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Multi-mode Approach Effectiveness Analysis of Parallel
Runways Based on Entropy Weight Method

Ding Wenhao, Hu Minghua, Jiang Bin

(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to accurately and effectively evaluate the operational efficiency of arrival flights in the termi-
nal area, based on the flight arrival efficiency and the capacity improvement capability of the airport terminal
area, an efficiency evaluation index body for different runway operation modes and different types of flight pro-
cedures was established. An improved TOPSIS comprehensive evaluation model based on the entropy weight
method was established to evaluate the efficiency of arriving flights in the terminal area. For the first time, the
arrival efficiency index based on terminal area control load was introduced to evaluate the arrival efficiency of
the flight, and the correlation analysis was carried out with the traditional efficiency index, which verified the ra-
tionality of the index. Finally, taking Nanjing Lukou Airport as an example, the AirTop software was used to
simulate the isolated operation and independent operation of typical daily flights (traditional ILS mode, based on
RNP AR technology and PMS technology), and compare and analyze various modes. The experimental results
show that the approach efficiency under the PMS technology mode is optimal, with good approach efficiency and
the ability to increase capacity. This study provides decision support for the perception of the airport’s opera-
tional efficiency and planning management.
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Tab.1 Data sample table

Index Arrival efficiency  Controller workload
Skewness 0.002 8 0.104 2
Kurtosis 3.205 7 2.920 6

JB test value 0.73 0.85
P value 0.500 0 0.500 0
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Fig.1 Typical daily approach efficiency and control load
and the correlation
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Tab.2 Flight operation data simulated by AirTop

Callsign IAF Time at [AF Actual arrival time  Controller workload ~Fuel burned in approach/(1x10? kg)
CSZ9596 OF 23:50:59 00:06:36 35 88.32
CSN6511 OF 23:52:06 00:08:54 44 156.72
CES2882 TAPEN 23:57:02 00:11:57 32 95.22
CES2720 ESBAG 23:32:27 23:51:02 48 95.77

®3 BETEATHERFEER

Tab.3 Efficiency simulation results in each operation mode

%

Operation mode Time efficiency

Fuel efficiency Controller workload

Isolation 73.62
ILS 75.14
RNP AR 78.57
PMS 79.00

71.39 54.40
73.38 54.66
78.30 53.75
76.30 53.60
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Tab.4 Capacity simulation results in different operation modes

Operation Departure/ Delay arrival/ Average/ Peak hour
mode h:min:s h:min:s h:min:s flights
Isolation 00:04:50 00:11:17 00:08:04 48
ILS 00:05:10 00:11:07 00:08:05 55
RNP AR 00:06:10 00:09:06 00:08:06 57
PMS 00:06:52 00:08:10 00:08:03 62
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Fig.2 Flow and delay distribution map under different operating modes
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Tab.5 The weight of the evaluation factor
Evaluation factor Weight
Time—based efficiency 0.084 0
Fuel-based efficiency 0.119 7
Controller workload 0.006 3
Capacity utilization 0.790 0
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Tab.6 Final evaluation scores for different operating

1L

modes

Operation mode Evaluation score

Isolation 0.038 8
ILS 0.2313
RNP AR 0.304 3
PMS 0.425 6
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