{hyskim, wjinkim, jungsook96, 1sj0209, eyetracker}@etri.re kr
A study on the Effect of Situation Awareness and Drive Readiness
on Control Authority Switching in Automated Driving

HyunSuk Kim#*, Woojin Kim, Jungsook Kim, Seung—-Jun Lee, DaeSub Yoon
Electronics and Telecommunications Research Institute

@ o

w w2 M 2/EE 3 AE ARl 4] EH el 4QlA #o] NDRT 9ol ubeh Alod gk
Azbell of®| g mAEA 4] figtelnh. AlEdoly AEs olgste] AL ST HAIAE
AEFHT okl FAe), ARFAl R FAAF AFEtrle ol 3 TR HaAE 7 st
Aol e 8ol ol BAAE HEIL FTRAE AT £E 4 A" AR, HEAE 9
FHA FAENESt AN dEe SAdte] WEREE t-test & FAT A3} B2 FRA w Fold
ApelE HAATh A3 Al = A AAA ol FAsa, FFHRE ATL

2blgS 7IWte g BE AL Alo] AV FAEE S
At G ARE YE BA AA, A ARE

AgFY oA SR ke A& wAol ETRI o4 74 3 ECG AAE Argste] =gt
we} gdakRth, SAE J3016 & Awwd, fd 3 74x7) 2 9 34 AHAEe AEdHeHE Fd FFEY

A o] FxEa Pl 4 oAM= A9 A AEE HER 53 o5 A4 g AEA 93
Mdel gl @dE 2 9 @ 3 A FHEY. A AEdolHe vy F3& AW [2-
AEFYPA o] zFor LASFAL A T 3lol dAZES k. AlEFH Aol AAE @y
5 Ao JbeIEE FHAE AdAEA 41T F FYIRE, AF FL, FE AIRAA G2 Az, Ee
A= FHZE FHo] Qlofof drh[1]. &dFH E(Driver A, F¥H FHUIAAERE Fr|Hoz  LHA A
Readiness)= A& RZdiA FF5Ed EHE AFsty, AlojH HAE aH L “FHEEA FALHT
Alojdo]l HF = wW AL Ao HIE ThA 4 MUNH AR A HAAoF dE7|e] ofo]E H
g5ato AFe TR AF T F AeEA AFE 2 TN AA )R AZTEH A

Jetll= 212 AEod [2]. A& B9, XA » Kiiect Mficd Seiéor . AutomstedDriving  »SA Information
ZF-3Hunderload)  HEle]AY  NDRT(Non-Driving - Stuallor Prowding Teomting

Related Task)el &3t $dFH s w2 A7t i@

Hol A 5 Fol  g¥T F 9o S | -

FHAEEE S48 A7 28389 (3] A& ¢ B Sensor

Nzgol  gRdE  Fol  eAAE SAFARRE - Gl
‘21‘9]%‘ Fé_ﬂ}]‘/]'(‘%‘g] ﬂ"ﬂ') ‘7‘9]@10] Q}'HX]E’_%(—‘?——Z,—Q]), M% W = é >= Experiment
TAATE A AEe B2 A3 g A4S R o L Database
A 8kE H Adstx] golx= {2 AFEe) A (Situation o ecius Coulog i ill ';,

Awareness) W A3 EE FIFAHRE AT Yy " E | ﬁ [ :

A7k B [4, 5], :> — .

+ Verify Data
Transfer * Driving Situation Monitoring Server

Figurel A3d 84 3%

B owRdE A&FAF] 2447 NDRT
FRS FERAOR ABA FAGP] o
ol LAFUEIL AolH ABA VAT FF
BAS) g A9 R w4 dne s1Ea, ARRATL APl mAe ofesh ge Axm

tlo b

W j=Rgu
A9& AASA Hek NDRT & A7), A e,
. AWFA D FAAF A 5 3 A BraE
44 At
AYe g8l SAX, A W AN WeH ARE DAY 2H L Fo| Y 4y
ST 5 odE BE2 AY 1 % Lol P53 2) Q) B4 An A¥ (A7, AEFART,
AgA0 LEsh SRR AP fASG T, A 2 AW B) % ARG AR



3) ‘_H—,—Eg (5 _'_‘)

4) EWFA 7]

