PAPERS:
[14] J.H.L. Hansen, W. Kim, P. Angkititrakul, "Advances in Human-Machine Systems for In-Vehicle Environments," IEEE HSCMA-

2008: Hands-free Speech Communication and Microphone Arrays, pp. 128-131, Trento, Italy, May 5-8, 2008 
[15] S.J. Choi , J.H. Kim, D.G. Kwak, P. Angkititrakul, J.H.L. Hansen, "Analysis and Classification of Driver Behavior using In-

Vehicle CAN-Bus Information," Biennial Workshop on DSP for In-Vehicle and Mobile Systems, Istanbul, Turkey, June 17-
19, 2007. 

[16] P. Angkititrakul, J.H.L. Hansen, "UTDrive: The Smart Vehicle Project," Biennial Workshop on DSP for In-Vehicle and Mobile 
Systems, Istanbul, Turkey, June 17-19, 2007.

[17] A. Sathyanarayana, P. Angkititrakul, J.H.L. Hansen, "Detecting and Classifying Driver Distraction," Biennial Workshop on 
DSP for In-Vehicle and Mobile Systems, Istanbul, Turkey, June 17-19, 2007.

[18] W. Kim, J.H.L. Hansen, "Feature Compensation Employing Model Combination for Robust Speech Recognition for In-Vehicle 
Environments," Biennial Workshop on DSP for In-Vehicle and Mobile Systems, Istanbul, Turkey, June 17-19, 2007.
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Supervised vs. Unsupervised Acoustic Noise Analysis," DSP for Vehicular and Mobile Systems, paper M2-2, Sesimbra, 
Portugal, Sept. 3, 2005

[20] X.X. Zhang, J.H.L. Hansen, K. Takeda, T. Maeno, K. Arehart, "Speaker Source Localization using Audi-Visual Data and Arry 
Processing based Speech Enhancement for In-Vehicle Environments," DSP for Vehicular and Mobile Systems, paper M2-
3, Sesimbra, Portugal, Sept. 3, 2005

[21] N. Krishnamurthy, J.H.L. Hansen, "Noise Tracking for Speech Systems In Adverse Environments," ISCA INTERSPEECH-
2007, pp. 834-837, Antwerp, Belgium, Aug. 2007

[22] P. Angkititrakul, J.H.L. Hansen, "Getting Start with UTDrive: Driver-Behavior Modeling and Assessment of Distraction for In-
Vehicle Speech Systems ," ISCA INTERSPEECH-2007, pp. 1334-1337, Antwerp, Belgium, Aug. 2007

[23] P. Angkititrakul, M. Petracca, A. Sathyanarayana, J.H.L. Hansen, "UTDrive: Driver Behavior and Speech Interactive Systems 
for In-Vehicle Environments," IEEE Intelligent Vehicle Symposium, Istanbul, Turkey, June 13-15, 2007.

[24] W. Kim, J.H.L. Hansen, "Missing-Feature Reconstruction for Band-Limited Speech Recognition in Spoken Document 
Retrieval," ISCA INTERSPEECH-2006/ICSLP-2006, pp. 2306-2309, Pittsburgh, Penn., Sept. 2006

[25] A. Ikeno, J.H.L. Hansen, "Perceptual Recognition Cues in Native English Accent Variation: “Listener Accent, Perceived 
Accent, and Comprehension," IEEE ICASSP-2006: Inter. Conf. on Acoustics, Speech, and Signal Processing, vol. 1, pp. 
401-404, France, May 2006 

[26] X. Zhang, J.H.L. Hansen, "CSA-BF: A Constrained Switched Adaptive Beamformer for Speech Enhancement and 
Recognition in Real Car Environments," IEEE Trans. Speech & Audio Proc., vol. 11, no. 6, pp. 733-745, Nov. 2003.

[27] X.X. Zhang, J.H.L. Hansen, K. Arehart, J. Rossi-Katz, "In-Vehicle Based Speech Processing for Hearing Impaired Subjects," 
Interspeech-2004/ICSLP-2004: Inter. Conf. Spoken Language Processing, pp. WeA1101o.3(1-4), Jeju Island, South 
Korea, Oct. 2004.
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Interspeech-2004/ICSLP-2004: Inter. Conf. Spoken Language Processing, pp. Spec3603p.4(1-4), Jeju Island, South 
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[31] U. Yapanel, J.H.L. Hansen, "A New Perspective on Feature Extraction for Robust In-Vehicle Speech Recognition (PMVDR)," 
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for Route Navigation," IEEE Workshop in DSP in Mobile and Vehicular Systems, paper 6.5 (pp. 1-6), Nagoya, Japan, April 
4-5, 2003.

[33] U. Yapanel, X. Zhang, J.H.L. Hansen, "High Performance Digit Recognition In Real Car Environments," ICSLP-2002: Inter. 
Conf. on Spoken Language Processing, vol. 2, pp. 793-796, Denver, CO, Sept. 2002.

[34] J. Plucienkowski, J.H.L. Hansen, P. Angkititrakul, "Combined Front-End Signal Processing for In-Vehicle Speech Systems," 
Eurospeech-2001, vol. 3, pp. 1573-1576, Aalborg, Denmark, Sept. 2001. 

[35] J.H.L. Hansen, P. Angkititrakul, J. Plucienkowski, S. Gallant, U. Yapanel, B. Pellom, W. Ward, R. Cole, "CU-Move : Analysis
& Corpus Development for Interactive In-Vehicle Speech Systems," Eurospeech-2001, vol. 3, pp. 2023-2026, Aalborg, 
Denmark, Sept. 2001. 

[36] J.H.L. Hansen, J. Plucienkowski, S. Gallant, B.L. Pellom, W. Ward, "CU-Move: Robust Speech Processing for In-Vehicle 
Speech Systems," ICSLP-2000: Inter. Conf. Spoken Language Processing, vol. 1, pp. 524-527, Beijing, China, Oct. 2000.
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