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Analysis of human reliability in power system operation and research on its database system
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Abstract: Human factor is important to power system operation reliability and getting increasing attention. However, the
lack of method and data in human reliability analysis (HRA) is becoming an important reason for preventing the
development of HRA in power system. In allusion to the status of HRA in power systems, this paper proposes an
expanded cognitive model and PIFs hierarchy related to power system operation. Then a database system of human factor
in power system is established, which has functions of data collection, data management, human error probability (HEP)
calculation, and data sharing. Results show that the database system can provide data support for verifying the
applicablility of existed HRA method for power system operation and developing new HRA method.

This work is supported by National Natural Science Foundation of China (No. 51537010) and National High-tech R & D
Program of China (863 Program) (No. 2015AA050204).

Key words: power system operation; human reliability; HRA methods; PIFs hierarchy; database system of human factor

Vol.45 No.11
Jun. 1, 2017

0 3l

NG RIS L) AR Gt A m] S )52 MoK
W, AAEE TR WU UORSEN L A EORE
e KA, HL ) AR G RN BT AT S g T R S Ak
THPBT B HAT, CAT S0 AR A
NPT TOEIE, e SCERLLTH 20 7 A AR
X IR ,  1 HAE e e b 7e

EEWE: BRARHFALETIAR (51537010 ; BRFHK
RAFR LR %) (863 %)) (2015AA050204)

50 2% RN IR 32 S5 D I R BE e Asn (B F 400, mT LA
P B T AR SCRR2152 T BE0 AL A R i
PE T e CREAM. 59 SCHR[31R T it
CREAM 572 J DUrt7 0 28 5k v, 01 451 el A/ 1A PR
APAEVEREAT SAR A Hrs SCHR[413% T SLIM J5 745
W BT ) RGERAE NI R, JFEAT T 541
IPMTs SCRR[STER Y — il R v e 1B N
R R, R TR R G AP

HUL ARG D R GEERAF AT I R R A
PRI =Rtk P T AV RN PSP SIS
ANFREME, Sz RSy, tksh, BT EET



-36- @A &R B R

AT 1 TR H ) R GER AR S N R 23 7
W K E A AR 1 AR 70, 36
PRI R AR A A SE b B i BeiE . (H H Anie %
HL ) 2R B N DRSO P 2R e 4 v e N PR B 4R T A
(IHIZEREEE, N DIBOR = R T 120 f ) R G
P N AT SEVERIF S0 R JE I A

TERAUR, NN E . @ T & A
o €0 PR N DR B0 B, D S o 4 B0 1
CORE-DATA %42, 5 [ 3= B4 B2 Al (1) 2 R0 A
L 5CHIT B 9 NUCLARR #o# ), LR h R
Tk e B DR R S A N R 4
XL A N RS A, — 5T n DA A oy
Hh RGN RBURE RGN EE S, (A5 —J7
A3 A T IEMIEZE . BB AR . B
ATSEMETCIRAIE . B AL N LIS S 225 )

ACREE T RGN A, DI T I
G NSRS T 7, BETTR B REAT 54 5
HEAT 32 FERHRAE N RN EAT J i BT T 0F5% .
TESLIERY g T o) RGHERAE A AT h iR 1
SYRIRR, I )5 SE R ) R g N RBOR B R kit
O R GBS SR S R T,
R JR R 5 R A DRI W 7 R . M PR R
T HAHE SRS, B N KR
G E I REAE S S HLH

1 BARFRIEARTEESH

WL RGN DR AT SEPE 4 BT A r i RN
DRI B4 o 2 5 1 S SRR L 12— T
A F T R G E vh Ny S R 25 FRR s s v )
RGN ER e R G B RS Si f, —JTH
ML) R G0 N EIBU B R e Rk L R G N R T
P2 BT R AU ST TR AL 0 B (B S . vy
RGe s R BN R 25 (R S R E A T R
o B R R A R, 4 KA 1 TAT 45 5t
BRAERT G, 3 R BN A S0 DR 25t A 22 5%,
DRI G R T2 ) NS LS AT L A R B R g i
a8 = AT T AT R A e N R T SR 43#7
1.1 THEIGEITIREAR T ESES T

AR BB AT B 3 AR — YR A B E R Ik
BERARAE . — IRV BRI TR L 7K B8 10 40 Wl
P, SRR B M BRESE, IRBEA R L
POREE IVT X e, R BOREEENY, Hrh g i
T2 22 1 158 D 45 VE TR o 0 A S R ol g e R B
A, TS S AT S e A o A e
KM, HHESCIRI12]8050 7, 3T CREAM
IR RIS . e, RN BT 5o A o

AHE TR RN IR Bl s B G T g
RS H AR R BRI R R R
A7 ] BEAR S RIS PRSRR AR I RE IR AR S5 0% 5
TR R AT Al REA AL BRI AN 24 1) -
SRR BT REAT AT RE AR ARy A R B
Py R A NN KR
1.2 IRERBFRIEARRTEEST

