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Abstract
Satellite image semantic segmentation, including separating road, distinguishing road,
recognizing building, and distinguishing land spread sorts, is basic for supportable turn of events,
horticulture, ranger service, metropolitan arranging, and environmental change research. In this
task, we propose an attention expansion Link Net (AD-Link Net) neural organization that adopts
encoder to decoder structure, sequential to resemble mix dilated convolution, channel-wise attention
system, and pre-prepared encoder for semantic segmentation. Sequential equal mix dilated
convolution broadens open field just as gather multi-scale highlights for multi-scale objects, for
example, long-range road and little pool. The channel-wise attention component is intended to
advantage the setting data in the satellite image. The trial results on road extraction and surface
classification informational collections demonstrate that the AD-LinkNet gives an indication cannot
impact on improving the segmentation exactness.
INDEX TERMS
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I.

INTRODUCTION

Satellite image semantic segmentation is a pixel-wise clas-si cation task for a satellite image.
Satellite images are picking up attention from the network for map organization, populace
examination, successful exactness farming, and self-ruling driving undertakings since
satellite imagery contains more organized and uniform information contrasted with traditional
images [1]. Understanding satellite images including separating road, distinguishing
structures, and recognizing land spread sorts are basic for practical turn of events,
horticulture, ranger service, metropolitan arranging, and environmental change research.
Road extraction, building identification, and land spread grouping depend on semantic
segmentation task.
Image semantic segmentation has increased momentous improvement with the advancement
of completely convolutional neural organizations. contrasted and the overall semantic

Volume 16, Issue 9, September - 2020

https://shjtdxxb-e.cn/ Page No: 359

Journal of Shanghai Jiaotong University

ISSN:1007-1172

segmentation undertakings, the difficulties of high-goal sub-meter satellite image semantic
segmentation are to deliver ner forecasts for each pixel in the enormous scope image. There
are solid contrasts between satellite imagery and consistently pictures, for example, PASCAL
VOC2012 [2] and Microsoft COCO [3]. Satellite imagery expect a flying creature's view
securing, accordingly protests exist in an at 2D plane and each pixel in satellite images has
semantic significance. In any case, the PASCAL VOC2012 dataset is expected a human-level
perspective and primarily included negligible foundation with a couple of closer view objects
of intrigue [4].
LinkNet [5] is an effective semantic segmentation neural organization that takes the
advantages of skip associations, lingering block [6], and encoder-decoder engineering. The
first LinkNet utilizes ResNet18 as its encoder, which is an entirely light yet beating
organization. LinkNet has indicated high exactness on a few benchmarks [7] and it runs
really quick. D-LinkNet utilizes LinkNet [8] with pretrained encoder as its spine and has
additional dilated convolution layers in the focal part.
Satellite image contains multi-scale objects: primary road extending over an entire image (see
Figure 1 (a), little farmland trimming a metropolitan (see Figure 1 (b). Dilated convo-lution is
a helpful portion to adjust responsive elds of highlight focuses without diminishing the goal
of highlight maps. It has two sorts, cascade mode like [9] and equal mode like [10]. We add
easy routes to the arrangement dilated convolution, which makes the arrangement structure
venture into an arrangement equal structure.
Satellite image contains rich setting data. For instance, ''roads'' by and large can't
straightforwardly go through ''structures'', We proposed AD-LinkNet to use setting data to
bene t satellite image semantic segmentation task by presenting channel-wise attention [11].
The size of clarified satellite image datasets are little. Move learning is a helpful strategy that
can straightforwardly improve network execution in most circumstance [12], particularly
when the preparation information is restricted. In semantic segmentation eld, instating
encoders with ImageNet [13] pretrained loads has demonstrated promising outcomes [10],
[14]. We initi-alize AD-LinkNet encoder with ImageNet pretrained loads.
Information increase is fundamental to forestall over tting. We increase datasets in a yearning
way, including skyline tal ip, vertical ip, corner to corner ip, eager shading jittering, image
moving, scaling.
We utilized the road extraction and land spread classification datasets of CVPR2018
DeepGlobe Challenge to analyze the impact of AD-LinkNet, and won the first places in the
road extraction task, and got the best ten spots in the land classification task. The primary
commitments of our work are as per the following:
We dissect the viability of a few properties for satellite image semantic segmentation and
uncover how to use them to bene t the satellite image semantic segmentation task.
We plan a straightforward yet compelling AD-LinkNet structure by utilizing the helpful
properties to lead satellite image semantic segmentation in a basic and productive manner.
Our AD-LinkNet brings a huge exhibition lift to satellite image semantic segmentation: road
extraction task, outflanking the present status of-the-craftsmanship technique.

