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Abstract

The design of the human-machine interface (HMI) in nuclear power plant control rooms directly affects operator efficiency and
nuclear safety. To address current issues such as insufficient task matching and poor dynamic adaptability of interfaces, this study
proposes a control room HMI function mapping method based on task analysis. By introducing Hierarchical Task Analysis (HTA)
and Functional Abstraction Hierarchy (FAH) theories, the system analyzes operator cognitive behavior and task flow, constructing a
collaborative framework for task decomposition and cognitive modeling. On this basis, an interface mapping strategy is designed with
semantic continuity and multimodal feedback, and it is validated in typical scenarios such as accident handling, routine inspections,
and alarm processing. Results show that this method can effectively enhance interface logical consistency and interaction efficiency,
significantly reduce operator cognitive load, and improve operation accuracy and response speed, providing both theoretical and
practical pathways for control room interface optimization.

Keywords

task analysis; human-machine interface; function mapping; cognitive modeling; nuclear power plant main control room

ETESHSITHEEEAV R EIIGERE A EAR
EwaR

R RETRBEAIRA R, TRE - TR F1 518000

wmOE

Bb T EHEFANREE T AEY ORI RGREAES b %s, A ST REOESTRERL, HEERMLESE
B, AR —FETELEITO IR EANR @A 7k, BEFIANBERES M (HTA) S5 B4
(FAH) #it, RAMFBRYT AT ALELSR, MEES MBS AEENMRESR, Aiiliah b, ZiHEESH
5 3 MAERGA R B Rk, FEFHRAE, BFRASRELEE RN T PRIE, SREW, Z7 kA mAR
M-S XA, BERRBEAR AR AR, REBEEHES Rk E, AERERARARET RitE £K
iz,

ES 5|
AL AW, FhRemdt; Afidd; e 2ixE

1THREREEX

R EREEAZRISETIRG, HANSR L
THELRE IR BRI SO R, i oe R ERE
B SRR ERESTE A ERE RS, BT E
55 M B ST TR EDRER S S 1E B2 AR R 5 R SE DR
B LITe, B BT ATERE 00 N RIES R
S5EETK, WEfFe NHTREENNZTRE,
A RS SR, SEEISH TR SR EE S A R RS AR,
2N R T A RIS T SR TSRS —E
R, (ESEIEAES D SEIIRES  ZES AT

(EEEAT RII (1992-) , 8B, PEI FRIIA, A
B, T2, MBRABEEHZERAR TR

52

R IREY . Fib, AR B —Magb. 7]
PRUERSHZHREMUNTT I, RS AT F G R,
BT EIEE AN AE . (R e e SO 550
B
2 1T A SRR

YT THES DT i 2= ABLF H DD RER 7T E
BUS T —EpR, THREES RS RS THMRER T
FEELE. A, EMRIFEEZ N L. E%, 28T
RMETEFESESHRIOIREST, s TSRS
REPET SRR D, XELLl R SEPriEfTrh 2RI R B 7
Ko Hk, BATEELREERES S ZIENUHEDT
HIRRBOVARR, SESTREE 2 TOU R . 15k,
EIHREAL IR FH R S5 G S5 R SHREM T R AT B



TIREFAREEE - £10% - £ 084 - 2026 £ 04 A

B, BFITREARGMIRITTE . ASOERIET Bl
FURRE, BRI —FPERATERHREGTT 7, BRI ZH
TR AU TR IERE S F P AR

3 ETEZHIERZE AR E IR GT
TiE
31 EEDHHIE
3.1.1 BRAEG 24T (HTA)

EVRAESS 53 HT (Hierarchical Task Analysis, HTA ) {E%
—F RSN G, EWERE R ER T A T EE
TER. HTA Bl 5 RIS i 2 m] BT
HTFAESS 731, IS B S M SR . #RIE 1SO
11064 brifi, B ESEEE s AR 1SHr . 26155
IEPONDDREIR, A DhREEE— A BRI 2R
B, e dsg /K=Y, R G (RO) F1
FRHIRIG (TO) MRS FIIMIFEANE R H o2, LIS
RHBRVERIE, PRI, TO WHERIERBEEST
RO, HAHEIES R T FEE, XA LN IhhER:
BHEME T HIERIE Y, bAh, HTA INEEASIRBIES i
TENRIRZE, GlanS ey S EE T EER, RZEFEES)
AT SRS, DU DI R AR G116 .
30245 B R AERE

