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A study of the reduction effect of driver distraction by

voice operation

Kazuya Itoh

Abstract

This study presents the requirement for realizing the reduction of driver distraction when
operating in-vehicle equipment such as a car navigation system while driving a car with voice

operation and alert sound image localization.

Chapter 1 clarifies the background of this research. In addition to the introduction, Chapter 2
organizes and extends information processing and evaluation methods in voice operation and
listening to auditory information from the viewpoint of attention resource allocation during

driving and explains the aim of the research.

Chapter 3 demonstrates the driver's driving performance in relation to the amount of visual
information necessary for driving, the relative operation of the voice operation on the problem
of the interface of the visual center by manual operation of a conventional remote controller,
touch panel, etc. The superiority is shown based on the results of experiments with driving
simulators and actual vehicles. However, it also shows the point where an influence on driving

will occur even with voice operation.

In Chapter 4, from the viewpoint of improving safety by alert sound with sound image
expression added, studies of sound image expression technology considering the acoustic
characteristics in the passenger compartment and verification of the driver's recognition time
are performed. If the driver checks the direction of the alert sound, the recognition time will be

shortened, and safety will be improved as it becomes a reflexive action.



In Chapter 5, we showed the influence on the response time to the alert sound and the
operation result in the scenes where the sound allocation attention to the auditory sense is
highest and the alert sound is listened to at the same time. The results of the driving simulator
experiment clarified that it is possible to predict the response time to the alert sound from the
basic frequency deviation of the steering angle of the driver. Furthermore, by constructing a
driver monitoring system to minimize the influence on the operation from the prediction of the
reaction time to the alert sound, verified by the operation time and response time to the alert
sound and the sensory evaluation, the influence on the operation by voice operation can be

suppressed.

Chapter 6 gives a summary of this research, including contributions, and considers future

research subjects.
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Table 2-1 Operation flow and driver attention for using voice activation system
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2Tk, BROBHMICE DY AT SRR ORI R G B 7R < 72 % rTEEMED
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10



24 KFRDEHB

INETHRRTZAEND, AFETIE, & #EER X OVEREFERUICOWT, AT
$Hk30®9%:omf,%ﬁfﬁﬁ#é:kkbk.K%ﬁ@%ﬁ%%F@zm:
AL G, ERHbOEMNEZ FRRICRT.

F9,3ET2O00FEBREZBLT, I—FTEOEFEFHRECIDAY v FET AU v B
AT 5. EBROTIE, SFERENERITHCERMEIC SO X D 8L KIFT
MR LNIT D, 22T, EFREEFERIEOLREG LEENTHERDOSL DX NP7
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BIF3AV v b FAY v O (3E) Zethm LR ORE(4E)
EEQD ES1O)
TEEETE) IR S~ D & 7= HREE TREH O & . FHRFHIC X 232G
EEED B R A s S 0 WREIE
TEIE I L EAREEROSE~DFEE L L R
7= EIE
N 1 J 1
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p
GIEAELR)

HABRFPICERS 2L 256 0Kk et~0mE &

HAEERIE O R RER MR 3 2 BifiT RO sz (55)

- A REICERE 2N L 2250 0, TG ROCKHHEP SRR E U 58D b B RRELE
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B <=
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L DAKIRK % HRELE

Fig. 2-3 A block diagram of this study objectives and experiments
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— Driver’s total processing capacity -
(fluctuates depending on levels of aleriness and concentration)
£ N
Ordinary condition ocessing resource needed for drivin, Spare Processing resource needed for
(w1ﬂ1 operation of (attention) capacity operation of devices
‘ Spare capacity allows other tasks to be handled, inclading phone conversations
(=) Situstions with a ™)
high drving
workload, e.g.
congested traffic \ /}
£ N
(b) Situations [ N
involving
complicated device
operations - )
(c) Situations G N
mvolving even more
complicated device
operations, resulting
1N no spare capacity - ~

