OHEESEE 2021, Vol. 29, No. 11, 1979-1992 © 2021 HIERE R BEDFSE I
Advances in Psychological Science https://doi.org/10.3724/SP.J.1042.2021.01979

BHERRESTAXZERREESR@EET:
Ei‘zﬁkfﬂﬁ&%#ﬁﬂﬁﬁﬁﬁ*

;]%',T’%; ﬁ}é r AN i % . A0
(B P8 7y 55 AL O B RSB0 5 BEBR P U A~ D B B, Y 710062)

B O E AHEHAFERAAEZRFHLEEAR, FARSIHFAINGR LA E, HFRX—
P, HFRAHEREMAEAELFMIPHREE B TEEL, FFIPRANT @ (eHMIS) A FofT A A B AE & /fﬂ’:
Bkt CHMREZRALF, B, KPFALABHX, BEAEBRSEZTE DB RBEX).
B AT A SN EFABREE, FEALEREER, EMGTAELE 7%%iy¢ﬁﬁ7ﬂ@%&m
AT AE B E G, REREHEFRERGZ R, K, Vlﬁ‘/\ﬁb‘?bﬁ’lﬂ‘:‘l‘ﬂ@uf]‘% F R AT AL A
R R A AN BG4S B TF KA, ékm%é\w/\iiﬁ%ﬂk%iiﬁﬁu HREREL, REFAL AL EH
AP AEARFBER, MITANS e TALA RS E R D ABHR, FEHLER R T, eHMIs BTt

ATAS EHIZ B Bdm BTN, E&INE, REASHLERRD, % ZHBRMES, WRZ LT
WA, EEBHNR, FEASLFIHN . SRAFABAM A TARENZINRG TEBE, ERNHEK, &
LHEMNTRENFE, BHTAREEARBREMARATHER, LERGE, REAFTERXEESITA,
9$%wﬁiPT%§aﬁkuﬁ&ﬁﬁﬁA%% o EH &, KRR EEZ R ZINR @ Lo Tl it f
F b 64 38 35 vh B R e AR 8 S R

XEIR ADEIAF, AR EZRG, eHMIs, FATH ik TR, FAZ4E
AES  B849
1 5§ VRZE) 54T N0 B Y B T ] 9 R AT N

SOREH PV 1NN 5

MAT N BER, FEABCL TE 8 0 PSR AT,
BB X 52 38 = B G IE A 9 1 5 2 (Situation
Awareness), BIVXF 4077 S F 47 E B HLER N | PEAR

FIT (Palmeiro et al., 2018), 7EESHI N4 H.
o, AT AREE A R AR R R Y
ﬁ@i%hﬁ#’%ﬁ (ERSEEN O s N =) =
A, 3K T A e 4 SRR T B AR AL -

— T, FEEGR AT L ERE RN T
B, A7 AW LUGE AN R A R
SEET . WAPASH . NI RSN H C RS
B R R, IF AR X 2 B AW R
JE75 %4> (Sucha et al., 2017). {14 [ 3h2 54
Mok FLBT: 2020-12-04 WG, EMBIAT MmN R E R, SR
* [ [ SRFl2E 54 00 H (31970998) . AT DK 3 0738 2 B 2 B 55, A — BRIk
SEASVEH: B R, E-mail: zhuangx @snnu.edu.cn TS LW, Fik, RAZH R ML RITEE

A 302 SR R — PR AT F i R A
BB, AR BRAMI R ENM AL R
Gt BH R G 2 TG R R AL RS
T%%@%x@&ﬁo&%%%M%?@ﬁ§%
PFEEL . CEAN, bR RE L. &
I i 3% 5k H (9 (Badue et al., 2019), BRI E
T A 302 SR RE A AR R IR B 22
T OR AR, R T IE R A % 4 (Vissers et al.,
mm)@ﬁﬁ%ﬁﬁA%%iﬁ%‘%mﬁ%ﬁ

REZR A 2 5 8 W R ISR 2R . A
i%&ﬁﬁ SRR AU HE L3 %L F Ak

1979



1980 L R 2 g B % 29 %
TRIE TR, AL TSR R . DOZ AR N JE R

Jy—Ji L, FE A BN A B T AR
I, RGN T, AT A B O 2 57
FI) 0 PR 28 56 A AR TF 232 38 #6452 me (Bjorklund
& Aberg, 2005), filtn, e e i A AT A g
FEIHFERAC, RSB R CSHER A
O, WS 4555 B O 58 L i A s iy ik .
MAZH X RAR N A S R AR, 4T T BEBE R
FWRBERR A S EARL 2R, T RE
P& G038 B2 50 N T 2 B IR i e 3 . 5
Hh, HEMA RN ZE S RTINS, £
O G (1Al 155 140 T 4B F 25 B 53 5 445 1 4-40) 31 5 %%
(A BB GV B, ARATIS O T 5047 A #R
RN TR, EHN A K EaR
Wi b3 T+ (SAE, 2016). H AT, 4 A 3230540
b T B B . fE 4 [ Bh 2 R A g e Bt
W SE R4 2 H, AT K X — AN AN E A B kK
RAEIAF R T IS R 5. AT ER, 17
AT BE TG E A R0 28 B 423 10 A s Ak, A

AHE IG5 3 P s 0 488 B X A T 2 0 20 TR o BRLAE TR

T 552 M o 505 A ) DB B4 A o 24 3 Sk P
HRT M ER AN AEZLE, o[ sh2aK
TR ZAESL) . ANBUSE A0 Sk 100 A 302 3K
AT e, AT T RE AR AR R U, R EsciE
Hl Y K A= (Hagenzieker et al., 2019; Visserset al.,
2016).

B, 2h28 3R 4 I B A S B
RSl A e 1 O = N7 o i R A (el 7
(Visserset al., 2016). 1Mi{RIE H 3h 2 3 E i 517 A
LR H TR LA I . RS
WA MR, XEWE A o072 5 45506 0
WAMOSZHAF R, LR ANE AL il B2 b i 25 3 51
AR A2 BAF B R ER IS, W BT AN JE BUIE 8 19 1%
BE Rt 3k 2 e AT AT A sh 28 Bl
52 BEE L S (Deb et al., 2017), Eth, A
Wi T EABEIE, 7E58 4y, M4 T Ashs
WAL H PRI G ENE . 15—
Wy, RGEAM T MR R E B, JF
PLFEASIE 2O A2 | (s BN . BER
K AIEAL 7 X R bR HEAT TR, BR T R4h
LA ST, A SCTESE WA A T B R
R (Endsley, 1995)F1 WA AT A Bl 25 43 i g SR A
I (Palmeiro et al., 2018), #1747 A5 A sh

AT AR BT RS B 1 48 T3 3o 5 i i 1Y
S BAR R, AR SONEETHIBH) eHMIs i
TEAIVEAS B2 BEBT AR RO 1), R BT RN 4258
HAEE AT NE BT A e s S %

2 BHBREESTANIEBHNERAR

WET TR, A AT NS s
WRT R HLROATEME, 70858 AT
KT BAET, KEBFIECE MM A 3h
2500 AR A B R AT RS B T3 SR (LR A9)
XSRS TP R BT AN S WSS B R T %
ESSE I BZS N = S e A P Ni D RS o
BT O A PR . R, TR RAT N
AP T, 17 AR A sh 28 395 4 5003
RGN L TR 22 %A K (Madigan et al., 2019
Rothenbiicher et al., 2016). 17 A7 &4z
S5 B 30 AR E Bk i ek i =
% Hoh, YA BRI 51T AR, 255
R AE BB BOR TR, R R A A 1 AT AR
BER AN BAF B LARANME T B Bk .
Ah, H BB WK T B AT NP T A
GRS R R AT Sh R 5 B, DUR TS B %4
A5 K (Schieben et al., 2018; Woodman et al.,
2019),

