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Prediction of Passenger Flow at Airport Security Checks Based on
Non-stationary Queuing Model

ZHANG Huiyu, WU Jiajun, CHEN Qingxin, MAO Ning
(School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, Guangdong, China)

[ Abstract] The arrival of passengers at airports exhibits certain aggregation and randomness, and an non-stationary
arrival process can easily lead to wastage of service resources. To dynamically allocate service resources at airport
security checks, accurate prediction of passenger flow at various times based on flight schedules is necessary. By
the time the security equipment reads the passenger identification information, the passenger has already completed
the queuing process, which implies that the actual arrival time at the security check is earlier than the recorded
security check time. The current process of security checks cannot record the exact time at which each passenger
arrives at the inspection area. Existing research on airport passenger flow forecasting has replaced the time at which
passengers begin to undergo-security checks with the time at which they arrive at the security check area, ignoring
the queuing time for security checks, which leads to lower prediction accuracy. To address this issue, a method for
forecasting passenger flow at airport security checks based on a non-stationary queuing model is proposed. First, a
security check queuing model with a general distribution, non-stationary random arrival, and service processes is
established, and an approximate algorithm is proposed to solve the system’s queuing performance indicators.
Second, a heuristic iterative algorithm based on a non-stationary queuing model is designed to iteratively calculate
passenger arrival times. Finally, a passenger arrival distribution model is established based on a time-segmented
clustering and fitting method. The analysis results show that, compared to existing methods of calculating
passenger arrival times, the proposed method reduces the error by approximately 15.07%. The proposed model
demonstrates good predictive accuracy and versatility in multiple case studies. It can also make relatively accurate
predictions for specific dates such as holidays and has a good over-forecasting effect, facilitating the allocation of
service resources. The forecasting method based on the non-stationary queuing model can provide a data-dependent
foundation for the dynamic allocation of service resources at airport security checks.

[Key words]) passenger flow prediction; clustering analysis; distribution fitting; non-stationary queuing model;
Stationary Backlog-Carryover(SBC) approximate method
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Fig.1 Schematic diagram of security check process in security check area
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Fig.3 Procedure of heuristic iterative algorithm
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Table 2 Comparison of two partially estimated

passenger arrival times

BRG] 2 YA R A A it 22 B ]
04:13:11 04:13:56 00:00:45
07:25:19 07.22.:01 00:03:18
07:22:40 07.23:44 00:01:04
07:21:41 07.:23:48 00:02:07
07:26:19 07:23:59 00:02:20
07:25:40 07:22:14 00:03:26
07:29:39 07:23:58 00:05:41
07:26:26 07.24.06 00:02:20
07:23:47 07.24:02 00:00:15
07:22:09 07.:24.03 00:01:54
07:26:01 07.:22:29 00:03:32
07:26:38 07.24:15 00:02:23
07:30:15 07.24.11 00:06:04
07:22:37 07:24:19 00:01:42
07:26:22 07:22:43 00:03:39
07:26:57 07:24:30 00:02:27
07:26:47 07:24:31 00:02:16
07:24:54 07:24:25 00:00:29
07:23:05 07:24:35 00:01:30
07:26:01 07:24:40 00:01:21
22:54:02 22:56:18 00:02:16

R3 2AEERBIZHESIELZRRTERE
Table 3 Flow deviation between the two estimated passenger

arrival times and the security checkpoint arrival

H 1 P Ey 2= 15 1] TR 25/ %
3H 28 H 00:04:15 2.916 6
41H13H 00:05:05 4.018 3
5H1H 00:04:18 4.210 7
5HT7H 00:03:22 7.108 1
63H 00:03:20 3.312 7
THTH 00:05:13 4.079 1
8H20H 00:05:09 4.051 1

x4 BERAHUIRERIEITRIE
Table 4 Number of security checks and algorithm running time

