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Abstract

Objective: To evaluate the optimal display format of L2 automated driving based on objective in-
dicators such as the driver’s perception ability in automated mode and eye-tracking data, as well
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as subjective indicators such as questionnaire surveys. Method: Taking the switch between the
ACC and LCC as an example, the Head-Up Display (HUD) is used as the carrier of automated mode
information display. Firstly, the concepts of ACC and LCC are clarified. Secondly, the subjective and
objective data of drivers under different HUD display schemes in different automated modes are
studied. Finally, the Analytic Hierarchy Process (AHP) is used to evaluate the design scheme of the
automated mode HUD based on the comprehensive subjective and objective data. Results: Four
comprehensive optimal HUD schemes for two types of driving environments and two types of users
are ranked based on the evaluation. Conclusion: Comprehensive evaluation using multiple subjec-
tive and objective driving-related data and the Analytic Hierarchy Process can effectively evaluate
the human-machine interface in autonomous driving scenarios.
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T, BEIMEERE R BR st 2R EE,

SRR A L2 B R S B R R A A S D RERR R, b 2 A SRt AP B SR,
AFE AR, AR F STE 7 B 2R 2 B AR 2 T4 1T O R 1 A shik R 48 RS, R
N E BB BRI, X T B SR SRR I BRI O B 3172 Bk AR 2GR (Mode confu-
sion). TERCURBEIENL T, AP SANEREAHH 4 B RGATITERS: SANEREMA 21T hES
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e PRk, E Sl R AR N e KRR R 1) 2 5 A SR AR D RE R U e, 8 e B S B IRIB 2] [3].
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BRI EE AR AR S AHL I IO S0 — B ORI AT ), 0 5C T30k E SRR S i Be it 77 &
X2 Tk S SRR S5 RE D IR BT FU b o ANHIETL B AR R 5 R R MR ARt B s e it 75 SR kAT 1T

DOI: 10.12677/design.2023.82093 735 ann


https://doi.org/10.12677/design.2023.82093
http://creativecommons.org/licenses/by/4.0/

FKIE, PREE

Mo B, XTI S (E ST RE . R Rt 5 )T TR 2 Ik, S T ERE TN Fa bR
FEMAR T ARESE: &5, FIHZE RS PrE(AHP, Analytic hierarchy process)ifi iz 451 F8 b 5 FE 55 H 3
Tt T RIAT SR EH D, WE 1.

Faxgms) | CHUERRLRERERIR) | (BB EIEEHT)
EETIRIRE | iR e RUAE|
ACC&LCC ) ¢ [ ABMUHRBMEEN | [ ) s esm s | | [ ST EFREHILIPHEITNE
TR || DD e Tomws ||| S HEARERA T RENRENEES
MERE ;ﬁggégﬁ%ﬁ RiEEEs || B GANESPA RN IR E SRR B

L RERTEE: MABERXARBRLEH

Figure 1. The framework of comprehensive evaluation for automation mode display
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LB TR FZhATRE . HIRBI BRI AT 2250, VR BE NG I8 I 4% i o AR 22 S5 i 4 A £
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Table 1. Automatic mode HUD display scheme and meaning
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Figure 2. Automation mode display illustration (a) text, (b) icon, (c) direction,
(d) AR (Image source: Self-drawn)
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Fifl; B PR R T A I R M 1, DA 5 e A AN TR HUD Bt 7 S S 3 g
W a Rk THEPEAG R AR KRR BRI 3, FESIR IR 2. PUIHIGAEA R4t 2 fE
BLET, B LM 25 SR ) SR R 22

QUi B |
Q2 BB
Q3 LA A

Figure 3. Experimental flow
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Table 2. Experiment questionnaire
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4.1. BEMEERAEED

HUD 2806} B 34 B AT E 71 235 5 (A 45 R T Hosmer-Leme show 56, 52 A UL %L
P 5 [FABALERI R A7) Bl fd bR 7 Al AR Bos i) H ikl HUD B, B 3 U
e 72 iR T SO R I B B A HUD. i ff A EIAR. 77 F1 AR SRiX =28 HUD i, B3k
BEAURABE IR 2R ¢ WL R B MUK A B T2 R 3, 2 0k 51N B S AR S [R] 3 FR S
51 B S AR U IR 230 3 s TR 1 AP Bk I i B sh AR SUR A RE I A R . K 3
R T 2 A B R A RE 7132 HUD ZERUAT ¢ [Rs2ma A2 A

Table 3. Regression analysis results

3. EVEFSRER
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TR FR
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SRR 2379 0511 21.716  0.000  10.795  3.969  29.363

Hanfity  EtRER 178  0.504 12570  0.000 5965 2222  16.010

A3 EVIES AR R 3442 0562 37.485  0.000  31.240 10.381  94.017
RARE T 3 1 -

BT 0.828 0.348 5.660 0.017 2.289 1.157  4.529
WF -

RV FRTYR 0998 0436 5249  0.022 2714 1155 6377
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B
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i NS AR 7% 1085 0436 6177 0013 2959 1258 6961
BEneeh AR
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AT
F -

4.2. SHRARE

SRR Y], A AR SR BN HUD I, #2558 st ) 38 am T F oA . Bl b
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it 1 9 2R Y L B 2 (F(3,22) = 3.211, p = 0.032, #* = 0.118). AT LA IS B ER, AR BRI E )
AR R ERE DT XA T ER, HREREAN AT k8 2= 5w o
REER. K5 SR T SHMMIAE R B ENLA dwell time).

