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Review on the Graphic Design and Perceptual Characteristics of Automobile System Interface

ZHI Jin-yi, DU Yang, FENG Shu
(Southwest Jiaotong University, Chengdu 611756, China)

ABSTRACT: In the context of intelligent development, the automobile display interface and user-centered design are
becoming the current heated research. The physiological and psychological factors related to the user’s visual search and
behavior perception need to be considered in the interface design. The designer optimizes the interface for the more
user-friendly experience. The literature review was conducted before the analysis of the current situation and progress of
interface layout. The related research outcomes were summarized from the perspective of the correlation between inter-
face layout, element coding, human perception and cognition. The influence of interface design on user’s objective identi-

fication efficiency and subjective preference is analyzed, and the research situation of the effect of graphic coding and

layout types of automobile display interface and interface information on user’s visual cognition is demonstrated.

KEY WORDS: in-vehicle information system; interface design; visual perception; cognitive characteristics
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Fig.1 Three layout overall structure patterns
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Fig.2 Interface prototype form

G kS P bR A 2 RTS A B T I RE , SRR R
FEEAH R L8

FELANEFN F ATy, (5 B TR R A 1 4
fii, JFiE ) B L IR B S R R B, SR
i, "R — D7 WIS, BibRoh gL, JRARSE
(0308 FAR X o S de A 0 RPIR ZS A B 7R 78 B b Y
T 2P HRL NP BRSNS SRR 5113
T A 2 Hh s 30 2 P % F B COR W
) BOE PR TR R R R I o DFTE R B,
250 5 A B D VF 2 DU i R P AR B TR N ], =
PR HIEA T 2 B B A Ml P55 B B, X 0 B Y B
FORALO B4R I T 20K, IR IR PR . &
BAHARRE, mpie, 548, FARsOHr2m T,
HTHR- B 70 Bk 58 P A A Js B TRBIRCR A BRER 5]
P AR 2 B 2, B A e A e e AR T TR
LHES T

R A R S S ) — IR R MR, R
T H FSe R mUHES , B4/ B T A DX
(4 B 5 R O, ik 2 i IR R S B e A A R 1) |
ol i) MR ENIN R, AR, RSN T R
BRgAI, B e P S R H 51 3 v i 07 P bR
# B T 2P RME R

FREIEAE 3D B s KB R, i
T Bl U I B RS TR R IR BB 3%, B AT
I} £ s i B R Bl AR T AT B AR S T LA
KR Z2BAR . REARIEAZHE, (A2
BRI, AT 0 BT A B 9 B T 45 AA ) 25
AR SE I /)N, T ST AT JR BT 5 T A T e AN B

M, X3 R4 S5 TR AT
2 BEX%HEG

P T R — RIS SO KR L
TCREMA, iR/ IR [ B SR E N,
HRRIAE R . SURMEIE, S50 Jhin i &
JIT T T RE B RCR NG RO o U5 T Y S 7 P 25 ] 3l
I SCAR PR R, Bl SCAR ML 45 & 1 Rk
BBk,

METE B B 2R 2B B2 AR R
FA BAREU — A EHEE N K . T F 18 s i sl A
Nof R, — AR TR 2R ML e AR o i
DR T ARG T 94 43808 fiE o Lo AL
ZHF N EPLERINGER RS, T (CTCS_3 44
LR AN (DMI) BoR TG ) BRAE T84
TEHFRR S TALE R IC R BRI | A7 BB )
FRERI, AASEE IS B R SE | BRI SR 6T s R
&, RTFAEREEARCHE,, T i /A, XF
) 458 Rt 2 ity v A2 % M UL 4 3R AR I 0 B SR
Dk T TARGY, 4 T BA = R A ) ki P 42 3K
ERARSG, PTDARAEER (RS . Vs | HARs
T 5 5 1 e s a2

T PR 1 R me A ok B B SR B A S
R W RRIE RN LT BT SRR X &, B
ek A oo & o Bt A HL B AR o] LIS > REE
822U T AR &, b SCE P B B A A
HIGE S o I T EEEAR BT AR, (8T S



415 5103

SCHRINAE s A B ARG A A SO R AR BT S 2k 65

BEREEE

Yoo
Flag Menu  Star

Icons fromthe X-icon Road  Mag.

commercal signs  glass
navigation
. u ﬂ
Gear Jar

EREOQND

Penenve- Pen  Road Bino- White Wrench
lope signs culars mag.

New glass
- a . E m m
Points Screw  Star Hea-rts POI
menu driver folder stars
Functions Icons

