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Abstract: [Objective] Display and control console human-machine interface (HMI) in complex task
environments commonly exhibit issues such as redundant information hierarchies and low visual search

efficiency, leading to cognitive overload for operators and seriously affecting task performance and
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operational safety. To address this situation, this study proposes a comprehensive evaluation method based
on cognitive load theory and the fusion of subjective and objective weights. It aims to reduce external
cognitive load by optimizing interface layout and information presentation, improve interaction efficiency
and task execution performance, and provide a universal methodological reference for complex HMI design.
[Method] To achieve the above goal, a multidimensional evaluation system was constructed based on
cognitive load theory and ergonomic principles, incorporating interface complexity, visual search efficiency,
and reach envelope coverage. The BWM (best-worst method) was used to determine subjective weights,
while the entropy method was applied to calculate objective weights. A fusion weighting model was
employed to integrate subjective and objective indicators, and fuzzy comprehensive evaluation was
conducted to assess interface performance. Jack software was used to simulate the reach and field of view of
the console. Eye-tracking experiments, NASA-TLX scale, and task performance were used to validate the
optimization effects with multidimensional data. Twelve male participants were recruited to perform 11
simulated tasks, and the interface performance before and after optimization was compared. [Result] The
optimized interface significantly improved task efficiency and accuracy. The primary task completion time
decreased to (122.42 + 17.23) s, and accuracy increased to (95.45 + 8.23)%. Eye-tracking data showed a
reduction in fixation count from 69.44 + 12.35 to 56.24 + 12.71 and a decrease in pupil dilation from (4.03 +
0.23) px to (3.81 + 0.28) px. The NASA-TLX score dropped markedly to 42.61 + 4.54, and the fuzzy
comprehensive score rose from 62.51 to 78.10. These results clearly demonstrated the effectiveness of the
optimized design in reducing cognitive load and enhancing task performance. [Conclusion] This study
experimentally verifies the effectiveness of subjective-objective fusion weighting method. By integrating
subjective and objective weights and applying fuzzy logic analysis, the method effectively reduces external
cognitive load and significantly improves task performance. It provides a scientific and adaptable
methodological approach for optimizing HMIs in high-load operational scenarios.

Key words: human-machine interface; cognitive load; multidimensional evaluation; simulation; eye

movement experiment; visual search; display console; forest firefighting command vehicle
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Tab. 1 Design principles for optimizing cognitive load in display and control console human-machine interface
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Fig. 1  Steps of fuzzy comprehensive evaluation
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Segg e, AR AT S R L E AT
55 58 JINT [A) P00 TE A 22, () I R 2 A3 10 SR A 1K ) FIR 51
s o P LA S5 WS, #OlIHE NASA-TLX
R, FIRATTE S AR, AT 5 H A A
222 EREAR
N T ARIE NASA-TLX &R H AR (55, A
BifF 7R FH o B 6 R B o oo B R 5 SR A TR FE A2
N ZZI U’ZJ

= 1-
N-1

a 5 @®)

X NRRERMWE B R, 2R R B
%, o> %ANEH 7 EZ A

afCIUE G A [0, 1], {EBR KRR 53 1 P
— B . 3 H, 0.7 P ME R A B

U o ARRERIIE B 70 B R %e N 0.798 3, 1IEH
BEREE R,

NEAIE NASA-TLX 2 38 19 &4, % H e 6 #
At RIS A AT A AT T 35 25 5, W E R AR
A RO AN AT AR A
D
" Sp/n
b DEC Z A, Sp AR ZEEFREZ, il
FEAHL .

BUXTFEAS ¢ A 50 45 SRR B, AL 5 90T 4
PR (=926, p<0.001) , 3B NASA-TLX fig
i RO AR R A AE ST AR Ak, B RIF R SIS A .
WP E BN E (D .

t

)

D
= — 1
d Sp (10)

THE 45 F IR : RN BN 2.673, 32 & T U AR
. X R AP TT S 02 PR T A0 B far s [R] B A
BOAUE T NASA-TLX S RIEAM A H 1 RIFE
223 LZAFMER

FIH Ergolab 3 14 XJ HR 20 PF A 18 A5 20408 12047 4k
T, B 12 A0 R FLY 9K BZ IR R
BT R A0 R B o R B ot K 1 32 AT 55 R T
B, 58 R TR AR AT 45 4 R R AT e S A 5. 45
4 NASA-TLX 13757, 13 2IPEM e bn B (32 3D

