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Analysis method of airport terminal operation resilience

considering redundancy

QI Lin, CHEN Xiaolin
(School of Transportation Science and Engineering, Civil Aviation

University of China, Tianjin 300300, China)

Abstract; To ensure the normal operation of the airport terminal system, the impact of redundancy on
operation resilience was analyzed by taking incidents such as security checkpoint failures and staff
absenteeism at check-in counters as examples. A definition and quantification method for resilience,
covering the entire process from system disruption to recovery, was proposed. T1 terminal of a major
airport handling tens of millions of passengers annually was selected as a case study. An operation model of
the terminal was constructed based on Anylogic. The influence of the number of security checkpoint
failures, failure duration, recovery measure intensity, and the number of absent staff at manual check-in
counters on terminal operation resilience was analyzed under scenarios with and without redundancy. The
results indicate that when the system redundancy is lacking, the operation resilience of the terminal

decreases as the number of security checkpoint failures and absent staff increases, shows no significant
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correlation with failure duration, but improves with the enhancement of recovery measure intensity. In

contrast, when the system incorporates redundancy, the functional level either remains unaffected or

declines less significantly compared to the non-redundant scenario, and the system resilience is higher.

Moreover, if the system possesses redundancy and the redundancy degree exceeds the disruption intensity,

the functional level remains unchanged, and the system resilience approaches 1. 0. Therefore, redundancy

is a critical factor that cannot be overlooked in resilience analysis.

Keywords: redundancy; airport terminal;
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Fig. 6 System performance level curve
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different number of security channel failures

BREEEEER % | 1 2 3 4 5
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T4 R 0.923|0.863 [0.797 | 0.713 | 0. 645
HIUAR 0.998 | 0.981 | 0. 986 | 0. 926 | 0. 864
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Table 3 (), and R values of terminal

system under different fault durations

ik 4 /h 1 2 3 4
TCITA Q, 0. 301 0.622 | 0.909 | 1.211
BITHR Q, 0.059 | 0.165 | 0.242 | 0.284
TETUA R 0.731 0.713 0.720 | 0.715
HIURR 0.949 | 0.924 | 0.923 | 0.932




hoE T e B ¥ % iR H35%
- 88 - China  Safety Science Journal 20254F
FH 3% 3 AT A1, Q) BEL 20 B < 38 iy 386 hm , 156 B 13-

18 A EE RN U o (T | B 7 e
JEARE BN, RGE1THIME R (A5 SR KA
MR CR, B BEBUR ¢ R B & 385 it I By
YR BB A RAS P X Ry AR 2], HL R (BRI
b5 IE BT O T W RS DIREKF P () 1T AR
2, R — XA, BeAb, A T TE T AR,
RA{BETE 0.713~0. 731 P 8l , L AT TUARRT , R (HAE
0.923~0. 949 W5, U TE L KRR IEA TURTE T,
R BB ARG TCIIARR K,
3.3.3 RAZMBERIENE TRt
AAENK BRI IRM Possion(35. 8) , LR 1H 1 &L

ot 13 16, DT 2R 4 h R 2 ALK E TE L
B AEAF LA 5 h FER AR 2 4% 206 T R e 5
EAESS 6.7 h MBIV 2 4%, AT 0 AL, 19 8 R
BLUIBEAKT-eREL P (1) WA AR IFHL NI 9 B

131

1.2F

8 10 12

20 2 4

6
B E)/h
B9 ZRSNEEKFEHLE

Fig.9 System performance level curve

F T O W AT 7 2 A6 30 T b AN R 2 B
U, TCIUARIE, P(2) TR A ITCREE, P (1) ANFEAK,
1 h J5 KB IR AN 4 BAEBL T, T4,
P(t) FRERBE R A ICRI, P(0) A FHEHE TR
FREERTITUARIS /N, T Q) (R M, & K5 18 T
JUAEE, Q, R (4314 0. 807 .0. 596 ; 4 2 K it A
TUAHE, Q, R {43519 0. 991 0. 028, Jif LLTE A [A] if
20 % A AR R S BB 00 T, R G TUAR TR, R A
BRGTCTCRIEN K, Q, ARG TTURMER /N,
3.3.4 AAWEEHERE T UREFIY

RGBT FNIA IR Possion(35. 8) , LK i 18 4
Bl 13,16, 28 K38 18 W B0 2 4%, 70 AR
4 h KRB, 2 h 5 SR BV A i, YK R
R 1.2 2cLA ARG 1.2 452K an , ik
T BRI 2 RGN e KR 5L P (1) AR TR Bl
Wi 10 FroR