Enter address
-~ NEOEH
My destinatons m E

K3 FmEs e

Fig.3 Interface icon format

o R R HEE ], RTANF DI RE ARk N B A
TR PR EDULE I LA b B R 12 38 A e A Dt
W, PRI 7 SR 2 2], AN I Y
X FTEDE AT 5ok 3 R 7R i B B ACRRAIE , LB
WALk o BRUAE SN, 75 2T iR I ARTHE X
S DA A B A P, P B e Y A ] RE LA
IR i) SCAE AL I AN TR B SUAR B, TR o S S 9 7
] Ui i 5 3227 fh AT FO R N, LIRS E AR
Fon AT H AR SCA Y B 2 g 22 ) fe A 30 1
RS . FAR S AT RE AT LI B AT BEIT, T i
25 b B3 R 7R BT 1 7 A AL TR R B I e R R A Y
i, RO UE S B AT 2 S H, I B
BOERE R AT RENE o BEAh, 225 BRIl & B A
FRARB ERBRITE, R BN A AR BE
TR AR LA A5 2 U5 U R, X 8 5 TP
(77 9 O BRI AR SCT SR b 2 L 31
LT M PR 2 e T AR T, D B % SR i 7
RLE R REOT 1], BRI, A Lk kB o 9 5%
S R o X I ER Tl P A S REAS R AT R T L2 3 5
PN YE . PR, A R 7 2L IR . 53277 3K
R AR . TR RIE N Z Z R N R,

eI, 3D 8% 2D JBA . B A A . FL - HB A
FE2S (A1 8 RS BE AR 19 AL 7 T A AN fe] o H
F b & A R T 2R R AT 45 B AU R T R
KT Z P2 INAUE S, Bl  &R  A E A
B LEH0R, BT A8 24 1Y s kg =L
FL - S A0 P R A P AR S A8, AR o X i
PRI PR 5 TR B, X S A0 P R 2R 0 7 A o AR, ) B
% Talia %5 AN HE 7S b 1 A S8 S8R ] v R4
THRFE, R TR A=A SR E v (BdE R, g
T2 B TN (A 2 ) %) 5 JRR B ] PP Je D S Bk R % 0
Al PR FR AT TR . BRI R IR, B %o e B B (0
2 E RS B A0 BE 7 A AT B AT R PR o
i n] LUARAR I, W, ARRSBBIL, EER
A B P P 0 P Ak B A M A T, AT T A
B FH PR A2 A A 2500 BSR4 IE 35 € R0 A
JEE T LAAE Ry B P 52 2 PR i 8 A, ek AN AR D
JEE SXF 6 R B T AN 2 o | A AT X L o e, S B
X G2 B T T A 25 o SR FHAS 2, B ] LUK,
R B R RO A 1 T Ol B A S e 4R
e Al I, RTE R AR TR, MR AN SC R T AR 40y
ek /D B B s KRz Ak, 4 o e K R A
R USSRl UL 5 f iz Ak, WO ST T A
LA 47U B % 3k 2y g s i U BRI S s g R B
TR —AE BT RIS, > A kB A B U B DA ]
2850 A SR A ) S, TR £ S T REAE B I N Y
FEE (s AL, TR b P b B e (B ek
FraeE ) nTREA B TR EUE BV KR8 T E B T
T i D BE TR ) HAB ST R AR R B R B,
oG . [FIAE, Nielsen (1994 4F ) 45 (4 5L 1w
PEN AP E & Xk 2 — 28 ke R £,
LR EN =S 70 L S W L3P N SRS S 1R

SRMT, 3 T 7 A i T b ] i 77 A T s 2R
15 40 A AR 25 s B3 A B R (SA) U1 it 201
BALTTREXT SA 7= A G, PR Ak /028 g 5 %ot %
LR A RIS, (R I 53 e 2 T Sk
5 BRRE M, (s B R x X — EH =I5
o ) R

3 FERERXBIIINFAEI R

FURISEAAT SR L S TR0 E B AR 720,
i B A R P E A SRyt TVIS FUE B %L .
WA R R bR SCF IR SR AL
TET A8 A0 FH A5 30 P P B R 52 A B AT PR AR IR
THRT DL 5 P e 2 B 53 A PRI, < R GE IR AR+ B
SCARHIIE 30T U 5t 1 4% P s B I AE, #em
25 5 G R VE AR PR P BT T LA 2 25 g 5
{1l 7 2 2, O TP X R G PR A WL A 4% [ 3R
SRR P LA R % A b 5 | B B
B, A FRRE N TR B AT SR A AR P AR



66 (S

T 7

2020 4 5 H

SR GEF W BT T80 5 8B HRFAE , I
MEZATr R BB T, L DU AR 2 75
XGNPI I FRAFAL S5, ST AR B R ANL
TS R R

3.1 SREFEEHEXAEERFM

1) REBX, EE R, "L E e
1) ZR R T8 B IR P R 25 I R B T )
SR RAT N, B B A R PN 2 A 2R i
1 A — g s o A 0] 2 P S R A4 T
WK, BHIEATFERER SR, RAEFIIERE,
FPAE R AT Loy HATA IR R | el R A
K=, ATLIEH R M B —E
R, B —Hirpi kA &R R, Eeili. M4
JC Bbroi 2 HARK 1758 1 &R, B X A 1)
HER AT R, 48 R0 H) ff 48 2R 000 H 52 28k 1 ¢
R AR XE @M T W ZFAFE R R
()3 —Fh R e RAE HAR T8 2, filani R 2Rt
AL AP e B SR YRR 1 B — 5
W AR T R e, BT R, o R AEAI
Pk &I B AR, S RTEEREERIET D, ZHEK
XTGBT R P R T s sk

