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Abstract

In conditional automatic driving, it is the primary task to ensure the smooth transition of driving
rights to ensure driving safety. The context-aware transparency model and human-computer in-
teraction transparency model are applied to the interaction design of conditional automatic driv-
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ing takeover, and the takeover task is divided into three stages: perception, understanding and
prediction, and the appropriate human-computer interaction mode and interaction information
type for each stage are analyzed. The factors affecting the take-over task are summarized from
two aspects of explicit interaction and implicit interaction, and the human-computer interaction
model of conditional automatic driving take-over task is established to explore the optimal inte-
raction design of conditional automatic driving take-over task.
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3. ERRREIEIR

BEE N TREREHARIPI S KRR, AHLAE BTN 30 S B BBk B A 5 B e A R I B 3%
BIRE, EHERMMIEANREBRARG L BAMER GEENER. £aNHE S, BEEERARKMNAT
IR TR NN R G0 2 (0] R AP A BARR B, X P fgd o gk “IEEE” o Lyons AN, &EH
JE R DR 3k N SEANE B8 JR G0 2 18] ) B AR RS o 0] 2 B PR B AN ) R /R e A5 B R ) od & R s AT
TWRHRER, AR SIE TS B AR T DUE R A\ RIS AE3]

E S B ERE AN R T REREL AT N WTEEMEAIR K. SEELE I R SRR VE A Re s H
ReREME FETEHE, THEREIEMEE V. F5 5 UL AT N . & — DR N
TERRAEE A e B 2 M L E B BRI —FhF B AR ik, BB R B T #4E G B R e
REEPI L RIL. B8, ARRITRIFHER S 2 . 78 DU B SCHR AR 7 TS DB 100 BH B A A 0 T
35 I8 1325 W B (Situational awareness transparent, SAT )R TY 4180 AALAZ Hi% B FERR Y[ 5],

3.1. ETIEERMAERE (SAT)ER

17545 JB I (situation awareness, SA)FRR I H T ANBEMOA L =N EIR[6]:

SA Level 1: XA [A] 70 2 (1) 2015

SA Level 2: XX 4850 2 1 2R A

SA Level 3: X EATFEA AR BRAS 1) T o

SEHUE SR AN B 28 — D R AN B PG C R IR . BHERIEAS. B, TR IEES A
(7S T AR, XS 5 LB I o A T EOIRIL S IR AR (B4 2 Bl IR A AR ) AV IR T
2, VLROTERIAREE, Bt ., B, KAAFGLE . SeBURE SR AN D R R A R 0 B AR,
IR AT R PR RS O . Blan, an R — 45T G BIRTIT 29097 TR AT, R HESR T
A B AR, X I Bk G ZB] KRS DU I T A AR A v A AR T H . SIS B IR R B =8
SERERE TINAT S5 R AR SRARTS o BN, @ WSR2 AT N SR A4k, T4 30 R SOZ AR T
HARTEWI A, I HRZ T8 0T S ) i e

175 S5 A A2 B I TR) PRI HERS T S2 10, W RRAT BN TINCEE 3 20) 28 XA DG EE R IFRAS L B 1A
BAH T RCGE 1 OSBRI EARCGE 2 20K LI @A 73, 1B RBEE T X ARSI
Bfs BRES, EaRERASMIME B E S HHS HARHT R, RIS 1A RRE .