H LRENEL/ A BTN (E]/ s
3HA26H 34 825 451
3H27H 33 672 461
3H28H 34 423 399
3H29H 31186 440
3H30H 40 756 461
3H3LH 41 576 491
4A1H 39 400 485
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— 3H%H x5 SMBEFEBELERNWREMMREE
e \ Fiat gﬂgﬂ Table 5 Deviation rate of traffic prediction based on
— EE%H clustering results using multiple clustering methods %
600 | 3A31H
4H1H RIIT ([TPZES
2 \
S 400 5 k-means(2 f£) 6.878 7
\ AGNES(2 ) 6. 878 7
Lo ‘\ k-means(3 ) 6. 983 0
e AGNES(3 ) 5.119 9
v : izfﬂf‘;&kfik 15 . k-means(4 %) 7.249 5
B7 |a] BEERKREHTHEE AGNES(4 ) 4.9145
Fig.7 The change trend of | Az | with the number of iterations k-means(5 ) 6. 6653
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Fig.8 Distribution of flight arrivals for a subset of

departure times
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Table 6 AGNES clustering results
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Fig.9 Distribution of passenger arrivals
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Table 7 Comparison of prediction deviation rates using different methods in random 30 days examples

it ES W R7S SCHRCL D7 % SCHRES 17 i SCHKE31 107 %
MR/ % ARBAE WXEF/0 SRBAER WER/0 dERBIAE WEF/ 0 dEERK
4H11H 5.22 0. 000 3 10. 17 0.050 9 9.10 0.032 6 15. 85 —0.058 2
4H15H 6. 81 0.025 6 11. 36 0.049 4 10. 34 0. 044 5 20. 66 —0.138 3
4H 18 H 5.17 0.015 9 8.23 0.043 2 7.90 —0.021 0 26. 44 —0.250 6
4721 H 4.92 0.038 7 9.71 0.065 0 7.57 0.0301 25.01 —0.059 3
4H25H 4. 98 0.016 1 9.03 —0.088 0 9.94 —0.058 8 30.73 0.241 4
4 H27TH 6. 45 —0.006 2 11. 84 0. 040 2 10.68 0.022 8 16. 37 0.083 0
4 H 28H 6. 03 0.007 7 10. 56 0.030 8 8.97 —0.002 1 31.07 —0.2055
5H9H 6. 37 0.007 3 10. 76 0.027 6 11. 22 0.008 0 27.16 0.399 3
5H10H 4. 82 0. 005 2 8.81 0. 009 9 8. 68 —0.013 1 28. 20 0.151 7
5H13H 3.59 0.037 3 9.47 —0.018 6 9.48 —0.030 9 14,64 —0.117 5
5H 16 H 4. 87 0.017 0 7.87 —0.079 7 8.29 —0.067 6 16. 26 —0.014 6
6H2H 4. 87 —0.017 3 8.14 —0.0318 8. 05 —0.055 7 17.58 —0.685 5
6 H11H 4. 66 0.004 2 10. 05 0.031 3 7.15 —0.026 3 21. 65 0. 095 2
6 H12H 4. 05 0.015 9 11. 09 0.0257 9. 36 —0.003 6 16. 81 0.054 8
6 H30H 4. 40 0:039 3 9.98 0.026 4 7.97 =0.026 1 24.73 0.686 9
TH5H 6. 38 0.0291 9.58 —0.057 5 8.69 —0.091 9 29. 49 —0.151 4
TH6H 3. 96 0.087 5 8. 36 —0.036 2 8.91 —0.037 4 15. 26 —0.053 0
7THI11H 5232 0.0111 8. 47 —0.134 2 9.19 —0.072 8 15.77 —0.122 2
THI12H 4.18 —0.010 8 7.91 —0.068 1 7.91 —0.093 1 24. 67 —0.1457
TH14H 4. 64 0.021 3 8. 50 —0.051 9 8.02 —0.043 1 12. 46 0. 000 7
7H23H 4. 31 0.028 5 8.63 ~—0.114 6 8. 94 —0.085 6 20.01 —0.477 5
7H24H 4. 09 —0.027 1 9. 04 —0.022 6 7.77 —0.033 6 21. 89 —0.133 2
7TH25H 5. 36 0.102 0 8. 30 —0.119 8 9. 38 —0.078 0 16. 96 0.024 5
7H26H 4.02 0.003 4 10..21 —0.006 0 8.53 —0.061 2 10. 95 0.038 3
8H6H 3. 40 0.098 7 9.79 —0.007 7 8.77 —0.022'1 27.18 —1.0319
8HT7H 4. 80 0.082 9 9.95 —0.018 5 9.41 —0.036 7 15.91 —0.141 3
8HS8H 4.77 0. 015:0 8. 68 —0.075 9 8.70 —0.065 2 31.15 —0.677 8
8H10H 4. 90 0.039 8 10. 56 —0.015 8 9. 54 —0.1309 11. 69 0.039 6
8H 14 H 4.76 —0.003 9 9.77 —0.067 2 7.93 —0.178 1 10. 06 —0.189 9
8 26 H 6.13 —0.006 1 12. 49 —0.053 6 11. 59 —0.098 1 37.11 —0.030 3

