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Using Segmentation With Multi-Scale Selective
Kernel for Visual Object Tracking

Feng Bao , Yifei Cao, Shunli Zhang , Beibei Lin, and Sicong Zhao

Abstract—Generic visual object tracking is challenging due to
various difficulties, e.g. scale variations and deformations. To solve
those problems, we propose a novel multi-scale selective kernel
module for tracking, which contains small-scale and large-scale
branches to model the target at different scales and attention
mechanism to capture the more effective appearance information
of the target. In our module, we cascade multiple small-scale con-
volutional blocks as an equivalent large-scale branch to extract
large-scale features of the target effectively. Besides, we present a
hybrid strategy for feature selection to extract significant informa-
tion from features of different scales. Based on the current excellent
segmentation tracking framework, we propose a novel tracking
network that leverages our module at multiple places in the up-
sample phase to construct a more accurate and robust appearance
model. Extensive experimental results show that our tracker out-
performs other state-of-the-art trackers on multiple challenging
benchmarks including VOT2018, TrackingNet, DAVIS-2017, and
YouTube-VOS-2018 while achieves real-time tracking.

Index Terms—Feature selection, object tracking, selective ker-
nel, video segmentation.

I. INTRODUCTION

V ISUAL object tracking has been a fundamental topic of
computer vision for decades and has extensive applica-

tions such as autonomous driving [1], human-computer interac-
tion, and traffic video surveillance [2]. The objective of tracking
is to estimate the location and the size of the object in each frame
of the video according to the given initial target annotation.

Recently, deep learning has achieved great success in track-
ing and other tasks [3]–[6]. Specifically, the trackers based
on Siamese and segmentation networks become popular. The
trackers based on Siamese networks are trained on datasets
with rectangular annotations while those based on segmentation
networks are constructed based on video object segmentation
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datasets annotated by masks. Both types of trackers represent
the tracking results in the form of the rectangle bounding box
for evaluation.

The basic idea of Siamese trackers is to learn a similarity
measurement between the exemplar and search image regions
through depth-wise correlation and the generated similarity
feature can be exploited for further classification and regression
tasks [7], [8]. Different strategies [9], [10] with complicated
network architectures, fancy modules [11], [12] or more con-
straints [13], [14] have been introduced into Siamese trackers,
which greatly improves the representation ability and the run-
ning speed of the network. For example, the Binary Channel
Manipulation (BCM) [15] is proposed as the search algorithm
to automatically select and combine matching operators, and
the unified unsupervised/weakly supervised framework [16] is
introduced to dramatically reduce the burden of the annotation.

However, Siamese-like trackers take all the content of the
annotation area containing some background as the object,
which may interfere with the representation of the target. As
a result, trackers based on segmentation pixel-level masks come
into fashion. To improve tracking accuracy, Cheng et al. [17] pro-
posed the modular interactive segmentation framework called
MiVOS to decouple interaction-to-mask and mask prorogation.
However, the interaction operation is required during the seg-
mentation process. Yan et al. [18] adopt the refinement module
Alpha-Refine (AR) and auxiliary segmentation heads, which can
enhance the tracker’s box estimation quality but introduce extra
huge parameters.

Since only rectangular annotations are provided in most cases,
the trackers have to view the whole area as the object and trans-
late the mask prediction into a rotated or axis-aligned rectangle.
The translation bridging these two misaligned representations
is vulnerable to the inaccurate mask prediction because the
network is prone to take the nearby background as the part of
the target which changes in scale and shape frequently during
tracking. Moreover, current segmentation tracking networks
do not pay enough attention to adapting to the variations of
the target, which may make mistakes to the segmentation and
degrade the tracking performance as Fig. 1 shows.

To solve the above issues, we propose a novel multi-scale
selective kernel module (MSKM), which contains small-scale
and large-scale branches to take the different scales of the target
into account and adaptively select effective scale information to
improve the robustness of the network to the variations. The
small-scale branch concentrates on the small context of the
target, which is suitable for the target whose scale is reduced or
remains constant, and the large-scale branch focuses on the large
surroundings of the target, which adapts to the scale increase of
the target. In our MSKM, we combine average and maximization
strategies to select appropriate scale features for comprehensive
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Fig. 1. Segmentation results of our MSKT, D3S and corresponding ground
truth results on some sequences of VOT2018 benchmark. Sequence names are
marked on the top left corner of each row.

representation. Besides, we propose a segmentation based track-
ing network that inserts the proposed MSKM into the refinement
part to build a more accurate and robust appearance model
for mask prediction and target location. Further, we construct
a novel multi-scale selective kernel tracker (MSKT) based on
the proposed network, which is comprehensively evaluated on
popular tracking benchmarks.

