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Abstract Mixed reality, as a new human-computer interaction method, has broad application prospects,
but whether the mixed reality technology can effectively improve the human-computer effectiveness level in
command system remains to be researched. In order to effectively evaluate the human-computer effective-
ness level of mixed reality command interface in consideration of the limitations in existing human-compu-
ter interface evaluation methods, a multi-indicator comprehensive evaluation method is proposed by desig-
ning experiments to compare the task performance, physiological responses, and subjective feelings be-
tween the traditional two-dimensional and mixed reality display and interaction systems. By collecting task
completion time, eye movement data, physiological indicators, EEG data, and subjective ratings, normali-
zation and weighted processing of both objective and subjective data are carried out to achieve quantitative
evaluation of the interface human-computer effectiveness of the two human-computer interaction systems.

The multi-indicator comprehensive evaluation method in evaluating the mixed reality human-computer in-
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terface is valid, providing an experimental basis and theoretical support for the scientific evaluation and op-

timization of the mixed reality command system human-computer interface.
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Tab.1 Diagram of the task-based interface for experimental

operation

L5 s B9 % WR 8 0 RS

MR R H RS

1% 1

5% 2

f£% 3

f£5% 4

4% 5

14 6

FLA I SR AR AR 558
1555 1. BT IE T 4 5
155 2 4T TP By 28 KSR B 38
155 3 B0 7 o NHLEE & B J7 R HLS B
R BATE A5 A1 43 7
155 A ¥ 2007 B 25 DX S0 S 0 2 3
i
1555 5. i 41 7 Bl 25 IX 3k /Y S 980 42 % ) 5
7 P& I 3 AR A8 28 Z8 1 7 AL
E%6ﬁﬁmﬁﬂﬁﬂﬁ\
bR A TR
1.4 *%mﬁy%
PR T A 58 WUE 4% AT IR IT IR L
P Wl AR A LI AR AR A

W7 AR



72 2T RR 2025 4F
YEJr i IF T UEAT 3 i e St e P i Bl TLXOFH - B .
3T w N
HB 2 S AT O R OIR A A R N
TERA RAT. N=21" N,si=1,2,,6 (D
FB|I K palE Il AB 4L RS 1~

55 6 BT 530 78 2 AR B R 38 B R 5 b i
a5

$T4 Wil EAETHENRG S T IHITLE,
P B SE U 26 Fon &L TAE A R e Sk &
TG BRAE AT 55 2028 T 1% [0 B B 100 K DG A hy i T 45
VEAE 55 119 5 S B 1 LA S 2R B 81 4 AN S0 56 4 45 4

S 3ok T T T s AT 45 T R RN — B 1Y
FAF T HEAT BT T 2 R BORAE B RGAE
AT A RIAE 5 BsF 1) S 405 TN 00 A7 A 22 S 8 T 355 i
R A AE R — AR 55 RUBE T i Mg fE 45 B
A6 FH ) 5
1.5 LRHERE

SR AR 11 S 96 K00 48 B A 45 < AT 55 57 U ) L IR 3
BAs A PR A BEAICHE |G R RO | T M R R AT 4
FErb AR Sh BN A B T O 35 T LR TRD R L AR 2 R
WA S R R T B TR A R AR B A
O 38 I R I 400 R g R 5000 SR S 1 R
5E BT 45 BF P300 A9 9% 1 55 v AR 301 .

BB I 4 WO B A AR 2 AOC27
TR AN 1 920X 1 080 dpi, 5 F il 57 % N
75 Hz, Bids L Ry 1629, 58 B S 200 od/m” 5 Jil
LA Al 40 T BAAR , SRFE AR 3R g 100,250,
500.1 000 Hz., % Aol +130 mV., fif A BLBTA
filsF 80 MQ, LIl >k 100 dB(50/60 Hz B,
B AWM 0.7 pVs BRBCRFEF R 50 Hz 5
100 Hz,

200 K5 s 3 o 3200 i SRk R AT I 5, U PR A
WA T T )T R R T SR BRI R LB AR
FE SRR B2 TR 6 R 4YEJE 44k KA
20 AR 20 B L B 20 B R 5 43, 2 B AR 1 1
FLHE RO T S B G L e 2, R TR
TR 70 A 1 2 3 Ao 5 48 4 5 LA oy A A ofe
Jei SROFINIT A5 A 28 5% . AR ) s ook R o B il
Xt 6 A~k R AT I B A PR LR G0 SR R IR R
g B A YR, 2ot B 15 Bk
BORT H B I o Ge T 45 e 3 1 Ay B H 8 OB K
B L 15, B8 45 5L B0 A % 4 FE AL . Itk 7
PR T A A3 Y WA 5 A B O B A
UIRERINEORa 7Y S 2 T

W2 Fp B R 28 HR G @ A NASA-

AN, RSB R SEG  E B O A Y
2 PR A H RS NASA-TLX P 0400 T
W=>" WR, (2)

[P R, W BRI W, N Qe ALE

P 2 A R 58 B R G 58 AT 55 BT R AR
1 3 25 WL 52 3 B s o3 il a3k 2~ 6 s,

BHE R A 58 LT B SE R s e AT AL B
(RN LS N SR e P PR &
AIAERRPE RN RT SEVE . SRS, R TS 43 B 30 X Ak
PR S RO R AT IR 53 BT 48 OGRS .