FIFH 7 6 & Fa bt AT H A ARG, it & K&
WIEHE A =2=05 SHREHNERE A=
{0.123 3, 0.176 8, 0.151 0, 0.089 4, 0.0121 9, 0.145 4,
0.095 6, 0.095 6}

HALVHESE V= (055, RIF, P&, kig, %),
Xof B4 M {90, 80, 70, 60, 50}« ¥ x N IETEH R
PR A, B 25 S8 R 5 A S8BT A (as by o
dve), T VHESE Vi 5 MERWIL AR 5o

Xmin + 6 _ 30 30 Xmax + 0

a=———,b=x———,c=x,d=x+—, e=

2 N Vi 2
(11)

X PR TR bR HE 2, noNFEAR SR .
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Tab.3 Evaluation index data

it NASA-TLXiF>  TARSelimt/s AL EHA% AL EHA %  IZIRE/Remin) ALY Tpx RN s FERLEL

" 08 1S3 = R i[9 = S ik S i3 = N il IR i3 =SS s 1 RN i3 =R it/ 5! i = ik 5 O i = R i[5 8 i =
Bl 59.3333 31.6667 159 130 63.6  100.0 91.7 95.8 133167 192833 392 3.8  52.61 51.82 232 199
k2 60.000 0 44.0000 160 101 72.7 90.9 93.1 958 187833 189833 3.78 3.71 91.83 6222 326 224
k3 74.666 7 42333 3 126 117 72.7 100.0 94.4 972 16.0833 214833 379 3.63 64.61 4391 272 187
B4 63.6667 39.0000 154 139 90.9 90.9 98.6  100.0 14.0333 193167 4.11 355 5831 4298 235 193
kS 66.000 0 42.333 3 117 112 81.8 100.0 98.6 100.0 11.8667 159833 437 425 6289 36.10 239 161
Bik6  65.6667 39.6667 154 89 90.9 72.1 97.2 98.6 10.5667 164667 421 398 6549 60.71 279 241
7 653333 453333 159 133 63.6  100.0 95.8 97.2 159833 189667 3.86 3.64 9416 78.19 355 294
k8  66.0000 48.6667 162 155 72.7 100.0 94.4 972 139667 233000 429 391 66.13  70.17 291 254
Bik9  69.6667 41.6667 140 123 90.9 100.0 98.6 98.6 13.6167 216500 4.16 425 66.03 57.61 280 227
10 52,3333 45.6667 166 118 72.7  100.0 100.0 98.6 155333 227667 3.66 345 7629 62.56 309 279
k11 62.0000 43.0000 168 125 100.0 100.0 95.8 958 162667 164500 427 346 67.83 65.35 272 249
k12 56.666 7 48.0000 151 127 63.6 90.9 94.4 972 125500 16.0667 397 395 67.12 4323 245 182

W, 45 2 12 4 Bl oot 3 s PR T 7 21
24 EOBIPEOTRERE o SR A INBCT B SE N B A% 6 S
TR ZR G VRO, 15213 4 TP iI4,

MRAE R 4 BB 23 5 VPO 45 2R, TS Sl A e
PR B4R 5 4 242 6 VLTI AR 25 6 1A 45
RV EIE o JEUn T 2R S B VA 15 2008 62,51,
T S S5 ST 4595 0 78.10. et J5 i i vF Ak 45
R BT R A St 2 S0 B AR AR B R4 2
BAEE AP TR Bt o XIE 1A SR
HIBCTH IR AT

3 4t g

AT FE30 3o 56 AR AL B I 1 B, 4T VA T
oA B X 25 AT AR FIA R SR IO . & 5
SRR 2 AT S8R TSR W
A 50 49 W 10 5 A, AR B SC3E4T T Shapiro-
Wilk 1F 25 PE e B, 45 536 W1 500 22 (75 & IE 45 4
A5, WAL T HEAREA ¢ R O RTER & P . 3 — 102
BRMOMHTFRN, BOH R 0 U B B AR T
{55 52 B 1R RIE 00 9] 1 3 o, B 20> T