‘ Lack of spare capacity influences driver behavior or operation of devices

Fig. 3-1. Model of driver recognition and judgment.
EXY, EBEOTIE, TFOREH I-1IZOWTHRIEZITY 2 &2 HIE LTz,

RE1-1 R 7 A S —OEEATENCH ] D 5 5D & LB 72 & O IEHR R
CHEH L, T EN FEAEIC A R RSO E iR g~ 0
Wl F, BEBIEOMKRERT I — T BRI~ O R R H]
R NASA-TLX 206, BFREIEICLHDHBABLA 2 LT —7 1
— K372

Z DI, HEIRORIERCRBE, FHERERORMHAHD 3 >0 T, LT
DOFHHFEE 2 D THE FEBRIESFRIEIC L o84 AR D& A7 TOE: - FHlAZ1T

7.

@© TEf ] R
LR 1R 2
H Ll O EATALE ORUTT A &2 B PR SRHHI L, BEYER 22 2 5 i
JCATHL & O LR R O AR HE (R A2
B H et b JeAT ik i £ COMREAFHI L, IRAERE A2 E
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@ RIE
SR ORTTEAR R (V7 7 A 7 RO H])

TEES P O BERHRIERE IS, FBRBINE EHICHE L7 LED sUTICAbETAL v F
PR X D O IR 20

N2 I
(7 BeBEEEAM, 145 : FEWICTARL~T il FERITZ0)SD)
@ IR EO RS AT & e B DOITEN R

NASA-TLX AWWL fg& 29

Glancing at display
Eye movement Eye movement

_'T

Field of front vision

Navigation Display

Glance Time

N

N AN

Fig. 3-2. Definition of glance time.
TR T Y AL R [

A2 DR 2 BE LD T2 RE 0 D, O A AT ~5E RIS 2 £ TORFH
% VTR AT CEHAl (Fig.3-2). 7235, 1 oD X A7 |28 5l iERRE M O R %
TR & EFRT 5.
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3.2.2

BRY DR EAEEIZIX, RIA43=0a< 2 K& 1[E%EE L CTHEEN
FETT2HHD000, HRMERED L 5 ICHEPRGET 2 LERNH LB ERE
Hx Thn. REBRTIE, BHFBREICKLDEBITH~OREL FHEAE L ik
THI L, BRBHBEREZ NTIANRN—IZHMOE LT =Ny )
FEEEF, MEERNCOWTERIERT VY —_y 7 HiEE RO L7012, 7
=Ry 7 FIEORI D XAy ikE LT 5 2 E%E%kbt.

R, HEEREEDBEECE F OIREER A A X T 7 v a U8 (Fig.3-3) & EFR
L, EBRARNTRA—HZLLTA U ETI g HOREBERB OBEWTHERTE S LX)

W L7z,

Example : “Entering destination by train”

1)Manual operation

Number of interactions: 6
Total task time: about 23 sec.

Displa l Commandl Category fTransportatlon Pref. of I Train line |Train stationl
seJLylect itom | (category) |(transportation] category | destination |(Odakyuline)|{ name |
(select item) : I ' (train name) '(Kanagawa) | '(Alkou-ishideq

I
L

Entering by driver
I

ol Jol Jal Tol Jol Jo!

2) Voice-activated operation

Number of interactions: 3
Total task time: about 19 sec.

1 “Do you want to enter |

“What train station, 1 Aikou-ishida station as the
“Please say a command.” please?” ' destination? '

Voice guidance

I . . -
: ” Aikou-ishida station |

Voice command | Tl‘aln Statlon” in Kanagawa” : ”Yes.”
P |
by driver D ® ®
< > : :

“one Interaction™!

Fig. 3-3. Definition of number of interactions.
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REBRICBIT HEEZ A7 OD—& % Table 3-1 IR T.