& A 2=

RN

wEHoE

49

g Eol EWS

Aojw ATkl

Request)7} Y271 A7HA] A%

5 wAY9H
2 e R AR

49

~nlE  Eo

2020

43 (Drinking) %

HEA A4

=3 e A

Eia=
3 (Texting)
= Eata )|

TOR(Take-Over

=
2 HEH
2=~ (e}
He 9

A8/ ekl TOR o] ther] A7 A%,

6) AHFFA] W

Related

9T A5 49

Task) U R

FASEA T

e
A%,

Al

Al A ]l A
dto] FFEESII, TOR o ver] A7A

Z=3J(DRT: Drive

g gAAE AN

N

A b=

, s
-7—’\]:5}3, X}% | A ?%%@E’_E Ashely] 9e wES
ZE T e &8 I FEHAS AFIE
A H7A o AIZHS SA 8T
SHEHE Mol 8 Q40| 98 U £527E 2 9= B4V ol BE HAALN
LOW Teverr2errss3eneenderessGeceecfeeeensToveecBieeens9--10. High
(| o &) (B3| ZHI)
FREZU
LOW Te-ve-2rreeeBereeedieree Geeeforeee ToreeereerGennn10) High
(4 of2ig) (O 212
Figure 2 & 3Ax7} Ay F AQ3e AEUE
wAFH R FqFel it olal= ¥ 2 ¢ o
FHAOR 7= HEE AEACM  TIYEEF
FufEtddnt. FAFEHIEE =] oF ©3 F2d] FHlES
1~10 A Afel2 7], FRERLT= wg ¢V
oA g &7 ARE 1~10 A Alol® RVt

¥ 1NDRT o] @2 AojA A% A7,

7874 $AIE, U4

Q AHIHFR HE HSEE t-test BXET

TOR Driving Situation
S £ 424 |Response| Readiness | Awareness
Time (s) | score(0~10) | score(0~10)
Drinking 17 3.7 6.59 7.09
Texting 17 3.76 7.06 7
DRT 17 3.27 8.26 8.53
- t=207 | =371 =272
t—test Drinking/DRT b= 0.04 =0.0019 =0.015
t—test t=2.27 t=-4.08 =-3.88
Texting/DRT p=0.03 p=0.0009 p=0.0013
¥ 1 & NDRT o w& Alojd A Az, Fa4
TATHE, FHAQ AR gigt FAATe}
a9 3 € box plot A¥E YEIY. AR AdAE
48 Wola HAHHYE Fy F 17 Wel ds)
AT Ade]  FAg A AWFAl 9
FAAF AgE St Alojd AES otal FEAs
Az}l Alzbo] EubAl 7] 9 fX}OV]E Ty uw B}
FstA #olHx, HTHIES  AIAA(FYGF
7)) X*”ﬂ FostAl E=A #AFIHACLE oA
AR s XY FHEHA FE BEupAlY] EE
FA}8k7)1 S NDRT o 284 = A3 O]*‘ oz
TATH 7 GolX| 3 o]o] uwhet AojHAZe| A=
Al

w
2

g ey 2o As 4 5+ Aok

0786

TOR Response Time Subjective Driving Readiness Subjective Situation Awareness

8+ o 0 - ‘
| I
I | : e
- § § |
2 - |
| | " ¢ |
a 76 ]
| =
| L 'ﬁ L
|
‘ | ;
L

=

ime(s)
Score

|
|
| | L
ki + 4 |
L L

Drinking ~ Texting DRT Drinking ~ Texting ~ DRT Drinking ~ Texting ~ DRT
Figure 3NDRT ] w2 Aojd A% A3, FH4 AFHE, T4
el A4 B & box plot 27

TOR ©f nkgste] & & Alshs Azl idt
box plot & ®¥ AWFA Bl A A5E FP
Agel A BEZL BwAISE BAelsle] Az
P A dehde ¢ 4 vk £3 $AEEs
Rl e Wk A vEbdE & 5 vk

v. 28

3 eRolA B /a3 TRl SEeon
QP Aot AL 3] s elslor & 914 a01Fe
7 Fush F991 @plo] NDRT #30] meh ol
G VA=A W] ) AR sk B 24
Fuls} gyl NDRT o AWFA 2 439 A5
St Alolnl A8 b 497 L3 Be] g
2ol A/ EAS n BE 0.5 2 Aold Agk ATk
e R S T ) b
16%~25%°19 ¥4 ekt wed, gese A9
A 2/ 3 AEFNF AL

THEES IAA o A6, FFARE AT F

A
py

ACKNOWLEDGMENT

2 AFE FENSYE AEFEFAFAGY AL
AW E: 20TLRP-B131486-04, AF&Fa= 57 22
AR Alojd AZ kA Frr|eE 2 ARE Y 84 A

T 1 &AD] o8] s = AFHT
Z 3 Ed

[1] SAE J3016, Taxonomy and Definitions for Terms
Related to Driving Automation Systems for On-Road Motor
Vehicles, September 2016.

[2] ISO/PDTR 21959, ISO TC 22/SC 139/WG 8, "Road
Vehicles: Human Performance and State in the Context 8
of Automated Driving: Part 1 — Terms and Definitions",
2018.01.

[3] H. S. Kim, and et al, “Design of Driver Readiness
Evaluation System in Automated Driving Environment,"
ICTC2018.

[4] de Winter, J. C. F., Happee, R., Martens, M. H., & Stanton,
N. A. (2014). Effects of adaptive cruise control and highly
automated driving on workload and situation awareness: A
review of the empirical evidence. Transportation Research
Part F: Traffic Psychology and Behaviour, 27, 196-217.

[6] H.S.Kim, and et al, "A study on the Effects of Providing
Situation Awareness Information for the Control Authority
Transition of Automated Vehicle," ICTC2019.





