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5ǊƛǾŜǊǎΩ ±ƛǎǳŀƭ !ǘǘŜƴǘƛƻƴ

ωPrimary driving related task

ωMirror checking actions [Li and Busso, 2016]

ωLane change

ωTurns and cross sections

ωSecondary tasks 

ωMobile phones and in-vehicle
entertainment unit

ωCo-passengers in the car

ωBillboards and other distractions from the environment
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NanxiangLi and Carlos Busso, "Detecting drivers' mirror-checking actions and its application to maneuver and secondary task 
recognition," IEEE Transactions on Intelligent Transportation Systems 17 (4), 980-992. 
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Motivations

ωGaze detection challenging in car environment

ωIt is often approximated by head pose

ωWhile head pose is strongly correlated with gaze, a 
one-to-one relation does not exist [Jha and Busso, 2016]

ωGoal of this study is to provide a probabilistic 
ǇǊŜŘƛŎǘƛƻƴ ƻŦ ŘǊƛǾŜǊΩǎ Ǿƛǎǳŀƭ ŀǘǘŜƴǘƛƻƴ ŦǊƻƳ ƘŜŀŘ ǇƻǎŜ
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S. Jhaand C. Busso. Analyzing the relationship between head pose and gaze to model driver visual attention. In 
International Conference on Intelligent Transportation Systems (ITSC 2016), pages 2157ς2162, Rio de Janeiro, 
Brazil, November 2016.
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Objective

ωHead pose ςGaze relation non-deterministic, depends 
on

ωLocation of gaze

ωDriver

ωUse probabilistic model that can provide a distribution 
of confidence
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Visual Attention Estimation
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Outline

ωDataset

ωGaussian Process Regression (GPR) model

ωExperimental Evaluation

ωConclusions
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Data Collection

ωRelate the head pose to ground truth gaze locations

ωUTDriveplatform

ωDash Cameras used instead of                                                 
the on-board equipment

ωBlackvuedr650gw 2 channel
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Experimental Setup

ωRear camera Ą Face
ωFront camera Ą Road
ωMarkers placed at
ωwindshield (no. 1-13)
ωmirrors(no. 14-16)
ωside windows (no. 17-18)
ωspeedometer panel (19), radio (20), and gear (21)
ωData collected with 16 subjects (10 males, 6 females)
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Phase 1
(Natural Gaze ςParked Vehicle)

ωCollected in a parked car

ωSubject asked to look at each point five timesin a 
random order (21x5 = 105 data per subject)

ωNatural variability in head pose without the 
constraint of driving task

ωThe driver familiarizes to the core task
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Phase 2
(Natural Gaze - Driving)

ωCollected when the subject is driving the car

ωSubject asked to look at points

ωData collected in a straight road with minimum 
maneuvering task
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AprilTags for Head Pose Estimation

ωHead pose estimation challenging in driving 
environment

ωAprilTags[Olson, 2011]

ω2D barcodes that can be robustly detected in an image

ωHeadband designed with 17 AprilTags

ωUseful for robust detection of head pose across 
conditions
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Olson, Edwin. "AprilTag: A robust and flexible visual fiducial system." Robotics and Automation (ICRA), 2011 IEEE 
International Conference on. IEEE, 2011.
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Outline
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Linear Regression Model for Gaze 
Estimation

ωlinear relationship between Head Pose and Gaze location

ωὼπ ὥ ὥὼ ὥώ ὥᾀ ὥ‌ ὥ‍ ὥ‎

ωR-squared value

ωHigh correlation  but not enough for a practical gaze prediction 
from head pose

Position Orientation

24

Phase 1
(Parked)

Phase 2
(Driving)

Train Test Train Test

x0 0.78 0.77 0.69 0.73

y0 0.36 0.12 0.36 0.16

z0 0.25 0.10 0.24 0.12
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Gaussian Process Regression

ωGet a confidence region instead of a deterministic 
output

ωOutput assumed to be a Gaussian Process generated 
from the input variables
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Deterministic 
component

Probabilistic 
component

The value of the cross covariance is high for close points
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GPR Implementation

ωUsed GPR to model the gaze direction from the 
head pose

ωInputs ĄHead position (x,y,z) and angles (h ό¸ŀǿύ,
ʲ όtƛǘŎƘύand ɹ (roll) )

ωOutput ĄŬgazeand ɓgaze(angle of the vector 

between the head and the gaze location)

ωLeave one out cross-validation (LOOCV) ïtrain 

with 15 subjects and test with the 16th
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Outline
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GPR Performance

16
Parked car Driving

ωNormalized distance of the true gaze location from 
the predicted distribution
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