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Popular Methods

 Correlation Filter

 Siamese Networks

 Multi-Domain Networks

 Others(GAN, Reinforcement learning…)
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Correlation Filter

 Kernelized Correlation Filters

basic idea: extract feature( hog, deep feature …) to solve a Ridge 
Regression with cyclic shifted samples

The complex closed form solution of Ridge Regression

Combine the cyclic matrix property the final solution is：

Next take the kernel trick,



 Kernelized Correlation Filters

Expressing the solution w as a linear combination of the  samples：

The variables under optimization are thus α , instead of w 

Advantage：fast(100fps)， use different features

Disadvantage：can not handle scale variations

Correlation Filter



Correlation Filter

 Hierarchical Convolutional Features for Visual Tracking
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通过结合不同层特征图生成多个响应图，最后通过coarse-to-fine

找到目标响应最大位置



Correlation Filter

同对提取特征图M × N × D（分别表示高，宽，与通道数），
在M，N方向上进行循环移位获得样本，希望:

因此可得到滤波器频域的解:

 Coarse-to-Fine Translation Estimation
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Siamese Networks

 Fully-Convolutional Siamese Networks（ECCV2016）

The architecture is fully-convolutional with respect to the search image x. 

The output is a scalar-valued score map. This enables the similarity function 

to be computed for all translated sub-windows within the search image in 

one evaluation. In this example, the red and blue pixels in the score map 

contain the similarities for the corresponding sub-windows. 

search image x

exemplar image z



Siamese Networks

 Fully-Convolutional Siamese Networks（ECCV2016）

Loss：

where v is the real-valued score of a single exemplar-candidate 

pair and y ∈{+1,−1}

requiring a true label y[u] ∈ {+1,−1} for each position u ∈ D 

in the score map
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Siamese Networks

 Fully-Convolutional Siamese Networks（ECCV2016）

Tracking:

After get the score map, upsampling the score map using 

bicubic interpolation, from 17 × 17 to 272 × 272。To handle 

scale variations, we also search for the object over five scales 

1.025{−2,−1,0,1,2}

Advantage：fast(100fps)， handle scale variations

Disadvantage：poor performance in average IoU and Location 

precise
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Siamese Networks

 SiameseRPN（CVPR2018）

每一组group代表一个不同宽高比的box

分类网络输出:每个位置(𝑥𝑖
𝑐𝑙𝑠, 𝑦𝑖

𝑐𝑙𝑠, : )代表正或者负样本的label

回归网络输出:每个位置（𝑥𝑖
reg

, 𝑦𝑖
𝑟𝑒𝑔

, : )代表d𝑥, 𝑑𝑦, 𝑑𝑤, 𝑑ℎ,表示当前位

置和groundtruth的距离



Siamese Networks

 SiameseRPN（CVPR2018）

Loss function

the classification branch adopts the cross-entropy loss 

the regression branch：令 𝐴𝑥 , 𝐴𝑦 , 𝐴𝑤 , 𝐴ℎ代表预测的位置和形

状， 𝑇𝑥, 𝑇𝑦, 𝑇𝑤, 𝑇ℎ代表groundtruth 。the normalized distance 

is:

经过平滑:

回归loss获得： 11



Siamese Networks

 Loss function

最终优化：

 Prediction

Collect top K points in all 𝐴𝑤×ℎ×2𝑘
𝑐𝑙𝑠 , so we can derive the corresponding 

anchor set as 𝐴𝑁𝐶∗ = {(𝑥𝑖
𝑎𝑛, 𝑦𝑖

𝑎𝑛, 𝑤𝑙
𝑎𝑛, ℎ𝑙

𝑎𝑛)}，next get K  refinement 

coordinates {(x𝑖
𝑟𝑒𝑔

, 𝑦𝑖
𝑟𝑒𝑔

, 𝑑𝑥𝑙
𝑟𝑒𝑔

, 𝑑𝑦𝑙
𝑟𝑒𝑔

, 𝑑𝑤𝑙
𝑟𝑒𝑔

, 𝑑ℎ𝑙
𝑟𝑒𝑔

)}

 Proposal selection

忽略距离中心点较远的候选区域，这里以中心点周围7*7的区域举例。
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Siamese Networks
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 Results

results on VOT2015，VOT2016



Siamese Networks

 Results

Results on OTB2015
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Siamese Networks

 ATOM : Accurate Tracking by Overlap Maximization(CVPR 2019)
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主要是利用2018 detection中IoUnet的思想，通过最大化overlap

以此达到性能提升。虚线内部分是预测目标尺度，虚线外部
分预测目标位置



Siamese Networks
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Siamese Networks

 PrPooling（Precise RoI Pooling）

将离散的特征图插值为连续域特征图

其中：
而𝑤𝑖,𝑗表示特征图中对应(i,j)的值。

池化过程:
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Siamese Networks

 Training

目标:最小化预测IoU与真实IoU的差值

使用LaSOT数据集选取样本图片对（两帧图片最多间隔100

帧）

 Target Classification by Fast Online Learning

分类模型为两层全卷积网络定义为:

Loss:

y𝑗由高斯函数生成
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Siamese Networks

 Tracking

从前一帧预测的位置与尺度提取特征->利用分类模型得到
目标的位置->结合前一帧目标的尺度加上随机噪声获取10

个候选区->使用IoU prediction网络预测最大得分的三个候
选框取平均

 IoU Prediction Architecture Analysis
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Siamese Networks

 Results
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KCF推导



KCF推导

通过移位矩阵的性质，可通过下式得出矩阵X：

循环矩阵的性质告诉我们所有的循环矩阵可以由单行向量的傅里叶变换的对角元素表达，
其中，  𝑥表示x的傅里叶变换，如下：



KCF推导

将上述结果代入线性回归求解问题中得到:

其中⊙表示逐元素相乘



KCF推导