(155 RIS T FUT- 55 il A 2 Pt B2 5
%, HEETHMSRESHINE SRR, MinA ik
THEHLEWTIZERNEZE, DI2eE: TOUREA B, (E5EH
ALY =R &RE . ASRENERE. Falw
B, (B FEREAHFIEAT KWW FR%2, (T
U KRR SR AR ES BIRERE;, ka2, U
RETIR RS RIS, DhRESR Z N
( Functional Abstraction Hierarchy, FAH ) FE{piE— 20 BRE
YIRS A ThRe A, Glanmd A8 e 5K AR A
TR G IR SRAL, R\ ATC TR E TR ] B A
G s B AR B, X PR R B AU B TS i,
R ST DI REML A BE T T IS A A At
3.2 INFIEE S ThAE K
3.2.1 IKFa AT A AL HT b5 3EAR

TEFEE TOUT, #R\ R BIAKIT T A A S Bhag ik
BEAREZEEm, PFREH, B AEES R TR
PR S S, XS BT R AR iR T
BEEK. BN, R AR ERERR (SGTR) FHilt
3, IR T RN SN RGN SEE L, Hdudi
Hid ., AT Rasmussen SRR BAERIAOEFIREE, #R00R
FIAEI T AP AFRERL . RNEA R — i, &
A E B R RFTRNE . ik, RS RER S ZEIX
SEINRRHE, 1B VRIS R B3 I SAmr S A T4
RN TR, BT DR DRI G PRI e H R S

L (SN &
322 MRkt B (FAH) 25

DIREFH SR Z 2 (FAH) FRIS Bl s S5 i 5 1)
REEEINI RS, (EHRI\ BT B B HR A RG0S
B, EE T FEEERGS, RIESE LAY SIS ET S5
KOTSRS BN, R\ S TS E R =T A
Wr 29 B RS B E. YN, FAH FEISRSR I e Betas il
Ao ARTEMLE A, Wy R (g @Ik
RS RSN, SIS EIRIER IR
TIPSR T 5, X7 AR U S T R (S BIEBR
R, REEEIR TS RIARIGE, AEAR TN IERE
POL T H J30F
3.3 AHFRHEIhAE ST R B
3.3.1 & Lk gk ik it

18 AL T B T SR T35 5 ST AR R N B A8
T, MRS PR E RIS R R, T AER
%11 (Ecological Interface Design, EID ) J5¥F, /R
EIRAI s S TR SRS IPE RO, B, fELemaE
W, REERSE (RN I RS, KRB RS ) KA
IRIRFGFMRER, RS E GBI X HFE TR R, MifnseBl
ESmERE RN AL, EREETH, &
TR 5P - SHE - FERIR RIIEAEER,
BIINTEPATIESHEFR AT, SRR TR F@a FREZE
PSHIRR R AR S M2 e st s b, DR ERIA R =]
5.
3.3.2 3 HEE AR

SRS R AT B B AT . Wi A ik i 5 22 bk
B, WREASE BERR. PvERH, 5
FAEERI=ES, RERESHE R RIS R TN
BETOR. BN, EOHEEIRELR, BIARSEMER
AR SR SR ERIR . Ak, FEETFRR
RS RATWUE], FlaniEst 105dB JkiHigEns +1.2g JRANM
TRRRERIA, RIS GEIEIRESCHAEIIEROR, Hah
A B ARSI 2 HR ORISR IRAGE MNE], i TSR N R
FHLARAD & I 7 25 5 05 X B LR R (5 B I ) S &
G B IXFATEAR RS TE B EeE, RiBE
HERE T IR\ A IR R R S S O

4 ANEMESIHE T HIThRERR ST R A
41 HEKEES

EEt F KR 5 th SR S SR O R AT e
FETHESS TR DD RERLI 542 T 9 E b it o6 . Tl
Bl HE GRS M mL RraRER, PEFR
B RECATER SIS S 4B, RE TR SHnEms |8
BEDT SRR S =4, S5O S IETI < =B BEAKIE;
i, S | ASESYHLE], s . S

53



TIREFAREEE - £10% - £ 084 - 2026 £ 04 A

PILSEEBAIE, SR EATEYE. SSIES, %58
AR T KEI R, BRIR TIRER, HHRTT TR A

==
ISR

4.2 EHAEES

TERZH F = b, SRR (55 S LD ek g 22
ktEr. DL SGTR SEHOMHI, 2 5Bl T E T L. 42
EEEE TESIAETR, FIRE DL ek
NE N BEEERBEET, BRI RS, 4
I WreSEE R T, RASFRDRZESE SIRANBERA,
GEERENFIG U . PRI, 12 TSR T RERL 7572
RETE RIS R, FHRARKIRE, (REiiis.,
A3 MEREES