2 KWHEIESN

R A AL 2 A AHLEE B R S A AHL T
R e 0 S B B AT 4 A AL 3R, BRCHE B Ak B 43
B A 55 X BN 8 AR 04 43 B G 32 25 00 B A %5040 19 1
— AL AT . B U — AR AL B 2D SR AR .
Xif 3 % WA VA — Ak A B DL R B0 B — S0 AT
o s R L 38 2 R 0 B 1206 1 S 45 5000 48 i 1Y
FCE AR BT o 2 B 2 SR [t R 58 &R
G5 S5 0 0 45 TURCHE F8 AR HEAT A 43 s S S R
Gt T AT BCHE i bR B I ALAS 3 AT B 1R A RS
B IR LA TG S BT 2 A AHLAE T R 48 A ML A
T 14 R 114 42 T S R PR A
2.1 EHERAIE

WA 3 AR AT 45 1 CHI W28 5 A Vb 35 3R B
PPRATIE R, 2 MBI R HERGEZE 2RI
35 ORI MAT S5 2 AT 55 6 18kl & b, aT DL
B ZE 3] MR 7R 28 B & Ge 78 I (Rl S &% b 30
TR AR T B R KGR B T 77, 4%, T A
ENISEELT 293, 300 i i 2 HE T, AT R Y R R R AT
% 1 M XS] B, EE R ANV IR AW R
ZM R B R SR, AT S5 2 AR5 6, b
EARSERERM MR B RS HRAGRERL T
B DY I R S e X R AL FORT REUR T MR &R 48
PRALAYTR A =g A B, A5 52 VE N D G % T W
iR AT 45 IR L 0 /0 TR S T L B4 B e A
it B Bt 1

M 2% 2 B T A B8 4 BOR A8 H R G 5E L
155 1 BOE A I ] 194. 7 s & Tl MR S8R 38 5



5 33

LR IR SR 12 AL LR 5 W i 5T 73

R G 58 AT 55 1 S Y R 86. 2 s, XF 2 B iR A8
H ARG 5E AT 55 17 Y I BEATRC XS T K 36 45

F51(9)=20. 096, p<<0.001; &4 4 B/x3C HF
GrRAREAR T K45 0 K ¢ (9) =42. 638, p<<0. 001,
MR B/RAZHRZRGERHEAR T W EEHR ¢ (9) =
54.322,p<C0. 001, K 5 25 S AT A1, A ) 1y R
2 H RGN FAE 55 58 U R B3 R, MR 2R
2 H R GAHE TG 5 4 B 58 B R G AR THT 55

5€ I B O TR B S

60 p—
. ~
40

g

& 30

=

oy

0
1451 %2 143 %4 {T5%5 11556
E3 EFR2HWEEZ-ZEHEEMRERXERZRZEES TR
EARERE

Fig.3 Bar chart of average task completion time for tradi-
tional 2D and MR display interaction systems based on
Table 2
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Tab.2 The average time taken to complete tasks using tradi-
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play interactive systems
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Tab.3 Average eye-tracking data for traditional 2D display in-
teractive systems versus MR display interactive systems
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Fig. 4 Barchart of average eye movement characteristics data
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based on table 3
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Tab. 4 Peripheral physiological characteristics data of tradi-
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MR display interaction system

8 4B n MR R

A1 A AR AE S5 i X )
’ / KERY LR
D/ » min ") 70 80 86
W 4/ mmHg 140 143 144
&9 R /mmHg 62 65 65
1M 48 1 R RE / %6 97.2 98.3 98. 2
150 | Z5 RS
100
50
0
LR lEin KR IS
5 ETRANESEHEEMRERTERGINEERE
HSE MR RE

Fig. 5 Barchart of ceripheral chysiological characteristics cata
for traditional 2D and MR tisplay interaction systems

based on table 4

2.4 FOEBEE

ARSI PEELANEL 6 Fros i R X BT IX 9 4~ H
M (C3,CZ.C4,CP3,CPZ.CP4,P3.PZ. POEN
P300 843 B B Al . it wiik & 19 P300 fik L 4L
PR S B 7 R, WARB/RAZETE RS T
I R AR AT O B TS 3 Bl 1L 84 Al
4.26.353.5 1 399, ¥ —F Ay P300 5 i A8 AR 1
SEAEEAT RO T R g, W R4S R A ¢ (9) =
—8.322,p<C0.05,2(9)=—5,226,p<C0.05,T ¥
Y45 R /NT 0,05, UL 2 Btk R 52 B Z S0 G I
R I AT R I R W R

P300 I & AR AR I (9 22 7 R W, MR R &2 |
RGEXTHEAEN SR HIN Tl kT B E S,
AR MR R4 T 19 P300 I I8 55k, ¥ 4k A
S 3 Y R ) f ST ) R v ) A R AR
AR, XFF2Z5aE0E T MR R MM £
WA B BT B, i 15 824 A 51 e 8 0 P dth 3R
ol ) 97 AT 55 AH SCHIEL

A e

)

9@,\?

©}

6 RBIRMNEHR
Fig. 6 Electrode position arrangement
R 5 P300 KRS E K
Tab.5 P300 amplitude and latency

W/ v AR 1/ ms
MY %4 MR B3 %4 MR B8
BRLHRSG XERE BRKERSE K HRE
1 1.41 2.56 342 400
2 2.48 4.77 349 369
3 1.43 2. 44 388 409
4 2.22 5.12 352 380
5 1.65 4. 88 352 388
6 1.42 3.62 355 406
7 1.93 5.98 376 431
8 2.53 5.52 360 382
9 1.52 3. 45 320 395
10 1.83 4,22 341 430

& ) P X oh ol ol od 0O O

SRR K I O R CAIE SR CIPA

Yy ) \\J oy ‘\J y- ‘\J ‘V()‘
() R

(b) I 8
7 BEFRSHEHE_HES MR BT EE% P300 K18
58 RPHEERE
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Tab. 6 Subjective cognitive load
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Fig.8 Bar chart of subjective cognitive load data for tradi-
tional 2D and MR display interaction systems based on
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