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In this material, we provide some additional information
about the CRAC framework and extra experimental results.
To facilitate further studies, our results are provided in the
video material.


1. CRAC Architecture
The detailed architecture of CRAC is further elaborated


in this section. We first define some abbreviations for the
basic components used in the networks.


• conv: a convolution layer with w×w window size, c
output channels (numbers).


• fc : a fully-connected layer.


• pool: a max pooling layer.


• bn: a batchnorm layer.


• RELU: a RELU activation layer.


Context-Search Network. We initialize the context-
search network with a pre-trained Resnet50 model [3], and
fine-tune the fully-connected layers to output the context-
search actions. The discount factor γ for the subsequent re-
ward is set to 0.2. The network structure is shown in Tab. 1.


Context-Critic Network. Similar with the context-
search network, we utilize Resnet50 [3] as the backbone
of context-critic network π. The last layer of the context-
search network outputs a scalar as Q value. The network
structure is shown in Tab. 1.


Dual GAN Learning Mechanism. During the offline
training phase, we use the ground-view KITTI dataset [2]
and the Drone2018 dataset without tracking annotations to
train the T-GAN. A-GAN is trained online with the pre-
trained tracking network T . The learning rate for training
Ga and D in A-GAN are 10−3 and 10−4, respectively. Ex-
tended from CycleGAN, T-GAN generates the samples un-
der the guidance of the tracking network. The structure is
shown in Fig. 1.


Table 1. Network Structures of Context-Search Network and
Context-Critic Network.


Stage Output
Size


Parameters (w,c)


Conv1 112×112 7× 7, 64
Pool 56× 56 3× 3 max pool


Conv2 56× 56


1× 1, 64
3× 3, 64
1× 1, 256


× 3


Conv3 28× 28


1× 1, 128
3× 3, 128
1× 1, 512


× 4


Conv4 14× 14


1× 1, 256
3× 3, 256
1× 1, 1024


× 6


Conv5 7× 7


1× 1, 512
3× 3, 512
1× 1, 2048


× 3


Fc6 3 (1)


average pool
3-d fc: context-search network
(1-d fc: context-critic network)
softmax


CRAC-mdnet. Tracking network of the CRAC-mdnet
is extended from the network structure of MDNET [6]. To
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Figure 1. Tracking-Guided CycleGAN Structure. ‘Gud’ denotes
the generator from ground view to drone view videos.


enforce the attention map to capture the tracking-relevant
features, we add A-GAN layers between high level seman-
tic feature maps (resulted from the convolution layers) and
the classifier. Specifically, A-GAN is in fact one branch
consisting of fully-convolution layers after the last convolu-
tion layer in MDNET [6]. The network structure is shown
in Tab. 2.


CRAC-siam. CRAC-siam network is designed based on
siamRPN [7] network. Different from CRAC-mdnet, the
A-GAN is implemented with an inplace operation based on
the response map of siamese network to avoid the redun-
dancy of attention maps. The detailed network structure is
in Tab. 3.


2. Attribute Evaluation on UAV-Vehicle
Dataset


The success plots evaluated on 9 attributes separately
(background clutter, camera motion, object motion, small
object, illumination variations, object blur, scale variation-
s, long-term tracking, large occlusion) are shown in Fig. 2.
The performance verifies the robustness of our CRAC based
trackers.


3. Contextual Relations
We show the results obtained from the vehicle subset-


s of Drone2018 [8], UAV123 [5], Drone Tracking Bench-
mark (DTB) [4] and the large scale UAV-Vehicle [1](Fig. 3).
They are classified into three classes based on the actions
output from the actor-critic network: (1) Enlarge: the ac-
tions tend to find more clues in neighboring regions (e.g.,
trees, traffic lanes); (2) Shrink: the actions tend to remove
the confusing and noisy parts in neighboring regions (e.g.,
occlusions, other vehicles); (3) Terminate: the current con-
text is moderate to achieve good performance. Besides, we
show Fig. 4 (the generated samples from T-GAN and A-
GAN), which are evaluated with an off-the-shelf tracking
network.
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Table 2. Network Structure of T in CRAC-mdnet.
Layer Name Type Output Size Kernels Numbers Stride Pad Activation BatchNorm


Input data 107*107
Conv1 conv 51*51 7*7 96 2 0 RELU bn
pool1 pool 25*25 3*3 96 2 0
Conv2 conv 11*11 5*5 256 2 0 RELU bn
pool2 pool 5*5 3*3 256 2 0 bn
Conv3 conv 3*3 3*3 512 1 0 RELU bn


A-GAN conv 3*3 3*3 256 1 1 RELU
conv 3*3 3*3 1 1 1 RELU


Discriminator D(Ga(F ) · F )
fc 512
fc 2


softmax 1


Table 3. Network Structure of T in CRAC-siam Tailored the RPN Layers (same with the RPN layers in SiamRPN [7]). ‘Attn’ denotes the
attention layer based on Hadamard Product.


Siamese Network


Layer Name Kernels Numbers Stride Template Frame Detection Frame
Input 3 127× 127 255× 255


Conv1 11× 11 96 2 59× 59 123× 123
Pool1 3× 3 96 2 29× 29 61× 61
Conv2 5× 5 256 1 25× 25 57× 57
Pool2 3× 3 256 2 12× 12 28× 28
Conv3 3× 3 384 1 10× 10 26× 26
Conv4 3× 3 384 1 8× 8 24× 24
Conv5 3× 3 256 1 6× 6 22× 22


A-GAN RELU
Attn 1× 1 1 1 6*6 22*22
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Figure 2. Comparison over the Challenging Cases in UAV-Vehicle Dataset, including Background Clutter, Illumination Variations, Camera
Motion, etc.
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Figure 3. The Contextual Relations Output of Context-Search Network. Green boxes: context boxes. Red boxes: predicted target boxes.
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Figure 4. More Samples of T-GAN and A-GAN. The scores of the generative samples are in yellow. The attention map follows the ’JET’
color map.
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