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Abstract: In recent years, increasing image data comes from various sensors, and object detection
plays a vital role in image understanding. For object detection in complex scenes, more detailed
information in the image should be obtained to improve the accuracy of detection task. In this paper,
we propose an object detection algorithm by jointing semantic segmentation (SSOD) for images.
First, we construct a feature extraction network that integrates the hourglass structure network
with the attention mechanism layer to extract and fuse multi-scale features to generate high-level
features with rich semantic information. Second, the semantic segmentation task is used as an
auxiliary task to allow the algorithm to perform multi-task learning. Finally, multi-scale features
are used to predict the location and category of the object. The experimental results show that our
algorithm substantially enhances object detection performance and consistently outperforms other
three comparison algorithms, and the detection speed can reach real-time, which can be used for
real-time detection.
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1. Introduction

With the development of the Internet of Things [1], more and more image data are collected
by various image sensors or video sensors. Before using image data for more complex computer
vision tasks, we need to know what objects are in the image and where they are located. Therefore,
object detection [2] has always been a hot research direction in the field of computer vision, and its
purpose is to locate and classify objects in images or videos. Object detection has been widely used in
many fields, including intelligent traffic [3] and human pose estimation [4].

Traditional algorithms solve the detection problem for images by finding foreground and
background from the picture and then manually extracting foreground features for classification.
The algorithm of extracting the foreground can be divided into static and dynamic according to the state
of the object. The static object detection algorithm for images usually uses the background subtraction
algorithm [5,6]. The foreground is the part where the pixel value varies greatly. The dynamic object
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detection algorithm usually adopts the frame difference [7,8] algorithm to subtract two adjacent frames.
The area where the pixel value changes drastically is the area where the object appears.

The feature extraction algorithm combined with the classifier is used by the traditional object
detection algorithm to classify the detected foreground. Viola and Jones [9] proposed the Haar feature
combined with Adaboost object detection algorithm of human faces. Dalal et al. [10] proposed the
human detection model of histograms of oriented gradients (HOG) combined with support vector
machines (SVM), which had high detection accuracy but long detection time. Felzenszwalb et al. [2]
proposed deformable parts model (DPM) with HOG feature modified, which greatly improved
algorithm performance.

In recent years, many algorithms have been proposed to address the problem of object detection.
The object detection algorithms based on deep learning can be divided into two-stage detection
algorithms and one-stage detection algorithms. The two-stage algorithm is to first generate a region
proposal [11], and then target the boundary box and category prediction of the region proposal.
Girshick et al. [7] proposed the classic regions with convolutional neural networks (CNN) features
(R-CNN) to achieve excellent object detection accuracy by using a deep ConvNet to classify object
proposals, but it is very time-consuming. To solve this problem, Girshick et al. [12,13] proposed the
upgraded version of R-CNN, Faster R-CNN, which innovatively used the region proposal network
(RPN) to directly classify the region proposal in the convolutional neural network, and achieved the
end-to-end goal of the whole detection framework. He et al. [14] proposed Mask R-CNN on the basis
of Faster R-CNN, which added a branch for semantic segmentation tasks, and used detection tasks and
segmentation tasks to extract image features to improve the accuracy of detection. He et al. [15] proposed
spatial pyramid pooling networks (SPPNet) to generate fixed-length representations. Kong et al. [16]
proposed HyperNet, which combines the generation of candidate regions with the detection task
to produce fewer candidate regions while ensuring a higher recall rate. Cai and Vasconcelos [17]
proposed Cascade R-CNN to address the problem of overfitting and quality mismatch.

The one-stage detection algorithms do not need to select region proposals, but use the regression
to directly calculate the positioning box and object category, which further reduce the running time.
Redmon et al. [18] proposed the you only look once (YOLO) algorithm to meet the requirements of
real-time detection, but the detection accuracy of small objects is not high. Liu et al. [19] proposed
the single shot multibox detector (SSD) algorithm to predict the object from multiple feature maps,
which largely solved the problem of small object detection. Lin et al. [20] proposed RetinaNet mainly
to solve the extremely imbalanced problem of one-stage algorithm positive and negative samples and
difficult and easy samples. Zhang et al. [21] proposed the RefineDet method, which absorbed the
advantages of the two-stage algorithm, so that the one-stage detection algorithm can also have the
accuracy of the two-stage algorithm. Liu et al. [22] proposed RFBNet to use cavity convolution to
improve the receptive field. Shen et al. [23] proposed deeply supervised object detector (DSOD) to
restart training neural networks for detection tasks, and also introduced the idea of DenseNet [24],
which greatly reduced the number of parameters. Law and Deng [25] proposed Cornernet to detect
an object bounding box as a pair of keypoints using a single convolution neural network. To further
improve on Cornernet, Duan et al. [26] proposed CenterNet to detect each object as a triplet of keypoints.
Tian et al. [27] proposed fully convolutional one-stage object detector (FCOS) to solve object detection
in a per-pixel prediction fashion.

Although the above methods focus on object detection, those methods still have the following
shortcomings:

• Object detection not only needs to maintain a high detection accuracy, but also has certain
requirements for detection speed. However, most of the existing algorithms have slow detection
speeds and cannot keep up with the playback speed of the video stream, which may cause the
detection of important frames to be missed.

• Overlap and occlusions in the image may cause false detection.
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• Objects often appear in complex backgrounds, which will cause interference and make
detection difficult.