Volume 16, Issue 9, September - 2020

https://shjtdxxb-e.cn/ Page No: 360

Journal of Shanghai Jiaotong University

ISSN:1007-1172

Our code is accessible, which can fill in as a strong standard for future exploration in satellite
image semantic segmentation, for example, road extraction and land spread arrangement.
II. RELATED WORK
A.
SEMANTIC SEGMENTATION OF SATELLITE IMAGE
Satellite image segmentation used to find articles and limits in images (straight lines, bends,
and so on.), alludes to the division of a computerized image into numerous pixel sets. All the
more unequivocally, image segmentation is the way toward appointing a name to every pixel
in an image, same-named pixels with a similar trademark [15].

There is a long tradition of utilizing PC vision methods for satellite image understanding
[16], [17]. Truly, satellite imagery was ordinarily lower-goal, from a carefully top-down
view, and with a decent variety of ghostly groups. The segmentation technique dependent on
profound learning developed lately. Since the completely convolutional network (FCN) [18]
has indicated various upgrades in semantic segmentation, numerous analysts [19] [21] have
made endeavors dependent on the FCN. The organization model planned in this paper depend
on the FCN. And afterward, Unet [22] utilizes Transposed-conv [23] as its upsampling
structure based on FCN, associates the highlights of the organization Encoder part to the
Decoder part, and consolidates low-level data with significant level data (Such an hourglass
and alternate route association structure is called U-shape). Volpi and Tuia [24] likewise
proposed to utilize a subsample-upsample design in the satellite semantic segmentation task,
which like a U-shape structure. This paper chooses Unet as one of the baselines.
Simultaneously, LinkNet [5] with ResNet [6] as Backbone is additionally one of the baselines
for this undertaking. LinkNet additionally utilizes the U-shape structure and replaces the
convolution structure of each degree of its Encoder and Decoder with a res-block. This
organization has a rich easy route, which is more helpful for communicating shallow data to
more profound layers of the organization. Furthermore, we have utilized LinkNet34 as the
essential module of our past organization model(D-LinkNet34) [8].

Profound UNET AND LINKNET

Unet and LinkNet are the essential modules of the standard and AD-LinkNet for our trial. So
we present these two models in this segment. This paper doesn't straightforwardly adapt the
first Unet network model, yet makes fitting upgrades to the first Unet, and makes it more
appropriate for the test prerequisites of the task. Unet is a segmentation network for clinical
tissue cell images. The focal part has a little responsive eld of 140*140 per highlight point,
which isn't reasonable for different undertakings, and the info image size must be fixed at
572*572. Notwithstanding, the informational collection for the road extraction task is
1024*1024. The improved Unet contrasts from the first Unet regarding the essential structure.
The improved Deep Unet builds the Padding layer and the BatchNorm (BN) layer. The
Padding layer permits the organization to be kept up during convolution, and the BatchNorm
layer permits the organization to catch the dissemination of the informational index
effectively, which advances the assembly of the organization. The essential structure of the
first Conv-ReLU is reached out to the structure of Padding-Conv-BatchNorm-ReLu. In this
paper, we extend the four subsampling cycles of the first Unet to seven, which expands the
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organization profundity and extraordinarily builds the open field of the focal organization (to
1148*1148), making the organization appropriate for an assortment of errands.