BT L b RS A F s AR, A
BRE T B R ME BN AU R G
B EWERSER. T A sl

(V)5 W A3 & ALFE A0 28 3R =R
SfE B B, EWREAE H SR, ek
MR . SRR E BRI R B AT AOF B B
Bh % 9 v5 %6 47 S 1Y 1F B 751 4 (Schieben et al.,
2018), 47 A 2 A5 S ARSI /NS 3 B 2R AR 1Y
XN - 1 B2 i Y A A8 L R e Y 7 T R
i) (Faas et al., 2020)., 4-4#iis sh4 K g AT N2 fit
S5 5., 1 B A AT HE W 20 00 R ok A2 g R
AT i HE 2 4 1 3 B B 3 (Lundgren et al ., 2017)

Q&EMmEFREETAH: EWMBUTUREERHENR
T NJE AT AR R 55 B, EER AT Rk
PNUL P R s S Kl S A v S
TR R T B AL AT NS BN AR
T DR e N — AT R, XETIENE
i R H AR T3 (2 B ST WS E B



1L

A % A ENAA ST N CE Rl RS 2T AT S A S R 1T £ 1981

(Mahadevan et al., 2018), [AHM% 3556 T 44 R
R E B AR 45652 2 2 R B RE X 28
S5 B (5% 1 (Faas et al., 2020).

T AL A AT NGk e T ui
BUFE B33 17), St s i gesk . X385
BT AW R R LR TFEE 2N
£ o BN A T LA T AT Sh AR, A T B
PERAT N AT LGEAT, 75 A SRR FYEE N AN
R, FEAT G I b YA A i i
7, MHEFRRESMEERGE, REHEANLE
AT E S R A#IE B (Ackermann,
Beggiato, Schubert, & Krems, 2019), {H 4255375
HTEE L A A A, T Bl el AR T A2
WO ., IR R TR 2o e e SR T A 1 A

3 BH;BERKESTNIEHARX

B0 Bl A T B R R 1 5 A3 P A A
3838 T R AL 2 BAR B . S X R B
PRSP B PIFR N B BE SR o A i
o) R B S R (U B R AR AL AR IS B T AR ) R A
6 ERE R, AT AE R AR T W
AL 5 Sk 2 EE L
31 mEE@EAX

TG NG B, it 8, Jt
R AR 2 5 R AT AR A5 2o i 1) O B
[F 2 (Dey et al., 2017; Li et al., 2018), 7E513# A 5
BURER, EWE SR IH R AN EL BT
B AT ANk i E E 4K (Fridman et al.,
2017; Mahadevan et a., 2018; Moore et al., 2019),

4 A B A 1012 B4 G I B A U

Bl Y P B T A BE W AR AT Y A2 HL T SR (Dey &
Terken, 2017). Fuest %5 A (2018)45 i1}, ZE4R FIfY
DA B 7y =X 3 R T 5 U I BIIR A (A
b [ N B N A B o P S N 1 B8
W AT M A O BT R TR Fil
BT, AURENE T 4@ )y 047 Ak
SRS (B 2w o AT e 0 DB T % ey, A7 A
A Ty | RN B A A ) B A T A, AR Y
WGEAT AT MRS BIANE R, 2558 53]
DL NEEE 1 1 5 FF e, AT ) 3 38 5T 2 9
ok 2 X AT N A o SR P AR B 5 el
(Ackermann, Beggiato, Bluhm, et al., 2019;

Schneemann & Gohl, 2016).

BRI B 38 Jy AR A 28 BLAF B A — 2
T C& R, (HEYFEWHIT HETT AT,
BT N T B AR U R B R R, R
JE T BER AN 138 Uy SO 32 BLAE B AT A TS
(Dey & Terken, 2017),

32 SEBEARN

Mahadevan % A (2018)7EBF 78 17 A i i e 5
BB, ML T HERERZIEL, Wit AE
I 2 R VR RN TR A e )l Ty B AR TR AR AR
MZERR ., Y AW RFEERNRE, W
VI A 5 7 S AT NG R E, NI A 3L
fife P N ZE 22 B, R I OE O WS B R b 5E
(Matthews et al., 2017), [ t, #5214
WAHLZ LR eHMIs, M AETIRE ., B5hE
EIfE R, DAREBR SR R LR, WEITAS
RS N i 1 S TSR G DA e R I E NS A B B
B WIREAT MW IESBUNE, WM& A
BR) VA B 1 142 41k (B sma et al., 2019), 9 T B
{7 BT 55, PR ENTHR 1T eHMIs B2
W 4 SEEARWEN . FBAEEd, ST A
R, (55 WA B H S B R, DR
5 415 % 34 38 J7 3 A L (Ackermann, Beggiato,
Schubert, & Krems, 2019),

eHMIs i AT DUE 2250 1) 1N Bz 20 45 8 (An 26
O o 4 ) 3 5 R s T i 45 A G b R R
ok (Eismaet al., 2019). # eHMIs # LA (55 5
I ANAHES A 0 LR 2 i N M5 B 7R3
TR f AT M, IR R LS BhAT NTE £ AT R
5 WS A5 i P L oE B IR B 4R
(Lagstrom & Lundgren, 2015; Lee et al., 2019;
Mahadevan et al., 2018), {HFFZEHEEMZ, Hid
eHMIs 58015 8 2R B A 5 1Y N B 5 B GE
BE R EAT R 5 ) R4 — B0 Bt [R) 25 (Madigan
et al., 2019; Schieben et al., 2018), A BEfRIFFT A
ol V)38 15 200 M 3L

FT eHMIs XLt mm, oo
e BB . B s R I E AR
ST X eHMIs Y3 1Al R AR 04T T 174
TPl o 52 22 A 75 SR AL R 5 P o 7 2 1Y) 28
HFH, # 1 OAS T xS AR AL E N E RN
25, VLB B Al ORI A e A o



%29 %

LR R

1982

) ) ) LT0T “Te 30 UBWIpLL]
) ) 0T0T “Te 10 uayD
° ) ) 610T Ie 10 00SE[2A
[ ) () ° 810T “Ie 10 UasIdYI0 HE A
° ) ) ) 8107 “[e 30 Suog 05/ 0D5
) ) ) LT0T “Te 10 SMaUNEN «MON §501D,,
° ® ) 610C “Te 30 uewfioo]
[ ) (] ® 610€ “Te 30 baso) op ML AN,
[ ) [ ) ) ) 610¢ “Te 10 ALysuI[ized STV Myr/edOLS TTIM,»
o [ ) () [ ) 810C T8 12 92 Sunyerq,,
[ ) o [ ) [ ) 810C r—n 19 uBAdpRYRIN :50% R P
o ) ® 610C “[e 10 BWSIY Sunrep,,
o [ LT0T “Te 30 UuEwe[) FH M 11572259 8
o ) ) ) 810T “I® 19 UBASpRYRN W%
° ) ) ) 810T “[e 10 UeASPRYEIN i 81 YOk B
) [ ) 610€ “Te 30 boza]) ap w354
) ) ® ) L10T “Te 10 Sueq) S Yok 3 £V T
6 01 11 L T S 8 L u €1
can TP pey wegw ey B W6 WE ol HEE i R e
g 20 HE/HY G BHEE MR A
o Y EEN) M ELA S E B B ¥R SINHP MHET