— HSMEIN2%
3 10 2

p) 7 6
B &) /h
(a) ZERYEIER 13 R TR/ 4k

B &) /h
(b) ZRIBIEN 168 R ThREAK T L%

B 10 ARZREETRENREKT L

Fig. 10 System performance level curves

under different security channels

H1 [l 10b AT AT 76 LA M IE A TUA BT EE R
TR R L, kAR EhE , R G
RE/KSF P(¢) TR BARME . MRl 10a AT, 76 %2 K 8
EIITCRTEN T, s B EIG, REYIREKT P(1)
TFE,q.<q,, P HEBRBL AL 7E 2 h J5 SR BUR [ 38 i
(PR B 5 it | 4K R 28 K T e i /N T 2 i, &R
SO P(o) TR, e Py < P, HEBA IR &
SAEN FLE 0 U N 5 R T T R ST
2 B, RGIIREKF P (1) IR BN A 7K 1.0, I
P’y = Py, HEBNHR &t OR A5 VA7 AN 23 0 0 5 224 kg e
TR TE 58 APk LR AN e K i, R G
RE/KF P(1) KT 1.0, 80 P’y > P, , HEBA K &2 81
VoK., 51 411 I A 5 ek 22 HE BA il 7 TR U e

HRAETIREACE- sREL P (1) , ¢ BUHIRME , 234
WtR R G ERE L 4,

H 4 ATAL TUARTE LT, R {H7E 0. 976~ 1. 0 %
L4 1.0,0, 76 0~0. 083 J% 3, #3 0, LICAR
FEBUT , Bifi 25 MK 52 15 it o J3E 096 K, R (B3 K, Q) Wk
AN, BELRTR M RGTCTUAERT , AR R 5 i
JEE XL B R G D RE AR SR AN, B T
S A R B AN TG R s M R B T R



%510 1

TS B IR YE DL B T B oA 5 vk - 89 -

x4 AEREREREETMBEREN Q. .RE
Table 4 (Q, and R values of terminal system under

different strength restoration measures

W HE ?i E?% %Mlb;: n %ﬁib;: n
TEITA Q, 0. 442 0.296 0.207 0. 104
HITHRQ, | 0.000 | 0.042 0. 083 0. 000
TITCATR | 0.863 | 0.874 0.941 0.970
HITRR 1.000 | 0.981 0.976 1. 000
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Table 5 @, and R values of terminal system under

scenarios of different numbers of personnel absence

NG EEEE/ N | 0 2 4 6 8
TCILA Q, 0 | 0.018 | 0.125 | 0.270 | 0.467
AHILAR Q, 0 | 0.010 | 0.001 | 0.164 | 0.312
JTICAR R 1| 0.991 | 0.937 | 0.865 |0.766
HIURR 1| 0.995 | 0.999 | 0.925 | 0.858
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Fig. 11 System performance level curve under different

numbers of open manual check-in cabinets

N TAEAUAE B TCATH R T N B3 B 25 R 1 5% 1 5 24
NGB B KT 4 AR, R M 0.999 F & 5]
0.858,0Q, M 0.001 /% 0. 312, YA TUAPEA AL,
s R R G R T EE R (EBE A 53 B R B0 1
MiFEAS , RGEDIREAKF Q, 3,

BT Lo br oy vk, o A R B, %L
20:00—24.00 Sk & 2iE =2 600 A/h, iR I
FAS3 i Possion(10) , J& T ik % 2138 i i, 2 IR
PLAEIIF 4 Sk 8 & A TP &t fE
W e RGEIIREAKT P(1) IRB B AEIBTTPIRS H AR
GLIURE SR, RGN R KN 1.0, REY)
REHIR Q, 0, L5 LRTIR i b RGBT fI M4
BB T 4G SRR A B HE R 253817,

4 4 &
1) U4 e TT W 4R T R 32 AT 0 .
ZG A TUAYE (U012 K308 38 50 s TP LG &

e buR Yy DL e b BN (@ IBHPEN S DN
SR ) T RGEIREKF T Rl 2N TRICR
R G AETURBER T YL 3l 5 BE I 2R GE T e /K F- 4
AR N R GE RV 235 5 T I OUAYIRAS  TE



AN C N T Hi35%;
- 90 - China  Safety Science Journal 20254
PNTE G2 EEURsl @ U1 SR ER NWNE S OF P