LinkNet [5] is a variation of U-shape, which varies from Unet in two central matters.
Initially, it replaces Unet's common convolution structure with a leftover module (res-block).
Besides, it changes Unet's profound and shallow component blend technique from ''stacking''
to ''adding''. Unique LinkNet, which is one of the lightest ResNet, utilizes ResNet18 as its
Encoder. Such LinkNet18 can ensure both high exactness and forward engendering
effectiveness of the organization. By and by, various sorts of LinkNet can be acquired by
changing the Encoder part of LinkNet into ResNet with various profundities and various
portrayals. Thusly, operational precision and proficiency can be weighed by adjusting the
quantity of layers of Encoder. Meanwhile, because of the way that the Encoder of LinkNet
keeps up a similar structure as ResNet, the pre-prepared ResNet can be straightforwardly
utilized as the Encoder of LinkNet. This sort of move learning makes LinkNet combine
quicker and has a more grounded speculation capacity. With ve subsampling measures (four
pooling and one stage convolution), LinkNet's focal trademark goal is higher than that of
profound Unet.
III. PROPOSAL WORK
AD-LINKNET (ATTENTION DILATION - LINKNET)
From the viewpoint of organization structure advancement, as indicated by the attributes of
image semantic segmentation, we propose another re ned segmentation network bit by bit,
lastly proposes AD-LinkNet which incorporates the advantages of various organizations and
depends on our past D-LinkNet34 [8]. In light of the legacy of D-LinkNet's remarkable
highlights, the AD-LinkNet adds a Series-equal blend dilated convolution and an Attention
instrument in the organization to frame are ned semantic segmentation organization. This
article examines AD-LinkNet's instrument and structure at that point contrasts its exhibition
and D-LinkNet34 in satellite image handling errands.
A.

SERIES-PARALLEL COMBINATION DILATED CONVOLUTION

About the decision of dilated convolution, the first creator of ResNet accepts that, the
legitimacy of the remaining structure(res-block) is gotten from the ''personality planning'' of
the leftover structure(res-block), which bene ts the back-proliferation of the organization
gradient just as tackles the gradient dispersal issue successfully [31]. In any case, Sergey et
al. proposed the wide leftover organization [32], expressing that the lingering network doesn't
really should be so profound, while a few organizations with less layers can even outperform
the exhibition of the profound remaining organization when utilizing the lingering
structure(res-block). Furthermore, Veit et al. [33] asserted that ''character map-ping'' may not
be the explanation behind ResNet to improve network execution, it is because of the easy
route association. As of late, Wu et al. [34] planned a model of ''remaining module
determination'', which can pick diverse leftover modules (res-block) to pass information as
per distinctive info information.
In this paper, we utilize the qualities of ''equal development'' of the remaining organization
and utilize the alternate route association with make the dilated convolution additionally
structure a structure which is an arrangement equal mix. This structure has the capacity of
associating the dilated convolution development network responsive eld arrangement and
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furthermore interfacing the dilated convolution thorough multi-scale semantics equal. This
structure is the most urgent piece of AD-LinkNet for network execution upgrade. Next, we
will portray an arrangement equal blend of dilated convolution and uncover the advantages of
this structure for include combination and responsive eld increase.
An equal dilated convolution structure permits the component guide to utilize an assortment
of convolutional structures with various dilated proportions and afterward intertwines the
data of various branches by ''stacking'' to accomplish multi-scale include combination. Be
that as it may, the equal structure has a similar profundity for each branch, and every one of
them has just a solitary convolution layer. There is a sure comparability between each branch,
so the assorted variety of highlights needs.
Propelled by the ''augmentation of the res-square to resemble'', we add an alternate route
association in the arrangement dilated convolutions to shape a dilated convolution of the resblock, which can be deteriorated into the type of different branches. We place this structure in
the focal piece of LinkNet and proposes AD-LinkNet for re ned segmentation errands.
B. CHANNEL-WISE ATTENTION
We utilized SE-Net and SE-Loss in the model. For SE-Net [35], this worldwide element is
utilized to make channel-wise attention to different parts of the organization. This Attention
system improves the utilization of the successful element layer by weighting the
''significance'' of various element layers. For SE-Loss [36], the characterization data is
additionally consolidated into this ''one-dimensional vector'' while utilizing the attention data.
Such a worldwide pooling in addition to 1*1 con-volution structure can produce the channelwise Attention instrument and present worldwide data. Two branches are added to the focal
part to weight the pre-combination highlights and the combination highlights to frame the
underlying structure of AD-LinkNet.
C. MODULES OF AD-LINKNET
As appeared in Figure 2, section An of AD-LinkNet is the Encoder of the organization, which
depends on pre-prepared ResNet. ResNet itself is a neural organization with an, especially
solid portrayal capacity. Utilizing ImageNet pre-prepared ResNet as introduction can upgrade
the portrayal and speculation capacity of AD-LinkNet, and can significantly improve the
union speed of the organization during preparing.
Part B is the focal aspect of the organization. This part utilizes the dilated convolution of the
alternate route association with structure an arrangement equal mix structure. Also, the
channel-wise Attention instrument is added when the dilated convolution.
The unfurled structure is appeared in Figure 3. The focal part B is partitioned into ve
branches, every one of which has an alternate profundity and an alternate open eld size. Start
to finish, the organization's open eld size for the information highlight map is 31, 15, 7, 3, 1,
and the profundity is 4, 3, 2, 1, 0. In the event that the profundity is 0, it implies that it is the
character map. This structure extraordinarily improves the open finish of the focal aspect of
the organization while keeping up the spatial goal of the element. Simultaneously, the
highlights of various profundities and various breadths are blended, with the goal that the
subsequent component map has adequate responsive eld and multi-dimensional semantic
data. At last, the element scale is kept unaltered, and there is no loss of relative data in space.
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We likewise add channel-wise when the focal dilated convolution. Despite the fact that the
channel-wise Attention component can all the more likely orchestrate all layers includes, this
isn't the principle reason for AD-LinkNet. AD-LinkNet's fundamental intention is to lead out
branches from the organization focal part so the organization can ''decouple'' the theoretical
data of the image, and the organization can comprehend the importance of the image all the
more thoroughly. In the focal piece of AD-LinkNet, a few administered branches are
acquainted with structure a perform various tasks model.
As appeared in Figure 3, AD-LinkNet adds a channel-wise Attention instrument and perform
multiple tasks joint preparing when multi-layer include accumulation. Various undertakings
can utilize diverse one-dimensional vectors lengths. Adding the module when include
collection permits distinctive semantic layers of the organization to have decoupled dynamic
rationale data. This sort of branch structure is entirely appropriate for feeble administered
learning and semi-directed learning. Powerless administered learning just needs to add feeble
names as SE-Loss in preparing; unlabeled information can take an interest in preparing
through GAN or Auto Encoder (AE). The part of AD-LinkNet can be utilized as a
discriminator for the GAN, or as a Decoder for the encoder.