Table 3-1. Experiment tasks

Total Number of | Answer-
System  JTask No Task Task Time| Interactions | back
——— | 1 [Noload 60 [ —0
Changing to the next
2 track (CD) 2 1
3 Changing to another 8 5
Instrument statio_n (FM) —
Entering destination .
pfanel 4 (train) 23 6 Display
switches Entering destination
5 (previous departure) ° 3
Selecting news by
6 TTS 10 4
Changing to the next
7 track (CD) 2 1
. Changing to another
Steering 8 station(FM) ° 2 .
vv_heel Entering destination Display
switches 9 (previous departure) 10 4
Selecting news by
10 TTS 11 5
Changing to CD, and .
11 changing to FM 17 2 Voice
Entering destination
12 (train) 19 3
Making a call (10 .
13 digits) 27 3 Display
Making a call (3-3-4
14 digits) 32 5
Entering destination
15 (address) 25 4
Entering destination Display
Voice 16 (address, telephone 44 5
. and
activation number) .
Entering destination voice
17 (address, two 67 7
telephone numbers)
Entering destination
18 (address) 25 4
Entering destination
19 (address, telephone 44 5 Voice
number)
Entering destination
20 (address, two 67 7
telephone numbers)
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BEMEX AT DEZFIZTRROERY.
1) FEEX A7 (X A7 2~10)

COD LTy 7k DX D REHRZ A7 6, @ ITEETOMANTE RN
B =2 a AT LAO BB ED X O IZRFFEBMENS LI 2 2 7 £ T
o, TNHIE, BIEHFEOENNDL, HENOA VA Ny /LA h3xL, BIOR
TTIVT EDAL yFO 2RI TOND.

2) HBFEEEX R

fH 2 EEE LTCD 25 FMIZH) 0 B 2 2 8eE, #ELWEMEL L TETERE

5, B EHWE TS =g U AT A HIVHIEE S L ORI EE ¥ X7 b
LTHWE(Z A7 11~20). F7z, EFORBMERE T4 =12 bE57 %
— Ny 7 FE(E R, BERR)OEWVICL DB L RS 5720, Toh—"y 70
(X AT 15~20)H /3T A—H L LTW5.

3) U bhE—ARKM(F AT L)

FRAATICEDEEEZRBIET D200, e lEE FIOEIRBRIED D 21T 5 &t
AE LT,
3.2.3. RBAH%

(1) =REREE

EERICIX180° i FAZ Y —r, 6fhEIST— 3 v FICEFHEARELZNIAE
YTV ab—F RN ETRME, EEER TOBMEKRNZMEE L, 100km/h
TONATHIBIEAEITE L=,
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vx?b%ﬁ%Fm&4Fm&5K%¢.P?4EVﬁVi;v~&@$$WK%5
AVARYILAY MRXIV T A AT LA LT LT —F 4 T OBEH 2R E
o, HEEIEATT VT AR EOAL v F OB T CERE) L, EBRBINE DREEE
T 5 LW BICE AR R A RRT DI ENTE D X DI LIZ(Fig.3-6). & adik
FEROETFET =Ry 71X A 7125 U TONOFF 2810 Bz 7=, £/, B 7 XA
J %R H LED A= —T7 — RN RIZ&REL, Y7 X RA7IIRICT D7D DA A
T AT TV T AR=7 FANCERT 2. BElEHIRIA 7121 —4T

' Button for
o | secondary task

Driving simulator
host computer

Driving simulator =
Ny
4 (oo ] \
JLoud | Display |

/1
( « D] -« |[C—
Microphone _1_
"N Navigation system
) (prototype)
A A
Control device Control device

on instrument panel on steering wheel

=HE'9'EE

| Secondary task LED |<—| Secondary task control device |4_

| Switch of secondary task Response |J

| Steering, accelerator, brakes,etc | <

CCD camera

~ - )
DV recorder

Fig. 3-5. Configuration of experimental setup.

19



ZEHl L7z,

EBRSINE LT 4, Mk 2 425 mi~4T7 ik, “FHFH 35.1 %)% Hvi=. 72
B, RERIL, ERSMEICERNEOBMZMHERL, MBS ETEREZ ML
7.