2) BRAEmIARS bR . SR AR T AR H ] mT
S NS BIA L S AR SN AT T N RS DI T
FIE A BFoE R0, BRI AL . rmaxt A
WLAC B R %) J g B 0] = AR R TRl jE o AT B0, 7E
NSV BIATE T AL R AL O R BT S|
TV T A 3k Y 2H 4 il T Al R, IE T T AR T AR P B E 3K
R, HUORBE K R m AR, JF L st
FI 1) B T AR R A L B8] 0 R T S K & A 5 4 B4 PR e
M RECE R T A A EAR I RCE, TR L
RIS, REBRAERESCRE T/ AR,

3) WRAFE, Wit RIREEER. L.
I | ok S5 H DA B BEP ML R R SR
SR CFTRLES ] | 8 R BRARRRZE ] ) Fnal Ak 21
R ( HFRFERAE ) e, HeER (R5E))
RN W AL 1 B A R B 45 224 g &
B, fERAHMEE (6, & Bsiih) M
e, FF AR 30 43 B 45 6 4 55 6 BUR ] L AR
NASA-TLX FI ARG n] FtEEE (SUS) SEMHEK 4,
b A 2 M A7 Jm 0B A A SR PRI A JR (R RN 350%, R BI
LA SR 3 AR 2 B, I HL A0 1A 114 5
AN = U R =B 0 = W A 2 By G = /N T
FIHLGT T 45 P8 T o B A BRAE , X285 3 ie 39
—ERI, 5 B A AT R A K

3.2 FEXFHAIIRA BRI

1) SORBETT . 2530 /s B i b (1 N R AT 5 22
SO B MDA A, SCAS RS 1) duk s 77 3

EIEAF 5 1 R L XS i 4217 A8 sz ma, 303
BORMA PTAR, SORME B R (178050 )
XHRRRAT R FRE™ He 5], 334 T IR Sl SCAR B I T 40
TR, AUGEAE R R AR T2 R s, Al ok
DU AT RE AN S BE S48 RACREF U TBMZC R,
R RCR AT B A8 R B B K B PR & S T R
RAFBO e RIS S5 A 1 8 4 4 45 B A A THE
HPEOR Z [ AR B R R R, /NN
2 mmP7 H AR YR G R P2 A A 2 A
At B P A8 1 s Bt = — A S SR e
ST 55 58 BT ] B s2 i S 2R A O, BUE i E , B
e 4, o ) B e /N B (B 3 mm

2) BUERIE R . EdE R ML 5500 i EUE
VRN Bl P, B BO(ETE 1 X () PR . A ]
e b e = BN QUL S 8 v e N AR e i R
TR B . A P A P R g, DX ] L B
HylE X fE R, —BUAEREIE X EM] ., AR
TR ERIE (FE . &bk, f5nds (3545
ZIEED). Fm (K, |EH) BRSERARCE AR,
HOFAGRIEAR | FeEH a8 . K7 1) s O R50R T
e, (EEIHL L R A AR

3) CFRSE. FEARFM A, #EBCCFE R
HEARX R H=00022D+254( K, +K,), Hf. H
FHEFEE (mm); D WARSHREE (mm);
K WIRBISC R R E, —MEUE 0.06. 0.16. 0.26; K,
JER S NAEEEAOCRE, —MHUE 0, HEHL
5 0.75M44 ) FEH) 42 B A i — e F 6.5 mm Al
8 mm FAF Y LA,

4) BRIBRE R o 2 bR ST B A R AT
M oh, X RN FIAT A W EAA B . NP
FEhEER], ANMIEE I EEE 28 430 ms — AT,
NAE R B FAF 5 A5 87 B S 45 A PS4 FERT 195 ms,
DR M A 45 A 1 A0 B 3 2495 625 mst o7,
NAE B2 B B A BEAL K R 200~300 mst™],
iz BB AT EAL BEARAY o 1 S 8 S 24 5 07 st il 2 2035
N HN5E 2R 5 MUA A R GE ) a5 BALBRAS (] 28 75~

370 ms*,
3.3 FHEERITIEANEN I

1) FIRAF S8, WRFE W 7 o 25 59 X B
P FICAZ SRS, BIEATS RERE PR AR A T &2 2
IR T AN W E Gk, FIEAR S LU Bl
ARG R L CEIEASOR” R B
T AT 55 52 IS ) R0 IE A R B0 “aliseAR” fn 4l &
B AP, BRI 50 KIS &
M. %R, B8, 45 . i, AatE3, Hp
PG R BIRCR e, B AR R R e i, T
LA DY R BI0R feIK . 1SO Bl ek 1SO iR
SRR B o 4 2R BRI R BCR E T EE



415 5103

SCHRINAE s A B ARG A A SO R AR BT S 2k 67

SRR,

2) PEAbRATJRS o B3R St T2 B 2R s T 3O A
PRGBS, R E R BT 5T
RIEEECS | BoRTBAR | @R X L A1 2 B LB 5K
R YR R 5 A 55 58 U ) TE AR 55
F, FREIIEORC, 5L A AN AT AR
17.5 mm S22 B R T AL RE RT o [RIE EEAT 5
PR C, IES TR MBI EE RO, =M S
TARBHESUE T RIB, FIEMR, RS,
TEX AT R GERIBESE T A& B, 2D A1 3D HL 14 P 2 F
TR ERE A W 2, (A 3D T
A AT HE 2D B R AR P,