The contributions of our work are summarized as follows:
1) We propose a novel multi-scale selective kernel module

for scale feature selection and design a mixed selection
strategy, which can effectively address the scale variations
and deformations.

2) We propose a novel tracking network that integrates our
proposed module to refine the up-sampled features, im-
proving the accuracy and robustness.

3) Comprehensive experiments on multiple challenging
benchmarks demonstrate the significant performance im-
provement of the proposed tracker.

II. METHOD

A. Network Architecture

The architecture of our network is shown in Fig. 3 which con-
sists of three parts, i.e. feature extraction, coarse object segmen-
tation, and feature refinement. The feature extraction part pro-
vides various multi-channel features that represent the object in
both low-level and high-level forms. The segmentation part per-
forms coarse segmentation and localization based on the high-
level feature and generates the object-specific segmentation fea-
ture from the results. In the feature refinement part, the segmen-
tation feature is first up-sampled by doubling its space dimension
while halving the channel dimension through theUpblock. Then
our MSKM enhances the up-sampled feature on scale through
attention mechanism and conducts point-wise addition with the
corresponding low-level feature adjusted by oneConv block for
further refinement. We place our MSKM after 3 Up blocks to
select the effective scales for feature fusion at different refine-
ment phases. After the refinement part and softmax function, our
network predicts the positive and negative masks of the target.

B. Multi-Scale Selective Kernel Module

In our method, we propose the MSKM to better adapt to the
scale changes. The structure of MSKM is shown in Fig. 2. Differ-
ent from [20], to reduce the complexity of computation, MSKM

adopts two 3x3 convolutional kernels instead of a single 5x5
kernel. In addition, MSKT utilizes the hybrid pooling strategy
including both AVG and MAX pooling for multi-scale feature
fusion. Since the AVG pooling focuses on more image back-
ground while MAX pooling can retain more texture information,
the proposed hybrid pooling strategy is helpful to obtain more
comprehensive features, improving the representation ability.

In our formulation, the scale selection operation can be rep-
resented as follows

s = GAP
∑

i

Φ(i)(X) + GMP
∑

i

Φ(i)(X) (1)

where X denotes input feature, Φ(i)(·) denotes the scale branch
that has the number of i cascaded convolution blocks, GAP de-
notes global average pooling, GMP denotes global max pooling
and s denotes the mixed channel feature of the two pooling
strategies.

After obtaining the channel feature, we follow the pattern
of the selective kernel to further extract channel weights for
corresponding scale features via fully connected layers and
softmax function. Then we apply element-wise addition between
enhanced features of different scales which are weighted by
corresponding channel weights. The final scale selected feature
can be represented as

X ′ =
∑

i

softmax
i

(cat
j
{gj(f(s))})�Φ(i)(X) (2)

where f(·) denotes the fc layer for channel compression, gj(·)
denotes the fc layer for channel restoration of j-th scale, cat{·}
denotes concatenation for all j scale vectors, softmax denotes
the softmax function and its subscript i denotes the channel
weight of i-th scale, � denotes channel-wise multiplication and
X ′ denotes the scale selected feature.

C. Loss Function

To learn a more accurate and robust segmentation model, we
set the network to predict both positive and negative masks of the
target and train it with two types of labels that are complementary
to each other. For the labels, 1 is used to represent the point
belonging to the object and 0 corresponds to the background.
Besides, we adopt the binary cross-entropy loss function to
compute the errors on both positive and negative prediction
outputs. The loss can be realized by taking the average

L =
BCE(Y ′

P − YP ) +BCE(Y ′
N − YN )

2
(3)

where L denotes total loss, BCE denotes the abbreviation of
binary cross-entropy loss function computing the difference in
the binary situation, Y ′ denotes the prediction mask, Y denotes
the ground truth mask, the subscriptP andN denote the positive
and the negative, respectively.

