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Development of a System that Detects Inattentive Driving and Uses Standard
Vehicle Equipment to Mitigate It
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Shinya MATSUNAGA Katsuyoshi NISHII Hiroki KITAJIMA

The goal of this study is to build a system that detects, then uses standard vehicle equipment to mitigate
inattentive driving due to drowsiness or other factors. In experiment 1, we developed a detection algorithm
that uses vehicle speed and steering angle, and we verified the accuracy of the algorithm using 34 driving data
measured in actual driving environments. The detection accuracy was 82%. In experiment 2, we compared
five-sense stimulation that included changing the display image, changing sounds and blowing air, with active
stimulation that included utterances, exercise and finger movement. The effect of the mitigation methods was
evaluated subjectively and by rating the resulting facial expressions of the drivers. As a result, it was suggested
that the methods based on active stimulation had more effect than the methods based on five senses stimulation.
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Table1 Subjective evaluation
State Question Instruction
The driver isn't distracted from driving, but their
Inattentive D feel level of attention is reduced. In specific terms,
state ; ot)‘/ouf eev though not looking aside nor focusing on
inattentive:? something other than driving, less attention is
given to driving.
. Do you feel .
Drowsiness drowsy? Degree of drowsiness
Fatigue Do you feel Physical and mental fatigue.
9 fatigue? Degree of needing rest.
) Do you feel .
Strain strain? Degree of strain
None Slight Moderate  Significant Very significant

Fig.2 Evaluation scale
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Fig. 4 An example of detection result

DENSO TECHNICAL REVIEW Vol.21 2016

4 34 BN 3 A IS EE % Fig. 5 12R 3. 22T,
PR (60km/h Al ) O 7 — &1L, HRZEBAR 4 D H)
ENRTE LW IP LRI L Twb. Fig. 5127
E918, BALLAERKEWET 2% Scd (e
L725i6s, BEDY53%, FREN73% Tho7z. 7z,

Itz B2 FB)C 3 B B BAZL A1, RS
82%, FFFIENI8T% TH 7.

1
* *
08 Low n
’ * Select optimum threshold
> stq | from Low, Std, High
£ 06
£ *
02
0

0 0.2 0.4 0.6 08 1
Sensitivity

Fig.5 Detection accuracy
3. 5% 2

B OFEAER 2 FIUH L 728 SR IKE B X UMIRS D N
FEEL T, RBNTHE AT EL LR ©
A% S EIZERL, TOMMIRMRZ RO TIEAH 2
MW7 TR ERBRBICTHERREL 2. £, w4tk
il & LC, MHE TR EL T0 D & S OFMmZEEE) D
HhE TN L7

Table 2 Resolution methods

Resolution method | Contents
Display Change the meter background color gradually.
Five-
sense | Sound Play music every 30 seconds intermittently.
stimuli Blow air Blow cold air from the air conditioner to the
driver’s face every 20 seconds intermittently.
Utterance | Speak loudly and do tongue twisters.
Acti've Exercise Do light exercise possible while driving.
coping
Finger . ) .
movement Play a game playable with the steering switch.
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Table 3 Statistical analysis results of facial expression
rating score

Kruskal-wallis test p<0.01  Sheffe < :p<0.05 << :p<0.01 n=36

Condition | Condition Participants The number of
1 2 A B C D E |[significant effect
Display « 1
change
Sound « 1
change
Without | Blow air < KL 2
resolution
method | Utterance| << <« <« 3
Exercise | << <KL KL KL 4
Finger | ¢ | « < 3
movement
) Kruskal-wallis test p<0.05
g Mean+SD
® n=5
o 151
S
T
x 1
c
o
@
8 05
<
X
w0
s
o
©
& .05
N
g A
< Without Display Sound Blow Utterance Exercise  Finger
resolution change change air movement
method

Fig. 9 Facial Expression Rating Score
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Fig. 10 An example of unsteady driving

Table 4 Unsteady driving scene

Resolution method Driver behavior
Displa Change the Without handling the steering
play background color | wheel because of staring at the display.
. Without handling the steering
Utterance | Tongue twisters wheel while doing tongue twisters.
) Straighten the Push the steering wheel when
Exercise . e L
back driver corrects sitting position.
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