3) ARG PEIBR IL 58 SR AE AT L3R s Zh e SR ik
AOMER Y, BT BR i SCHTES T LS s A R Tt i ok
HE P 22 [ g H R 1T AR g R A i SR R )
PP T BRI R R A LU L2, BB a] AR/
s U1 PRGOS LB R WA R (o U R
ERIOE A RN PRk 0F A RN DAl S ey et
(1 5% 0 U R L A B R s e U — R B, Pl
TENTBE | ORI M BE D7 T8I 89 DX o3P 5 48 R AR
Koo NN 2R BRAEAT AT 5T 2 B, WLk R 2 30
500 ms I, SIS N RIS, Kki#R 2 AR
SR, B HAR LT 500 ms B, C 29058 HE
PR BEATE SR ZERBEICAZ I B, IS B8 T
A2y 1 s A0, YRR B R T 1 s B
MAEAE T T AR, i 0 UL 4 ey R R 22 181

4) FEURINARE . 5T FEE 9 AR ik G A5 24
G NS X N N N W= N S 1 e B R
R REAE X T PR WA AT — s s ) B AF
SHRA S, ORGP | RS A R R R
JF T RERS B R, FRARARI S X EDE,
WA 2, S S PEAERR SR IR DI RE, AT LR
PUN SRR FRCR . G4 5 A BERS T iR | PR
HH PR A R A5 A DR S E S T3 Y 14
R TR AR Ao ) o A 2 R SRR S, T LA
25 B 5% TR I T SR B B AR S O, GRS
SERUR B
3.4 BRI RMEFE

1) @RI, BRIt R . Sl S
AL, BRI R R AR RN R OF
AT LAHBRARIE . I | SRBLEBD LS, o nl DU R
I R B e 5 BAL R AR, B R B
Jetk, MBI E X e 5 B won UL, WA
i1z, A B TIE A R O B R . B =
FURMIE @A HRIEE . WIRE . @A SEBRE @ 2]
(HMZre, s el () A% WHE S B R EEH
PR G; WESHONHERER K. i THES
A E R DO , = TR EE A4 0 L AR R 32 ) 2 BT i
AN . CARPI S 2 B ERIE, A

JEFITBA B ) 4%/ 7 3] G 7 . Michalski ZEBFFT 425,
B 5 TS T ALH], X0 2R o AR 2 i B
FAVOL B ) T 1 PR AR R R b Bk o LA
2, B RN 235 0 B A 0056 48 20 R A sk 4%
FREE AT S HERRTE, PR = € AR AR SCR A
6T B0 TR A, A58/ INE 0 IX 3B AT J) B F 4 T B L
B DX 38 A ey b A4 o TR AR SRR RO T 220 B
bR 5 BB 0 (R 22 7 SR S8 RECR, X
R 8 1 AL 4 AR P72 T3 A B R 22 AE — S
JE LSRRI RO, L5 KR HEREE A
0 HL5 H Al 36 B 8360 A — B0t I iy A () R g ke
IER R AT AR R 5 B A BAR AR T
B 5E03 ) BT SR CRE Y, A
A S Lled — B it - B Aoy U A iR
BB AL,

2) ERIGIRRE o XTI R SR A TR 56
WEPESEES,  H AR PR R] B 328 200~1000 ms!®7®),
4 H b S I ()R S X IR, B R % L R
IR BB AN 25 RO T B 1A J s ], e %
3 T 1 57 BE T IR K AE N A B g 1 S N B
ARG, 48 L 7 R A 0 5 Rl 2~3 N8
€5, 4 B 7E IF 1] R 7 600 ms B SA 6088 B e bl , TRk
% % 7E W) 1A] R /7 1000 ms B A 290 3 % A b, 7E
1000 ms AN RS R 3T, B B9 A R 28 2 AU A
S TIARTS, H AR S BUET E] 72 1000 ms DA_FAT,
FEARANEI € AN BE F1 A SZ s 1] 7 K/ N i -1
FEF IR AG B R, ASFEBUE R 24 5 8
— AR LT A "B SN R 2.8 s, BT
TR 0 B ISR ] 8 s,
B T B30 Pk B 38, ML 34 e 5 e ) RN S 34 4
RN, R AR RS A, UL R S X
2 30 B A PR SR AT N 7 A R R

4 £5iE

MBI RIS 98 ) S v AR T LW S R, 7T
2 R ST, AN [ 2 B 2 B S IR A A SR ZEORN
[, ELJE 5 T 22 S AR i J PR R Ao SEJinoaS vz e it D e
FHEASERT N b 28 ERTIE, HAETRA —BEB
GBI ROk AR S S B A A B S
TR G RBEFEAT X AN [R B0 T B4R 5 B A SR,
B — U R AR SO L X TR IZ A TR
() P P B A P ) 3 IO P T, 9 e = P Al o
HESIAR IWIFE o i T ) P B Z VAR A AR
P BRI B2 S, BT AAROR REIZ G TE MASRAE
25 5 AT R 0 25 B R T G ER LA Jm T 3, AR SEA
[Fi) A H A R A X e AHLIR T B e A, A
TP 0 B A T S R IR
LA AR TN 5L AT FE B — J0 3R G ) 32 4 % 1) B
IAPEAL . TFHCHE PRI | T 150 B S T



T 7

2020 4 5 H

68 1 %
TN PR —FE, Bl LA NS5 T A X sk
P2k @JTIEE’%H BT UE N B DL RS
NPT AR R A o

S 3Lk

(1]

[10]

(11]

[12]

W, ORGP, B W 2 AR AR RGN
ML TSR 5E [J]. %8 T/, 2012, 33(18): 26-30.
TAN Hao, ZHAO Dan-hua, ZHAO lJiang-hong. Re-
search on Automotive Human Machine Interface Design
Based on Complex Interaction Context[J]. Packaging
Engineering, 2012, 33(18): 26-30.