HZ(EETTRY HE) STNH? G MBI il s

L%



1983

T AT N PR V£

ERR Y [ R A SRS N LSBT R (TR 24

1L

SN HE CMBEIORETUNGR WY LSRR AL,
RN e Bl 2 T

N B E TR Sy W W R ERCYORT N W RS GO &9 M B SR G B R0 S B R ) STNHP Gk B Do 3 T 'R

(] (] ® ® 810T “Te 19 93 e\ R BTN 2 BEE
) ) ) 810C “[ 12 Uospny
$S010 0] 9JeS
) ) ) ) 810T “2 12 42Q
[ ) [ ) [ ] 810T ?ﬁm 30 UBAIPEBYRIN $S0ID
[ ) [ ) () 8T0C “'[€ 10 UeAdPEYEN nokossy  HEMIHEH
o ) ) 610T I8 10 UaY2QT 184
® ° [ [ 610C “Te 10 AKysuifizeg By
) ) ) 610T “Te 10 UUBULIONOY xl
° ) ) ) 610 “[e 30 suing U
° ° ° 610 “Ie 10 TSI <SunEm,, 19146 Ak
° ° ° 810T “e 1 1 W Srimd
° ® ] ] ST0T “[e 30 woxns3eT
) ° ) ° ° 810¢ “[e 30 01A0q1qeH L
) ° o ) 610T “[e 10 9071 (2 W/ ) S L
) o ) ) ) 020C “[e 10 seeg U LFsr
) ° ) ) ) 610 ‘uuemmeq % seeq S—
° ® ° ° L10T “Te 33 Sueyz wJE ALY
6 o1 I L S 8 L (41 €1 8
WAt i ~ % e e wy R TS EEm Y
ol g BT BMAE BN Gl C e ey Y i
o AR AL LA SMEE mg W STNH® [ b2
L&+



1984 O B R 2 ot B

%29 %

321 #EAEAR

(WM B R ABEREOBRRAE L LZRE

AT N3 e e SR 32 B ZE A DG 2 R R ik 51 2k
Z 3L EI S (Lundgren et al., 2017), 24 R4
B i 2k AT BR 2 5 BUIT A 8 0 15 AT R R IR
(Mahadevan et al., 2018), Hitt, W FHEHHH T
Al B2 AL A0 A5 B AR LN 26 28 b 5% 1) 58 R 1Y
eHMIs (Eismaet al., 2019), X3 eHMIs A& A
PNAL BB T (Mahadevan et al., 2018) . HR ##
i RSt (eyesonacar: Chang et al., 2017) 11 #
1% (Deb et al., 2018)55F 5 B, DL A4 5
Fom AT AR EEGE RN EE R RS
(ICS: Matthewset al., 2017), k%% eHMIs )
AR L, P HER AR R R 0 A Re 0 AT A
PR SR R, (R B R AT N RN B i e R
(Chang et al., 2017).

QX F |

SCER TR AUE T 2T B R
WEIE B SCFAF B AT S B H A AR
(Inszrt A {5 . Clamann et al., 2017) . & & (4n
‘Braking’: Deb et al.,, 2018; ‘WILL STOP':
Bazilinskyy et a., 2019)g %141 A8 7~ (U WALK ' :
de Clercq et al., 2019; ‘Cross Now’: Matthews et al.,
2017). CFE BT EW N EHE ST, REE W
MWAG R @RI B, HEEURY, wikfy
NI T 424> (Ackermann, Beggiato, Schubert, &

Krems, 2019; de Clercq et al., 2019; Kooijman et al.,

2019),

(©IEEZ2 5]

(&1 A 5% 18 7 3 7 2 R R SR R R RS B
LA, H IR B HE AT LAST S T
WNCHEWNALEDTE; #8EEEE .. S5IE8EA
R ETEAH LG, SAAAR ETE (1 anA 7 38 38 A
B oA T, BRAS T B AL A O Y R
BH/ AR5 B (Fridman et al., 2017), BF585 1]
R, WA BTN BAG SR T
H# AU A EJE (Othersen et al., 2018), i1 T &
i F T UG & SO AR BB 58 & 1 i A ke
BT 0, 17 NAESEI I A 2 ) S 2R E R
B S, PRI Ik I A AL T %) AT S A e R T A T
W o 5 I A fE ok $R B (Ackermann, Beggiato,
Schubert, & Krems, 2019; Fridman et al., 2017),

(@)} m

B2 LED KT 4 U KT 2 AT 6 S 1
FEH NI AT S M T O A AT B
BT N BRAI A LA BT i 3 = 5 U5 B
{5 E (Bazilinskyy et al., 2019)., il Habibovic
S5 N (2018) 1581 1 4 45 A1 A2 Ui S 1 (A utomated
Vehicle Interaction Principle, AVIP), i i Pl 5
2T N R VR4 08 IR S AT R I A 3k
BATN, & TAT N B 0% 2R L%
WPR SR SRR B, SRR R AT EE AR
BUETE o, HEVE M A T RS TR R
f IR, BIF ST RORE (RN A AR AL, R
IS IE i AR e Sk BT O B ok A% 3 1
8 {% B (Faas & Baumann, 2019; Zhang et al.,
2017).

OEE2iS]

B ks EE (s @ik . Burns et al.,
2019). Af7H# i (Bazilinskyy et al., 2019) , 7 &8
H(Locken et al., 2019)m¥ 35 (4N Waiting’, Eisma
et al., 2019)%{F R BIMm ., XA RIS
IIREEA a8 T 2 22 B A5 B 00 L3 B RT
W, I H A 3Z % 132 3 19 52 0 (Fridman et al.,
2017; Locken et al., 2019) . {H $55% FL 1 o] GE34 It
N B B H, R AT AU L Dy s
(Eisma et al., 2019). Kb, £k H 2 5w &5
B [v) ) 2 B Al it Y e S PE A AT N Y
Al
322 Wrnig@EA=

W 1838 5 2R AR H R A & (A & . il
7. Deb et al., 2018)F17 15 B (10°1 see you'/
‘Cross': Mahadevan et al., 2018; ‘Safe to cross':
Hudson et al., 2018) % % I3l 15 5 . W {5 S AETY
B 500 B AT A28 H, fERE AR 28
i 3 5 th AL RE & 5 R /E T (de Clercq et al.,
2019). fHL I 24 52 58 PRI v Y HAL 75 5 7T RE 2 X {H
B A T, HARSR M fE BT e
EMAAT N SR . Ji 8k, T R S W
AT NRTER, & T AT AU s 4y
(Lagstrom & Lundgren, 2015), [H it 7E X200 F,
Wr g ST A LABEH T 2 A7 NS AL i 4 s, iTE
H B0 AT LAE o #bh e 05 B 50 (5 B 45
2,