R4 BWHEHBIEEEREAS A AAEMGESIENER

Tab. 4 Fuzzy comprehensive evaluation results of human-machine interface of display and

control console of forest fire-fighting command vehicle

Vi V2 V3 V4 Vs ENEPR
Bk

HURET o SodEr SuiiE SulEr SutiE odudtar SutlE dowr duftlE doER SudtE
Pkl 0.000 0.317 0.125 0.330 0.259 0.304 0.246 0.049 0.370 0.000 61389  79.143
k2 0.000 0.177 0.166 0.447 0.141 0.327 0.232 0.049 0.460 0.000 60.142  77.509
B3 0.000 0.531 0.180 0.395 0.364 0.073 0.244 0.000 0.211 0.000 65.133  84.578
Pita 0.000 0.480 0.207 0.226 0.281 0.274 0.503 0.020 0.008 0.000 66.873  81.668
ks 0.011 0.518 0.275 0.220 0.260 0.090 0.127 0.048 0.327 0.125 65.160  79.590
Bite 0.000 0.246 0.070 0.175 0.297 0.378 0.389 0.143 0.245 0.058 61.908  74.072
7 0.000 0.200 0.037 0.333 0.239 0.277 0.246 0.152 0.478 0.037 58337  75.069
B8 0.000 0.274 0.000 0.074 0.078 0.419 0.452 0.233 0.469 0.000 56.090  73.884
Bk 0.000 0.301 0.134 0.409 0.352 0.151 0.375 0.014 0.139 0.125 64.819  77.487
Wik1o  0.114 0.419 0.134 0.348 0.185 0.168 0.269 0.065 0.298 0.000 64971 81211
Bkl 0.151 0.296 0.000 0.236 0.259 0.384 0.268 0.084 0.322 0.000 63.900  77.452
k12 0.000 0.191 0.014 0.221 0.383 0.539 26.000  0.048 0.276 0.000 61352 75.551

1 V1L V2, V3, VA, VS50 REBURE 5 IP SR I 25 b FRa5, RIF B 5%
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Tab. 5 Descriptive statistics and normality test results of indices before and after optimization design
. NASA-TLXIFSY  EAEEMMis  EEFERFS  REFERR% TRE/Kmin) BT H/px TEVUIN /s RN
THIR
s s iEr s el fUE AR E fUfEr R ffEr ME AET  AELE fiEr MRS
WH=IR 6344+ 4261+ 15133+ 12242+ 7801+ 9545+ 9605+ 9767+ 1438+ 1923+ 403+ 381+ 6944+ 5624+ 27792+ 22417+
i 5.93 4.54 15.85 17.23 12.55 8.23 2.56 1.50 2.26 2.63 023 028 12.35 12.72 38.16 40.94
(0% 934% 10.66%  1047%  14.08% 16.09% 8.62%  2.67% 154% 15.68% 13.68% 5.78% 727% 17.79% 22.61% 13.13%  18.26%
w 0.957  0.967 0.802 0.961 0.895  0.902 0918 0.905 0912 0.800 0961 0.960 0.918 0.887 0.880 0.840
Pl 0.796  0.870 0.061 0.825 0346 0389 0492 0404 0451 0059 0826 0.823 0.493 0.305 0.270 0.129

¥ Shapiro-Wilk IE A& A L0 I Ze - S5 12 v w, HEUEYERIA[0, 1], WL, RIEIESRBIL EA D16 .

M L3 SR A E LR B e sk, Ik — DA s 1R
BT FE IR G E TS T AR R« it iit
BEUCE T EAESS SE BN IA] AR IR R FERLIR
HOANEALS 8] (R 60, B — WU L | HAEFETHE S
RO NVAERF 1 75 T ) 5 25 L %

S WAL, AHTFCAEPPAG ik TabRgEE
J R SRS S5 TT T HEAT 1 BT . VR AHOR IR 12 2
G PR BRI F S VPG, B KA R T 1
EREVEM R o ABEFTIR M T — B BI04 117
FHHEZR: £5 5 BWM-IRBLE 5 28 & VRO, &
L2 R AL TR AR AR R IR 1 AR 55 BTG IR B e
NASA-TLX ¥ 73 5%, AT 3 i A0 A 280 R 1R 1T A 4
JZ, SENRAR GE VAL T ik v o 2 R 1 ) SR PR
Yo BEAL, AW TR B 22 W R RS ASE 7Y 7 5