B AAE £ E BRI I RSP
Wb AN AR o A R B I SRS VP Al I
P T e A BB ST R . I RSB R R AR
AHNW AR HES R . AR BT TR
FbHfe. BORAR, TR SRR
F MR Sy AT KR, iR I E R i
R TR A, R R A RE e
1.3 HEHEEARRTEES

FURU,  HL D U 2 63 32 MR r 190 I I el A
NG L REAT R B4 o B ARIE B RE A f2 il
A REBRAF R R M AEAR RS B3 TN
VR BEEAR I TSRV, RS H A ok, AR
REFF NI CUEANRESE R RE B & ITIUA, A Dk
AL 30 Y JEE R R fry T S A AR e i
AN DR T ZER IR EEIACT AL .
JEP SR IR FEBRAE R R A JLAN T I, e e A
REFH 5T, W RV . BRIEZK A
R R SROGH I bR e P S R R il D SR R A K
HATH W

2 BEARFARLERE PIFs 5EKFH

2.1 MEANE T E S THEFH PIFs

WA NIRRT SEPE B i 8 i W ) RGeiedE
AH9E PIFs 43 KRR RN EE S 2 FIEal . AR n]SEdk
AR A 24, B T LR AR ] 5EdE
S HTEN Y KBRS TR AR FEA Ny A A%
HEP [l EXH AT e i+ PIFs H4E AT 1%
1B, ANF 7100 B B AAE T3 EU T PIFs FpaRLL
& 1E VRN o 5 e AR e M) THERPHCR
SLIM. CREAM F1 SPAR-H J5 =" 181% ) |- i il
DI FFEARALTE T H0 2N R o b 3 5 S 8 () 49T 7
5 M PIFs YEHUbRYE o N THIXGX TFf HRA J77%:H PIFs
BT 45940, A1) PIF ZEAIE kA AR R,
Wk 1. £ a6 A R 5477
i AR S AT AR R . a4k R
W AT PIFs LR A0 RN 15 NEEATR

DL i 78N PR3 M 7 vk PIFs B gh. B T
HAKRY PIFs, A PR43 Bt 7 ik vp o 3 DR 35084 (145
JLE R R LA BN RIS (37 . i THERP Jy



AR, 4R

HL ) AR GE A N DR ) SR i M R P R G T - 37 -

%1 HFh#B HRA 7535984 PIFs
Table 1 PIFs of five classical HRA methods

HRA J5i% AT MmN T
TARES AT R . SERAES I AE AN A
THERP FIRURE S AREAT AR 5 PR AT s i 7
AR T
SLIM BAFTDhRE. PEAL. BOHICR. KD, Bl MREE
X EHUAEAL i
HCR TARES AT IR . ZWIITE] JAATIN ] IR Te]

E S ALIE AR
ZNEAETE . AT BAER B, AR5 5
CREAM JE AU AR S R . TARSE SRAENRE
%, HPUGERAE. HRIFRE
AT ) AR5 A . AT /D38
BARLR/EI . WHIRE . AR
TARAESRAT AR . SEAES MDA SN2 A
AR A4S A O [0/ AT PR TA) L A ) B/
TR RS SARE . AR LR NS . L
(S N SIS b S (Gt ol N DA PPN
HATERNE/ TAERRE THRIFE . K Tk
2R T

TEHORAT 55 1 R 73 AN TR R AT 55 B 0 0] N AS [R]
AN RARER, SEAEAT AT 73 K &1 . CREAM
JPEEEN R HRA J7 3200 2 D00 327 Al 4% i)
i, AR COCOM ## 7% (Contextual Control
Model), DL IDAC J5i54E IDA 2R EinAPEA
TN 2R TE RIS WA, #— e FE XY
PIFs 5 HEP [JAH B2 HLE S T 28 Eiii .
T ) RGAE S5t 2 LU ) RS H4E
AN] - AR AU R A RN AT i B, AEFIT L ) R4
#4E PIFs 70 AR R ZHTA LEXT HL) RGATS5
ST A ST ) R G EA DI N
B,
2.2 BHRGIBRMEESFEFE

W RGAES . FRE L, AR
e Nk AE 84T R m e R AN F ) AR
P AT L) RGN TSP AT, X RS54
Beor AR FEERAE . BATEAE IR IE A E =N AR
AR [, 595 BRI T = S5 TR E
T s N 2 sl AT 2, W 1 R,

1) A 3= A 5. A3 S s 2 ds
PRAE I ) A, BRI 3G, sy T
YEsRESER R, AN RGEREWRIN, fEARZATH
SEMA R TR I TR R R EH, RGOS
WA 2% IR

SPAR-H

5 HRA J7
1R PIFs %

EER(IE)

) R AE

[ | |
SEATHE \ | Kol g | \ AR
I I I

1 RNRGRIEES BRI LTE

Fig. 1 Classification of task scene in power system
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Fig. 2 Situation awareness model of operator

cognition in power system
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Fig. 3 Classification of PIFs in power system
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Fig. 4 Flow chart of design exploitation on database system
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