1L

A % A ENAA ST N CE Rl RS 2T AT S A S R 1T £ 1985

4 ANEZBEHRPITASSIERRER

S ' OU N TE S YN i N (S
P S B 24w A AL AE B S T S A A 9 R R
R E BT, KRR R TR
[F] SR 5 ook B AT RO EAT AR, WS
PEHE T DAGE— A b i o A TR R A T 2 G L
432577 1 (Dey et al., 2020), RAFRHEALIIEALTE
. (Rouchitsas & Alm, 2019). H7E N EAZH W, 17
R AT R S x4, BT L AR AT N AE
R, AT NS RSB RO B, A
SCUAT AR i B g s L R A sy, SGEEAT ATEAR
T AR 0 T i B A v S B R AN [ R [
B, DLl 1 pe SRS Sy BE i, X A AT T
AR, B2 BT 2
41 ETHERRNTASENBRERLE

H B AT BT R R AR

FESCHR B, A7 A8 1 R i e T X
SNFLEE ST RS BN, B S X 3h &S AR
B IR RAE, X AT ANTESh A 285l 1% B vh AT
AT EI R FERL . Palmeiro %8 A (2018)3: T
Endsley (1995)#41% 8% iR A TAT A5 B 3h
23R A8 B I B A o A SRR, A R B
HRSZREWER . BELRY LN AHEW
SO o R R ALEE T A RE 235 e A B R U R
K2, H G2 X B DA 0 T R K i 4L )

HIWFFE o PRIHAS SO Z B AL 5 Endsley (1995)1F
R PRALEAT T84, I 25 52 m B R AEn T
PR TIRE . BARBRIGE 1R .

155 B8 T TR ) G o B R Ko A v 2 2R 11 S
MBI RSB Z B R BoE R, fE
A BN R TE M T, H bR DR B e
T 28 25 | AN O BN A5 B T 2 L 1R
P (Endsley, 1990). 7EFHfiE B BE, MIREE 3
A L R A A 1) P RO A8 A 78 ) ol A 4k
AT E B IERE, (AT AR S 0B A R
fift (Endsley, 2000), Tl B B 2 15 1% B 1R ) 5 o B
B, R 3 T AR EE AR o BEIR BRI B9 15 B A 1
B, WY R R s s L B, PR AT B A T AT
PR R, AT R E R A4 (Endsley, 1995), TF
AP B, T 2RI O AR D) R T 2%
XoF TR G HER PR PR AR R, RS, AT AEE TR A
RN 6 3 SRR S AS B T, MO A s 0
114

ML Ll R LU B, A7 ATERH 302 3R
s H B AR, KRR UK s s R
Mo A e o (RS R AP eHMIs 7T DL i 42
HERF AP 2k RO IR0 25 3 5L 2R R BB, DA B £
A7 N g ST 2T HIE g B i,

TP ANFEARFIA SN TR BT eHMIs £ ELAY(F
BAARFEKR  7E15 B FI B, eHMIs 531
78 15 B B B A T U, R S B

Y v
- uE i
& W
|, R B W 0 maE > s
HEER
ZEifieHMI
R
SEFE  EEEEE <
RS R

B 1 fTANSAZAEME PR S H R R, 3L T1% 5 2 R B (Endsley, 1995) 1 2)y 25 i 7 o 3¢ 455 7
(Palmeiro et al., 2018)., K Z& & H L1 N5 [ R ifif b 2 T #%A% W] 52 i 7 B i, AR (N 2 BRI B 2 BB

S e A AR 3



1986 O HORE 2 R R

%29 %

WEM, NEFHELBENME . RAEL, m
TEFRMRBT B, YA AR B W ZEIE 0 . EOW, S TATA
PR, BNTFR AT EERAT ANRRWETE . 307,
HOHE B A ST R, 4R AT ANHE B A SO
fift B HERR M o ZEAT AN B TI0I B BE, eHM IS T 75 2244
iR E Iz R S AR S B AN 0 S Ok
VLS B AT N T 3k A XURS: , i B Ll s st ke
Fo B EE A X BT T SR LU 5T Y
eHMIs #1714, edARTF eHMIs W2 mfT A
15 BR TR A SR i R, IR R L R R AP R
BER T TR KA
42 BAEMEL

AMATE WUIE 5 B R A 5 — I BEE AR B P 3R
BE R, AEAREDFEYNEE. REUKHE
% B.(Endsley, 1990), £ H T b TR, 4
XHRANE B SZ LRV B . 2
P 7 E LA AE B 0 (Theeuwes, 2010;
Treue, 2003). 7¢ H L1 T Ay d, MEr BEx .
TAEIEIS . K BHE 25t 252 AT AN &
1Y (Endsley, 1995). BN B Bos £ 211915 B2
PAR DL R TR () BE R, 76.39% 0015 485 25 TR ) 4k R 4R
S iR AR S B0 (Jones & Endsley, 1996). A
M, ST ESRAE B R BIRCR, AT LA X
SE R e PR R R ok L, AR eHMIs 2 3E
BERY AT o (H [ e A S B BT 2
WAE BB E, XRS84T A M EA
JW o

FEVCTHIT, AT AR 5675 IR T 2 Fh 28 A R T
AHES A 7 2R B8 e TR M o S0 SR T A AT s
P22 BRI B DL RS B2, e
0 3 7 A R e PR 2 I S i T L
B, R ARGE SO S p il FROR, R
R A Rt ik (Lee et d., 2019),

3w S b, o A 2 e {5 8 Rl
TE TR 2 g B F BRI L, A
FN B 52w, B b E £ 5 0 a0
(Ackermann, Beggiato, Schubert, & Krems, 2019),
AR eHMIs 2580 2 1 06 4 = 5 8L,
] A 358 PR 0P 285 5 T o 75 2 ) ) 2% R 38 it )
A EFNTAT AN LR 2 . (B8 AR A
B L KGR EWEHTHER, AR TRESFE
B9 AT S BIE (Othersen et al., 2018), FA{BLAY, %t
TFAT G 0 J 1 e HR A3t sh 75 2k R I T 5 AT AR

Bl(Lee et a., 2019), B4, JTOEHIBIM . BIRE
DA B A R A 15 A 2 e B R 0 3 AT
7% (Faas & Baumann, 2019), EHith, & TIRIE(E
SRR, AT LSRG A R A R E, it
Z R 5 Y 285 A 09 S E S AT N B 2 2
£LR,

J Ak, A R AR RN R R B 4 A
eHMIs 38 & B B 76 4 50 10 3 — B A7 (B R B 55
Ab T T RTEATA)BUE G A 5L i,
B E 11 360°1 KT 6 AT ATEAT A A £ B Sl fs
B, B TS S e R B B T WL (Lee et al.,
2019). {HA % JEMS BEIRET, TFRANE % 20
T A8 3 7 B v A T SR B AT N . A R I
JEAE A SRR R T —Fh eHMIs, B REM
PEOEEOLTE W5 B, BB e T Wt AR
55 B 2015 Sh Y 32 (Locken et al., 2019), % &
TP 22 HARCR S s AT, 7RI eHMIs B R 1%
RN A L SRR DL S AT N S AR
X, ik eHMIs AT IMZHE, ark s a2
FEAHH b A SR BT AL R
AT N A R B o
43 EEME

