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Abstract: In this paper, based on muti-domain network (MDNet), fast deep learning for aircraft tracking (FDLAT)
algorithm is proposed to track aircraft target. This algorithm uses feature-based transfer learning to make up the in-
feriority of small sample sets, uses specific data sets to update parameters of convolutional layers and fully con-
nected layers, and use it to distinguish aircraft from background. After building the training model, we put the aircraft
video sets into the model and tracked the aircraft using regression model and a simple line on-line update, to in-
crease the speed while ensuring the accuracy. This algorithm achieves robust tracking for aircraft in rotation, similar
targets, fuzzy targets, complex environment, scale transformation, target occlusion, morphological transformation
and other complex states, and runs at a speed of 20.36 frames with the overlap reached 0.592 in the ILSVRC2015
detection sets of aircraft, basically meets the real-time application requirement of aircraft tracking.
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# 1 FDLAT W42 B L5 R
Table 1 Operation and results of FDLAT network

Operation Input Fiter_size Strides Output
Conv1 3@107x107 96@7x7 2 96@51x51
ReLU, LRN
Max_pooling 96@51x51 96@3x3 2 96@25%25
Conv2 96@25x25 256@5%5 2 256@11x11
RelLU, LRN
Max_pooling 256@11x11 256@3x3 2 256@5x%5
Conv3 256@5%5 512@3x3 1 512@3x3
RelLU
Fc4, Dropout 512x3x3 512
RelLU
Fc5, Dropout 512 512
RelLU
Fc6 512 2
argmin(S, ) (4)
W)
MDRNet ILSVRC2015
(stochastic gradient descent 134 100
SGD)!16:22-23] (momentum) 0.9 (I0U) 0.7 50
(weight decay) 0.0005 Convl~Conv3 10U 0.3 200
(learning rate) ~ 0.0001 Fc4~Fc6 8 400
0.001 32 1600 96
(Loss 128
Stoss )y fa
£
SGD 1 FDLAT
I(y,f,)=log(1+exp(=y.f,)) (1)
l(y,fp) :log(1+exp(—y.fp)) , 2)
Sioss = Z; log(1+exp(-y.f,)) (weight) (update rate) (cycle
! times) (times)
+2 log(l+exp(~y.f,) » (3)
-
1 FDLAT

Net: pretrained Conv1~Conva3 filters{w,,w,,ws}, Fc4~Fc6 filters{wa,ws,ws}

Data: negative samples with neg=1, positive samples with pos=1

Mini-batch: 128 samples with negative 96 and positive 32

Loss: SGD with momentum=0.9 and weight_dacay=0.0005

Updataweght: {w4,w,ws}, with learning_rate =0.0001, {w4,ws,ws} with learning_rate=0.001
Loop: loop_time=100, video_number=134, running_time=13400

Output: neg=f,, and pos=f,
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Intel Core i7-6700 CPU@3.40
GHzx8 GeForce GTX 1080GPU
Ubuntu 16.04 python 3.5 Pytorch3.0

Linux

ILSVRC2015 17

Regression net: liner-regression

Input of train: convolution feature of FDLAT as X, 800 candidate boxes as bbox and ground-truth as g;(come from the

first frame)

Error: computing the center error and width-height from g; and bbox error as Y

Train: using feature X and error Y to train the liner-regression net

Input of predict: convolution feature of FDLAT as X, candidate boxes as bbox of objects

Output of predict: ground-truth of objects

3 FDLAT

Net: fixed {wi, wa, W3, Wa, Ws, We}

Data: 32 candidate boxes with Gaussion distribution for every frame

Regression: 800 candidate boxes with Gaussion distribution for first frame and output 1 box as plane position for

training. Put xmax into regression net and get a regression_box

Online updata: gi[/]=0.59*regressionbox+0.41*g[i-1]