FIGURE 1 The structure diagram of AD-LinkNet.

FIGURE 2. Schematic diagram of the AD-LinkNet central part.

Volume 16, Issue 9, September - 2020

https://shjtdxxb-e.cn/ Page No: 364

Journal of Shanghai Jiaotong University

ISSN:1007-1172

Part C is the Decoder part of the organization. This part stays steady with LinkNet. The
purple bolt part of Figure 2 uses the bottleneck structure of the lingering net-work [36]. This
structure decreases the general computational load by presenting a 1*1 convolution bit [37],
and can build the quantity of initiation capacities in the organization and improves the
organization's portrayal capacity. Part C utilizes rendered convolution for up-testing, and uptest the element map by multiple times of the side length to reestablish the semantic mark
map with a similar scale as the first image.
IV.

RESULT ANALYSIS

For the errand of road extraction, as appeared in Figure 7, the initial two lines of the figure
show the road association issue in LinkNet, and there are a few road breaks in the
segmentation aftereffect of LinkNet, while there is no such issue in Deep-Unet, D-LinkNet,
and AD-LinkNet. The last two lines are instances of Deep-Unet mispredictions. Profound
Unet is bound to botch the road as a foundation or treat a non-road like a stream as a road (the
third line and fourth line, numerous structures between roads are not distinguished). DLinkNet50 and AD-LinkNet have Deep-Unet's enormous responsive eld, yet in addition have
LinkNet's pre-prepared Encoder and high-goal focus highlight guide, and its multi-scale
include combination, in this way dodging disadvantages of Deep-Unet and LinkNet and made
a superior forecast. Contrasted with D-LinkNet50, AD-LinkNet is more exact in taking care
of little courses and can precisely section branch courses along the fundamental road (as
appeared in the fourth line).
TABLE 1 Results on validation set of different depth AD-LinkNet in the DeepGlobe Road
Extraction Task.

FIGURE 3. D-LinkBrach test results for similar terrain on different satellite land
classification datasets.