CHEN M S, LIN M C, WANG C C, et al. Using HCA
and TOPSIS Approaches in Personal Digital Assistant
Menu-Icon Interface Design[J]. International Journal of
Industrial Ergonomics, 2009, 39(5): 689-702.

SCHALL M C, RUSCH M L, LEE J D, et al. Aug-
mented Reality Cues and Elderly Driver Hazard Percep-
tion[J]. Pubmed, 2013, 55(3).

HE J. Head-up Display for Pilots and Drivers[J]. Journal
of Ergonomics, 2013(3): 120.

LIU Y C, WEN M H. Comparison of Head-up Display
(HUD) Vs. Head-down Display (HDD): Driving Per-
formance of Commercial Vehicle Operators in Taiwan[J].
International Journal of Human-Computer Studies, 2004,
61(5): 679-697.

LIU Y C. Effects of Using Head-up Display in Automo-
bile Context on Attention Demand and Driving Per-
formance[J]. Displays, 2003, 24(4-5): 157-165.

LI R, CHEN Y V, SHA C, et al. Effects of Interface
Layout on the Usability of In-vehicle Information Sys-
tems and Driving Safety[J]. Displays, 2017(7), 49.
MITSOPOULOS R E, TROTTER M J, LENNE M G.
Effects on Driving Performance of Interacting with an
In-vehicle Music Player: a Comparison of Three Inter-
face Layout Concepts for Information Presentation[J].
Applied Ergonomics, 2011, 42(4): 583-591.

FEE, PR, W, % 44 HUD M APLA K
P01, BBhk#, 2015, 36(7): 85-87.

WANG Jian-mei, LUO Wei-dong, CAO Bo, et al. De-
sign of the Human-machine Interface for Automobile
HUD[J]. Process Automation Instrumentation, 2015, 36(7):
85-87.

DS AR R S R TN D EY SRR
ST I]. #eli, 2014(8): 66-67.

ZENG Qing-shu, ZHAO Jiang-hong. The Information
Organization and Visual Design of Automobile Naviga-
tion HUD[J]. Zhuangshi, 2014(8): 66-67.

K&, 44 HUD S i fs B0 S5 os it ().
R L EFR¥BER, 2014(2): 41-46.

ZHANG lJian. Information Architecture and Visual De-
sign of Vehicle HUD Interface[J]. Journal of Shandong
University of Art and Design, 2014(2): 41-46.

i, EMS. A AR BRI S E B E AT D).
JEHT A K441, 2014, 38(4): 7-13.

FANG Wei-ning, WANG Peng. Research on the Shape
Fidelity of Vehicle Instruments Simulation[J]. Journal of
Beijing Jiaotong University, 2014, 38(4): 7-13.

[13]

[14]

[21]

[22]

[29]

SILVENNOINEN J M, KUJALA T, JOKINEN J P P.
Semantic Distance as a Critical Factor in Icon Design
for In-Car Infotainment Systems[J]. Applied Ergonom-
ics, 2017, 65: 369-381.

LAVIE T, ORON-GILAD T, MEYER J. Aesthetics and
Usability of In-Vehicle Navigation Displays[J]. Interna-
tional Journal of Human Computer Studies, 2011, 69(1-2):
80-99.

LLANERAS R E, SINGER J P. In-vehicle Navigation
Systems: Interface Characteristics and Industry Trends[J].
Training and Vehicle Design, 2003(5).

YEH M, WICKENS C D. Attentional Filtering in the
Design of Electronic Map Displays: a Comparison of
Color Coding, Intensity Coding, and Decluttering Tech-
niques[J]. Human Factors, 2001, 43(4): 543-562.
NIELSEN J. Usability Inspection Methods[M].
York: John Wiley & Sons, 1994.

ENDSLEY M R. Design and Evaluation for Situation
Awareness Enhancement[C]. Santa Monica: Proceedings
of the Human Factors Society 32nd Annual Meeting,
Conference, 1988.

LESHED G, VELDEN T, RIEGER O, et al. In-car GPS
Navigation: Engagement with and Disengagement from
the Environment[C]. Florence: Proceedings of the CHI,
2008.

LIN C T, WU H C, CHIEN T Y. Effects of E-map For-
mat and Sub-Windows on Driving Performance and
Glance Behavior When Using an In-Vehicle Navigation
System[J]. Ergon, 2010(40): 330-336.

KIM H, SONG H. Evaluation of the Safety and Usabil-
ity of Touch Gestures in Operating In-Vehicle Informa-
tion Systems with Visual Occlusion[J]. Ergonomics,
2014(45): 789-798.