To address the above problems, we propose an object detection algorithm combined with semantic
segmentation [28,29]. The contributions of this study are as follows:

• We inherit the idea of one-stage target detection algorithm, and the entire model adopts the
network structure in the form of full convolution to ensure the detection speed is fast enough.

• We use the hourglass structure to generate multi-scale features with high-level semantic
information, which enables the algorithm to detect small-scale objects more effectively, and we use
semantic segmentation as an auxiliary task for object detection to extract more detailed features
with pixel-level semantic segmentation to better detect partially occluded objects.

• We use the attention mechanism to make the model pay more attention to the object, reduce the
influence of the image background without causing model degradation.

• The experimental results show that our algorithm substantially enhances object detection
performance and consistently outperforms other comparison algorithms, and the detection
speed can reach real-time, which can be used for real-time detection.

The remainder of this paper is organized as follows. The proposed algorithm is illustrated in
Section 2. The experiment results are presented in Section 3. Finally, Section 4 draws conclusions.

2. Materials and Methods

2.1. Framework

As shown in Figure 1, our algorithm consists of three parts. First, we use an hourglass structure
to generate feature mapping for the preliminary feature generated by ResNet-50 [30] to generate
advanced features with rich semantic information. Second, we use the semantic segmentation task
as an auxiliary task to make the model multi-task learning. Finally, we use the multi-scale features
generated by the hourglass structure to predict the location and category of the image object.
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2.2. Feature Extraction

The images undergo preliminary feature extraction through ResNet-50, and the generated feature
map passes through an hourglass structure. The subsampled structure of the hourglass structure is
used to extract multi-scale features, and the up-sampling structure is used to integrate multi-scale
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features to generate advanced features with rich semantic information. The fully convolutional network
structure is used for the whole model to ensure that the detection speed is fast enough. The hourglass
structure contains the last three residual blocks of ResNet-50. In order to reduce the model training
time, pre-training parameters of ResNet-50 are loaded in this paper for training, so the structure of
ResNet-50 is not changed.

In order to facilitate the training of the model, each block of the hourglass structure uses residual
connections. In the up-sampling part of the hourglass structure, the input size and output size in the
intra-box are the same, and the residual structure shown in Figure 2a is used. When the input size and
output size are the same in the inter-box, the residual structure shown in Figure 2a is used; otherwise,
the residual structure shown in Figure 2b is used. It achieves the effect of subsampled by setting
the sliding step of convolution in the convolutional layer as 2, and at the same time, image feature
extraction is completed.
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Each block in the up-sampling structure of the hourglass structure has a connection structure in
the middle. The detailed construction is shown in Figure 3.
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The advantage of using feature map stacking in up-sampling is combined with the high-level and
low-level features, so that the generated feature map can have high-level semantic information even
when the size of the generated feature map is large. The connection structure is also a residual structure,
and the shortcut connections make the network easier to train. The structure has two advantages. First,
because of the identity mapping, the attention mechanism [31,32] layer of each up-sampling block is
not simply superimposed, which will not lead to the reduction of internal features. Second, because of
the nature of the residual structure itself, learning the weights in the attention mechanism layer will
not bring additional difficulties to model training and will not cause model degradation. The detailed
parameters of the hourglass structure behind the ResNet-50 structure are shown in Table 1.

Table 1. Detailed parameters of hourglass structure.

Network Layer Kernel Parameter Repeat Output

Input 10× 10× 2048

Block1

 1× 1, 1024
3× 3, 1024
1× 1, 1024

 2 5× 5× 1024

Block2

 1× 1, 1024
3× 3, 1024
1× 1, 1024

 4 3× 3× 1024

Block3

 1× 1, 512
3× 3, 512
1× 1, 512

 1 3× 3× 512

Block4

 1× 1, 512
3× 3, 512
1× 1, 512

 1 5× 5× 512

Block5

 1× 1, 512
3× 3, 512
1× 1, 512

 1 10× 10× 512

Block6

 1× 1, 512
3× 3, 512
1× 1, 512

 1 19× 19× 512

Block7

 1× 1, 512
3× 3, 512
1× 1, 512

 1 38× 38× 512

2.3. Semantic Segmentation Branch

The multi-scale features generated by the hourglass structure are input into the semantic
segmentation branch, and the segmentation mask is predicted by fusing the features of each scale to
complete the semantic segmentation task.

Feature maps of different sizes are first subjected to a convolution of size 1× 1, then the nearest
neighbor interpolation method is used to enlarge the feature map to the size of the last layer. Finally,
the feature maps are generated through convolution kernels to predict the segmentation mask.

In the last part of the semantic segmentation branch, an attention mechanism layer is added
to make it easier for the semantic segmentation task to focus on the image object. The complete
convolution structure is adopted by the semantic segmentation branch, which ensures the overall
running speed of the model. The loss function of the semantic segmentation branch is defined
as follows:

Lseg
(
X, C;θseg

)
= −

1
|B| ·H ·W

Wseg

∑
k∈|C|

∑
i∈P

log
[
So f tmax

(
ai

k

)]
, (1)

where |B| is the batch size of an iterative image, H and W are the number of pixels of the image X
height and width respectively, P is the set of pixels in the whole image, ai

k denotes the mark score of
the i pixel in the image for category k by the current model. C denotes the total number of categories
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under the task. θseg denotes the parameters of the semantic segmentation branch. Wseg denotes the
weight and offset of the semantic segmentation branch.

