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Saliency detection hybrid information flows based
on sub-network cascading
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Abstract: In view of the detail feature loss issue existing in the complex scenario of existing saliency detection al-
gorithms, a fusion method of multi-layer sub-network cascade hybrid information flows is proposed in this paper. We
first use the FCNs backbone network to obtain multi-scale features. Through the multi-layer sub-network layering
mining to build a cascading network framework, the context information of the characteristic of each level is fully
used. The detection and segmentation tasks are processed jointly. Multi-scale features are integrated by hybrid in-
formation flows, and more characteristic information with discernment is learned step by step. Finally, the embedded
attention mechanism effectively compensates the deep semantic information as a mask, and further distinguishes
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the foreground and the messy background. Compared with the existing 9 algorithms on the basis of the 6 public
datasets, the running speed of the proposed algorithm can reach 20.76 frames and the experimental results are
generally optimal on 5 evaluation indicators, even for the challenging new dataset SOC. The proposed method is
obviously better than the classic algorithm. Experimental results were improved by 1.96%, 3.53%, 0.94%, and 0.26%
for F-measure, weighted F-measure, S-measure, and E-measure, respectively. These experimental results show
that the demonstrating the proposed model has higher accuracy and robustness and can be suitable for more com-
plex environments, the proposed framework improves the performance significantly for state-of-the-art models on a
series of datasets.
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The saliency detection hybrid information flows based on the multi-layer sub-network cascading model proposed in this paper
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Table 2 Fjscore of five benchmark datasets (the higher the better)

Methods/Datasets ECSSD!'® DUT-OMRON!'® PASCAL-S!"®  HKU-IS!' puTS®

DRFIB4 0.6899 0.6237 0.6382 0.7177 0.5857
DCL® 0.8820 0.6993 0.8220 0.8849 0.7820
DSs 0.9062 0.7369 0.8111 0.9011 0.7773
DHS®! 0.8937 -TR- 0.7984 0.8772 0.7813
Amulet® 0.9050 0.7154 0.8165 0.8888 0.7504
DLSRY 0.8257 0.6448 0.7200 0.8074 -TR-
NLDF?2 0.8887 0.6993 0.8027 0.8876 0.8120
SRME 0.9048 0.7253 0.8250 0.8915 0.7976
Proposed 0.9332 0.7892 0.8692 0.9236 0.8643

A 3 5 AR E ) MAE 345 25 R (A IKARET)

Table 3 MAE score of five benchmark datasets (the lower the better)

Methods/Datasets ECSSD!"® DUT-OMRON!® PASCAL-SI"®  HKU-IS!") DUTS2

DRF|34 0.1639 0.1554 0.2034 0.1394 0.1453
DCL?" 0.0679 0.0797 0.1080 0.0481 0.0880
DSSs 0.0517 0.0628 0.0977 0.0401 0.0618
DHSP 0.0588 -TR- 0.0959 0.0519 0.0651
AmuletB? 0.0589 0.0976 0.0992 0.0501 0.0841
DLSP" 0.0859 0.0894 0.1328 0.0696 -TR-
NLDFE2 0.0626 0.0796 0.1007 0.0480 0.0660
SRMP? 0.0543 0.0694 0.0867 0.0457 0.0583
Proposed 0.0402 0.0572 0.0715 0.0327 0.0431
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Table 4 F"4score of five benchmark datasets (the higher the better)

Methods/Datasets ECSSD!"®  DUT-OMRON!"® PASCAL-S'®  HKU-IS!"™! DUTS™

DRFI*4 0.4629 0.3720 0.4695 0.5284 0.3261
DCLP™ 0.8387 0.6392 0.7332 0.8411 0.6927
DSs® 0.8928 0.7118 0.7815 0.8891 0.7377
DHs! 0.8422 -TR- 0.7397 0.8411 0.6965
Amulet?® 0.8321 0.5928 0.7174 0.8022 0.6306
DLSP! 0.7933 0.5966 0.6734 0.7750 -TR-
NLDF®2 0.8547 0.6407 0.7484 0.8502 0.7103
SRMP?! 0.8628 0.6622 0.7617 0.8455 0.7252
Proposed 0.8839 0.7112 0.7987 0.8815 0.7957

%5 £S5 ANEEHMIBEE S Fo En it o4 R (A5

Table 5 S, and E,, score of five benchmark datasets (the higher the better)