(2) RBFIR
BRI, AT OERFNATHEbE L.

1. EBRBIMEFEIZR L DK X ATIZHOWTHEIEFIEZBIAL, BhEXTICERIELZE T
TX 5 E THYE

2. SEATHL~ 100km/h TEREET ZAT WV (W HLAEREE £ 40m) , SEATH~DIBHEE
TTNLE LIZRF T H A7 Bk, HEmZEE-C0RITE) 2 50

3. F7-, ¥R EFHIZ, YT X XA HD LED & 5~10sec.[BFE TF v & LI 5T
SHT, EBRBINEZIZX L TIE, LED OSITICKASWEOHFz R AT T U 7%
A= EOAL T H#MWTT 5L 0ICH R

B, HHATETIHIZ, NASA-TLX AWWL i3 L ORZEO G 21T - 7-.
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a)Display answer-back and Voice answer-back

Display answer-back Display
—
Address sear What prefecture, please?

Kanagawa Prefecture —
Kanagawa
)
~—

Kanagawa Prefecture.
Please continue.

Voice answer-back

b)Display answer-back
Display answer-back

1
Address se‘a/rz( What prefecture, please?
Kanagawa Prefecture —
Kanagawa
)> Prefecture
~——

Please continue.

c)Voice answer-back

What prefecture, please?

L—
Kanagawa
~—

Kanagawa Prefecture.
¥ Please continue.

Voice answer-back

Fig. 3-6. Example of voice-activated system operation.
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3.2.4. RE#ER

B REIC X DB TR~ DL FEE L i 5728, NASA-TLX AWWL
B, HEEETMENE, V7% A7 RIGSEEREB X OREEREERICSWT, F—0 B
DH A7 M THEE L. fR%E Fig.3-7~10 (2R 7.

FT, SEEBEL, AT TV VI AL v TFBIOA VARV AL MRV AL
FZ Tz 2 O FHE L O NASA-TLX ZHi U725 R % Fig.3-7 1”7, Zh X
, A BB P EREICKR U OB A A RISV (p<0.01) Z & /R ST,

F7-, Fig3-8 ICHMM T MENN EDRZE, Fig.3-9 247 ¥ X7 SKEH DX % 7R~
T INB XY, HEEEBEOFEHMEITRE CRRIEL VKL, FLX A7 [FRL Tl
T5HE, DTN —FHOREIZOWTEL A IS A ST,

I ED, FRAETIIRMAEENSWRIELZ SR TRIET 2 2 LI VMR E
PMMETL, RHES L <ITEEEHEREI M LT 5Lzt 2.

(mmm”wm_-h-h-h-h-h-h
|

(CD)

Changing to another station

(FM) . * T p<0.05

#74
Entering destination (train) 7 p<0.001
Entering destination (previous *_‘ B Instrument panel switches

departure) O Steering wheel switches
O Voice activation

Selecting news by TTS I

0 10 20 30 40 50 60 70 80 90 100
NASA-TLX Rating

Fig.3-7. Subjective evaluation of mental workload.
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|
I O No load
M Instrument panel switches
r O Steering wheel switches

No load

Changing to the next track — O Voice activation
(CD) '

Changing to another station
(FM)

No significant
difference

Entering destination (train) ‘ lp@E
Entering destination
(previous departure)
Selecting news by TTS
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Lateral Lane Displacement (Standard Deviation) [m]

Fig.3-8. Comparison of lateral lane displacement. (standard deviation)

4‘|:|__. —
No load
Changing to the next track (CD) T —————— p<0.01
T .
p<0.01
Changing to another station (FM) — p<C .05
e -
Entering destination (train) *ﬁ—'
]
1]

) o ] @ No load
Entering destination (previous B Instrument panel switches

depart ) )
eparture) ' O Steering wheel switches
r O Voice activation

Selecting news by TTS

=
e
[}

0.4 0.6 0.8 1 1.2 1.4 1.6

Response time [sec.]