2.4. Prediction Part

The multi-scale features are used to predict the location and category of the image object. The main
idea is that each layer of features generated by the hourglass structure is individually predicted, and the
features are input into two 3× 3 convolutional layers with different numbers of convolution kernels.
The two generated feature maps are one for classification and one for the location of the regression
detection box. Finally, the non-maximum suppression (NMS) [10,33] algorithm is used to remove the
redundant region proposal.

The loss function is composed of positioning error (Lloc(x, l, g)) and classification error (Lcon f (x, c)).
The loss function is the average value of the weighted sum of the classification and regression errors
of each region proposal. The average value is used to ensure that the gradient is not too large in the
training process. The loss function of the prediction part is defined as follows:

L
(
x, c, l, g;θpre

)
=

1
N

Wpre
(
Lcon f

(
x, c;θpre

)
+ αLloc

(
x, l, g;θpre

))
, (2)

where N is the number of matched detection boxes, α is a settable parameter, and α is set to 1. θpre

denotes the parameters of the prediction part. Wpre denotes the weight and offset of the prediction part.
The positioning error is smooth L1 loss [12], which is used to describe the positioning gap

between the detection box (l =
(
lx, ly, lw, lh

)
) and the callout box (g =

(
gx, gy, gw, gh

)
). These boxes are

represented by a four-tuple, which are the x and y coordinates of the center point of the box, and the
width and height of the box. The positioning error is defined as follows:

Lloc
(
x, l, g;θpre

)
=

∑
i, j,u∈{x,y,w,h}

xk
i jsmoothL1

(
lui − gu

j

)
, (3)

smoothL1(x) =
{

0.5x2 i f |x| < 1
|x| − 0.5 otherwise

, (4)

where xk
i j denotes whether the algorithm detection frame i and the real frame j match for category k. If

it matches, the value of xk
i j is 1, else the value of xk

i j is 0.
The classification loss is defined as follows:

Lcon f
(
x, c;θpre

)
= −

∑
i, j

xk
i j log(ĉk

i ) −
∑

i

log
(
ĉk

i

)
, (5)

where xk
i j denotes whether the algorithm detection box i and the real box j match for the category k,

ĉk
i denotes the predicted probability of the i-th detection box corresponding to category k, which is

expressed in the form of SoftMax [34].
The loss function is the addition of the loss function of the prediction module and the semantic

segmentation branch, which is defined as follows:

Lloss = L
(
x, c, l, g;θpre

)
+ Lseg

(
X, C;θseg

)
. (6)

2.5. Summary of the Proposed Algorithm

Our method is summarized in Algorithm 1. In the training stage, first, the images are batch-input
into the model. Second, the gradient function is used to minimize the loss function to train the neural
network. Finally, the model with the highest object detection accuracy is selected according to the
validation set. Note that both [5] and this paper are one-stage learning methods; however, the emphasis
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of each approach is entirely different. First, the shallow features are used in [5] to predict the object,
but the hourglass structure is used by our method to integrate deep features and shallow features.
Second, the method in [5] cannot fully capture more detailed information of the image, but our method
can obtain more semantic information using the semantic segmentation task and attention mechanism.

Algorithm 1 Entire process of the proposed algorithm

1: Initialization: Parameters Wseg of the semantic segmentation branch;
Parameters Wpre of the prediction part;
mini-batch size batch_size = 32.

2: update until convergence:
3: for k step do
4: Randomly sample batch_size points to construct a mini-batch.
5: For each sampled point in the mini-batch, calculate Equations (1), (2), and (5) using forward propagation.
6: Calculate the derivatives ∇Wseg and ∇Wpre by Adam algorithm [35].
7: Update the parameters Wseg and Wpre using backpropagation.
8: end for

3. Experiment

3.1. Experimental Setting

In our experiments, we used the Intel Xeon E5-2603 v2 (dual CPU), NVIDIA 1080Ti GPU, 32GB
memory, and Ubuntu x64 operating system. We selected the open source TensorFlow framework,
Python 3.5 as the development environment and PyCharm2017.1.2 as the development tool.

We used two well-labeled benchmark datasets for object detection: Pascal VOC 2012 dataset [36]
and Microsoft COCO (MS COCO) dataset [37], which came from image sensors. Pascal VOC 2012
dataset consists of 11,540 images of 20 categories. We randomly selected 5717 images as the training
set and 5823 images as the test set. MS COCO dataset involves 91 categories, but only 80 categories are
used in detection tasks. We also perform experiments on the 80 categories MS COCO dataset marked
by Microsoft. We train using the 80k train images, and test on the 40k test images.

To verify the effectiveness of the algorithm for images, the algorithm in this paper is compared
with SSD [19], Faster R-CNN [13], and Mask R-CNN [14]. SSD is a one-stage detection algorithm.
Faster R-CNN and Mask R-CNN are two-stage detection algorithms.

IOU (intersection over union) [36] is used to evaluate the positioning accuracy effect. In object
detection tasks using images, common evaluation indices include average precision (AP) [14] and
mean average precision (mAP) [38]. AP represents the average precision, which is the average value of
the highest precision rate under different recall rates. mAP is the mean value of AP under all categories.
By default, in this paper, when the IOU between the detection box and the real box is greater than 0.5,
it is determined that the algorithm has located the object.

We report the standard MS COCO indices [14,39], including AP (averaged over IOU thresholds),
APIoU=0.50, APIoU=0.75 and APsmall, APmedium, APlarge.

