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Research on aircraft wake vortex recognition
using AlexNet
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Abstract: In order to solve the flight safety issues threatened by wake vortex of leading aircraft, ensure air traffic
safety, and improve the capacity of airdrome and airspace, an AlexNet convolutional neural network model algorithm
is proposed to identify aircraft wake vortex. Combined with the detection principle of Doppler LIDAR and the classic
model of Hallck-Burnham wake vortex velocity, the AlexNet neural network model was constructed to extract the
image features of the wake vortex velocity images in the atmosphere and identify the aircraft wake vortex. The re-
search shows that the model is able to accurately identify the aircraft wake vortex in the target airspace. After the
network model converges, the accuracy rate reaches to 91.30%, which can effectively realize the identification work.
Meanwhile, this study also demonstrates the low probability of false alarm of the AlexNet neural network in detecting
wake vortex, which meets the requirement of early warning and monitoring of the aircraft wake vortex.
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Table 1 AlexNet parameter settings

Name Type Filter size Stride Padding Output size
Input data Color image — — — 224x224x3
Conv1 — 7x7 4 0 55x55%x96
Pool1 Max pooling 3x3 2 0 27x27x96
Conv2 — 5x5 1 2 27x27x256
Pool2 Max pooling 3x3 2 0 13x13x256
Conv3 — 3x3 1 1 13x13x384
Conv4 — 3x3 1 1 13x13x384
Conv5 — 3x3 1 1 13x13x384
Pool5 Max pooling 3x3 2 0 6x6x256
Fcé - - — - 4049
Fc7 — — — — 4049
Fc8 - - — - 1000

Softmax with loss

Name Type Filter size (RHI )l
Stride Padding
Output size 5 1 2
5 ( Max 2 1.5 um
pooling) 3 4
3
( A2 1.5umbktAaT 2 EHMATEG A4 A5E
Table 2 System parameters of 1.5 um pulse coherent Doppler
) LIDAR
AlexNet Name Value
1) ReLU CNN Observation mode RHI
Sigmoid Detection range/m 45~915
2) Detection accuracy/m 30
Dropout Scan angel range/(°) 10~60
3) Scan step length/(°) 1.0
4)
AlexNet
(local response normalization LRN)
5
) 2
[17]
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AlexNet
3.3 XHLE®IR7
AlexNet
AlexNet
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Overview: Wake vortices develop as a consequence of the lift an aircraft produced to fly. For a wing generating lift, the
pressure on the wing lower surface is higher than the pressure on the wing upper face. Therefore, air flows around the
wing tip from the lower surface to the upper surface resulting in a strong vortex, the so-called “wing tip vortex”. An air-
plane affected by a wake vortex experience may cause rolling moment even air crash. Given that, how to recognize wake
vortex and monitor it to improve the capacity of airdrome and airspace, has become a key issue in civil aviation industry.
The traditional method of detecting wake vortex generally adopts Doppler LiDAR, which is considered one of the most
effective approach. In this paper, the LIDAR made use of the range-height-indication mode to obtain the radial velocity
of the wake vortex, and the tangential velocity was calculated by the Hallock-Burnham vortex model, and then con-
verted the velocity data to the speed maps of the vortex through processing. With the rapid development of artificial
intelligence, convolution neural networks has turned out to be a powerful tool to deal with image analysis. For this rea-
son, this paper applied AlexNet neural network model combined with the detection principle of Doppler LiDAR to ex-
tract the image features of the wake vortex velocity images in the atmosphere and identified the aircraft wake vortex by
training a large amount of vortex maps. Aiming at perfecting the data sets, this experiment collected the flight departure
data within 40 days of an airport in China. The airport took off about 500 flights a day, including A340, A380 and AR]J21
and so on. The AlexNet was trained and tested on the designed data sets, which involved 4000 training sets and 1000
validation sets and the training epochs were set as 10000. The qualitative experiment results show that after the network
model converges, the accuracy rate reaches to 91.30%, which can effectively realize the identification work, monitoring
of the aircraft wake vortex, as well as early warning. This research demonstrates the high accuracy and low probability of
false alarm of the AlexNet neural network in detecting wake vortex and is capable to provide decision-making informa-
tion for air traffic control work.

Citation: Pan W J, Duan Y ], Zhang Q, et al. Research on aircraft wake vortex recognition using AlexNet[J]. Op-
to-Electronic Engineering, 2019, 46(7): 190082
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