ECssD!™ DUT-OMRON!? PASCAL-S!I"® HKU-IS!! DUTS®
Methods/Datasets
S. Em S, Em S, Em S. Em S, Em
DRFIB4 0.7202  0.7631 0.6978  0.7938 0.6487  0.7450 0.7277 0.8329 06725 0.7620
DCL?! 0.8684  0.9163 0.7710  0.8261 0.7855  0.8490 0.8770 0.9318  0.7891 0.8448
DSS™ 0.8821 0.9306 0.7899 0.8450 0.7926 0.8560 0.8783 0.9414  0.8106 0.8717
DHS™! 0.8842  0.9279 -TR- -TR- 0.8045  0.8592 0.8698 0.9311  0.8201  0.8802
Amulet® 0.8941  0.9315 0.7805  0.8339 0.8193  0.8653 0.8860 0.9344  0.8039  0.8507
DLSP1 0.8066  0.8726 0.7250 0.7978 0.7198  0.7941 0.7986 0.8769 -TR- -TR-
NLDF®2 0.8747  0.9221 0.7704 0.8200 0.8012 0.8591 0.8782 0.9344 08163 0.8716
SRMP3! 0.8952  0.9371 0.7977 0.8438 0.8306  0.8787 0.8871 0.9442  0.8356  0.8910
Proposed 0.9125  0.9512 0.8188  0.8566 0.8562  0.8876 0.9089 0.9498  0.8707 0.9110
2~ 5 DCLP" 1.3% DUTS 1.52% DUTS
DSS1 DHS?!  Amulet®? DLSBEY NLDF?®2 SRMP Fs  6.03%
Fy Fﬁw 7.05% S, 3.48% E, 2%
Fpw Sy En DRFI (34] MAE 0.64%
SRM
MAE ECSSD 1.41% DUT-OMRON SOC
1.22% PASCAL-S 1.52% HKU-IS

%6 1 SOC A EHAE Koy miXsE R
Table 6 SOC benchmark data set scoring

Methods Fs MAE Fs Se En
DCL?® 0.6440 0.1373 0.5570 0.6960 0.7712
DSS® 0.6284 0.1411 0.5625 0.6726 0.7593
DHS®! 0.6844 0.1123 0.6103 0.7354 0.8005

RFCNP 0.6581 0.1276 0.5797 0.7180 0.7811
NLDF®2 0.6663 0.1285 0.5774 0.7234 0.7843
SRMP?! 0.7071 0.1074 0.6147 0.7632 0.8184

Proposed 0.7268 0.0975 0.6500 0.7726 0.8210
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DHS?! DS$S2  NLDF2  Amulet® SRM?)

'
u MIHM

DRFI Amulet NLDF SRM

A5 ALHEEL IR T MR

Fig. 5 Qualitative comparison between the proposed algorithm and other models

&7 BFiE 2 2% 5tk (ECSSDM-MAE)
Table 7 Time complexity comparison (ECSSD!"®-MAE)

Method  DHS?Y DSS®  NLDFBZ  Amulet®™  SRMB¥  Proposed

Input size  224x224  400x300 400x300 256x256 353x353 350x350
MAE 0.059 0.052 0.0.63 0.059 0.054 0.040
FPS 23 12 12 16 14 20

190627-9
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Table 8 Validity analysis based on DUTS-TE!"? dataset
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Fig. 6 (a) Original image; (b) FCNs network; (c) FCNs+ cascade mode;
(d) Performance after adding hybrid information flow mechanism;
(e) Performance of introducing attention mechanism; (f) Nonlinear fusion
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Saliency detection hybrid information flows
based on sub-network cascading

Dong Bo, Wang Yongxiong®, Zhou Yan, Liu Han, Gao Yuanzhi, Yu Jiamin, Zhang Mengyin

Institute of Optical-Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China

Visual comparison before and after hybrid information flows

Overview: Saliency detection (SOD) is to detect and segment most important foreground objects that are modeled to
accurately locate the mechanism of human visual attention. It has many types, including RGB SOD, light field SOD,
RGB-D SOD, and high-resolution SOD. In the video scene, there are object SOD and fixation SOD, while the specific
task is broken down into object-level saliency detection and instance-level significance detection. In view of the mul-
ti-scale feature fusion problem existing in the complex scenario of the existing saliency object detection algorithms, a
fusion method of multi-layer sub-network cascade hybrid information flows is proposed in this paper. First of all, the
FCNss backbone network and feature pyramid structure are used to learn multi-scale features. Then, through the mul-
ti-layer sub-network layering mining to build a cascading network framework, the context information of the characte-
ristic of each level is fully used. The method of information extraction and flows determines the effect of final feature
fusion, so we use the hybrid information flows to integrate multi-scale characteristics and learn more characteristic in-
formation with discernment. In order to solve the problem of semantic information fusion, high-level semantic infor-
mation is used to guide the bottom layer, obtaining more effective context information. In this paper, we adopt the way
of channel combination fusion, and the sampling processing is accompanied by the convolution layer smoothing the
fusion feature map, making the next fusion more effective. Finally, the effective saliency feature is transmitted as mask
information, which realizes the efficient transmission of information flows and further distinguishes the foreground and
messy background. Finally, the multi-stage saliency mapping nonlinear weighted fusion is combined to complement the
redundant features. Compared with the existing 9 algorithms on the basis of the 6 public datasets, the run speed of the
proposed algorithm can reach 20.76 frames and the experimental results are generally optimal on 5 evaluation indica-
tors, even for the challenging new dataset SOC. The proposed method is obviously better than the classic algorithm.
Experimental results were improved by 1.96%, 3.53%, 0.94%, and 0.26% for F-measure, weighted F-measure, S-measure,
and E-measure, respectively, effectively demonstrating the accuracy and robustness of the proposed model. Through the
visual qualitative analysis verification, the correlation analysis and running speed analysis of different indicators are
carried out, which further highlights the superior performance of the proposed model. In addition, this paper verifies
the effectiveness of each module, which further explains the efficiency of the proposed cascading framework that mixes
information flow and attention mechanisms. This model may provide a new way for multi-scale integration, which is
conducive to further study.
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