Output the position of plane g;
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Fig. 2 Qualitatively comparison between FDLAT and MDNet. (a) Scale transformation; (b) Rapid decline; (c) Morphological
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Table 2 Quantitative analysis results of FDLAT and MDNet

MDNet FDLAT
Sequences
Overlap FPS CLE Overlap FPS CLE

0/0030004 0.566 0.90 102.62 0.534 10.64 122.755
0/0034004 0.579 2.52 33.777 0.636 21.41 20.466
0/0034009 0.636 2.61 13.549 0.663 24.77 16.612
0/0034014 0.650 1.87 33.85 0.629 16.85 38.619
0/0034019 0.539 243 22.368 0.609 22.21 20.521
0/0034023 0.634 2.60 31.659 0.468 22.90 59.312
0/0117004 0.357 3.37 30.684 0.587 21.98 18.592
0/0117019 0.666 2.72 7.505 0.623 27.96 10.787
0/0117041 0.556 2.89 22.420 0.556 27.11 23.200
1/0259029 0.355 1.26 277.460 0.497 14.14 215.733
1/0321003 0.809 1.35 40.024 0.751 14.60 49.550
2/0473003 0.693 1.44 83.954 0.701 15.75 76.477
2/0555003 0.788 3.22 5.050 0.680 23.38 8.635
2/0743004 0.418 2.05 44.799 0.485 23.74 92.193
3/0939002 0.306 2.26 138.078 0.395 24.12 146.211
3/1054001 0.698 0.66 189.850 0.599 16.24 218.183
3/1099003 0.425 1.30 103.770 0.647 18.33 57.920

Mean 0.569 2.08 69.495 0.592 20.36 70.339
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based on deep learning
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Overview: Deep learning has achieved good results in image classification, semantic segmentation, target detection and
recognition. However, it is still restricted by small sample training sets on object tracking. Object tracking is one of the
most important research topics in the field of computer vision, and has a wide range of applications. The challenge of
object tracking lies in the complex states such as the target rotation, multi target, blur target, complex background, size
change, target occlusion, fast moving and so on. In this paper, based on muti-domain network (MDNet), fast deep
learning for aircraft tracking (FDLAT) algorithm is proposed to track aircraft target. This algorithm uses feature-based
transfer learning to make up the inferiority of small sample sets, uses specific data sets to update parameters of convolu-
tional layers and fully connected layers, and use it to distinguish aircraft from background. After building the training
model , we put the aircraft video sets into the model and tracked the aircraft using regression model and a simple line
on-line update, to increase the speed while ensuring the accuracy. This algorithm achieves robust tracking for aircraft in
rotation, similar targets, fuzzy targets, complex environment, scale transformation, target occlusion, morphological
transformation and other complex states. FDLAT is designed for lifting the speed while guaranteeing the precision of
tracking. For the application of aircraft tracking, the FDLAT networks is trained by using 3 convolutional layers
(Convl~Conv3 of VGGNets) to extract the feature of aircraft target. Fc6 is a single layer and Fc4~Fc6 are used for the
two classifications of aircraft and background, and the outputs are the probability of aircraft and background. In the
process of tracking, the trained networks are used as feed-forward networks, and the candidate box of the maximum
score of outputs is regressed to get the target location, while on-line updating is done by a simple linear operation. Our
FDLAT algorithm is robust in aircraft target tracking, and basically meets the real-time requirements with high accuracy.
This algorithm uses convolutional layers for feature extraction and fully connected layers for classification. Then the
outputs of the networks perform a regression and location update operation in the testing process, which has good per-
formance for scaling, occlusion, stealth, interference scene and covers the shortage of MDNet. A speed of 20.36 frames
with the overlap reached 0.592 is achieved in the ILSVRC2015 detection sets of aircraft, basically meets the requirement
of real-time for aircraft target tracking application.

Citation: Zhao C M, Chen Z B, Zhang] L. Application of aircraft target tracking based on deep learning[J]. Op-
to-Electronic Engineering, 2019, 46(9): 180261
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