¢ & o)
. o
) ) i )
\ / o \ Wan

Figure 4. Subjects heat map (a) text, (b) icon, (c¢) direction, (d) AR
E 4. HFMANE () XEER, (b) BFHFER, (o) FEER, (d)AR B/R
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Figure 5. Pairs comparison result

5. BXTELEREER

5. EMIEN T

£ L2 KA AR, AR R IR 1 EORIEE Bl SO 2N (1 IR R, 3 75 B A2 25 Bk 54 1Y
T o H LI ) 2 T A R 2R ST R HUD o A 3 AR s 7 R B . Rl
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) 45 RN, B e HUD & R 07 ZERARI AT 01 &, BER 5 R 7 8 HAEH
BE(F(3,42)=14.522, p <0.001, 7 = 0.248). FFHI RN, ARSI BRI Sh A 20k 7 i
B, A LIRMIAFI A R E S T ERR S AR BoniHENMMEEEE . MEEFE 3 RN, kS
EIbR R it B B UE B SR N EN i 23 = T U7 5 AR oR. X% HUD 77 R HREEVE S,
IS 5 E S s B RN T A8 HARE B35 (F(3,42) = 3.069, p = 0.035, 7 = 0.065). A EIHE T,
B AR HAME AR R T R T IMEE LR EER; RCEREER T, TF5ENRTFEWRY
NN AR BRI BB R T B & m T LA =H A s e HUD. fiiFEJ7H, Bl H R/ A
L, AR EEE T, HFESIE 2 A% AR Boni) b miF i fm . BT AR B4,
BTG R S O AR R i) B B, MRS A 5 BRSOl E AN, BT mir
Bk o, JEFF R ARG 7 A EoR . PRI T, SRR N RAZ W A sl R R g .

6. BRURXBRARSHEEZESHETS

AT BAELR G ATE L WX DA B SR m 07 REAT A Y . TR R AR
T YL 7 5 2% FE A AR AR AE B S8 B A B B R b A S ZE (B0, 2 e VEF BTG 1Y), 7 BRI &
K OVEVGEATHEF R, MORA] AHP Xt HUD [ 5875 J7 AT HEF o (H 58 AR T L 5X0F 0 S0 T W
N T PR ZVE WAL, K AHP (K197 2> B4 1 — 5 itk « 76 B Sh B PP Fa b BCE i 57 L,
FERAELHIT 70 MAETT RZX T HEMZ I I, R il ik B sh i UGN RE 77 00 4 55 3= 2 WAL

P eIt
B, Mg AR RR R RV R R, P FiE R B T AT S S AT I E A HE AR,
e 4 fis.

Table 4. Hierarchical model of evaluation index for automation mode display

4. BB ERTNERRRERRE

Hirz B3l HUD
HEN = 250 E Y LSV R
THEWE A THE T et 15 Y AU EE SR BRI R

HR, 818 T 5 A EAFEEBRAR N ZOI LK, X B HUD X R F-HE N JZ 1 fabridt
ATXF VP Sy, 8 T S TR AR ARG B 2L, A IR RS . 8IS SPSS AU [12]% A 4 51 [ 4 A i
BATHIE b, 45 R EE — SRR IE(CR < 0.1). R T ZAT SR xS LV AT P88, 133008
R A BT REL R, VI 1 S W R s — SO SR (0 R o ARV S TR R, #2504 5\ SPSS AU 13 %
TFEbRAUE, 13k 5 Fis.

Table 5. Weight of evaluation indicators for automation mode display

5. BRURAE RZITNIEIFNE

KR B A T ff4f BB AR R R B R
0.0763 0.1218 0.0343 0.2152 0.2791 0.0796 0.1938
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Table 6. Results of weights of scheme level for sub-criteria level judgment matrix

* 6. AREXMNTFHEMNEFEEMREDER

AR Elbr 7717 AR
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5 0.0960 0.2771 0.1611 0.4658
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MR 0.3012 0.2031 0.3356 0.1602
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HTF SR AT A, SCAR SRR B 3t HUD X H AR 2R G ALE N 0.1758, B Eon 1) H 2h At (
HUD X} AR LA RE N 0.2160, DAE2EHE, 25 b, B F 250 RERAC IR &40 T A G B i
INIHEZEAR R BE BT A AR SR, IR EbRE R, URER. FE, VLITE T ZRR%EERE NS
TFi) o 9 24 25 B A0 55 P SR Bk A SR A TR 145 O R SR BE AT R R H Y, I a5 e 7 R

Table 7. Ranking of automation mode HUD for two types of driving environments and two types of driver
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