2) PRI R BE X T IUAR R M EIPEWR A R
AEEAE . M T ICOUAR RS, PR A 55 5 (4n
16 52 Wl el T S BB T e T R ) B
PR ROCR . PRI A It B K, R Gk IR
(e, D RE S/ 2 W0 A2 4 it e 3 i o 9 5
SR EE IR, RS8OI B Bl SR AR Y B TR i (A HE BA
TR ), L FEE AT D JEE e e

3) JUREE S Bh5R AL VE B T5 R A 4 i R AU

GOUREERS  RGIREAKFAT 2 F e, V(BRI
DRSS TN AT 3 32 R 2K A E AT 08 T [A)
EI B TRITRICR RS

4) FETIREKFIh ARt AL 16 b, BEAS A
ROTAL AN R BT URBC L (TUAR L ) N S SR (K A 5
JBE) N B s AT B, AT T 48 S A A A A
Al B B IR T BN R RS s AT A S
T PR A2 A7 A ) e S BB R s 28M

& % x
(1] 558 KR, BB, 5. SRNE TRMVIZIITEENFR]. PELZENZSR, 2024, 34 (6): 20-28.

QI Lin, HUAI Yongcheng, DAI Kejuan, et al. Study on resilience index of civil aviation airports under meteorological
disasters[ J]. China Safety Science Journal, 2024, 34(6). 20-28.

(2] HOSSEINI S, BARKER K, RAMIREZ-MARQUEZ J E. A review of definitions and measures of system resilience[ J].
Reliability Engineering & System Safety, 2016, 145. 47-61.

(3] MURRAY-TUITE P M. A comparison of transportation network resilience under simulated system optimum and user
equilibrium conditions[ CJ. Proceedings of the 2006 Winter Simulation Conference. IEEE, 2006 1398-1405.

(4] BERDICA K. An introduction to road vulnerability. what has been done, is done and should be done[ J7]. Transport
Policy, 2002, 9(2). 117-127.

(5] BRUNEAU M, CHANG S E, EGUCHI R T, et al. A framework to quantitatively assess and enhance the seismic
resilience of communities[ J]. Earthquake Spectra, 2003, 19(4). 733-752.

(6] BAO Danwen, ZHANG Xiaoling. Measurement methods and influencing mechanisms for the resilience of large airports
under emergency events[ J]. Transportmetrica A : Transport Science, 2018, 14(10): 855-880.

(7] JANIC M. Analysis and modelling of airport resilience, robustness, and vulnerability: impact of COVID-19 pandemic
disease[ J]. The Aeronautical Journal, 2022, 126(1305) . 1924-1953.

(8] HUANG Chunnen, LIOU J J H, LO Huaiwei, et al. Building an assessment model for measuring airport resilience[ J .
Journal of Air Transport Management, 2021, 95.DOI10. 1016/j. jairtraman. 2021. 102101.

(9] RES,FRX EFSHESHEVOMNLESTIEDHI]. ARMEMRKZZIR, 2024, 50(11):
3310-3 318.

CHENG Guoyong, CHEN Shi. Terminal operation resilience analysis based on discrete event simulation[ J]. Journal of
Beijing University of Aeronautics and Astronautics, 2024, 50(11) . 3310-3 318.

(10] COMES M, WARNIER M, FEIL W, et al. Critical airport infrastructure disaster resilience: a framework and simulation
model for rapid adaptation[ J]. Journal of Management in Engineering, 2020, 36(5): DOI.10. 1061/( ASCE)ME. 1943
-5479. 0000798.

[11] OSDER S. Practical view of redundancy management application and theory[ J]. Journal of Guidance, Control, and
Dynamics, 1999, 22(1). 12-21.

[12] GRONAU Q F, MORAN R, EIDELS A. Efficiency in redundancy[ J]J. Scientific Reports, 2024, 14 (1). DOI.
10. 1038/541598-024-68127—x.

(13] 0% .BE ¢, 50,5 2T FSHESWIZENARTITCRLI]. RESF,2021,20(8) :82-86.
WANG Jiamian, TAO Yifei, LUO Junbin, et al. Optimization of airport check-in system based on Monte Carlo
simulation[ J]. Software Guide, 2021, 20(8) . 82-86.

[14] SES. VUIZMIERSKREREHEMKIHARID]. X2 XEEBTKZ, 2022.

SHI Jiajie. Simulation and research on passenger support process of airport terminal[ DJ. Tianjin: Tianjin University of
Technology, 2022.

EER . B (1982—) 5 IR, Wt 8%, 2N F L TR D5 mi A F
%%, E-mail;qilin1208@ vip. 163. com,,




