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Optimization of Service Resource Allocation for Airport Security Checkpoints

Considering Non-stationary Random Processes
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Abstract: The non-stationarity and randomness of airport passenger arrivals result in uncertain and highly time-varying
requirements for security checkpoints, increasing the difficulty of resource allocation. To address this issue, this paper
proposes a method embedding a non-stationary queuing model into a genetic algorithm. Initially, a non-stationary queuing
model for a single-stage service system with multiple parallel service desks is established, where the input and service
processes are fitted to general distributions. Furthermore, an extended stationary backlog-carryover (SBC) approximation is
proposed to quickly solve system performance metrics. Then, the extended SBC approximation is embedded into the genetic
algorithm for optimization. Finally, experimental and optimization examples are designed. The accuracy of the extended
SBC approximation and the effectiveness of the optimization method are verified by comparing the analytical results with
the simulation results. The impact of non-stationarity on system performance and optimization results is also analyzed.
Results of applying this method to a practical case show that the optimized allocation scheme reduces the number of security
checkpoints by 14.80% compared to the actual allocation scheme, proving its effectiveness.

Key words: optimization of airport security checkpoint allocation; non-stationary queuing modeling; service desk
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Figure 1 Queueing model of single-stage service system
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Table 1 Parameters of non-stationary experimental examples for
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Table 3 Parameters of non-stationary experimental examples for

service rates
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Figure 6 System performance comparison with different allocation schemes
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40—50 0.13 1.62 0.17 0.67 1.66
50—60 0.38 1.80 0.75 1.60 1.72
60—70 0.21 0.87 0.23 1.83 0.50
70—80 1.05 1.66 1.60 0.72 1.80
80—90 0.40 1.11 0.81 0.30 1.80
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Figure 7 Influence of non-stationary SCV on system performance
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different arrival rate types
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Figure 10 Influence of SCV on server desks allocation
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Table 6 SCYV values in different time periods of the optimization

example
t o B Y 6 &

0—10 1.95 1.71 0.80 1.16 0.72
10—20 1.75 0.07 1.09 0.22 0.71
20—30 1.61 0.49 0.94 0.44 1.47
30—40 1.01 1.22 1.84 1.09 1.35
40—50 0.14 1.27 1.16 1.80 1.31
50—60 1.83 1.76 0.93 0.85 0.39
60—70 1.11 1.02 0.56 0.16 0.02
70—80 1.16 0.29 1.74 0.14 0.74
80—90 1.47 0.50 1.22 1.04 1.22
90—100 0.62 1.79 1.17 0.64 1.15
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Figure 11 Comparison of system performance trend variations (the third arrival type)
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Table 7 Arrivals of passenger security check on a specific day

I B V7 AR S R LUEEEI YN TUN
00:00:00—04:00:00 0
04:00:00—04:30:00 6.75 1170
04:30:00—05:00:00 1.26 1920
05:00:00—05:30:00 1.21 2077
05:30:00—06:00:00 1.11 2047
16:30:00—17:00:00 0.92 916
17:00:00—17:30:00 0.88 866
17:30:00—18:00:00 0.94 836
18:00:00—18:30:00 0.92 800
18:30:00—19:00:00 0.89 806
19:00:00—19:30:00 0.93 639
19:30:00—20:00:00 0.97 795
20:00:00—20:30:00 0.96 701
20:30:00—21:00:00 0.93 858
21:00:00—21:30:00 0.95 681
21:30:00—22:00:00 0.86 502
22:00:00—22:30:00 1.27 345
22:30:00—23:00:00 2.30 202
23:00:00—23:30:00 1.91 46
23:30:00—00:00:00 0.00 1
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Figure 12 Results of passenger security checkpoint allocation

optimization
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Figure 13 Performance trend of the passenger security check queuing system
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