Fig.3-9. Comparison of secondary task response time.



F7, %%W&X&k?@@?X&@%ﬁwﬁﬁ%%@th%%Fm3NLT
T, INEY, FMOEFX A7 RRL THHMAZRET DX AZIZEBWT, &

TEZ 27 ORI FEIEL 0 <, FEBAIERBICSRWAIRDH 5 Z L3

5. I DIT, RERERM & RHRGEIRE & OBEfR % Fig.3-11 I~ FHE CITHAERE

ez b L/T?ﬁmuﬁjﬂ‘:ﬁﬁﬁ NHEIN L CTW B DTt L, ?“?Eﬁﬂzf KA BRI ] T
o TNWDLZ ENbND.

B, ARFEBTHM LR O T T, HEBBEZEAEICOWTIT Y A 7 M OME 2

Ronginoi-.

Changing to another station (FM)

—
=]

Total glance time [sec.]

Changing to the next track (CD)

Entering destination (traln)

[} s—]
Entering destination (previous *q

| |
W Instrument panel switches

O Steering wheel switches
O Voice activation

____________________ - -

/
I
1
1
1

—
T <0.001

departure)

Selecting news by TTS

0 2 4 6 8 10 12 14 16 18
Total Glance Time [sec.]

Fig.3-10. Comparison of total glance time.

7N
’ S
, , . Instrument panel switches + Display
Va4 -
S K M Display and voice
4
. ’ A Voice
1 Manual operation v "
’ > Instrument panel switches
M 4
’
- il + Steering wheel switches I
’

.y

/ - .
_g_Ste_erln wheel Changing to another station
switcles

! M Changing to the next track (CD
/

, A
/{/ ——————————————————————— Voice operation |-~ \‘.
+></ /,/ i . . * - g Voice activation system i
// LA | | | A | | A | / |
10 20 30 40 50 60 70 80

Total task time [sec.]

Fig.3-11. Correlation between total task time and total glance time.
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325 HEQO EFE

(1) BEREBREICLIEEDES

B REBREICB T 2 AR, EEESIE AR OFEBIRRR A MR T 57201,
FEEMOMHBEST 21T, 2B, T—ZIZOoVWTIE, KERLFEBEOFTA L7
VR a Lb—HTEM L, HROOFFFEEIY REOB M ARMAERER 2DOBRE LA
T Fig.3-12~13 (27~ 7.

Fig.3-12 IZ/R L7z Y 7 % 2 7 OGHEER] & NASA-TLX AWWL 5 O BAFRIZ DV T,
W EOFRERTIEFERIFEB LOEFIEROIBEE I IZOWTHBEBERA R N (Tr v
Rk, ROMERR). EBREIT - 72 S HEREIXZ ORFRICH LCEMICH v, FH(E
KOV T H R ROGRERPNELS 2085 Z LB bnsd. Ziuk, EFREEDY
&, A ENIIIFRELRAFEOLAE THOHEMMBATHICH D 2 LM BRI ORI
Wik T 2REDBE N2 EEZXBND. —JF, Fig.3-13 |2/ L 7= Bl 5 i 247
i & NASA-TLX AWWL LD BIHRIZDOWT, FHKR S 2VORE R L ARG R %2 i3 2
&, AEIOFER DS S EFEHET BN EOMEHEI NS < IpoTnD. ZHITERS

100

+ Display
90 |k E Display and voice Desg'glation
A Voice
80 L x Instrument panel switches W -~
+ Steering wheel switches P
&40 L K Data of past study -~
é />< » X
b i Xyt
5 60 o+ _+~ Making a caLL
=50 res <"
2 10 s ¢ Ba” * i Recgneacil
Z Radi _- -~
30 - K_Answering a question
20 L X No load
10
0 | | | | | |
0.2 0.3 04 0.5 0.6 0.7 0.8

Secondary task response time [sec.]