For the same test video stream, the number of frames per second processed under the same
experimental conditions is used as the detection speed evaluation standard, which is abbreviated as
fps [40]. It includes the image reading process and object detection process. We use the detection speed
to evaluate the processing efficiency of the real-time detection algorithm for images.

3.2. Comparison of State-of-the-Art Algorithms

Table 2 shows the mAP values of the proposed method and other three-comparison methods on
the Pascal VOC 2012 dataset. Comparing Mask R-CNN with the proposed method, the average mAP
value of the Pascal VOC 2012 dataset increased from 74.9 to 79.4%. By analyzing the detection accuracy
of each category in the dataset, it can be found that the detection accuracy of objects on the street have
been greatly improved.
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Table 2. Comparison of our method and other state-of-the-art methods in terms of mAP values (%) on
the Pascal VOC 2012 dataset. The best accuracy is shown in boldface.

Number Category Faster R-CNN (%) SSD (%) Mask R-CNN (%) SSOD (ours) (%)

1 aeroplane 84.9 85.6 86.5 84.3

2 bicycle 79.8 80.1 83.9 87.8

3 bird 74.3 70.5 77.6 79.4

4 boat 53.9 57.6 58.8 73.2

5 bottle 49.8 46.2 63.7 54.5

6 bus 77.5 79.4 80.4 84.3

7 car 75.9 76.1 78.2 86.1

8 cat 88.5 89.2 87.6 87.1

9 chair 45.6 53.0 56.0 60.8

10 cow 77.1 77.0 80.1 85.0

11 dining table 55.3 60.8 63.2 80.2

12 dog 86.9 87.0 88.0 86.6

13 horse 81.7 83.1 84.4 88.1

14 motorbike 80.9 82.3 85.7 84.5

15 person 79.6 79.4 79.9 79.8

16 potted plant 40.1 45.9 46.3 56.2

17 sheep 72.6 75.9 74.4 81.1

18 sofa 60.9 69.5 66.8 80.8

19 train 81.2 81.9 81.3 87.5

20 tv/monitor 61.5 67.5 75.0 80.6

- mAP 70.4 72.4 74.9 79.4

Figure 4 shows the mAP values of the proposed method and the other three methods on the
MS COCO dataset. In the experiment, the proposed method showed extremely strong detection
performance, which is better than the best performance of Mask R-CNN. In addition, the AP value of
the large object is improved higher, and the model is more suitable for detecting the large object like
the traditional one-stage algorithm. Experimental results show that this algorithm can also get good
detection accuracy for complex environment of image.

3.3. Speed and Performance

Table 3 shows the mAP values (%) and detection speed (fps) of the proposed algorithm and the
three comparison algorithms in terms of the Pascal VOC 2012 dataset. The detection speed of the SSOD
algorithm is higher than that of the Faster R-CNN algorithm and Mask R-CNN algorithm, but the
detection speed is lower than the SSD algorithm due to the complex model structure. The SSOD
algorithm can achieve real-time detection speed, and the mAP of the algorithm is the highest among
the comparison algorithms, which can be used for real-time detection of image sensors.
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Table 3. Comparison of our algorithm and other state-of-the-art algorithms in terms of mAP values
(%) and detection speed (fps) on the Pascal VOC 2012 dataset. The best accuracy or detection speed is
shown in boldface.

Algorithm SSD Faster R-CNN Mask R-CNN SSOD

mAP (%) 72.4 70.4 74.9 79.4

detection speed (fps) 46 5 5 24Sensors 2020, 20, x FOR PEER REVIEW 9 of 15 
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3.4. Further Analysis

3.4.1. Comparison of the Variant Algorithms

We evaluate some variants of SSOD, i.e., SSOD-att-seg, SSOD-att. SSOD-att is based on semantic
segmentation without attention mechanism. SSOD-att-seg represents a fast object detection algorithm
based on hourglass network without semantic segmentation and attention mechanism. For fair
comparison, the two variants remain the same configuration and hyperparameters as SSOD.

Table 4 shows the mAP results of the SSOD algorithm and other two variants of the SSOD
algorithm. The best accuracy is shown in boldface. We can find that SSOD can achieve higher accuracy
than SSOD-att and SSOD-att-seg. Compared with the SSOD-att algorithm, the mAP value of the SSOD
algorithm is improved by 0.7%, and compared with the SSOD-att-seg algorithm by 3%. However,
the overall detection accuracy of the SSOD-att-seg algorithm is higher than the three comparison
algorithms (SSD, Faster R-CNN, and Mask R-CNN).

By analyzing the detection accuracy of each type of object in the SSOD-att-seg algorithm, it can be
found that the detection accuracy of SSOD-att-seg for the object with large positions in the picture,
such as boats, sofas, and trains, is greatly improved, indicating that the SSOD-att-seg algorithm can
better detect the big object in the picture. Compared with Mask R-CNN, SSOD-att-seg has no advantage
in recognition accuracy of some small objects, because the one-stage detection model has a disadvantage
in detecting small objects compared with the two-stage model. However, the SSOD-att-seg algorithm
has an improved average accuracy compared with the SSD which is the same one-stage algorithm.
Figure 5 shows the comparison of the detection effect between the SSOD-att-seg algorithm and SSD
algorithm. In the figure, the detection confidence of SSOD-att-seg is higher and there are fewer
undetected objects, which indicates that the idea of SSOD-att-seg using the hourglass structure to
generate multi-scale features can effectively improve the detection accuracy of small objects in images.
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Table 4. Comparison of our algorithm and two variants in terms of mAP values (%) on the Pascal VOC
2012 dataset. The best accuracy is shown in boldface.