For land arrangement errands, it is dif faction to precisely fragment the woods alongside the
territory of the lake (scene1). On the other hand, the landscape related with the woods and the
city is simpler to fragment (scene2). Consequently, we select two sorts of landscape
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appropriation images and use AD-LinkNet to test the DeepGlobe land arrangement dataset
and the Inner Mongolia land grouping dataset. For example, the ground goal of the image
pixels, and the shading and brilliance of the test outcome outline is appeared in Figure 8. The
information of two distinctive informational indexes are gotten from two unique satellites.
The greatest distinction between the two arrangements of information is the diverse unique
goal pictures. It isn't dif clique to nd that the pixel goal (0.5m/pixel) of the DeepGlobe dataset
is littler than the pixel goal (0.7m/pixel) of the Inner Mongolia dataset. Simultaneously, the
Color of the DeepGlobe dataset is moderately milder and more brilliant. For initial two
segments in Figure 8, AD-LinkNet can make an unmistakable segmentation on DeepGlobe
for the territory of the backwoods with the lake. In any case, in the Inner Mongolia dataset, it
erroneously predicts the backwoods under the shadow as a lake (really there is no lake in the
image). For the last two sections in Figure 8, AD-LinkNet can portion woodlands and urban
areas on both the DeepGlobe dataset and the Inner Mongolia dataset, however the edge
handling on the DeepGlobe dataset is more exact. As appeared in the fourth image, It
erroneously predicts the edge among metropolitan and woodland as rangeland. So we believe
that the pixel goal of the dataset and the shading and brilliance of the image affects the model
segmentation. For various informational collections, distinctive model enhancements and
calibrate ought to be finished.
Conclusion
In this, we center around the refinement of satellite image semantic segmentation. Through
organization plan and misfortune work plan, the segmentation result is more exact and nitty
gritty. Another work in this undertaking is to plan an information preparing and move
learning strategy to diminish the semantic name prerequisites of the image semantic
segmentation task in the satellite area. As far as information preparing, we plan the general
information growth strategy for image morphology, shading increase, and TTA. For refined
semantic segmentation, we use Link Net as the essential model and use pre-prepared disdain
as Encoder to execute move learning We planned a blend module (AD-Link), which
incorporates an arrangement equal mix dilated convolution and two channel-wise Attention
systems, and add AD-Link to the focal piece of AD-Link Net. Then, in light of road
extraction and land order satellite image, we directed analyses on two delegate satellite area
errands. In this manner, we contrasted different organizations with explain the significance of
the responsive field and the element map goal and checked the legitimacy of the AD-Link
structure and the AD-Link Net organization.
REFERENCES
[1]I. Demir et al., ‘‘Deepglobe 2018: A challenge to parse the earth through satellite
images,’’ in Proc. IEEE/CVF Conf. Comput. Vis. Pattern Recognit. Workshops
(CVPRW), May 2018, pp. 172 209.
[2]M. Everingham, S. M. A. Eslami, L. Van Gool, C. K. I. Williams, J. Winn, and A.
Zisserman, ‘‘The PASCAL visual object classes chal-lenge: A retrospective,’’ Int. J.
Comput. Vis., vol. 111, no. 1, pp. 98 136, Jan. 2014.
[3]T.-Y. Lin et al., ‘‘ar, and C. L. Zitnick, ‘‘Microsoft COCO: Common objects in context,’’
in Proc. Eur. Conf. Comput. Vis. New York, NY, USA: Springer, 2014, pp. 740 755.