x8 KN 4 BEGINATRES ERNEZEZEXLE

Table 8 Comparison of prediction deviation rates using different methods in random 4 weeks examples

1 AR5 BUNRNYES SCHRES 774 WRE31 177 #%
2EH/ Y% SEBMAE WER/ SEBRE W2/ SEBRE W2ER/ JEBRK
4H11H 5.22 0.000 3 10. 17 0. 050 9 9.10 0.032 6 15. 85 —0.058 2
47 12H 6.58 —0.017 7 11. 21 0.023 9 7.80 0.010 1 11. 90 —0.077 2
4H13H 5.47 —0.013 6 11.76 0.027 5 10. 31 —0.011 1 14. 64 —0.117 5
47140 4.77 —0.034 2 10. 50 0.022 0 8.38 —0.012 8 13. 61 —0. 006 4
4A15H 6. 81 0. 025 6 11. 36 0.049 4 10. 34 0.044 5 20. 66 —0.138 3
4716 H 5.10 0.022 1 9.86 —0.000 8 7.17 —0.0415 15. 94 0.074 8
1A 17H 5.74 —0.008 9 9.67 0.029 0 9.18 0.009 7 23.19 0.624 4
5H8H 7.84 0.022 8 13.47 0.039 0 11. 35 0.003 3 23.54 —0.010 5
5H9H 6.37 0.007 3 10.76 0.027 6 11.22 0. 008 0 27.16 0.399 3
5H10H 4.82 0. 005 2 8.81 0.009 9 8.68 —0.013 1 15. 72 —0.672 6
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= 8(%)
B AT SCHRCL D7 % SCHRES 07 i SCHKE31T07 1%
W2E/ V0 WETWIRL W2/ 0 JETIIRE WEE/ 0 DEBIAE W2/ Jde R
5H11H 5. 60 0.086 7 10. 63 0.0350 9.42 0.006 7 28.62 0.193 9
5H12H 6. 39 0.085 3 8.52 0.024 0 7.29 —0.014 5 21.94 —0.285 1
5H13H 3.59 0.037 3 9.47 0.018 6 9.48 —0.030 9 24. 06 0.153 5
5H 14 H 5.53 —0.008 8 10. 97 —0.009 8 9. 00 —0.044 6 21. 89 —0.1387
6 H 30H 4. 40 0.039 3 9.98 0.026 4 7.97 —0.026 1 24.73 0.686 9
TH1H 6. 35 0.039 6 11. 71 0.081 0 9.78 0.047 8 24. 86 —0.488 5
TH2H 6.76 —0.009 9 13.91 0.042 4 11. 07 0.004 7 20. 82 —0.545 3
TH3H 6. 89 0.022 0 12.09 0.051 2 10. 12 —0.009 2 17.07 0.047 1
TH4H 7.07 0.064 0 10. 77 —0..065 4 9.33 —0.1015 16. 07 —0.088 1
TH5H 6. 38 0.029 1 9.58 —0.057 5 8. 69 —0.0919 29. 49 —0.151 4
TH6H 3.96 0.087 5 8. 36 —0.036 2 8. 91 —0.037 4 15. 26 —0.053 0
8H5H 4. 99 0.119 2 10. 11 0.002 4 8. 30 —0.039 9 21.53 0.064 3
8H6H 3.40 0.098 7 9.79 —0.007 7 8.77 —0.022 1 27.18 —1.0319
8HT7H 4. 80 0.082 9 9..95 —0.018 5 9.41 —0.0367 15.91 —0.141 3
8HS8H 4. 77 0.015.0 8.68 —0.075 9 8.70 —0. 065 2 31.15 —0.677 8
8H9H 5.28 —0,.000 4 10. 88 —0.010 8 8. 15 —0.041 4 11. 86 —0.079 6
8H 10 H 4. 90 0. 039 .8 10. 56 —0.015 8 9..54 —0.130 9 11. 69 0.039 6
8H11H 5.56 0. 0442 9.97 —0.011 4 8. 16 —0.068 5 15. 10 0.078 6