Number Category SSOD-att-seg (%) SSOD-att (%) SSOD (%)

1 aeroplane 88.4 90.1 84.3

2 bicycle 83.1 82.7 87.8

3 bird 75.5 85.2 79.4

4 boat 62.5 74.0 73.2

5 bottle 46.9 48.3 54.5

6 bus 82.5 90.4 84.3

7 car 79.3 75.2 86.1

8 cat 92.4 87.9 87.1

9 chair 59.2 51.5 60.8

10 cow 81.3 81.4 85.0

11 dining table 65.9 75.8 80.2

12 dog 90.1 87.3 86.6

13 horse 84.5 82.8 88.1

14 motorbike 86.8 92.0 84.5

15 person 82.5 84.2 79.8

16 potted plant 51.5 58.0 56.2

17 sheep 80.9 83.2 81.1

18 sofa 75.7 71.1 80.8

19 train 85.8 88.2 87.5

20 tv/monitor 72.1 84.9 80.6

- mAP 76.4 78.7 79.4
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By analyzing the detection accuracy of each category of the SSOD-att algorithm, it can be found
that the detection accuracy of the SSOD-att algorithm is greatly improved for boats, potted plants,
aeroplanes, and other objects that are easy to be partially blocked in pictures. Figure 6 shows the
comparison of the detection results of the SSOD-att algorithm and SSOD-att-seg algorithm.
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algorithm. The arrows indicate the objects detected by the SSOD-att algorithm but missed by
the SSOD-att-seg algorithm.

The detection confidence of SSOD-att is higher and there are fewer undetected objects. Experiments
have proved that the improved model using the multi-task learning idea can better detect the partially
occluded objects in the images, and can be used for detection in some scenes with dense objects.

By observing the pictures detected by the algorithm, it is also found that the SSOD-att algorithm
is not accurate enough to detect objects, which is caused by the complex background at home, and the
complex background may cause the false detection of the algorithm. Figure 7 shows the comparison of
the detection results of the SSOD algorithm and the SSOD-att algorithm. The detection confidence
of SSOD is higher and there are fewer undetected objects. The experiments proved that the SSOD
algorithm can well alleviate the false detection problem caused by the interference of the cluttered
background in the images.

Sensors 2020, 20, x FOR PEER REVIEW 12 of 15 

 

the SSOD algorithm can well alleviate the false detection problem caused by the interference of the 
cluttered background in the images. 

SSOD-att

SSOD

 
Figure 7. Comparison chart of detection effect between the SSOD algorithm and SSOD-att algorithm. 
The arrows indicate the objects detected by the SSOD algorithm but missed by the SSOD-att 
algorithm. 

3.4.2. Speed and Performance 
Table 5 shows the average accuracy and speed of the SSOD-att-seg algorithm, SSOD-att 

algorithm, and SSOD algorithm on the Pascal VOC 2012 dataset. The detection speed of the SSOD-
att-seg algorithm, SSOD-att algorithm, and SSOD algorithm is higher than the Faster R-CNN 
algorithm and Mask R-CNN algorithm. However, due to the complex model structure, the detection 
speed of the SSOD-att-seg algorithm, SSOD-att algorithm, and SSOD algorithm is lower than that of 
the SSD algorithm. SSOD-att-seg, SSOD-att, and SSOD algorithms can achieve real-time in detection 
speed. The SSOD algorithm is the highest average accuracy rate among the three comparison 
algorithms, and can be used for real-time detection of image sensors. 

Table 5. Comparison of our algorithm and two variants in terms of mAP values (%) and detection 
speed (fps) on the Pascal VOC 2012 dataset. The best accuracy or detection speed is shown in boldface. 

Algorithm SSOD-att-seg SSOD-att SSOD 
mAP(%) 76.4 78.7 79.4 

detection speed (fps) 25 24 24 

4. Conclusions 

In this paper, we proposed an object detection algorithm combined with semantic segmentation 
for images. The algorithm in this paper uses the hourglass structure to regenerate multi-scale 
features, and the feature mapping used to predict small targets also has rich abstract features. 
Semantic segmentation is introduced as an auxiliary task of object detection. Semantic segmentation 
and target detection are performed in parallel to optimize the model together. Extensive experimental 
results show that the performance of the object detection algorithm in this paper has been 
significantly improved, and the detection speed can reach real-time. Comparing state-of-the-art Mask 
R-CNN with the SSOD method, the average mAP value increased by 4.5% on the Pascal VOC 2012 
dataset. Comparing state-of-the-art Mask R-CNN with the SSOD method, the 5 AP indices value has 
significant improvement on the MS COCO dataset, especially helpful for medium and large objects, 
improving APs by 3.7% and 6.5% respectively. The detection speed of SSOD is 24 frames per second, 
which can be used for real-time detection. The training time of the proposed method is about 22 h. 

Figure 7. Comparison chart of detection effect between the SSOD algorithm and SSOD-att algorithm.
The arrows indicate the objects detected by the SSOD algorithm but missed by the SSOD-att algorithm.