COCKBURN A, MCKENZIE B. 3D or Not 3D? Evalu-
ating the Effect of the Third Dimension in a Document
Management System[C]. WA: Conference on Human
Factors in Computing Systems, Seattle, 2001.

BROY V, ALTHOFF F, KLINKER G. IFLIP. A Metaphor
for In-Vehicle Information Systems[C]. ACM: Working
Conference on Advanced Visual Interfaces, 2006.
ZIEFLE M. Information Presentation in Small Screen
Devices: the Trade-off between Visual Density and
Menu Foresight[J]. Ergonomics, 2010(41): 719-730.
RYDSTROM A, BROSTROM R, BENGTSSON P. A
Comparison of Two Contemporary Types of In-Car Multi-
functional Interfaces[J]. Ergonomics, 2011(43): 507-514.
NEISSER, ULRIC. Decision-Time without Reaction-
Time: Experiments in Visual Scanning[J]. The American
Journal of Psychology, 1963, 76(3): 376.

STERNBERG S. High Speed Scanning in Human Mem-
ory[J]. Science, 1966, 153(6): 652-654.

B, B, T##%. VDT #RIESRGE £
B AT R[] ASE T /L%, 2018, 24(1):
74-80.

LUO Jun-hao, LIAO Bin, WANG Tai-xin. Research
Progress on Influencing Factors and Measurement Methods
of VDT Search Performance[J]. Ergonomics, 2018, 24(1):
74-80.

GROBELNY J, KARWOWSKI W, DRURY C. Usability
of Graphical Icons in the Design of Human-Computer

New



415 5103

SCHRINAE s A B ARG A A SO R AR BT S 2k 69

[34]

[35]

[36]

[40]

[41]

[42]

Interfaces[J]. International Journal of Human-Computer
Interaction, 2005, 18(2): 167-182.

CHEN C H, CHIANG S Y. The Effects of Panel Ar-
rangement on Search Performance[J]. Displays, 2011,
32(5): 254-260.

BH, B, k=00, & BUR EARAT R R IEXT AL
SEHACRBF )], TR AU BB 5 B iR,
2012, 24(9): 1145-1150.

GONG Yong, YANG Ying, ZHANG San-yuan, et al.
Effects of Graphical Panel Layout Characteristics on
Human-Computer Interactive Efficiency[J]. Journal of
Computer-Aided Design & Computer Graphics, 2012,
24(9): 1145-1150.

MEGAW E D, RICHARDSON J. Eye Movements and
Industrial Inspection[J]. Applied Ergonomics, 1979, 10(3):
145-154.

SRWeH], FEME I, Gedeon Tom, 5%, FUF L WEHEAT 5
TR A USRI UL B g ) M S N e o
(HARBLR), 2018, 48(5): 807-814

WU Xiao-li, XUE Cheng-qi, Gedeon Tom, et al. Visual
Search on Information Features on Digital Task Moni-
toring Interface[J]. Journal of Southeast University (Natu-
ral Science Edition), 2018, 48(5): 807-814.
GOLDBERG J H, KOTVAL X P. Computer Interface
Evaluation Using Eye Movements: Methods and Con-
structs[J]. International Journal of Industrial Ergonom-
ics, 1999, 24(6): 631-645.

HOFFMAN J D, LEE J D, MCGEHEE D V, et al. Visual
Sampling of In-Vehicle Text Messages: Effects of Number
of Lines, Page Presentation, and Message Control[J].
Transportation Research Record, 2005, 1937(1): 22-30.
g, BB, PR, SR MDA R R R
MFES AR, Tolk TR S8, 2010, 15(5): 82-86.
LI Jing, XIONG Jun-hao, HE Dan, et al. Recognition
Efficiency and Reliability of Web Character Display
Density[J]. Industrial Engineering and Management, 2010,
15(5): 82-86.

LING J, SCHAIK P V. The Influence of Line Spacing
and Text Alignment on Visual Search of Web Pages[J].
Displays, 2007, 28(2): 60-67.

WANG L, SATO H, RAU P L P, et al. Chinese Text
Spacing on Mobile Phones for Senior Citizens[J]. Edu-
cational Gerontology, 2008, 35(1): 77-90.

A, AR, e, S AR ER T
A BEOOF R ALY AR Y 52 o PR IS (], RO A
2012, 34(12): 31-34.

GUO Zi-zheng, LI Yong-jian, SHENG Jin-gen, et al. In-
fluence of Line Spacing of Characters on EMU Display
and Control Interface on Recognition Efficiency[J].
Journal of the China Railway Society, 2012, 34(12): 31-34.
Japan Automobile Manufacturers Association. Guide-
lines for In-vehicle Display Systems Version 3.0[S].
Tokyo: Japan Automobile Manufacturers Association,
2004.

FENG F, LIU Y, CHEN Y. Effects of Quantity and Size
of Buttons of In-Vehicle Touch Screen on Drivers’ Eye
Glance Behavior[J]. International Journal of Human-
Computer Interaction, 2018, 34(12): 1105-1118.
FRANCOIS M, FORT A, CRAVE P, et al. Gauges De-
sign for a Digital Instrument Cluster: Efficiency, Visual

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Capture, and Satisfaction Assessment for Truck Driv-
ing[J]. International Journal of Industrial Ergonomics,
2019, 72: 290-297.