HRE RS, X —Br B2 AX eHMIs 48
BEE BB & SCIFAT IR B R A ad B o SO A i
MR AAE TR S AT H & # AR TR, 1E
AERELAT IR SO, R, BRI A E A1 BAE
K I B T4 55 5 (Ackermann, Beggiato, Schubert,
& Krems, 2019),

e FHAE SC7 26 T S A BN, BEE TR
TE (1 STV MR VT A de o Y R IE B R RS
2 3] 55k 1) R B KT G 8 SR BRORY 1 A 2
(Bazilinskyy et al., 2019), iX &P o AFTHEE 7E 52
T 5% R B T T I A0 S, T 224 58 A T
NP B AN RSN Wt A IR TR (]
o BRTEDEAN, KSR AT 6B 255%
Wi A7 N AR B A R g B o BN, Yl g
O H AR AEIL & S B A% 35 5 HAR e & SOR b
ZEMME B, AT A vT G X VA 38 15 2 N 2 A
FE 5 0 fi% (Faas & Baumann, 2019), I, KT 4%
e {5 T B R B AR, — 5 TR AT BB T b
PEIHXAT NEATREN; S5 — i, FAThmT LK AE
3 LA bR SO RN B B Y SO AR 2 o 1
LK WALK™ {5 B2 H 2838 h 2 38 47 i 4 60, i /R



1L

A % A ENAA ST N CE Rl RS 2T AT S A S R 1T £ 1987

(Fridman et al., 2017; Bazilinskky et al., 2019),

WA, ZEAFBMEBTESZ G2
BERISIH . Bazilinskky 45 A (2019)#% 1 T W Fh{Z
BERMAE: HIT AR WALK”, L)
TTARFLIER) . iz (s B AT E
Pl (e s, DU R s 05 B o AT B
FERIT AT GBS s G R, T 2T
N EfE E T 43 (Ackermann, Beggiato, Schubert,
& Krems, 2019), 5 A ), Zhang 4% A (2017) % B
mAT ARz 3 F B L ASRIT S B B E B
A, ST T B T, B R i B A
Lagstorm #l Lundgren (2015)HLikJy, 7E2H i}
eHMIs B HAREEMAEOCE B, ARz 17 Aad
D MAT MO TR S X N A i
AR A TE 2, 48 10 PR BT R AR MRS
Wife ks HbsdT Ao R, 7 AFESHITE TS
Z B E AR AT . B, EEE AT A
R A Xt AT B Te AR B

TEE RN, FE2IN A EAE R MY
KRG G . X T CFEE B MEA RS
SO EDE (AN AATRETE), A DLy bl ik &
PIAT N Rdrs, ERREW: HEWR R 352, (B FAT M5
B, A5 B 0 M M B T AT A S B AR Y
FAEE . i, SR AR BT R AR LS X,
DL A FA ot A A5 5 i B e L R AT
EJ2 DL 2R S v B, OB A S D RN OE R R
57 o X AT B RS2 TT e 1 s LRI

R L, WilfE B RMEA 12 4 Fmi it
PYSRAT NI, 85t I H AR ML B L5 B A
MHAT AT BT S, 13 MR mERA LIRS
BREMEE VLI Y ETH ST E 7R T A 2 DL 2 B
EWMAFE RN, Lk, EHEFEEN
WA R, FRATTASA B 2 R AT A X {5 8 0% 3L A
PR, WA T AR S TEARIE 3¢ BAR B %
URER: S5 1N e B (8
4.4 TR EL

EANFEZ S BR T, X — BT AW FEAE
5 RARYE 4B S R L eHMIs 2L 15 BN
S A A A E RN T LR SR A7 30 (Grahin et al., 2020) .

O A B P i o A 0 R 2 i B
RN A B SS R B N F 2R AT R A T g
PRy WAL T (Houtenbos et al., 2005), J&17 AT
W5 A AT S A o 8%, 47 AT LUK YR >

A5 014 1E 2l AR 1 2 58 3 R DA R T R R 4
W4T I WU (Bjorklund & Aberg, 2005), 17 A
SN A i e R S BN ST N S 7 O R
(Cosugnet et al., 2019; Rasouli et al., 2017) . & &1L
SE38 13 4L (Houtenbos et al., 2005)%: (% K % 441z
SR EIE R . AT AT U BRI
B, ah B e A, S ARG VAR 0 45 R A o
BEORSE . Blan, R iH 20T BE 2 AT ATk
R BsF 10 A B R 7 A S o 204 A N A
T UG U8 H I DA AR B 0 A7 A, AT AREHT IR
TR A S A A U R R, DA e b T 4
275 1147 (Schneemann & Gohl, 2016).

SR, 4T NS5 A0 28 A A5 BRI 2
WANRAT BT, A7 AT EIER PRt ], #IA 4
AT ST SHEW—3. it eHMIs 23S
15 B REUE W1 15 35 R ARAT S G B, Wb SO
i) (Lagstrom & Lundgren, 2015), B it, A BT
HHWAER T eHMIs Bif BEKE L 1T -5 P9 B f B A 25
Ao BN, FA NS B R S Ak, Ok
BT A b | ot bt 500 42 4% 2 1] (Clamann
et al., 2017), XA GREF T ABLAISM B45 B 1
—HHE RS, B T RS R R
PR T AL 55 B T P R ] B AR . ZEROR Y
eHMIs BT 1275 RECK A RS (5 Bl e A
IS EN,

5 ZitTRE

51 ETREMFEIZITS#EEY

TE GRS E, A7 0] DU 424012
B BT AR AT AT B, A e R
Wo ENATE X GAE Jy A S B IR, RS
R LR BRI AR T AT I 5
RORWRR ZR . AT 5T B2 AT LA I S
AL B S, s s R . RS
HEEE L EAT A, B B AT N2 4 HA 30
SHAEHRELH ., N T EE RARE
B IE A, P E A0 T T A
. BOE ) R GE (5 AR = )W g s, O
TEECSL I BEOC s | ME U037 5 M S 2 S v 3K
T 46k PO A T NG T TR O R S A
PRI o 6 TA7 N5 40058 1 v i) 3l 285 5 ke
AR, FRATHEH, eHMISHYR T 2% 1T AR IA
HN TR, AR HEAT A A B AR B



1988 O HORE 2 R R

%29 %

AT, FERAIGEL, BRI ZMEH R, £
BEIBARRLE G, R E BT RUI M. TR
MrB, Teha CF U SRR . F
FARUEA DL R BRI T B ) SR . AR T By
Bt MZEAEWAREIIMER, BT A PuE
AR A AR AT Sh A

Bk UL, FFAT N BME B AR, N
W eHMIs iy i 25k, 3 i £ 50 38 1 3 Jr SRR T A
T AU o H RS BT T K £ i
B — 3 3 o) 3 P AR IR D . ZiEIE Y
B R E B DAY &, X Mahadevan 55 A
(2018)%4 ik LG5 5 a5 5 LA R W A5 5
HHES G 2 sg B ARG . Ha 2K RE
HBAFHE— E (OB, 1] G S 57 S T 7 S s R
AT A0 b T b A 2 DR A AT O S
T e 25 T A 2 R AT I H A v
AT N TR R A H0 AR T 0 A 1T 2% A7 30 W 2% 3R b
. Sish, i R e . B
B, XL W A8 W 175 55 (L ocken et al., 2019).
P, AR 58 45 A 45 S A m e, it
ZiEEWE R, RUEEE 2 2R EE (E B
X 2 MAc g5

FEFRAR Y B, AR THAT AR AE B A
TR FRRE, WF 5T AT LAk A7 48 B 5 Y S0 S
BIEENE . MEMHHIECFRRmEIER
WE5E# DK T AR Ak, B R SE 8 15 5 1T —
Gi— OB EAR T I A X, kAT A T ek S
b BRAF KT 22 5 X015 B PN 25 AT B 1 671 1T 5
Wi o 53— 7T, I AT RAFEKT S B A B S A
gh4y, Pl g @ B E BT E R, BT A
PSR