3.4.2. Speed and Performance

Table 5 shows the average accuracy and speed of the SSOD-att-seg algorithm, SSOD-att algorithm,
and SSOD algorithm on the Pascal VOC 2012 dataset. The detection speed of the SSOD-att-seg
algorithm, SSOD-att algorithm, and SSOD algorithm is higher than the Faster R-CNN algorithm
and Mask R-CNN algorithm. However, due to the complex model structure, the detection speed of
the SSOD-att-seg algorithm, SSOD-att algorithm, and SSOD algorithm is lower than that of the SSD
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algorithm. SSOD-att-seg, SSOD-att, and SSOD algorithms can achieve real-time in detection speed.
The SSOD algorithm is the highest average accuracy rate among the three comparison algorithms,
and can be used for real-time detection of image sensors.

Table 5. Comparison of our algorithm and two variants in terms of mAP values (%) and detection
speed (fps) on the Pascal VOC 2012 dataset. The best accuracy or detection speed is shown in boldface.

Algorithm SSOD-att-seg SSOD-att SSOD

mAP (%) 76.4 78.7 79.4

detection speed (fps) 25 24 24

4. Conclusions

In this paper, we proposed an object detection algorithm combined with semantic segmentation
for images. The algorithm in this paper uses the hourglass structure to regenerate multi-scale features,
and the feature mapping used to predict small targets also has rich abstract features. Semantic
segmentation is introduced as an auxiliary task of object detection. Semantic segmentation and target
detection are performed in parallel to optimize the model together. Extensive experimental results
show that the performance of the object detection algorithm in this paper has been significantly
improved, and the detection speed can reach real-time. Comparing state-of-the-art Mask R-CNN
with the SSOD method, the average mAP value increased by 4.5% on the Pascal VOC 2012 dataset.
Comparing state-of-the-art Mask R-CNN with the SSOD method, the 5 AP indices value has significant
improvement on the MS COCO dataset, especially helpful for medium and large objects, improving
APs by 3.7% and 6.5% respectively. The detection speed of SSOD is 24 frames per second, which can
be used for real-time detection. The training time of the proposed method is about 22 h. Note that
data-parallel training algorithms cannot be considered for images in our paper, which will be our
future work.

Author Contributions: B.Q. provided the methodology for our project; R.C. carried out the formal analysis;
M.Z. guided the paper; Y.P. wrote the code for the software and designed the validation experiments; Y.Z. was
responsible for the conceptualization of our project; M.Y. helped with modeling and validation. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was partially supported by the National Natural Science Foundation of China
(61762025), the Guangxi Key Research and Development Program (AB18126053, AB18126063, AD18281002,
AB17195053), the Development Foundation of the 54th Research Institute of China Electronics Technology Group
Corporation (SXX18138X017), the Natural Science Foundation of Guangxi of China (2017GXNSFAA198226,
2019GXNSFDA185007, 2019GXNSFDA185006), Guangxi Key Science and Technology Planning Project (Nos.
AA18118031, AA18242028), the Innovation Project of GUET Graduate Education (2019YCXS051, 2020YCXS052),
the Guangxi Colleges and Universities Key Laboratory of Intelligent Processing of Computer Image and Graphics
(No. GIIP201603), and the Guangxi Key Laboratory of Cryptography and Information Security under Grant
(GCIS201906).

Acknowledgments: The authors would like to thank Bo Peng and Baolian Li. The two authors have carried out
cooperative research and we got their support in data set acquisition, method design and improvement, field
application and project support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cvar, N.; Trilar, J.; Kos, A.; Volk, M.; Stojmenova Duh, E. The Use of IoT Technology in Smart Cities and
Smart Villages: Similarities, Differences, and Future Prospects. Sensors 2020, 20, 3897. [CrossRef] [PubMed]

2. Felzenszwalb, P.F.; Girshick, R.B.; McAllester, D.; Ramanan, D. Object Detection with Discriminatively
Trained Part-Based Models. IEEE Trans. Pattern Anal. Mach. Intell. 2010, 32, 1627–1645. [CrossRef]

3. Wu, X.; Duan, J.; Zhong, M.; Li, P.; Wang, J. VNF Chain Placement for Large Scale IoT of Intelligent
Transportation. Sensors 2020, 20, 3819. [CrossRef] [PubMed]

http://dx.doi.org/10.3390/s20143897
http://www.ncbi.nlm.nih.gov/pubmed/32668714
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.3390/s20143819
http://www.ncbi.nlm.nih.gov/pubmed/32650585


Sensors 2020, 20, 5080 13 of 14

4. Qiang, B.; Zhang, S.; Zhan, Y.; Xie, W.; Zhao, T. Improved Convolutional Pose Machines for Human Pose
Estimation Using Image Sensor Data. Sensors 2019, 19, 718. [CrossRef] [PubMed]

5. Borghgraef, A.; Barnich, O.; Lapierre, F.; van Droogenbroeck, M.; Philips, W.; Acheroy, A. An Evaluation of
Pixel-Based Methods for the Detection of Floating Objects on the Sea Surface. EURASIP J. Adv. Signal Process.
2010, 33, 434–451. [CrossRef]

6. Hu, W.-C.; Yang, C.-Y.; Huang, D.-Y. Robust real-time ship detection and tracking for visual surveillance of
cage aquaculture. J. Vis. Commun. Image Represent. 2011, 22, 543–556. [CrossRef]

7. Shi, G.; Suo, J.; Liu, C.; Wan, K.; Lv, X. Moving target detection algorithm in image sequences based on
edge detection and frame difference. In Proceedings of the 2017 IEEE 3rd Information Technology and
Mechatronics Engineering Conference, Chongqing, China, 3–5 October 2017; pp. 740–744.