Volume 16, Issue 9, September - 2020

https://shjtdxxb-e.cn/ Page No: 366

Journal of Shanghai Jiaotong University

ISSN:1007-1172

[4]N. Audebert, B. L. Saux, and S. LefŁvre, ‘‘Semantic segmentation of earth observation
data using multimodal and multi-scale deep networks,’’ in Proc. Asian Conf. Comput.
Vis. New York, NY, USA: Springer, 2016,
[5]A. Chaurasia and E. Culurciello, ‘‘Linknet: Exploiting encoder represen-tations for ef
cient semantic segmentation,’’ in Proc. IEEE Vis. Commun. Image Process. (VCIP), Dec.
2017, pp. 1 4.
[6]K. He, X. Zhang, S. Ren, and J. Sun, ‘‘Deep residual learning for image recognition,’’ in
Proc. IEEE Conf. Comput. Vis. pattern Recognit., Jun. 2016, pp. 770 778.
[7]M. Cordts et al., ‘‘The cityscapes dataset for semantic urban scene under-standing,’’ in
Proc. IEEE Conf. Comput. Vis. Pattern Recognit., Jun. 2016,
[8]L. Zhou, C. Zhang, and M. Wu, ‘‘D-LinkNet: LinkNet with pretrained encoder and
dilated convolution for high resolution satellite imagery road extraction,’’ in Proc. IEEE
Conf. Comput. Vis. Pattern Recognit. Work-shops, Jun. 2018, pp. 182 186.
[9]F. Yu and V. Koltun. (2015). ‘‘Multi-scale context aggregation by dilated convolutions.’’
[Online]. Available: https://arxiv.org/abs/1511.07122
[10] L.-C. Chen, Y. Zhu, G. Papandreou, F. Schroff, and H. Adam, ‘‘Encoder-decoder
with atrous separable convolution for semantic image segmenta-tion,’’ in Proc. Eur.
Conf. Comput. Vis. (ECCV), Sep. 2018, pp. 801 818.
[11] L. Chen et al., ‘‘SCA-CNN: Spatial and channel-wise attention in convo-lutional
networks for image captioning,’’ in Proc. IEEE Conf. Comput. Vis. Pattern Recognit.,
Aug. 2017, pp. 5659 5667.
[12] M. Oquab, L. Bottou, I. Laptev, and J. Sivic, ‘‘Learning and trans-ferring mid-level
image representations using convolutional neural net-works,’’ in Proc. IEEE Conf.
Comput. Vis. Pattern Recognit., Jun. 2014,
pp. 1717 1724.
[13] J. Deng, W. Dong, R. Socher, L.-J. Li, K. Li, and L. Fei-Fei, ‘‘Imagenet: A largescale hierarchical image database,’’ in Proc. IEEE Conf. Comput. Vis. Pattern Recognit.,
Jun. 2009, pp. 248 255.
[14] V. Iglovikov and A. Shvets. (2018). ‘‘Ternausnet: U-net with vgg11 encoder pretrained
on
imagenet
for
image
segmentation.’’
[Online].
Avail-able:
https://arxiv.org/abs/1801.05746
[15] L. Barghout and L. Lee, ‘‘Perceptual information processing system,’’ U.S. Patent 10
618 543, Mar. 25 2004.
[16] G. Cheng and J. Han, ‘‘A survey on object detection in optical remote sensing
images,’’ ISPRS J. Photogramm. Remote Sens., vol. 117,
pp. 11 28, Jul. 2016.
[17] A. Huertas and R. Nevatia, ‘‘Detecting buildings in aerial images,’’ Com-put. Vis.,
Graph., Image Process., vol. 41, no. 2, pp. 131 152, Feb. 1988.

Volume 16, Issue 9, September - 2020

https://shjtdxxb-e.cn/ Page No: 367

Journal of Shanghai Jiaotong University

ISSN:1007-1172

[18] J. Long, E. Shelhamer, and T. Darrell, ‘‘Fully convolutional networks for semantic
segmentation,’’ in Proc. IEEE Conf. Comput. Vis. Pattern Recognit., Jun. 2015, pp. 3431
3440.
[19] L.-C. Chen, Y. Yang, J. Wang, W. Xu, and A. L. Yuille, ‘‘Attention to scale: Scaleaware semantic image segmentation,’’ in Proc. IEEE Conf. Comput. Vis. Pattern
Recognit., May 2016, pp. 3640 3649.
[20] S. JØgou, M. Drozdzal, D. Vazquez, A. Romero, and Y. Bengio, ‘‘The one hundred
layers tiramisu: Fully convolutional densenets for semantic segmentation,’’ in Proc. IEEE
Conf. Comput. Vis. Pattern Recognit. Work-shops, Jun. 2017, pp. 11 19.
[21] Y. Wei, J. Feng, X. Liang, M.-M. Cheng, Y. Zhao, and S. Yan, ‘‘Object region
mining with adversarial erasing: A simple classification to semantic segmentation
approach,’’ in Proc. IEEE Conf. Comput. Vis. Pattern Recog-nit., Jul. 2017, pp. 1568
1576.

Volume 16, Issue 9, September - 2020

https://shjtdxxb-e.cn/ Page No: 368