AT NABCD 3 By PR ST, B o ey R AR AT
TOU, ST 7E X — B B A AR O A B AT N T
B DR b DA IXURS:, A R L RS B R R (4
WL | BRI ATEIRA X i £ S0
WER, ARG BAATERRE . |5t 1T AT RE
DR R RS 5 B, BT AR B A
AT N AEE R AT EA R E] . R, AT AT
T 2SN B B T BN AT O, BEAR T 22 AL
T, HMERNEEEG SRR NS, K
B, FRATHR R Sk 0 B T TR SR B If S 4
MBS B85 G i, B B 44058 sh A2 ki
U

52 SMBXEREAELLERERANEMER

315 B 0 & 2 R s s T R eHM s [H]
BF U DA R R, TR T P B [ 4 A
e BT N ad g s n s i o AR s A SO R4,
WFoE# F 2R S B B L . Il 5 i |
PRSP R S5 L ) 3 1 A R /N LS A 9
Dy A FUERBOR BT VAL . BARIFREENL £
FEAL I 92500 X% 48 T A A AR, (R S50
BT T A FE o A T HERR TG 56 AR o 52 56
FIRZ I, ST A — SO £ T — X —" i N4
GBI S . RITEIE B R — A )
BRSNS L, I HL 458 LA
fH S AT

* X —" S B B B R B b s
HRANAS BRSO, DI PEAR S B AR, ]
HA MR T2 — 5T . 1, Lhrigseh
PTG Z RS, A S e — X —" 38 B B
FIZE Rt eHMIs, A REJG A R HAE &2 245
Yy St AT . N, 7E 2 AR AT AR 1Y 2SI
Bi b A7 T R TG ik IX 0 KT O A i s B S Hfh 4=
. EEITEES . HK, R eHMIs
AT NG, B2 7E s B AT fE P
AR . BeJE, HLSEAC I s AR R (R I 3 i
i E, Mib s E A 2217 A, eHMIsE AR5
SHE 1 B B R vT REAE AR L, BN, JRME R
8 1 AT N2 B O A 8 5 AU 4R A5 B AN — 3K
7 A B A O 22, 32 10 1T BB 3 B0 80 A O (L
et al., 2018), PHILAR KA B & eHMIs FEH
S22 5T W8 R AR RN S 50 B 5 v i — 30,
L B AE S B FE AP AS 2 %HAT RG TA R0 97 g 2
ESclhwliig a8
53 KRMRFME

PSR T, FRATTIN AR A 2% 52 1 B R 5
S S PRIE FIROR . BATRYE LT A e 1)
BT B AR A B AT NSRS, 4R T A
S5 O A A BT R, LSRR T A E B
R BEAR TN, (AR T 3 I T O B A S
T S M an, D4R TSt o, AT
K 2238 30 A0 7 20 R U L (B e Fl A 22
15 BTN 23X AT N 8 DA R0 670 A 3 52 70 T 5 i ) 5
TR R, R, 78Kk B s B BE
% R ) R RO R B R T AT 7RIS
5T, FATN I eHMIs (194% 52 2 anfal s ma A7 A



%113 WA % A ENRA S N SCE R B RS 2T AT S A R T A 1989

Ml IR E R LROEBE . A O
eHMIs, Z 5 Xf PR [y BL it 2 B | 22 42 ORI 15 1o
WS B EEIEAL (LR 1), EAERRM AL
ZHAFEH, edMIs W2 7 A5 2R e
SRR EE T i R IR B, A SRR 25 AR5
FIERIE R A A, DU 2 L], (A
PRART B 5 Rk SRR B S RF . I, 7R R OR
WFSE P RE% 2 10 eHMIs Anfaf B (11 T Ay T
AT 35 R AR LA SO B AR O IE 1

5 LTk, fEARRBIBETE T, BATADUN Ry
REE— 2D Bk eHM s il B AT AR 22 40 0 3 ok
R, L ERAIE eHMIs Wl 20 A SCHE ST Y B
BRI 4510 o P B 45 50 T DL 37 A T
T eHMIs {7 B 22 BUACR AN, WAt 5 & )n
SRR, TR B FCAE HIOL, DL SR 1 %) 3
SR AR BT S AR

S 3Tk

Ackermann, C., Beggiato, M., Bluhm, L.-F, Léw, A., &
Krems, J. F. (2019). Deceleration parameters and their
applicability as informal communication signal between
pedestrians and automated vehicles. Transportation
Research Part F: Traffic Psychology and Behaviour, 62,
757-768.

Ackermann, C., Beggiato, M., Schubert, S., & Krems, J. F.
(2019). An experimental study to investigate design and
assessment criteriaz What is important for communication
between pedestrians and automated vehicles? Applied
Ergonomics, 75, 272-282.

Badue, C., Guidolini, R., Carneiro, R. V., Azevedo, P,
Cardoso, V. B., Forechi, A., ... de Souza, A. F. (2019).
Self-driving cars: A survey. Expert Systems with
Applications, 165(3).

Bazilinskyy, P., Dodou, D., & de Winter, J. (2019). Survey
on eHMI concepts: The effect of text, color, and
perspective. Transportation Research Part F: Traffic
Psychology and Behaviour, 67, 175-194.

Bjorklund, G. M., & Aberg, L. (2005). Driver behaviour in
intersections: Formal and informal traffic rules.
Transportation Research Part F: Traffic Psychology and
Behaviour, 8(3), 239-253.

Burns, C. G, Oliveira L., Thomas, P, lyer, S., & Birrell, S.
(2019, June). Pedestrian decision-making responses to
external human-machine interface designs for autonomous
vehicles. Paper presented at the meeting of 2019 |EEE
Intelligent Vehicles Symposium, Paris, France.

Chang, C.-M., Toda, K., Sakamoto, D., & lgarashi, T. (2017).

Eyes on a car: An interface design for communication
between an autonomous car and a pedestrian. In
Proceedings of the 9th International Conference on
Automotive User Interfaces and Interactive Vehicular
Applications (pp. 65-73). New York, NY, United States:
Association for Computing Machinery.

Chen, W., Jiang, Q., Zhuang, X., & Ma, G (2020).
Comparison of pedestrians' gap acceptance behavior
towards automated and human-driven vehicles. In D.
Harris, W.-C. Li (Eds), Engineering Psychology and
Cognitive Ergonomics. Cognition and Design (pp.
253-261). Cham, Switzerland: Springer.

Clamann, M., Aubert, M., & Cummings, M. L. (2017,
January). Evaluation of vehicle-to-pedestrian
communication displays for autonomous vehicles. Paper
presented at the Transportation Research Board 96th
Annual Meeting, Washington DC, United States.

Ccaugnet, S., Cahour, B., & Kraiem, S. (2019). Risk-taking,
emotions and socio-cognitive dynamics of pedestrian
street-crossing decision-making in the city. Transportation
Research Part F: Traffic Psychology and Behaviour, 65,
141-157.

de Clercq, K., Dietrich, A., Velasco, J. P. N., de Winter, J., &
Happee, R. (2019). External human-machine interfaces on
automated vehicles: Effects on pedestrian crossing
decisions. Human Factors, 61(8), 1353-1370.

