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Abstract: In this paper, aiming at the application of target tracking, an improved convolutional network Siamese-MF
(multi-feature Siamese networks) based on Siamese-FC (fully-convolutional Siamese networks) is proposed to fur-
ther improve the tracking speed and accuracy to meet the requirements of target tracking in engineering applications.
For tracking networks, considering the trade-off between speed and accuracy, reducing computational complexity
and increasing the receptive field of convolution feature are the directions to improve the speed and accuracy of
tracking networks. There are two main points to improve the structure of convolution network: 1) introducing feature
fusion to enrich features; 2) introducing dilated convolution to reduce the amount of computation and enhance the
field of perception. Siamese-MF algorithm achieves real-time and accurate tracking of targets in complex scenes.
The average speed of testing on OTB of public data sets reaches 76 f/s, the average value of overlap reaches 0.44,
and the average value of accuracy reaches 0.61. The real-time, accuracy and stability are improved to meet the
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requirement in real-time target tracking application.
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Table 1 Operation and results of Siamese-MF network
Operation Input Filter_size Stride Out
Conv1 3@127x127 3@255x255 96@11x11 2 96@59x59 96x123x123
Maxpooling 96@59x59 96x123x123 96@3x3 2 96@29x29 96@61x61
Skio 96@29x29 96@61x61 32@3x3+3>7x7 2 32@12x12 32@28x28
1
P 32@12x12 32@28x28 16@3x3+3>7x7 1 16@6x6 16x22x22
Conv2 96@29x29 96@61x61 256@5x5 1 256@25x25  256x57x57
Maxpooling  256@25x25 256x57x57 256@3x3 2 256@12x12  256x28x28
Conv3 256@12x12 256x28x28 384@3x3 1 384@10x10 384x26x26
Skip2 384@10x10 384x26x26 16@1x1 1 16@10x10 16x26x26
1
P 16@10x10 16x26x26 16@3x3+2>5x5 1 16@6x6 16x22x22
Conv4 384@10x10 384@26x26 384@3x3 1 384@8x8 384x24x24
Convb5 384@8x8 384x24x24 32@3x3 1 32@6x6 32x22x22
32 Rate  0.0001
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if loop_time<50:

input data_set =" ILSVRC2015’ with16 samples ;
compute loss and update {wx,...,ws} with learning_rate =0.0001, then SGD with momentum=0.9 and weight_dacay=0.0005

else:

out pretrained Conv1~Conv5 filters{wy,...,ws}, Skip1~Skip2 filters{ws, w7 };
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Model Overlap Accuracy vi(fls) Siamese-FC 3
Siamese-MF 0.44 0.61 76
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Fig. 3 Tracking results of Siamese-MF on OTB2015
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Table 3 Quantitative analysis results of Siamese-MF and Siamese-FC
Overlap/(%) Accuracy/(%) vi(fls)
Videos
Siam-MF Siam-FC Siam-MF Siam-FC Siam-MF Siam-FC
0034004 43.7 36.9 92.4 61.6 47.8 42.8
0034014 58 56.8 90.7 70.1 44 .4 417
0034019 55.4 50.6 99.6 99.3 48.9 44.8
0034023 59.1 58.7 100 100 48.6 441
0064003 92.4 91.2 88 69.6 151 15
0117004 56.8 51.2 100 100 51.4 45.9
0117019 73.4 67.6 100 100 52.4 49.5
0117024 59.4 56.7 71.8 65.6 36.8 324
0117041 49.5 48.8 100 100 50.4 471
0259004 75.8 37 100 43.9 52.4 48
0259014 90.6 88.3 100 100 31 29.5
0259019 89.5 78.1 100 86.7 18.4 17.5
0321003 60.2 58.9 70.6 66.7 48.2 435
0473003 82.9 80.1 84.4 81 30.3 27.5
0555003 77.3 74.9 100 100 48.7 45.6
743004 52.9 38 100 97.3 49.6 44.7
0899003 79.5 76.9 64.5 59.9 22.5 20.8
1000004 69.5 51.7 71.4 50 52.1 47.2
1035001 84.3 83.8 32.6 32.1 11.6 11.2
Mean 69 62.4 87.7 78.1 40 36.8
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Feedforward network of Siamese-MF

Overview: Deep learning has achieved good results in image classification, semantic segmentation, target detection and
target recognition. However, it is still restricted by small sample training sets on object tracking. Object tracking is one
of the most important researches 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. Aiming at target tracking, this paper proposes an improved convolu-
tion network Siamese-MF (multi-feature Siamese networks) based on Siamese-FC (fully-convolutional Siamese net-
works). For tracking networks, considering the balance between speed and accuracy, reducing computational complex-
ity and increasing the receptive field of convolution feature are the directions to improve the speed and accuracy of
tracking networks. The improvement of the classical convolution network structure is mainly focused on two points: 1)
introducing feature fusion to enrich features; 2) introducing dilated convolution to reduce computational complexity
and enhance the receptive field. The improved convolution layer acts as feature extraction layer, and calculates the cor-
relation between the target and the search area through the full convolution layer, so as to get the location of the track-
ing target according to the correlation graph. Siamese-MF algorithm achieves real-time and accurate tracking of targets
in complex scenes. The average speed test on OTB2015 reaches 76 f/s, the mean value of overlap reaches 0.44, and the
mean value of precision reaches 0.61, which meets the requirement in real-time tracking application of targets. For tar-
get tracking in this paper, the Siamese-MF networks are trained by using 5 convolutional layers of Convl~Conv5 of
AlexNet and 2 connected layers Skipl~Skip2 to extract the feature of target. In the tracking process, the trained net-
works are used as feed-forward networks, and the maximum score of outputs is regarded as the target location, while
template updating is done in time series. Also the result of tracking is adaptive to scale transformation.

Citation: Zhao C M, Chen Z B, Zhang ] L. Research on target tracking based on convolutional networks[J]. Op-
to-Electronic Engineering, 2020, 47(1): 180668
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