MBI fE , vRAb TG EE AL PR 2R A
B2 YA S T T AN AL B9 T PP A AE 2R Y
3RS

i o xF b e A S HE, AWE T TR R
KO £ TR A AR 7R 8 25 ARG 1 R A B K R0 B, 3K
— R R T IR B S U6 45 R A HE— P IGAIE, IESE T
RS RLAE S S T DIE A AR I P AR R TR 4 K
ML 2R G ) I 100 A2 L, AT Uil oh R 4R
HA SRR AEER, BFRTT T mERE L
S5 AT R o BRAb, S5 G IR B E LI 18] g5l A e
ALY SRAG B AR S Kl BE—PAEsk 7 B IRE RS
INRYAINEIENINES S L

K R BN AC SRR, AW TN w5 A AR
TP SR A T S B e e I S S

Fo6 MU EIERARN (XN R SR ES T )

Tab. 6 Effects of optimization design on each index (paired samples #-test and effect size analysis)

febr  NASA-TLXW4r EATSSTERUT /s FARSSIEMZR/% AT IEMZR/% BZIRE/ R -min™) BEILY Tk/px  HHLE A/

paRIR/C (1

95% CI  [15.88,25.79] [15.94,41.89] [-28.03,-6.85] [-2.59,-0.64]  [-6.64,-3.05] [0.068,0.39] [6.31,20.10] [38.14, 69.36]
Cohen’s d 2.673 1.416 1.046 1.050 1.714 0.906 1.216 2.188
t 9.260 4.905 3.624 3.639 5.936 3.139 4213 7.579
plE 0.000 002 0.000 5 0.004 0 0.003 9 0.000 1 0.009 4 0.001 5 0.000 01
1 95% CIRNZIBHRIEIS % I BAS /K P F AIMGTHIX [a); Cohen’s & 7~ 5 2H [0 22 7 IR BB i, BUE K R ZE IR 2
x7T FAHREEMHATMRESTLE
Tab. 7 Comparison of this study and other research results
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[41] AR RS T Bles 2] PR TR 1 T A L S 5 e




%6 WRA T4 3 TN SR B AN LS T S35 VAR 7 i —— AR B i 4 2 4% 5 9 f 149

I TR TT 58 o G AHIE FOAE 2 YRt & 5 T5 LS T
IS T i, (EAAE SR/ IRYE, a4 B HE Ax
TR B, AEAS KR D o ARRBT AT 1 — Dl
ABUE S A RBL 5 B & NI A, SE T
R ZE M S HERTE . Ak, 45 S N TR BN
H & N IR, F 48 REE AR 5 SR AF B3 SRR IR S
LK S SN Y s W] B i 21 VI S A R X

4 % Sy

ARFFRARH T — AT BWM VEFRBGE 1 3
FRLRE AU Y, 45 B OMI 2R G VP, St T
ZYFRFRII ARG M. B RME IR ERE S
T 1 S 56 56 UE , 1B R A AR B T R e
5o SEEREUE BoR, A 1 SR R EE R T TAESS
RO AAEWPE, AT 55 58 B 18] 48 77 42 (122.42 +
17.23)s, 4£ 55 IEH Z 52 F+ 22 (95.45 + 8.23)%. R3]
AT B, JEAIR B> & 56.24 £12.71, fEFLY 5K
P& 42 (3.81 + 0.28)px, 1M NASA-TLX V¥4r &3 T
P2 42.61 + 4.54, IXEE25 L7873 B0 UF 1 W\ 0 54T 1)
ARG A AT 55 ORI B T . R, A
NEHRFZG NN TR T —Fh B A & 1)
JiEBHELE.

EHEAMOE R THRWREDEEERES, &
AIHE) B oAb e Rk B, NS SR 7T RS2
BRIEME T A 3. SR, R SLIG IO UE T MR
THI 2 LS, 1555 5 RE T i iR = PR o 24 i S
B REA R EG /N, T RE X AIE 70 45 B2
A PR RIS, SEBRERAE IR I B A TR AN 5 2
PERT BE XA R A R Bk K

HRRAF NG T LA LRSS Y, P
WEPR AL T BB A8 B, 8 3 3 K S8 AR DL
PREBE A B E A AT S . BT S, K
THEL 7 Kk 5 W 3 BLALL K AR A v R K B [
BAE R R 2 AR 55 505, RSB — &R IE AN A
25, DI IR R AE R I 3 5 N B . BBk, 4R
R LA TR AR VPR, KA B TR A T A
BEER RGBT

RART E, AR FAIGAE T R & THE R E
Y PR ZEAER, & N HARE RAT5 R G AL
FLm AR AL T B A vk, N RT 2%
RGN EROR A 2 AR BE e T B AN 92 B LA

Z £ x #t
(1] XBmH, RFEHE, BRisk. 5T Vague FEHIAHLF AT 5 IRZ)IE ER T
A (1], LRER244R, 2016, 23(3): 222-227.
Deng L, Yu S H, Chen B. Eye tracking evaluation of human

machine interface layout based on Vague set[J]. Journal of

Engineering Design, 2016, 23(3): 222—227.