Deb, S., Strawderman, L., Carruth, D. W., DuBien, J., Smith,
B., & Garrison, T. M. (2017). Development and validation
of a questionnaire to assess pedestrian receptivity toward
fully autonomous vehicles. Transportation Research Part
C: Emerging Technologies, 84, 178-195.

Deb, S, Strawderman, L. J., & Carruth, D. W. (2018).
Investigating pedestrian suggestions for external features
on fully autonomous vehicles: A virtual reality experiment.
Transportation Research Part F: Traffic Psychology and
Behaviour, 59, 135-149.

Dey, D., Habibovic, A., Locken, A., Wintersberger, P,
Pfleging, B., Riener, A., ... Terken, J. (2020). Taming the
eHMI jungle: A classification taxonomy to guide, compare,
and assess the design principles of automated vehicles'
external  human-machine interfaces. Transportation
Research Interdisciplinary Perspectives, 7.

Dey, D., Martens, M., Eggen, B., & Terken, J. (2017). The
impact of vehicle appearance and vehicle behavior on
pedestrian interaction with autonomous vehicles. In
Proceedings of the 9th International Conference on
Automotive User Interfaces and Interactive Vehicular
Applications Adjunct (pp. 158-162). New York, NY,
United States: Association for Computing Machinery.

Dey, D., & Terken, J. (2017). Pedestrian interaction with



1990 O HORE 2 R R

%29 %

vehicles: Roles of explicit and implicit communication. In
Proceedings of the 9th International Conference on
Automotive User Interfaces and Interactive Vehicular
Applications (pp. 109-113). New York, NY, United States:
Association for Computing Machinery.

Eisma, Y. B., van Bergen, S., ter Brake, S. M., Hensen, M. T.
T., Tempelaar, W. J., & de Winter, J. C. F. (2019). External
human—machine interfaces: The effect of display location
on crossing intentions and eye movements. Information,
11(1), 13.

Endsley, M. R. (1990). Stuation awareness in dynamic
human decision making: Theory and measurement
(Unpublished doctoral  dissertation). University of
Southern California, Los Angeles, CA.

Endsley, M. R. (1995). Toward a Theory of Situation Awareness
in Dynamic Systems. Human Factors, 37(1), 32—64.

Endsley, M. R. (2000). Theoretical underpinnings of
situation awareness: A critical review. In M. R. Endsley, &
D. J. Garland (Eds.), Situation awareness analysis and
measurement (pp. 3-6). Mahwah, NJ, USA: Lawrence
Erlbaum Associates.

Faas, S. M., & Baumann, M. (2019). Light-based external
human machine interface: Color

pedestrian
Proceedings of the Human Factors and Ergonomics
Society Annual Meeting, 63(1), 1232-1236.

Faas, S. M., Mathis, L.-A., & Baumann, M. (2020). External
HMI for self-driving vehicles: Which information shall be

evaluation for

self-driving  vehicle and interaction.

displayed? Transportation Research Part F: Traffic
Psychology and Behaviour, 68, 171-186.

Fridman, L., Mehler, B., Xia L., Yang, Y., Facusse, L. Y., &
Reimer, B. (2017, January). To walk or not to walk:
Crowdsourced assessment of external vehicle-to- pedestrian
displays. Paper presented at the meeting of Transportation
Research Board Annual Meeting, Washington, DC.

Fuest, T., Sorokin, L., Bellem, H., & Bengler, K. (2018).
Taxonomy of traffic situations for the interaction between
automated vehicles and human road users. In Advances in
Intelligent Systems and Computing: Vol. 597. Advances in
Human Aspects of Transportation (pp. 708-719). Cham,
Switzerland: Springer.

Grahn, H., Kujala, T., Silvennoinen, J., Leppanen, A., &
Saariluoma, P. (2020). Expert drivers' prospective
thinking-aloud to enhance automated driving technologies
- Investigating uncertainty and anticipation in traffic.
Accident Analysis & Prevention, 146, 105717.

Habibovic, A., Lundgren, V. M., Andersson, J., Klingegard,
M., Lagstrom, T., Sirkka, A., ... Larsson, P. (2018).
Communicating intent of automated vehicles to
pedestrians. Frontiers in Psychology, 9, 1336.

Hagenzieker, M. P, van der Kint, S, Vissers, L., van
Schagen, I. N. L. G, de Bruin, J, van Gent, P, &
Commandeur, J. J. F. (2019). Interactions between cyclists
and automated vehicles: Results of a photo experiment*.
Journal of Transportation Safety & Security, 12(1), 94-115.

Houtenbos, M., Hagenzieker, M., Wieringa, P, & Hale, A.
(2005). The role of expectations in interaction behaviour
between car drivers. In G. Underwood (Ed.), Traffic and
Transport Psychology: Theory and Application (pp.
303-314). Kidlington, Oxford: Elsevier.

Hudson, C. R., Deb, S,, Carruth, D. W., McGinley, J., & Frey,
D. (2018). Pedestrian perception of autonomous vehicles
with external interacting features. In Advances in
Intelligent Systems and Computing: Vol. 781. Advances in
Human Factors and Systems Interaction (pp. 33-39).
Cham, Switzerland: Springer.

Jones, D. G, & Endsley, M. R. (1996). Sources of situation
awareness errors in aviation. Aviation Space and
Environmental Medicine, 67(6), 507-512.

Kooijman, L., Happee, R., & de Winter, J. C. F. (2019). How
do eHMIs affect pedestrians’ crossing behavior? A study
using a head-mounted display combined with a motion
suit. Information (Switzerland), 10(12), 386.

Lagstrom, T., & Lundgren, V. (2015). AVIP-Autonomous
vehicles' interactions with pedestrians. An investigation of
pedestrian-driver communication and development of a

(Unpublished  doctoral

dissertation). Chalmers University Technology, Sweden.

vehicle external interface.

Lee Y. M., Madigan, R., Garcia, J., Tomlinson, A., Solernou,
A., Romano, R., ... Uttley, J. (2019). Understanding the
messages conveyed by automated vehicles. In Proceedings
of the 11th International Conference on Automotive User
Interfaces and Interactive Vehicular Applications (pp.
134-143). New York, NY, United States: Association for
Computing Machinery.

Li, Y., Dikmen, M., Hussein, T. G, Wang, Y., & Burns, C.
(2018). To cross or not to cross: Urgency-based external
warning displays on autonomous vehicles to improve
pedestrian crossing safety. In Proceedings of the 10th
International Conference on Automotive User Interfaces
and Interactive Vehicular Applications (pp. 188-197).
New York, NY, United States: Association for Computing
Machinery.

Locken, A., Golling, C., & Riener, A. (2019). How should
automated vehicles interact with pedestrians? A
comparative analysis of interaction concepts in virtual
reality. In Proceedings of the 11th International
Conference on Automotive User Interfaces and Interactive
Vehicular Applications (pp. 262-274). New York, NY,
United States: Association for Computing Machinery.



%113 WA % A ENRA S N SCE R B RS 2T AT S A R T A 1991

Lundgren, V. M., Habibovic, A., Andersson, J., Lagstrom, T.,
Nilsson, M., Sirkka, A., ... Saluéér, D. (2017). Will there
be new communication needs when introducing automated
vehicles to the urban context? In Advances in Intelligent
Systems and Computing: Vol. 484. Advances in Human
Aspects of Transportation (pp. 485-497). Cham,
Switzerland: Springer.