DA BN B A, oF B FE ER(SAT)BU) T B S5 B A B T8 e ARER I B I 2 8 7R« SAT
BN, HTHEBERASE T AN TS WPIT, ANBFENE RGN HAT SRR, HERS
(17325 B VA AT DA S IR P i SN BE SR . BT B BN Y e R 0 B BN R R R 408 WA E SR
GRIH IR T, R E B Z A AR RSN R R M REARRI R, PR IE 1 R
W BER IS AT E (A Re it T EE AR S EAMETH ML RS [7].
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Figure 1. Two corresponding transparency models
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(2) BRMORT T NOIRZS BE AR 35 B BE « 3 J7 THI (¥ PR 2 000 2 T Rk fm) B4 D3 A5 08 o0 5 N SR
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Figure 2. The development stage of human-computer interaction inside the car
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Figure 3. Situational awareness analysis of an autonomous vehicle (red) entering an on-ramp
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Figure 4. The appropriateness of using information at each SAT level in the takes over task
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6.1.1. MEZH
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M. EH R ENEBES T, BERMIRZOIR VI 2 2 RS 005 — 1 S w2 R L FR 4 v 2
AT, WEIFEMEIL. £ HITRIREEN AN ERG T, B T ESRIRETEG . CREATEL
VERLIE S HOETE A B, IEA 8% 146 AR €% (head-up display, HUD), BILRE 2 B 545 S S IULAE AT
R L, AR RO AL AN L BT AT 58 B A RETRAF A RS B[ 15]. B ST HEWBRRE S+, £
BEATHAEAR SR, KA 5 0L T B3 VAR AT AR B B RAE ST, BlnEB Tl s, HAMZALE
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EREL EE M HUD L, BOlER IS B 3 B 5 R S sl iE e el 16]. Bk, ERENE 1,
B 25 i 5 S B, ML IEIE 3B W AR SR IRAT AT RSO A AEAE AT, 72 A L U BT DL T
U AR ] REIE & RIS EETE R . (BB S AR AT REBAERT T IE B P, O H B SRR UL RIR
TR 2 Je B 28— S St R RO AL L A RIRT T T8 B, T AR RN B, MUl g p (5 R s A% —
F 0, AR TR S B (5 SRR . TR T-BirBe 2 FIR B 3, 255 5% A et 52 BT 6 o s
I, ALE A B TE R AT DA BObARIA 5 2, BRI F 2R A2, B AET AR, B UEE
BRI B AAL R i A TAR Sy, BTV RER G PO E G R A AL THE, UETRmE
B ARLSEIE R TAE, SRS RISCF[17] BIRR[18AT A fa B 19T7 8 E

GREPTd, AETEWEEIE, YU IE E W RS B SR S B AR 55 PR AN AT R, (HAL
SCBIE R E SRR 2, DR B s i TARE S TR

6.1.2. IBEXEH

L IE S 28 B R GUIRGH R R N ZE A8 B IE 4 1) (R B, HIR R i3 2 B ae 42201, 38 T AL
BREFAR ) HE RSB RABE R R RN, T A E R BAR M X RRAS B T R RA, B SR RS
PEE 5 R B B 6 R R B 5 AR AR D7 T A TARK M . 18 S S B NFEAS HIAEH LA
AT R, 1B IEIE TR 30728 B 5 AR A R 2 i 5 IUR R AT R O AT 45 (21

TEA 5 AF A B W AT 5, Wt IE I ) T e B 1t At BB B P (1 2 R A R i Ak
DR R W AN 52225 T G AR R (R 2, RS IS B0 T R B A A M 22 DRI, Wi BEE I 3 B A R
RS R ARR EE, MR 0 AR RN EE G R, RSB, BTEHAE
Wbz E T R TR N, HRBENE BRI L, EXFAM B3 T Wi 13E B
JEAS B RAZA B DBl o (HSZ PR TIRAEEME A . 2500 5 m] RE IR 7R HEAT UG S B I Y AR 2 B DT 55
(LT SRS R 2R, W S IEIE 15 BRI R BANRE T 2 E AMIE S S R BRI R T IS R NIk, SRS H
FAL,  FEBEE AT A5 S A FH WY 3858 1B W S B R AT . 7R 2 F AN B 145+, BHEhs
MBS 2 BRI RS ZMRBESIRESERRHE “9 17 SR AEHNESE23].

6.1.3. fl5E3ZEH

Wi s B REEE: AR S B AR A TN, 2 3 S8 fk ik 45 S v B 2R
LM ) AN FETE T B R A TR an, T A A B R R Ak RS s SRS NS
T v 5 B RN, FELE ) SRS EAR BN AN B ) S R Bh) [24]. B SR H AV E B AT
S, filbt A2 SR 32 B 0 5 B S VR R A v

fith 5 28 HAE 2 AT 55 A 8 R IR s N SR S U ) e it S0 48 1 5 VR 2807 1) 5 B Rl , e e
AT MR AR TRAT 55 A 22 2% B 1 0T DATE firh o 232 FLX ANIEE K IFEVE R o ol 22 B Ot A T & Fh
B SS DAORIE B Bk 22 4, O A8 BTt N T NSRBI BT S5, ol w45l [25], P4 ERER26],
SHU27) A ZB28].