[2] Sweller J, Ayres P, Kalyuga S. Cognitive load theory[M]. New
York: Academic Press, 2011: 37-76.

[3] Paas F, Sweller J. An evolutionary upgrade of cognitive load
theory: using the human motor system and collaboration to
support the learning of complex cognitive tasks[J]. Educational
Psychology Review, 2012, 24: 27-45.

[4] Smerecnik C M R, Mesters I, Kessels L T E, et al. Understanding
the positive effects of graphical risk information on
comprehension: measuring attention directed to written, tabular,
and graphical risk information[J]. Risk Analysis, 2010, 30(9):
1387-1398.

[ 5] Gegenfurtner A, Lehtinen E , Siljé R. Expertise differences in the
comprehension of visualizations: a meta-analysis of eye-tracking
research in professional domains[J]. Educational Psychology
Review, 2011, 23(4): 523-552.

[ 6] Rl Bhil, AR, 55 F-star MIGHIFEE R RGP G RITHE

JE DhBE S TRT 5 [9]. ALtk K2 24, 2005, 27(88 T 2):
1-4.
Feng Z K, Yao S, Hao X Y, et al. Design thoughts, functions and
application foreground of F-star-GIS platform for forestry
farms[J]. Journal of Beijing Forestry University, 2005,
27(Suppl.2): 1-4.

(7] EMER, D4R, . BT R D R T RABEAL Ko R Al T
5 [7]. FRAK AL, 2024, 40(2): 151-158.

Yan S L, Ma J D, Tian J. Research on fire risk assess-ment based
on Hidden Markov model[J]. Forest Engineering, 2024, 40(2):
151-158.

(8] KHr, 2530M, WG 5. BT IoL AR AR I 48 IR MR o S 2%
G KSR [7]. AR Ak TR, 2011(2): 52-55.

Zhang X, Li W B, Cao Z Y. Design of flame detection module of
forest fire monitoring system based on wireless sensor network[J].
Forest Engineering, 2011(2): 52—55.

(9] TGN, X0 T, BRim, 55, 75 bR 28 10 X RRAR o R AR A
TR (], RACHRLR 244K, 2024, 52(3): 90-96.

Cao L L, Liu X Y, Chen X, et al. Prediction model of forest fire
occurrence probability in Yanbian area, Jilin Province[J]. Journal
of Northeast Forestry University, 2024, 52(3): 90-96.

(10] 3KWE, MRist. AR fe 2 B AHLAS B BETHBE T [7]. ALAER}
HiR, 2024, 46(22): 186-189.

Zhang X, Chen B. Research on human computer interaction
design of ship intelligent cockpit[J]. Ship Science and
Technology, 2019, 46(22): 186—189.

(1] R, )RS, XA, . 2T IR S0 1 KL AR 53 T 7 7
Rl T (1], BHERAR S TR, 2023, 23(33): 14144-14153.
Song Z T, Liu Y X, Liu Y, et al. Analysis of the aircraft cockpit
interface character encoding based on the eye movement
experiment[J]. Science Technology and Engineering, 2023,
23(33): 14144-14153.

(12] EfHMH, B, REEH, & B E AR AN BB R R
WEFLEERE [J]. MLk, 2024, 41(8): 30-36.