8. Kang, Y.; Huang, W.; Zheng, S. An improved frame difference method for moving target detection.
In Proceedings of the 2017 Chinese Automation Congress, Jinan, China, 20–22 October 2017; pp. 1537–1541.

9. Viola, P.; Jones, M. Rapid object detection using a boosted cascade of simple features. In Proceedings of the
2001 IEEE Computer Society Conference on Computer Vision and Pattern Recognition, Kauai, HI, USA, 8–14
December 2001; pp. 511–518.

10. Dalal, N.; Triggs, B. Histograms of oriented gradients for human detection. In Proceedings of the 2005 IEEE
Computer Society Conference on Computer Vision and Pattern Recognition, San Diego, CA, USA, 20–25
June 2005; pp. 886–893.

11. Zeiler, M.D.; Taylor, G.W.; Fergus, R. Adaptive deconvolutional networks for mid and high level feature
learning. In Proceeding of the 2011 IEEE International Conference on Computer Vision (ICCV), Barcelona,
Spain, 6–13 November 2011; pp. 2018–2025.

12. Girshick, R. Fast R-CNN. In Proceedings of the 2015 Ieee International Conference on Computer Vision,
Santiago, Chile, 11–18 December 2015; pp. 1440–1448.

13. Ren, S.; He, K.; Girshick, R.; Sun, J. Faster R-CNN: Towards Real-Time Object Detection with Region Proposal
Networks. IEEE Trans. Pattern Anal. Mach. Intell. 2017, 39, 1137–1149. [CrossRef] [PubMed]

14. He, K.; Gkioxari, G.; Dollar, P.; Girshick, R. Mask R-CNN. IEEE Trans. Pattern Anal. Mach. Intell. 2020, 42,
386–397. [CrossRef] [PubMed]

15. He, K.; Zhang, X.; Ren, S.; Sun, J. Spatial pyramid pooling in deep convolutional networks for visual
recognition. In Proceeding of the 13th European Conference on Computer Vision (ECCV), Zurich, Switzerland,
6–12 September 2014; pp. 346–361.

16. Kong, T.; Yao, A.; Chen, Y.; Sun, F. HyperNet: Towards accurate region proposal generation and joint object
detection. In Proceedings of the 2016 IEEE Conference on Computer Vision and Pattern Recognition (CVPR),
Las Vegas, NV, USA, 26 June–1 July 2016.

17. Cai, Z.; Vasconcelos, N. Cascade R-CNN: Delving into high quality object detection. In Proceedings of the
2018 IEEE/CVF Conference on Computer Vision and Pattern Recognition, Salt Lake City, UT, USA, 18–23
June 2018; pp. 6154–6162.

18. Redmon, J.; Divvala, S.; Girshick, R.; Farhadi, A. You only look once: Unified, real-time object detection.
In Proceedings of the 2016 IEEE Conference on Computer Vision and Pattern Recognition, Seattle, WA, USA,
27–30 June 2016; pp. 779–788.

19. Liu, W.; Anguelov, D.; Erhan, D.; Szegedy, C.; Reed, S.; Fu, C.-Y.; Berg, A.C. SSD: Single shot multibox detector.
In Proceedings of the 2016 European Conference on Computer Vision (ECCV), Amsterdam, The Netherlands,
8–16 October 2016; pp. 21–37.

20. Lin, T.-Y.; Goyal, P.; Girshick, R.; He, K.; Dollar, P. Focal Loss for Dense Object Detection. IEEE Trans. Pattern
Anal. Mach. Intell. 2020, 42, 318–327. [CrossRef] [PubMed]

21. Zhang, S.; Wen, L.; Bian, X.; Lei, Z.; Li, S.Z. Single-shot refinement neural network for object detection.
In Proceedings of the 2018 IEEE/CVF Conference on Computer Vision and Pattern Recognition, Salt Lake
City, UT, USA, 18–23 June 2018; pp. 4203–4212.

22. Liu, S.; Huang, D. Receptive field block net for accurate and fast object detection. In Proceedings of the
European Conference on Computer Vision (ECCV), Munich, Germany, 8–14 September 2018; pp. 385–400.

23. Shen, Z.; Liu, Z.; Li, J.; Jiang, Y.-G.; Chen, Y.; Xue, X. DSOD: Learning deeply supervised object detectors
from scratch. In Proceedings of the 2017 IEEE International Conference on Computer Vision, Venice, Italy,
22–29 October 2017; pp. 1937–1945.

http://dx.doi.org/10.3390/s19030718
http://www.ncbi.nlm.nih.gov/pubmed/30744191
http://dx.doi.org/10.1155/2010/978451
http://dx.doi.org/10.1016/j.jvcir.2011.03.009
http://dx.doi.org/10.1109/TPAMI.2016.2577031
http://www.ncbi.nlm.nih.gov/pubmed/27295650
http://dx.doi.org/10.1109/TPAMI.2018.2844175
http://www.ncbi.nlm.nih.gov/pubmed/29994331
http://dx.doi.org/10.1109/TPAMI.2018.2858826
http://www.ncbi.nlm.nih.gov/pubmed/30040631


Sensors 2020, 20, 5080 14 of 14

24. Huang, G.; Liu, Z.; van der Maaten, L.; Weinberger, K.Q. Densely connected convolutional networks.
In Proceedings of the 30th IEEE Conference on Computer Vision and Pattern Recognition, Honolulu, HI,
USA, 21–26 July 2017; pp. 2261–2269.