T I T A A2 AT 5 A8 EL R BRI A T ERAT T T AR B, 7R R gk 1 2 S R A8 B R AR
BT AL FINT 528 B S B R R SREEAT AN 78, ORUE TV 2 008 R o Tk 3 3 ) 58 g A X — T
TRAUER BT N2 —[29], 1B ko Y5 (1 1 Al 75 Bk AT — e st o 2 B 2 1y fl o 45 5 B 22 0 A
R s 3k TSR TUAIHR R Ik O A fink ot 5 2 0 ol 2 T O RO IS S RS, 3 T o ) s o 28 25 A, 2 0 ol )
B 53 ) B [30]

6.1.4. ZEEXE
FEA AT A SRR T, B M5 Ty AR 5y I i B G 5 D i g, TR R 2
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MIBERAT R E MR, MBS Z ST EMITE R, 8 R 2 MR A EE A, T PO
e NS E[31]. Fltn, H T4 P95 5 b e A A 2 2 T AL AN ot JEE R 3 RS B IR AR S
RPN BRGNS HATIES IR, RN I e 23T A, KR e
BB R BRI R A . SRS EA UG EARZE RS, ARZETAHEHE
AENFRTW . £ %A BHEEES D, S W Ml od B4 & 1 Vs SOR B,
FENKIAT Sy A B A A Th R BRI RIS, EAHRIZRAE T, A i R 2 (32]. fEA %
BB B B N HGEAR S5, ENT SRl e S R TUE S, 255k O3 AR LIS T) BE A A A fih
TR TS S [33].

FERRZHN BRI, BIRAREW S LGt Wr st Aot 1 22 B A S8 B2 A 2R AT H Bh B 3G
B RRAER B A, HERESLERA TR HIE R 57 3, AR 2B 5 AR A s A E
BB BAES P AN, HAEE KA B R R S SR B R A ARTER, AT REEZ B2 4

SERYL, XA EMIREEFIAELEY, SRELEREPHEELH ). AR
Yo BrEC 1 ROZUAWTSEAIL S A BN, MSEAZ O AERT B 2 MU BE 3 s R BAL R A HON
Wit fl s 9% N RAZE R AL LA REE RN 2, 82 20 TR, 2w
BRI ERRI34].

6.2. T BREAN T ARRSIERAERE FRMZEERR

Bk 2 L4 A Gt A ) RN BOR U 21 25 55 53 IR A B 25 A B A AR A T EAT OS2 L, o,
B B0 25 B AR 0 M ) Bk % O AR AR T, BB AR AR T, ARG A IR, 5
AEBWARIR LA R ERZ L ARR M. AP S T DA 3R R A PR S LA 3 AN 2 B B [T 3K

6.2.1. FEEE

TERSA A EIES R, HRERAEE G B AN, S5 H A [ a2 5 K508
REIL, AZNEIRGICIEE W I A AR AT ISR AL, A RE AR Y e A AR I
EAERER S AR IERR. K, SEBIRSEACHNE R MHE ML FEO . %
ISR H A E R R A E RS BT S T, BE2MERE. BREANIOENE FEEEE N
AR K, FEME B AR5 MR EAT [35]. RIS, 418 8% AT 7 (BRSPS 2 S50, 250 RO AT B2 I 1)
K1) S SIS R) S N, ULRHBR T ACIEEE B, A B EAEE A ) AR A DGR 2 AR 22 RN AT 55 (IR 3R AT
[36].

B 7 ZEA RS IR B 20 AT 55 1 U AN, YRR TR I S B 5 2 T ) 2 RS 25 D) A
K, X T %A BZ S BEIAEER UL, 255 3T I 2 BAH AT 55 2 42 N R BE b 1) = 2 R 3R [37
filtn, 4258 RAE B 22 BN BN B e, A AT JE R PR R 8 L T A A A 2
B A2, TESCIL B S HIny, G EFEIE T ENL SR G R, WSS A MR E AT
TR, 2 W B A EFIE R, RS A 25 M[38]. MU, AEE BT S0 41 H 508 B AT
B FREIR, XA AT B AE SUHIR, BIAN AR S AT 5SS B R A W e, 38 R B OR
P TV 1) R [39 ] AT P REAE IETHT 1, 25 35 08 JEAT AR 2 B AR DGAT 55, R T I b 1 42 30 e 175 D
200 B R LU AT AR B AR AT S5 I AR 22 T, IX U0 W A A 28 B ST 45 T LA 0 25 4k 51 %
2T S B R [39] [40]s
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Figure 5. Human-computer interaction model of conditional autonomous driving taking over tasks
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