Madigan, R., Nordhoff, S., Fox, C., Ezzati Amini, R., Louw,
T., Wilbrink, M., ... Merat, N. (2019). Understanding
interactions between automated road transport systems
and other road users: A video analysis. Transportation
Research Part F: Traffic Psychology and Behaviour, 66,
196-213.

Mahadevan, K., Somanath, S., & Sharlin, E. (2018).
Communicating awareness and intent in autonomous
vehicle-pedestrian interaction. In Proceedings of the 2018
CHI Conference on Human Factors in Computing Systems
(pp. 1-12). New York, NY, United States: Association for
Computing Machinery.

Matthews, M., Chowdhary, G. V., & Kieson, E. (2017). Intent
communication between autonomous vehicles and
pedestrians. ArXiv Preprint: 1708.07123.

Moore, D., Currano, R., Strack, G. E., & Sirkin, D. (2019).
The case for implicit external human-machine interfaces
for autonomous vehicles. In Proceedings of the 1ith
International Conference on Automotive User Interfaces
and Interactive Vehicular Applications (pp. 295-307).
New York, NY, United States: Association for Computing
Machinery.

Othersen, |., Conti-Kufner, A. S., Dietrich, A., Maruhn, P, &
Bengler, K. (2018). Designing for automated vehicle and
pedestrian communication: Perspectives on eHMIs from
older and younger persons. In D. de Waard, K. Brookhuis,
D. Coelho, S. Fairclough, D. Manzey, A. Naumann, L. ...
R.Wiczorek (Eds.), Proceedings of the Human Factors
and Ergonomics Society Europe Chapter 2018 Annual
Conference (pp. 135-148). HFES.

Palmeiro, A. R., van der Kint, S., Vissers, L., Farah, H., de
Winter, J. C. F., & Hagenzieker, M. (2018). Interaction
between pedestrians and automated vehicles: A Wizard of
Oz experiment. Transportation Research Part F: Traffic
Psychology and Behaviour, 58, 1005-1020.

Rothenbucher, D., Li, J., Sirkin, D., Mok, B., & Ju, W. (2016,
November). Ghost driver: A field study investigating the
interaction between pedestrians and driverless vehicles. In
2016 25th |IEEE International Symposium on Robot and
Human | nteractive Communication (pp. 795-802). |EEE.

Rouchitsas, A., & Alm, H. (2019). External human-machine

vehicle-to-pedestrian

interfaces for autonomous

communication: A review of empirical work. Frontiersin
Psychology, 10, 2757.

SAE International. (2016). Surface vehicle recommended
practice J3016-taxonomy and definitions for terms related
to driving automation systems for on-road motor vehicles.
SAE International .

Schieben, A., Wilbrink, M., Kettwich, C., Madigan, R.,
Louw, T., & Merat, N. (2018). Designing the interaction of
automated vehicles with other traffic participants: Design
considerations based on human needs and expectations.
Cognition, Technology & Work, 21(1), 69-85.

Schneemann, F., & Gohl, |. (2016). Analyzing driver-
pedestrian interaction at crosswalks: A contribution to
autonomous driving in urban environments. In 2016 |EEE
Intelligent Vehicles Symposium (1V) (pp. 38—43). IEEE.

Song, Y. E., Lehsing, C., Fuest, T., & Bengler, K. (2018).
External HMIs and their effect on the interaction between
pedestrians and automated vehicles. In Advances in
Intelligent Systems and Computing: Vol. 722. Intelligent
Human Systems Integration (pp. 13-18). Cham,
Switzerland: Springer.

Sucha, M., Dostal, D., & Risser, R. (2017). Pedestrian-driver
communication and decision strategies at marked
crossings. Accident Analysis and Prevention, 102, 41-50.

Theeuwes, J. (2010). Top-down and bottom-up control of
visual selection: Reply to commentaries. Acta
Psychologica, 135(2), 133—139.

Treue, S. (2003). Visual attention: The where, what, how and
why of saliency. Current Opinion in Neurobiology, 13(4),
428-432.

Velasco, J. P. N., Farah, H., van Arem, B., & Hagenzieker, M.
P. (2019). Studying pedestrians’ crossing behavior when
interacting with automated vehicles using virtual reality.
Transportation Research Part F: Traffic Psychology and
Behaviour, 66, 1-14.

Vissers, L., van der Kint, S., van Schagen, |., & Hagenzieker,
M. (2016). Safe interaction between cyclists, pedestrians
and automated vehicles. What do we know and what do we
need to know? In SWOV Institute for Road Safety Research.

Woodman, R., Lu, K., Higgins, M. D., Brewerton, S,
Jennings, P. A., & Birrell, S. (2019). Gap acceptance study
of pedestrians crossing between platooning autonomous
vehicles in a virtual environment. Transportation Research
Part F: Traffic Psychology and Behaviour, 67, 1-14.

Zhang, J., Vinkhuyzen, E., & Cefkin, M. (2017). Evaluation
of an autonomous vehicle external communication system
concept: A survey study. In Advances in Intelligent Systems
and Computing: Vol. 597. Advances in Human Aspects of
Transportation (pp. 650-661). Cham, Switzerland: Springer.



1992 L B OR 2 ot R 029 %

Evaluation of external HM1 in autonomous vehicles based on
pedestrian road crossing decision-making model

JANG Qianni, ZHUANG Xiangling, MA Guojie
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Shaanxi Normal University, Xi’an 710062, China)

Abstract: For autonomous vehicles driven in road context with pedestrians, it is essential to ensure safe and
efficient interaction with pedestrians. To that end, autonomous vehicles of high level (e.g. above L3) are
usually equipped with external human-machine interfaces (eHMIs) to communicate with pedestrians. An
overview of current studies shows that the current eHMIs mainly conveyed vehicle status (whether it isin
auto mode), intentions, and road-crossing advice to pedestrians in visual modalities such as text, icon,
projection, etc. These eHMIs have been evaluated to determine their effect on pedestrian’s crossing
intention, speed, and accuracy in real as well as simulated contexts. However, a user-centered design of
eHMIs should systematically support pedestrian information processing needs during road crossing
decision-making. To fill the gap, a conceptual model was proposed to capture pedestrian’s dynamic road
crossing decision-making when interacting with autonomous vehicles. The model integrated pedestrian’s
road crossing decision-making process and the situation awareness theory. Based on the model, eHMIs
should promote pedestrian’s perception, comprehension, and the projection of the vehicle's intention. To
support the perception of the displayed information, eHMIs should adopt interfaces in multiple modalities to
convey the vehicle’s information, and consider presenting information on media beyond the vehicle, such as
the street infrastructure and the electronics of pedestrians. To support comprehension of the displayed
information, pedestrians need to be trained. More importantly, the information should be carefully designed
with an appropriate massage perspective and standardized formats. In the projection phase, vehicle motion
information as a traditional yet intuitive way to convey the vehicle's future intentions can be strengthened
and integrated with eHMIs to assist faster and more accurate decision-making. Besides the simple
one-to-one context of interaction, future research should also explore how the design of the interface
impacts pedestrians in the context of multi-pedestrian and multi-vehicle contexts. To improve the theoretical
framework, efforts is also needed to understand how eHMIs support the formation and update of their
situation awareness and how it affects pedestrian mental models of autonomous vehicles.

Key words: autonomous vehicles, external human machine interfaces, eHMIs, pedestrian road crossing

decision-making model, pedestrian safety