Wang W W, Gu Y H, Yu S H, et al. Research progress on key


https://doi.org/10.3785/j.issn.1006-754X.2016.03.005
https://doi.org/10.3785/j.issn.1006-754X.2016.03.005
https://doi.org/10.3785/j.issn.1006-754X.2016.03.005
https://doi.org/10.1007/s10648-011-9179-2
https://doi.org/10.1007/s10648-011-9179-2
https://doi.org/10.1111/j.1539-6924.2010.01435.x
https://doi.org/10.3969/j.issn.1001-005X.2011.02.015
https://doi.org/10.3969/j.issn.1001-005X.2011.02.015
https://doi.org/10.3969/j.issn.1000-5382.2024.03.013
https://doi.org/10.3969/j.issn.1000-5382.2024.03.013
https://doi.org/10.3969/j.issn.1000-5382.2024.03.013
https://doi.org/10.12404/j.issn.1671-1815.2023.23.33.14144
https://doi.org/10.12404/j.issn.1671-1815.2023.23.33.14144

150 b M ok Ko ¥ R %47 %
technologies of intelligent cockpithuman-computer interaction of Northeastern University (Natural Science), 2023, 44(10):
design[J]. Journal of Machine Design, 2024, 41(8): 30—36. 1514-1520.

(13] WRdz, B, W2, 4. Ba I S P S kA R A (07, [24] BAFE, ditk, SLE. RACHLS B RS B0TH S AR
HHENLRSN I, 2022, 31(7): 307-315. BB [J]. M TR, 2023, 54(4): 1-8.

Chen L, Lii J, Pan W J, et al. User interface layout optimization Zhao C L, Meng H, Sun L Y. Consideration on the design and
incorporating  cognitive load[J]. Computer Systems & integration of commercial aircraft cockpit systems[J]. Avionics
Applications, 2022, 31(7): 307-315. Technology, 2023, 54(4): 1-8.

[14] sk, 222 bk, B 254 BoiopL R B0 15 TR ¥ 510 A5 = 3 [25] Rezaei J. Best-worst multi-criteria decision-making method[J].
¢ [J]. BUbksit, 2024, 41(8): 127-133. Omega, 2015, 53: 49-57.

Liu L, Li Z L, Xia Q X. Research on interface layout design of [26] ZEA B, BOB 25 & VEAN TE = RS B2 B35 7% Hh 1 3L AJF
CNC machine tool operation panel[J]. Journal of Machine Design, 7T [J]. B3 T8, 2023, 44038 T 1): 663—-669.
2024, 41(8): 127-133. Li F X. Research on the application of fuzzy comprehensive

[15] Deng L, Wang G, Yu S. Layout design of human-machine evaluation in the teaching performance evaluation of college
interaction interface of cabin based on cognitive ergonomics and teachers[J]. Packaging Engineering, 2023, 44(Suppl.1): 663—669.
GA-ACA[J]. Computational Intelligence and Neuroence, 2016, [27] W B, 484& 7%, sk, 2. 5T JACK 17 B HLBh B i =] ML
2016(3): 1-12. FENWLLARSHT (], E TRENUB SR, 2023, 21(2): 139-144.

[16] XSTH, BRdk, KBEW. 5T 2R K ARSI = N F S Shi Y, Xu G N, Xin Y S, et al. Ergonomic analysis and of electric
HRA ¥4 [J]. tH5EHL RS R, 2016, 52(1): 260-265. monorail crane cab based on JACK simulation[J]. Chinese Journal
Deng L, Chen B, Yu S H. HRA evaluation of interior of Construction Machinery, 2023, 21(2): 139—144.
environmental of cabin based on analytic hierarchy process and (28] =K, 22 RR, S, . INHREE G REVR R AR AL 5 5B )
grey correlation analysis[J]. Computer Engineering and BT FLLRIR [1]. mEERR, 2024, 50(9): 4019-4036.
Applications, 2016, 52(1): 260—265. Yuan Y, Miao A K, Wu H, et al. Review of the research

[17] Lu J, Ma J, Gong Z. Design of human-machine interaction framework and key issues for low-carbon integrated energy
interface for autonomous vehicles based on multidimensional system[J]. High Voltage Technology, 2019, 50(9): 4019—-4036.
perceptual context[J]. Scientific Programming, 2021(11): 1-8. [29] BH]. AREEIE G 005 AT oA (1], B EHL, 2024(7):

(18] Bk 5 AR, FJE 8, TN, 2. 2T MR A 20 & i s I TR AL 27-30.