&9 BEHL1 A AEGINAARR G ERMEZE R

Table 9 Comparison of prediction deviation rates using different methods in random 1 month examples

H i ES @RS SCHRC T T SCHRES 7 SCHRE31 178
M2/ 0 WEBRE W2/ 0 WAL W2/ SRTIAR WER/ 0 R R
TH1H 6. 35 0.039 6 11. 71 0.081 0 9.78 0.047 8 16. 67 0.091 7
7TH2H 6.76 —0.009 9 13.91 0.042 4 11. 07 0.004 7 20. 82 —0.545 3
7H3H 6. 89 0.022 0 12..09 0.051 2 10.12 —0.009 2 17. 07 0.047 1
TH4H 7.07 0.064 0 10. 77 —0.065 4 9.33 —0.1015 16. 07 —0.088 1
TH5H 6. 38 0.029 1 9.58 —0.057 5 8. 69 —0.0919 29. 49 —0.1514
7H6H 3.96 0. 0875 8. 36 —0.036 2 8.91 —0.037 4 15. 26 —0.053 0
THT7H 7.56 —0.016 9 10. 45 0.025 4 9. 54 —0.018 6 15. 92 0.124 9
THS8H 6. 66 0.0139 12. 11 0.042 2 10. 38 0.018 3 22.61 0.286 9
THOH 5. 64 0.044 5 10. 61 0.026 0 9.23 0.014 1 10. 43 0.055 7
7THI11H 5.32 0.0111 8. 47 —0.134 2 9.19 —0.072 8 15. 77 —0.122 2
7HI12H 4. 18 —0.010 8 7.91 —0.068 1 7.91 —0.0931 24. 67 —0.1457
7H13H 5. 90 0.020 1 9.63 —0.030 6 8. 88 —0.025 8 16. 75 —0.169 4
7H14H 4. 64 0.021 3 8. 50 —0.0519 8.02 —0.043 1 12. 46 0.000 7
7THI1TH 7.16 0.006 9 10. 99 —0.061 5 10. 95 —0.073 0 30. 20 —0.4550
7H 18 H 8. 40 —0.000 4 12.51 —0.147 0 9. 54 —0.266 8 17. 65 0.015 9
TH19H 6. 90 0.015 2 10. 42 —0.043 2 8. 88 —0.081 4 25.13 —0.128 4
7H20H 5. 65 —0.010 5 8.71 —0.042 0 7.72 —0.099 8 30. 55 —0.683 4
TH21H 5.50 0.048 6 8. 26 —0.089 8 6.58 —0.136 5 23. 37 —0.011 8
7TH22H 5.83 0.028 3 10. 10 —0.021 8 8. 44 —0.016 3 29. 82 —0.0711
7H23H 4. 31 0.028 5 8.63 —0.114 6 8. 94 —0.085 6 20.02 —0.477 5
7H24H 4. 09 —0.027 1 9. 04 —0.022 6 7.77 —0.033 6 21. 89 —0.133 2
7H25H 5. 36 0.102 0 8. 30 —0.119 8 9.38 —0.078 0 16. 96 0.024 5
7H 26 H 4.02 0.003 4 10. 21 —0.006 0 8.53 —0.061 2 10. 95 0.038 3
7H21H 5.01 0.001 9 7.72 —0.063 9 6. 66 —0.065 0 20. 40 0. 060 6
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1 AT SCHRLL D7 SCHRLS 105 SCHRL31 7
MWZER/ Y SEBIRE W2ER/% SERTENRH WER/ SEBIRE Wm2ER/ 0 T EBIRE