25. Law, H.; Deng, J. CornerNet: Detecting Objects as Paired Keypoints. Int. J. Comput. Vis. 2020, 128, 642–656.
[CrossRef]

26. Duan, K.; Bai, S.; Xie, L.; Qi, H.; Huang, Q.; Tian, Q. Centernet: Keypoint triplets for object detection.
In Proceedings of the 2019 IEEE/Cvf International Conference on Computer Vision, Seoul, Korea, 27 October–
2 November 2019; pp. 6568–6577.

27. Tian, Z.; Shen, C.; Chen, H.; He, T. FCOS: Fully convolutional one-stage object detection. In Proceedings of
the 2019 IEEE/Cvf International Conference on Computer Vision, Seoul, Korea, 27 October–2 November
2019; pp. 9626–9635.

28. Shinohara, T.; Xiu, H.; Matsuoka, M. FWNet: Semantic Segmentation for Full-Waveform LiDAR Data Using
Deep Learning. Sensors 2020, 20, 3568. [CrossRef] [PubMed]

29. Saez, A.; Bergasa, L.M.; Lopez-Guillen, E.; Romera, E.; Tradacete, M.; Gomez-Huelamo, C.; del Egido, J.
Real-Time Semantic Segmentation for Fisheye Urban Driving Images Based on ERFNet. Sensors 2019, 19, 503.
[CrossRef] [PubMed]

30. He, K.; Zhang, X.; Ren, S.; Sun, J. Deep residual learning for image recognition. In Proceedings of the 2016
IEEE Conference on Computer Vision and Pattern Recognition (CVPR), Seattle, WA, USA, 27–30 June 2016;
pp. 770–778.

31. Eom, H.; Lee, D.; Han, S.; Hariyani, Y.S.; Lim, Y.; Sohn, I.; Park, K.; Park, C. End-To-End Deep Learning
Architecture for Continuous Blood Pressure Estimation Using Attention Mechanism. Sensors 2020, 20, 2338.
[CrossRef] [PubMed]

32. Meng, F.; Wang, X.; Wang, D.; Shao, F.; Fu, L. Spatial-Semantic and Temporal Attention Mechanism-Based
Online Multi-Object Tracking. Sensors 2020, 20, 1653. [CrossRef] [PubMed]

33. Jiang, B.; Luo, R.; Mao, J.; Xiao, T.; Jiang, Y. Acquisition of localization confidence for accurate object detection.
In Proceedings of the European Conference on Computer Vision (ECCV), Munich, Germany, 8–14 September
2018; pp. 816–832.

34. Wang, F.; Cheng, J.; Liu, W.; Liu, H. Additive Margin Softmax for Face Verification. IEEE Signal Process. Lett.
2018, 25, 926–930. [CrossRef]

35. Kingma, D.P.; Ba, J. Adam: A Method for Stochastic Optimization. arXiv 2014, arXiv:1412.6980.
36. Everingham, M.; van Gool, L.; Williams, C.K.I.; Winn, J.; Zisserman, A. The Pascal Visual Object Classes

(VOC) Challenge. Int. J. Comput. Vis. 2010, 88, 303–338. [CrossRef]
37. Shelhamer, E.; Long, J.; Darrell, T. Fully Convolutional Networks for Semantic Segmentation. IEEE Trans.

Pattern Anal. Mach. Intell. 2017, 39, 640–651. [CrossRef] [PubMed]
38. Ponn, T.; Kröger, T.; Diermeyer, F. Identification and Explanation of Challenging Conditions for Camera-Based

Object Detection of Automated Vehicles. Sensors 2020, 20, 3699. [CrossRef]
39. Lin, T.-Y.; Dollar, P.; Girshick, R.; He, K.; Hariharan, B.; Belongie, S. Feature pyramid networks for object

detection. In Proceedings of the 30th IEEE Conference on Computer Vision and Pattern Recognition,
Honolulu, HI, USA, 21–26 July 2017; pp. 936–944.

40. Wang, R.J.; Li, X.; Ling, C.X. Pelee: A real-time object detection system on mobile devices. In Proceedings
of the 32nd Conference on Neural Information Processing Systems (NIPS), Montreal, QC, Canada,
2–8 December 2018.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s11263-019-01204-1
http://dx.doi.org/10.3390/s20123568
http://www.ncbi.nlm.nih.gov/pubmed/32599774
http://dx.doi.org/10.3390/s19030503
http://www.ncbi.nlm.nih.gov/pubmed/30691055
http://dx.doi.org/10.3390/s20082338
http://www.ncbi.nlm.nih.gov/pubmed/32325970
http://dx.doi.org/10.3390/s20061653
http://www.ncbi.nlm.nih.gov/pubmed/32188090
http://dx.doi.org/10.1109/LSP.2018.2822810
http://dx.doi.org/10.1007/s11263-009-0275-4
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://www.ncbi.nlm.nih.gov/pubmed/27244717
http://dx.doi.org/10.3390/s20133699
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Framework 
	Feature Extraction 
	Semantic Segmentation Branch 
	Prediction Part 
	Summary of the Proposed Algorithm 

	Experiment 
	Experimental Setting 
	Comparison of State-of-the-Art Algorithms 
	Speed and Performance 
	Further Analysis 
	Comparison of the Variant Algorithms 
	Speed and Performance 


	Conclusions 
	References