FEIKR, EA. ETRER B AR BEAPT 0] b
S AR K AF 23], 2003(11): 1051-1054.

ZHUANG Da-min, WANG Rui. Research of Target
Identification Based on Cognitive Characteristic[J]. Journal
of Beijing University of Aeronautics and Astronautics,
2003(11): 1051-1054.

SALVENDY G. Handbook of Human Factors[M]. Amer-
ica: Wile Interscience Publication, 1984.

CRUNDALL E, LARGE D R, BURNETT G. A Driving
Simulator Study to Explore the Effects of Text Size on
the Visual Demand of In-Vehicle Displays[J]. Displays,
2016, 43: 23-29.

C D Ji#EH, J D2, Xady, & ARTEERR
(M]. 55 2 . bifg: SRS R4 HRAE, 2007.
WICKENS C D, L1J D, LIU Yi-li, et al. An Introduction
to Human Factors Engineering[M]. 2nd Edition. Shanghai:
East China Normal University Press, 2007.

R, TolbDHE =M. BN WiV ECE AR,
2003.

ZHU Zu-xiang. Industrial Psychology[M].
Education Publishing House, 2003.
ROBERT L S, KIMBERLY M M, OTTO H M. AL
HAEIM]. e, 2. B At TLIRECE AL, 2010.
ROBERT L S, KIMBERLY M M, OTTO H M. Cogni-
tive Psychology[M]. HE Hua, Translate. Nanjing: Ji-
angsu Education Press, 2003.

BOFF K R, KAUFMAN L, THOMAS J P. Handbook of
Perception and Human Performance[C]. Spies Interna-
tional Symposium on Optical Science. International So-
ciety for Optics and Photonics, 1986.

HUANG S M, SHIEH K K, CHI C F. Factors Affecting
the Design of Computer Icons[J]. International Journal
of Industrial Ergonomics, 2002, 29(4): 211-218.
WIEDENBECK S. The Use of Icons and Labels in an
End User Application Program: an Empirical Study of
Learning and Retention[J]. Behaviour and Information
Technology, 1999, 18(2): 68-82.

CHI C F, DEWI R S. Matching Performance of Vehicle
Icons in Graphical and Textual Formats[J]. Applied Er-
gonomics, 2014, 45(4): 904-916.

NIEMEL M, SAARINEN J. Visual Search for Grouped
Versus Ungrouped Icons in a Computer Interface[J].
Human Factors, 2000, 42(4): 630-635.

MURATA A, FURUKAWA N. Relationships among
Display Features, Eye Movement Characteristics, and
Reaction Time in Visual Search[J]. Human Factors: The
Journal of the Human Factors and Ergonomics Society,
2005, 47(3): 598-612.

MURATA A, TAKAHASHI Y, FURUKAWA N. Evalua-
tion of Display Design Based on Human’s Eye Move-
ment[C]. Systems, Man and Cybernetics, 2002 IEEE
International Conference on. IEEE, 2002.

BROOKE J B, DUNCAN K D. Effects of System Dis-
play Format on Performance in a Fault Location Task[J].
Ergonomics, 1981, 24(3): 175-189.

TULLIS T S. The Formatting of Alphanumeric Dis-
plays: a Review and Analysis[J]. Human Factors, 1983,

Hangzhou:



70 1 % T & 2020 £ 5 H
25(6): 657-682. [73] BHATTACHARYYA D, CHOWDHURY B, CHATTERJEE

[58] KRUK R S, MUTER P. Reading of Continuous Text on T, et al. Selection of Character/Background Color Com-
Video Screens[J]. Human Factors the Journal of the Human binations for Onscreen Searching Tasks: an Eye Move-
Factors & Ergonomics Society, 1984, 26(3): 339-345. ment, Subjective and Performance Approach[J]. Dis-

[59] KOLERS P A, DUCHNICKY R L, FERGUSON D C. plays, 2014, 35(3): 101-109.

Eye Movement Measurement of Readability of CRT [74] B85, k=Jt, ik, 5. RN BEIEAS W
Displays[J]. Human Factors the Journal of the Human HRPCRWFE W], TR AL B S B #2214k,
Factors & Ergonomics Society, 1981, 23(5): 517-527. 2016, 28(7): 1115-1120.

[60] KIM H, KWON S, HEO J, et al. The Effect of GONG Yong, ZHANG San-yuan, SHEN Fa, et al. Effect
Touch-Key Size on the Usability of In-Vehicle Informa- of Color Combination on Graphical Symbol Visual Search
tion Systems and Driving Safety During Simulated Efficiency[J]. Journal of Computer-Aided Design &
Driving[J]. Applied Ergonomics, 2014, 45(3): 379-388. Computer Graphics, 2016, 28(7): 1115-1120.

[61] TAO D, YUAN J, LIU S, et al. Effects of Button Design [75] Z5fh, BEVEIEE. JET 060 B 4 J2 0 45 5 T 6 9
Characteristics on Performance and Perceptions of TFSET]. AL T RR 2= 4, 2016, 52(24): 201-208.
Touchscreen Use[J]. International Journal of Industrial LI Jing. XUE Cheng-qi. Color Encoding Research of
Ergonomics, 2018, 64: 59-68. Digital Display Interface Based on the Visual Perceptual

[62] MICHALSKI R, GROBELNY J, KARWOWSKI W. The Layering[J]. Journal of Mechanical Engineering, 2016,
Effects of Graphical Interface Design Characteristics on 52(24): 201-208.