IREG USR] FEERILERE T NIEO
155, HP TR T2 8E B thiE, (ki IEC
60964:2009 Frfk, HEFIMTII M - Urod - #RE” 1Y
ZHEB L DR R, (BRI A AR
e dns]. RPHRERIREE R, ARESIX e, I
THES TR DD RERR S 5155 | AT SR iR EE 5 75
ek EIELERGPRIGT VR RS R S A%k
BERE (ISR NEAF S, . A R R . iRty
RIS ), A IR T RS ) T T, b
BhPadE (T
5 FiEWIES 1T
5.1 EA Rigit

ATUEFTHH FE THES i i i = AL 2 EE
Medd 5 E R, B TR R . AREES SR
&, SLRRSRE T RS SRR E RIS,
HA TR IE st Lol T TaL Dl AR i n; T
SUENRZ P E 5 25 ARH 12 2505 RN G
ZHRR; SEIGES M A=K, AfEHEKETS . Hikt
FESFIKEMARN (55, EEMNAIERI S T B 2 T O
B BALIERE D S e sk . 1 BRI, RETEE
AU TR DD BRI G 5 I TE AN A 55 I N (3 A S5
it
5.2 A IERIARE

AEHE LR E D RE AR AR, AFRER T %
TS E bRt TS . 15, (5t
SO MBI ENT S5 184 B e B A BB R AR, X
—YEPREE T S D RER SR ER R A s . Hak,
R R AT E R A EP TS IR IR E SR
B, GESERE. A ERES, HtEs 00 ne
RS PR EP RO E . A, BV B s
WHIFERIE, FEENERTS T RS A (58 2005w
FED R S R B S S 2 eSS Likert Fidii:
FIHTIE . Adt—PmIAEITUT, 51 AT NASA-TLX

54

( National Aeronautics and Space Administration Task Load
Index ) F3, ZHEMMOTR. AOFTR,. MEFK.
SRR | SSRGS A7 TR A A 22
PTG ERIESRGEEIEH, AOCTLME & AT
ORI TTERRITERE , I REME M R R R 53 TR
RBE I SGER
5.3 LIRS

LRGSR T 12 2RI\ SE = MESS = T R
H, SO rEREN, R TR 7T e 2 R
R BE Y EHEREES S, RASZEER
FHZEMG, RPN 455 T4 23%, R
PR T 15%, XRAIDIBEMST AER T 2T 252480
PSRRI NI G o« FESRUN RS, DL SGTR UM,
B ATERETES (EEISLeEARSES)) h
IR VERERRARTE T 18%, HAESS SERUN AN T 12%.
XAS 4w T S E DRSS S R U T B R A, DL
N i 8 R gmis 5 2 R ME R B R IR A 5 | T
TEIREAIRES T, B IRESCHREIS N R e T
I E GIRE IR, LR AIRERT 21%,
RERESBRIR R T 17%. thoh, EMHEZEIRELS
TR, it 85% RO S 5 S E R 275
TR, N ZEES RIS E R AR ER AT A E T
HEEEM. ZZEKRE, SREIEFIEN T Hrid Shae sy
THEERIHZR] ERE A ERRS LT N
S
6 FHiLSRE

KRR ETESITIITE, #BH T —MAREHA
PR LRI AHEZR, BRI MR =R R S
ek, RIS T (HTA ) ARAREEEAR, KE
LRSI TES DA P E TR THRER T, HESE
ThRgHS =k (FAH) Fig, SCEl T 253 ReElEm
MEFFSHES . 1X—T7 A BEREIR TR AR S B
T, RIETE GRS S RS RIS, s TR
HSES AN SR SSIEIRE, FHer7ikE
TG, B IR EN IR 2 55 R TR AR
1, AR AR BRI EIGRFIHESES TR . I,
ZITER N FPIE BB E = RS R 2 Ok T3
W SRR S, 8 TR TR RN TR REROR R
B AIAZ BT IR AR
5% 3Lk
(1] Bl TR I 50 5 SRR (1] B FROR R,

F,2023,49(S01):200-203.
[2] XURAMGEE T iR & Rt L e[ EE R

5 2024,(4):74-76.
B] FEBUTABLOE R B G2 us 2RI AR

= iR R RS ] B Bl 3%,2023,44(S01):259-262.