7H 28 H 5.12 0.040 8 6. 37 —0.311 2 8.55 —0.102 5 18. 10 0.0218
7H29H 6. 33 —0.022 5 8.93 —0.069 8 8. 12 —0.073 9 21.74 0.676 1
7H30H 7.59 0.031 2 10. 56 —0.091 5 10. 68 —0.0557 18. 17 —0.0359
7H31H 5.16 0.034 3 10. 47 0.024 6 9. 41 —0.038 3 20. 95 0.072 2
* 10 HEREEGINARRAETNEZEZEIF
Table 10 Comparison of prediction deviation rates using different methods in holiday examples
H 01 AR SCTT SCHRL1JT5 i SCHRLS 77 i SCHRL31 1071
e/ ARETMAL W2E2/% AERBNARS mER/ %0 SRR W2EE/ % T ETRE
4H3H 6. 80 0.007 1 10. 47 —0.095 1 10. 37 —0.089 8 26..31 0. 062 6
4H4H 5.78 0. 050 2 9.18 —0.127.7 8.83 —0.139 3 38. 51 —0.330 1
4H5H 6. 70 —0.004 2 13.23 —0.045 7 12.03 —0.069 7 21.23 —0.076 3
4H6H 6. 23 0.038 9 9.81 —0.056 1 8.93 —0.105.1 23.99 0. 046 5
4AT7TH 7. 64 0.027 7 13..95 0.010 3 11. 60 —0.022 3 30.73 0.241 4
4H29H 5. 56 0.009 6 12.74 —0.052 9 11. 23 —0.091 6 31.07 —0. 205 5
4 H30H 5. 62 —0.0115 12.02 —0.071 3 10. 92 —0.103 3 7.73 0.018 7
5H1H 8. 38 0.030.0 14. 51 —0.161 4 14. 59 —0.1117 27. 86 —0.106 8
5H2H 7.95 —0. 0006 12. 00 —0.098 6 12.05 —0.050 6 26.61 —0.471 2
5H3H 5.73 —0. 020 6 10. 19 —0.004 0 9.22 —0.027 1 29. 96 0.518 4
6 H20H 7.37 0.038 9 11. 63 0.074 5 9.14 0.035 8 12. 35 0.011 9
6 H21H 7.83 —0. 001 5 12. 89 0.046 8 8. 39 0.013 2 18.12 0.181 9
6 H22H 7.36 —0.019 5 11.74 —0.070 5 10. 54 —0.084 2 11. 96 0.674 7
6 H23H 9. 60 —0.036 1 15. 00 —0.047 5 13. 35 —0.039 5 33. 87 —0.109 1
6 H 24 H 10. 70 0.016 5 14. 19 —0.045 1 12. 39 —0.076 7 25.71 —0.0717
11 RSO THREE L
Table 11 Comparison of average deviation rates for different examples
AT Sk ik S5 ik SCHRL31 1%
el THy Ayt TH i TH T A T it
W25/ % T =% w2/ % SbIE e 25/ % SUNIES e 223/ % FURIUER '
30 H 5.01 0.022 6 9.70 —0.022 2 9. 04 —0.043 2 21.12 —0.095 6
4 1 5. 55 0.031 4 10. 48 0.008 9 9.13 —0.024 0 20. 05 —0.085 6
1A 5. 85 0.022 2 9.83 —0.048 4 8.97 —0.059 9 19. 99 —0.062 7
JEH 7.28 0.008 3 12. 24 —0.049 6 10. 90 —0.064 1 24. 40 0. 025 7
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