Human-computer Interaction Task Efficiency[J]. Inter- [76] WAL, ZEicH, Bk, &. shZE4L AL S A m
national Journal of Industrial Ergonomics, 2006, 36(11): B TR B SCR AR [T]. P EZER A, 2011,
959-977. 32(5): 104-107.

[63] EEAIE, R, XHY. MO A R ER RS GUO Zi-zheng, LI Yong-jian, ZHONG Yong-xiang, et
[3]. At R2E2A 4R (A R FHERR), 2004(4): 676-682. al. Effect of the Background Color in EMU Man-Machine
CUI Jian-xia, WU Yan-hong, LIU Yan-fang. Reconsid- Control Interface on Recognition Efficiency[J]. China
eration of the Capacity Limits of Short-Term Memory[J]. Railway Science, 2011, 32(5): 104-107.

Journal of Peking University (Natural Science Edition), [77] BRFc, 2ok, SEE, . shddsf im e
2004(4): 676-682. DG i 3 3R 5 R S R [T]. 4KGE 2= 4, 2012, 34(2):

[64] T HRZL, KR, S HFE. Wiz 3h il 512 12 M 27-31.

X)), DEBEEERE, 2006(1): 1-6. GUO Zi-zheng, LI Yong-jian, MA Guo-zhong, et al. In-
DING Jin-hong, ZHANG Qin, GUO Chun-yan. Do Eye fluence of Color-matching of EMU Color Interface on
Movements Involve Memory?[J]. Advances in Psycho- Recognition Efficiency[J]. Journal of the China Railway
logical Science, 2006(1): 1-6. Society, 2012, 34(2): 27-31.

[65] SWAR, BA =. ABITAE[M]. dEat: LTl R [78] kb, BRENE, FiEe, 5. KM )i AL
#t, 2005. 5 B RAS[T]. MBS BB 22244, 2013,
GUO Fu, QIAN Xing-san. Human Factors Engineer- 25(7): 1022-1028.
ing[M]. Beijing: Mechanical Industry Press, 2005. LI Jing. XUE Cheng-qi, WANG Hai-yan, et al. Encod-

[66] ISHERWOOD S J, MCDOUGALL S J P, CURRY M B. ing Information of Human-Computer Interface for Equi-
Icon Identification in Context: the Changing Role of librium of Time Pressure[J]. Journal of Computer-Aided
Icon Characteristics with User Experience[J]. Human Design & Computer Graphics, 2013, 25(7): 1022-1028.
Factors, 2007, 49(3): 465-476. [79] ®& PHr, JERR, S4RFEF. W ffr S5 B sl [J]

[67] PASSINI S, STRAZZARI F, BORGHI A. Icon-function fias 4R, 2007(S1): 76-80.

Relationship in Toolbar Icons[J]. Displays, 2008, 29(5): ZENG Qing-xin, ZHUANG Da-min, MA Yin-xiang.
521-525. Mental Workload and Target Identification[J]. Acta Aero-

[68] HAN X, PATTERSON P. The Effect of Information nautica et Astronautica Sinica, 2007(S1): 76-80.
Availability in a User Interface (UI) on In-Vehicle Task [80] k&, JEIKER, BME. KAHLAAE BN g is o X
Performance: a Pilot Study[J]. International Journal of [J]. B RS AR REE224R, 2009, 41(4): 466-469.
Industrial Ergonomics, 2017, 61: 131-141. ZHANG Lei, ZHUANG Da-min, YAN Yin-xue. Encod-

[69] TUFTE E. Envisioning Information[M]. Cheshire: Graph- ing of Aircraft Cockpit Display Interface[J]. Journal of
ics Press, 1990. Nanjing University of Aeronautics & Astronautics, 2009,

[70] MICHALSKI R, GROBELNY J. The Role of Colour 41(4): 466-469.

Preattentive Processing in Human-computer Interac- [81] JLWEmm, JHAUHE, MiEE, 55 TR A
tion Task Efficiency: a Preliminary Study[J]. Interna- R R IR I]. JEAT S iR KR4, 2015,
tional Journal of Industrial Ergonomics, 2008, 38(3-4): 41(2): 216-221.

321-332. FAN Xiao-li, ZHOU Qian-xiang, LIU Zhong-qi, et al.

[71] MICHALSKI R. The Influence of Color Grouping on Principle of Plane Display Interface Design Based on
Users’ Visual Search Behavior and Preferences[J]. Dis- Visual Search[J]. Journal of Beijing University of Aero-
plays, 2014, 35(4): 176-195. nautics and Astronautics, 2015, 41(2): 216-221.

[72] HUANG K C. Effects of Computer Icons and Fig- [82] CUI W, ZHOU R, YAN'Y, et al. Effect of Warning Lev-

ure/Background Area Ratios and Color Combinations on
Visual Search Performance on an LCD Monitor[J]. Dis-
plays, 2008, 29(3): 237-242.

els on Drivers’ Decision-Making with the Self-driving
Vehicle System[C]. International Conference on Applied
Human Factors and Ergonomics. Springer, Cham, 2017.