MR R A AN AT 7T [J]. ANZRAK%%, 2024, 30(2): 46-52. Zhao K. Simulation and analysis research of ship-borne display
LuY L, Wang X Z, Wang Z C, et al. Research on cognitive load and control console[J]. China Machinery, 2024(7): 27-30.

of display interaction of construction machinery on the plateau [30] ZkAim, ARum#, fkst b, 5. 5T Jack MZEBEAMEEAN L
based on eye movement physiological measurement[J]. RS [1]. B2 TR, 2024, 45(4): 107-114.
Ergonomics, 2019, 30(2): 46—52. Zhu T, Song D S, Zhang S C, et al. Structural design and layout

[19] EXRH:, T34, F-T IR 5 faf FUBAE LI EYT APP ST AR A optimization of electric scooter based on Jack[J]. Packaging
BEAF [J]. HLE RS B & 5805, 2023, 36(6): 56-59. Engineering, 2024, 45(4): 107-114.

Wang L W, Wang J. Layout design of medical APP interface (311 BRiEZR, sk, IRAL, 5. 4 58 BEX BOR T, B 52 M 1T
based on cognitive load and genetic algorithm[J]. Development & 1t e S5 [3]. BHIFE EE, 2021, 42(6): 128-138.

Innovation of Machinery & Electrical Products, 2023, 36(6): Chen J D, Zhang Y W, Zhou X J, et al. An evaluation of the
56-59. influence of expert familiarity on technology foresight and

[20] Sweller J, van Merriénboer J J G, Paas F. Cognitive architecture optimization of parameters[J]. Science Research Management,
and instructional design: 20 years later[J]. Educational 2021, 42(6): 128—138.

Psychology Review, 2019, 31: 261-292. [32] FRUNNN, SE4RHH, 4R e, TR RER & MRS AR

[21] van Merrienboer J J G, Sweller J. Cognitive load theory and STRIEFT [J]. A B, 2023, 49(8): 54—64.
complex learning: recent developments and future directions[J]. XuL L, LiJ Z, Xu X H. Research on cognitive load of human-
Educational Psychology Review, 2005, 17: 147—177. machine system based on central control console of intelligent

[22] B4 B, X8 0. 2 T 15 Bk i R I w vh e AL 0], PESER, fully mechanized mining[J]. China Coal, 2023, 49(8): 54—64.
2023(2): 98—101. [33] Wang X, Pang L, Miao D, et al. Evaluation of intelligent auxiliary
Zhao X G, Liu M L. Research on interface design based on information presentation mode for collaborative flight
emotionalization[J]. Art in China, 2023(2): 98—101. formation[J]. Aerospace, 2025, 12(1): 57.

(23] J2k, BREl, ELe S, 5. iR R 2 B A i L e 18 R 5t (34] VRKRA, 2N, RIU3K, 55 TR AR SERA G

ROATFL [0, A b K 2 22 4 (B 2R B 2 W), 2023, 44(10):
1514-1520.
Zhou Y, Chen D K, Tan X X, et al. Study on visual search

performance of cockpit interfaces under time pressures[J]. Journal

THA R AT [J]. PH RIS R 22441, 2022, 57(2): 401-409.
XuY S,Li L L, WuY D, et al. Optimization design of interface
layout of high-speed railway control console based on attention

distribution[J]. Joumal of Southwest Jiaotong University, 2022,


https://doi.org/10.3969/j.issn.1003-3254.2022.07.041
https://doi.org/10.3969/j.issn.1003-3254.2022.07.041
https://doi.org/10.3969/j.issn.1003-3254.2022.07.041
https://doi.org/10.3778/j.issn.1002-8331.1410-0305
https://doi.org/10.3778/j.issn.1002-8331.1410-0305
https://doi.org/10.3778/j.issn.1002-8331.1410-0305
https://doi.org/10.3969/j.issn.1002-6673.2023.06.017
https://doi.org/10.3969/j.issn.1002-6673.2023.06.017
https://doi.org/10.3969/j.issn.1002-6673.2023.06.017
https://doi.org/10.1007/s10648-019-09465-5
https://doi.org/10.1007/s10648-019-09465-5
https://doi.org/10.1007/s10648-005-3951-0
https://doi.org/10.3969/j.issn.1003-045X.2023.02.017
https://doi.org/10.3969/j.issn.1003-045X.2023.02.017
https://doi.org/10.12068/j.issn.1005-3026.2023.10.019
https://doi.org/10.12068/j.issn.1005-3026.2023.10.019
https://doi.org/10.12068/j.issn.1005-3026.2023.10.019
https://doi.org/10.12068/j.issn.1005-3026.2023.10.019
https://doi.org/10.12068/j.issn.1005-3026.2023.10.019
https://doi.org/10.12068/j.issn.1005-3026.2023.10.019
https://doi.org/10.12068/j.issn.1005-3026.2023.10.019
https://doi.org/10.1016/j.omega.2014.11.009
https://doi.org/10.3390/aerospace12010057
https://doi.org/10.3969/j.issn.0258-2724.20200414
https://doi.org/10.3969/j.issn.0258-2724.20200414

6

WRAS 04 3 T AR S 9 AL S T 45

PR T3 —— LLR AR R 45 R4 6

151

[35]

[36]

[37]

[38]

57(2): 401-409.