Fig.3-12. Correlation between secondary task response time and NASA-TLX ratings.
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N DOIEELRHE ] D770 U )N
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Fig.3-13. Correlation between lateral lane displacement and NASA-
TLX ratings.
Instrument panel switches
X ¥ X Steering wheel switches
¥ b x
| |
A s n = Voice activation system
+ Display
m Display and voice
A Voice
% Instrument panel switches
K Steering wheel switches
L | | | L | | |
0 1 2 3 4 5 6 7 8

Number of interactions

Fig.3-14. Relationship between number of interactions and NASA-TLX

ratings.
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Fig.3-15. Comparison of sense of anxiety ratings.
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Fig.3-16.Example of the real road environment

(A; Express way, B; Urban road)
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Fig.3-17. Experimental results in real road scenes
(A; Number of eyemovements , B; EEG waveforms)
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Fig.3-18.Example of the driving simulator road environment

(C; Express way , D; Suburban road, E; Urban road)
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Fig.3-19. Experimental results in real road scenes
(C; Number of eyemovements , D; EEG waveforms)
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Fig.3-20. Experimental scene (DS)
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Fig.3-21. Driving simulator test results
(Upper) The number of saccadic eye movements

(Lower) The amplitude of P100 component of EEG
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Fig.3-22. Experimental scene (real road)
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Fig.4-2 Frequency characteristics of interior acoustics
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Fig.4-3 Frequency characteristics of interior acoustics

from right door tweeter to left ear
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Fig.4-4 Sound pressure level (800Hz sine wave)
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Fig.4-5 Frequency characteristics of sweep sound

100

T T
A R-Tweeter > L
® R-Tweeter > R

85

Sound Pressure Level [dB]

80

75

70

P1 P2 P3 P4 P5
Seat Position

Fig.4-6 Sound pressure level (sweep sound)
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Fig.4-8 Sound image perception rating scale
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Fig.4-9 Experiment result of sound image perception
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Fig.4-10 Waveform and frequency characteristics of alert sound
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Fig.4-12 Result of subjective rating (Real vehicle evaluation)
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Fig.4-13 Embedded warning system in driving simulator
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Fig.4-14 Sound Pressure Level and Delay setting

for making sound image in driving simulator cockpit
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Fig.5-2 FFT time window for steering angle data

66



5.4. FS A4 N\N—RKREHEXRTREREEROD)

541 WNRELUAE

LSS & B 5 35 A — 2 2RSS B 7, R T A S— Nl
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Table 5-1 Subtasks

Subtask Device %Tumber- of Tt;‘:tal Task
interaction | Time (sec.)
A) | Driving only
B) Set destination to my | Navigation 1 15
home system
) Set destination to Navigation 5 70
nearby landmark system
D) Set destination to Navigation 7 35
address system
Search and set
E) | destination to Smartphone 3 95
landmark
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Fig.5-3 Auditory stimuli response time (experiment 1)
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Fig.5-4 Sense of Secure Rating (experiment 1)
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Fig.5-5 Deviation of steering angle (experiment 1)
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Fig.5-6 Deviation of steering angle basic frequency (experiment 1)
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Fig.5-7 Standard deviation of lane lateral displacement (experiment 1)
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Table 5-2 Correlation of steering angle parameters and auditory stimuli response time

Steering Angle (l1o)

Steering Angle Basic Freq. (1o)

0.67 -0.93

< 0.8 o E)
2 [}
2 075 ) .D)
3 0'7 . ..'
g B)
8 0.65
~ y/=-0.9489x + 1.107 **»,
E 2= ....
Z 06 0.8731 CIN)
]
2055
=
=

0.5

0.3 0.35 0.4 0.45 0.5 0.55 0.6

Standard Deviation of Steering Angle Basic Frequency (Hz)

Fig.5-8 Relationship of steering angle basic frequency deviation and auditory stimuli response time
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