III. EXPERIMENTS

A. Experiment Settings

Our network is trained on the video object segmentation
dataset YouTube-VOS-2018 [34] To avoid learning the bias that
the object is always at the center, we apply a random offset to our
training samples and corresponding annotations. We adopt 128
pairs of batches for 30 epochs with 1000 iterations due to the
faster convergence in optimization. We test our MSKT compre-
hensively on multiple challenging object tracking benchmarks
including, VOT2018 [36], TrackingNet [37], DAVIS-2017 [38]
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Fig. 2. Structure of our multi-scale selective kernel module. “3×3 Conv” denotes 3×3 convolutional block, “Avg” is global average pooling layer, “Max” is
global max pooling layer and “fc” is fully connected layer.

Fig. 3. Architecture of our tracking network. “Conv” means a block composed
of a 3×3 convolutional layer, a batch normalization layer and a ReLU layer.
“MSKM” means our proposed module. “Up” means a block composed of a
up-sample layer and two “Conv” blocks. The overall network framework is
based on [19], and the “MSKM” is inspired by [20].

and YouTube-VOS-2018 [34]. Our MSKT is implemented on
the Pytorch platform and runs at an average of 30fps on a single
Nvidia GTX 1080Ti GPU.

B. Experiment on VOT2018 and TrackingNet

VOT is the abbreviation of visual object tracking challenge
EAO (expected average overlap), robustness R (failure rate
per video), and accuracy A (average overlap in successful
tracking) are used for evaluation. The accuracy of frame T
on video sequence vs is defined based on ΦT = (BBGt

T ∩
BBPe

T )/(BBGt
T ∪BBPe

T ), where BBGt
T represents the bound-

ing box corresponding to the ground truth in frameT , andBBPe
T

represents the bounding box predicted by the tracker in frame
T . The formulation of the average accuracy on all of the valid
frames as below:

A =
1

Nval

1

Nrep

Nval∑

T=1

Nrep∑

k=1

ΦT (k) (4)

where ΦT (k) denotes the accuracy of the tracker at frame T
in the k-th repetition. Nrep and Nval denote the number of
repetitions and valid frames, respectively. R is defined as:

R =
1

Nrep

Nrep∑

k=1

F (k) (5)

where F (k) means the number of failure times in the k-th
repetition.

EAO =
1

(Nhi −Nlo)

Nhi∑

Nv=Nlo

ΦNs
(6)

Fig. 4. Comparison results of the competing trackers on TrackingNet. (a)
Precision plot. (b) Success plots. (c) Normalized Precision plots.

where Φ̂Ns
is computed as the average of the expected average

overlap curve values ΦNs
over an interval (Nlo, Nhi). ΦNs

can be obtained by averaging the average overlaps on video
sequences with Ns frames long.

On VOT2018, we compare MSKT with the following state-of-
the-art trackers: SiamBAN [21], SiamAttn [11], DiMP-50 [22],
SiamRPN++ [23], ATOM [24], SPM [27], SiamMask [26]
and the LADCF [25]. Results are reported in Table I. MSKT
outperforms the second-best tracker by 0.012 on EAO and by
10% on robustness, respectively. Among the trackers compared,
D3S, SiamMask, and SPM are segmentation based trackers.
MSKT outperforms them by a large margin because our MSKM
may capture more effective scale information to obtain finer
predictions.

TrackingNet is a large-scale dataset for object tracking. Track-
ers are ranked according to these criteria, including Area Under
the Curve (AUC) which denotes the success at different thresh-
olds, precision (Prec.), and normalized precision (Prec.N) [37].

Following [37], our MSKT is compared with the top trackers
including ECO [39], SiamFC [40], CFNet [40], MDNet [41],
D3S [19], SiamRPN++[23], DaSiamRPN [42], and more recent
trackers ATOM [24] and SiamMask [26]. The precision, AUC
and normalized precision plots are shown in Fig. 4. It can be
observed that the our MSKT obtains 0.722, 0.633 and 0.642 on
precision, AUC and normalized precision, respectively, which
outperforms most of the methods reported in [37] and achieves
the best results.

C. Experiment on DAVIS-2017 and YouTube-VOS-2018

Both DAVIS-2017 and YouTube-VOS-2018 have dense an-
notations. We utilize the measurements [43] JM and FM

to represent the region similarity and boundary accuracy on
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TABLE I
COMPARISON RESULTS ON VOT2018

TABLE II
COMPARISON RESULTS ON DAVIS-2017 AND YOUTUBE-VOS-2018

DAVIS-2017, respectively.