FEFEDL, DU, SRS, 5. R ANLR G S i iTELR
XA 55 N B3 SRR B 7T (9], Tolk TR 5 8 3, 2024,
29(5): 14-23.

Wang J Y, Zhou H X, Wen Z C, et al. Interface design of complex
human-machine systems: the influence of pre-cue on human
tasks[J].
Management, 2024, 29(5): 14-23.
B, RRT, FWE, 5. SRR A AN 4% St o=
PRAERRAL [J]. B RUEL T RS2, 2021, 45(3): 375-384.

Zhao Y Q, Wu T Y, Li Y J, et al. Quality evaluation model of

performance in dual Industrial Engineering and

man-machine manipulation interface based on multi-index
decision-making[J]. Journal of Nanjing University of Science and
Technology, 2021, 45(3): 375-384.

AR, 5K iliile, 25 B3, 55 [ A SMR X LA R AR b ZE 4t
FoHE R R A B R EE ()], b UMl R 2 2 4R, 2019, 41(6):
154-166.

Sun S F, Zhang S S, Li Y X, et al. Studies of several large-scale
forestry operating vehicles at home and abroad and prospect of
vehicle type design[J]. Journal of Beijing Forestry University,
2019, 41(6): 154—166.

KA, AR, BTE. BT 3S BiAR M) = 4E 4 AR B
BRI (0], AL MO K 5 22 4, 2007, 2908 T 2):
103-106.

[39]

[40]

[41]

Zhang D Y, Feng Z K, Zang S Y. Three-dimensional monitoring
and directing system responding to forest fire prevention teams
based on 3S technology[J]. Journal of Beijing Forestry University,
2007, 29(Suppl.2): 103—-106.

KX FE T SuperMap ¥R AR 5 I 2R G5 (K S B[], ARk T
£, 2011, 27(5): 50-53.

Zhang H. Realization of forest fire monitoring system based on
SuperMap[J]. Forest Engineering, 2011, 27(5): 50-53.

W IR SEF GIS BRI J2 TR A3-H i 0 Rk K 5 RS [X Rll——EA
W R T am B O [I]. AR B MOl K 2E R, 2025, 53(2):
114-121.

Chen G F. Application of GIS fuzzy analytic hierarchy process for
forest fire risk zoning study: a case study of Ningyuan County,
Hunan Province[J]. Journal of Northeast Forestry University,
2025, 53(2): 114-121.

T, A, BVE A, S5 R LA B 2 B X
SRR T [J]. A AL MOk R 224, 2023, 51(5): 113-119.

Wang Z H, Dong H, Zhao Y Y, et al. Prediction of forest fire risk
in Yunnan, Guizhou and Sichuan using machine learning
model[J]. Journal of Northeast Forestry University, 2023, 51(5):
113—-119.

(FTHEHREE % 48
THERE FIXMH)


https://doi.org/10.3969/j.issn.1001-005X.2011.05.012
https://doi.org/10.3969/j.issn.1001-005X.2011.05.012
https://doi.org/10.3969/j.issn.1001-005X.2011.05.012
https://doi.org/10.3969/j.issn.1000-5382.2025.02.014
https://doi.org/10.3969/j.issn.1000-5382.2025.02.014
https://doi.org/10.3969/j.issn.1000-5382.2023.05.018
https://doi.org/10.3969/j.issn.1000-5382.2023.05.018

	1 综合评价方法的构建
	1.1 评价指标的选取
	1.1.1 基于认知负荷的显控台人机评估指标
	1.1.2 基于人机工程学的显控台人机评估指标

	1.2 主客观融合赋权模型构建
	1.3 模糊综合评价法

	2 森林消防指挥车显控台综合评价验证
	2.1 仿真验证
	2.2 实验验证
	2.2.1 实验设计
	2.2.2 信效度检验
	2.2.3 综合评价结果


	3 讨　　论
	4 结　　论
	参考文献

