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Facial Behavior Recognition for Driver’s Fatigue Detection
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ABSTRACT

This paper is proposed to an novel facial behavior recognition system for driver’s fatigue detection. Facial
behavior is shown in various facial feature such as head expression, head pose, gaze, wrinkles. But it is very
difficult to clearly discriminate a certain behavior by the obtained facial feature. Because, the behavior of a
person is complicated and the face representing behavior is vague in providing enough information. The
proposed system for facial behavior recognition first performs detection facial feature such as eye tracking,
facial feature tracking, furrow detection, head orientation estimation, head motion detection and indicates the
obtained feature by AU of FACS. On the basis of the obtained AU, it infers probability each state occur
through Bayesian network.
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Fig. (a) IR based eye detector (b) bright pupils with
even fleld image (c) dark pupils with odd field image
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Fig. 2. The geometric relations of facial feature points
and furrows
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1. J=29} 5 AU Ao 2 A vy
Table 1. Definitions and measurment method of AUs
related Fatigue

AU# | Descriptions Method

< IFH non-increased and
/ HGF increased

Wrinkle increased in [ UFF’J’
DB < T) and N4 non-increased
T < DB < T

AU7 | Lid tightener

AU9 | Nose wrinkle
AU25 Lips part
AU26 Jaw drop
AU27 | Mouth stretch
AU43 | Eye closure
AUS51 | Head turn left
AUS2 |Head turn right
AUS5 | Head tilt left
AUS6 | Head tilt right
AUS8 | Head back
AU61 | Eyes turn left
AUG62 | Eyes turn right

* T ot T ovlE] Aeld wYA Rk

DB > T, and I, increased

Pupils lost for a while

0z turn left

0Z turn right

Head moves left-down

Head moves right-down

Head moves back
E and E’ move left
E and E’ move right
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Fig. 3. BN model for driver vigilance estimation.
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Table 2 Initial probabilities

JE Yw Fa

Entire display

Inattention 0.99 | 0.01 | 0.05 | 095 | 0.05 | 0.95
Yawning 0.05 | 0.95 | 0.99 | 0.00 | 0.05 | 0.95
Falling asleep | 0.05 | 0.95 | 0.05 | 0.95 | 0.99 | 0.01
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Table 3. Facial behavior classification by observation
evidence.

Classification

Observation evidences
results

ED | OE | HD | FT | FD | (Ia) |(Yw)| (Fa)

(a) X X X X x [0.33(033]0.33

(b) x |AUS1| x X x [0.82]0.09 |0.09

AU7

(c) X X X |AU27 AU9 | 0.15 | 0.83 | 0.02

(d) x |AUS2| x X x |0.82]0.090.09

AU7

(e) X X X | au27| X 0.17 | 0.81 | 0.02

® | x |AUSI|AUSS| x | x |0470.05]047

orientation estimator), ™z 22 FA (Head
motion detector), & F2|(Facial tracker)™} 5
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