JM =
1

Nvs

Nvs∑

i=1

|Mi ∩Gi|
|Mi ∪Gi| ,FM =

2PR

P +R
(7)

where JM denotes the IOU between the mask Mi and Ground
truth Gi, FM is the measure of contour based on accuracy P
and recall R. Nvs is the number of sequences.

On YouTube-VOS-2018 benchmark, we adopt Js, Fs, Ju,
Fu, and O for evaluation. Js and Fs correspond to the seen
categories, whileJu andFu correspond to the unseen categories.
We report these index for accuracy assessment. Moreover, the
overall score O is generated by averaging J(·) and F(·) scores
on seen and unseen classes.

We compare our MSKT with several state-of-the-art trackers
including GC [28], MuG-W [29], RGMP [30], OnAVOS [31],
OSVOS [33], OSMN [32], SiamMask [26], and D3S [19], and
show the results in Table II. It can be seen that our tracker
achieves the optimal performance in DAVIS-2017. MSKT ob-
tain 66.3% average scores of four measures in YouTube-VOS-
2018, which outperforms the Siamese network-based trackers
SiamMask and OSVOS by 13.5% and 7.5%, respectively. The
results in Table II indicate that the proposed MSKT achieves that
optimal performance in both DAVIS-2017 and YouTube-VOS-
2018 benchmarks as well.

D. Ablation Study

MSKM plays an important role in our method. To further
study the influence of the inner structure of our MSKM on mask
prediction and investigate the influence of the number of scale
features on scale selection, we construct two variant trackers,
MSKT-3 and MSKT-4, which has 3 and 4 scale branches re-
spectively for comparison on VOT2018 benchmark. Besides,
we study the influence of channel weight generation strategies.
We built the other two methods, MSKT-Avg and MSKT-Max,
which adopt global average pooling and global max pooling
respectively to generate channel weights from the summed scale
feature. Moreover, we also study the influence of different ways

TABLE III
RESULTS OF DIFFERENT VARIANTS OF MSKT ON VOT2018

to extract the large-scale features of the target. Here, we built the
variant MSKT-3+5 which has two branches of 3× 3 and 5× 5
convolutional layers respectively to explain the advantages of
multiple cascaded 3× 3 layers in our MSKM.

From the Table III we can find that the EAO of MSKT
is 0.011 greater and robustness is 0.017 lower than MSKT-3,
which means too more scale branches may affect the segmen-
tation performance and harm the accuracy and robustness of
the network. Further experimental results on MSKT-4 confirm
such inference because all the three indicators of MSKT-4
are worse than those of MSKT-3. Moreover, different channel
feature extraction methods are influential to our MSKM. Either
MSKT-Avg or MSKT-Max is worse than MSKT which adopts
both global average pooling and global max pooling functions.
The comparison results show that both global pooling functions
have their own preferences for channel features and are comple-
mentary to each other in channel feature extraction where the
max one provides more contribution to performance promotion.
The last comparative variant is MSKT-3+5 which adopts one
5×5 convolutional kernel to extract a large scale feature and
has the same size of the receptive field of two cascaded 3×3
kernels. The experimental results of MSKT-3+5 indicate that
a network with two cascaded 3×3 convolutions outperforms
that with 5×5 on all three indicators by 0.017, 0.016, and 0.01,
respectively. It is due to the more nonlinearities provided by
one more convolutional block which facilitates building a more
accurate and robust model of the large target.

IV. CONCLUSION

In this letter, we have proposed a novel multi-scale selective
kernel module that has small-scale and large-scale branches to
adapt to targets of different scales to improve tracking perfor-
mance on scale variations and deformations. In the module, we
adopt the cascaded small-scale convolutional blocks which pro-
vide more nonlinearities and facilitate optimization to capture
larger context. Besides, we adopt the mixture of global average
and max pooling functions to select effective channel feature. We
apply our module after each up-sample stage in the refinement
part of the segmentation tracking architecture for more accurate
and robust mask prediction. Experimental results demonstrate
that our tracker outperforms most state-of-the-art trackers on
multiple challenging benchmarks, which show its great potential
in object tracking.
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