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Abstract: Benefiting from the development of unmanned aerial vehicles (UAVs), the types and
number of datasets available for image synthesis have greatly increased. Based on such abundant
datasets, many types of virtual scenes can be created and visualized using image synthesis technology
before they are implemented in the real world, which can then be used in different applications. To
achieve a convenient and fast image synthesis model, there are some common issues such as the
blurred semantic information in the normalized layer and the local spatial information of the feature
map used only in the generation of images. To solve such problems, an improved image synthesis
model, SYGAN, is proposed in this paper, which imports a spatial adaptive normalization module
(SPADE) and a sparse attention mechanism YLG on the basis of generative adversarial network
(GAN). In the proposed model SYGAN, the utilization of the normalization module SPADE can
improve the imaging quality by adjusting the normalization layer with spatially adaptively learned
transformations, while the sparsified attention mechanism YLG improves the receptive field of the
model and has less computational complexity which saves training time. The experimental results
show that the Fréchet Inception Distance (FID) of SYGAN for natural scenes and street scenes are 22.1,
31.2; the Mean Intersection over Union (MIoU) for them are 56.6, 51.4; and the Pixel Accuracy (PA)
for them are 86.1, 81.3, respectively. Compared with other models such as CRN, SIMS, pix2pixHD
and GauGAN, the proposed image synthesis model SYGAN has better performance and improves
computational efficiency.

Keywords: deep learning; unmanned aerial vehicle; image synthesis; generative adversarial network;

attention mechanism

1. Introduction

The simulation of image scenes has developed rapidly and is one of the current
research hotspots [1]. More and more places need to use image synthesis technology, such
as interior design, street design, park landscape preview maps, and so on. A real and
reasonable image can improve people’s impression of the project, and can also make people
feel more intuitively about how the project will look on completion. However, there are few
angles available for manual image acquisition and it is more time consuming and laborious.
The popularity of unmanned aerial vehicles (UAV) makes the collection of remote sensing
image data simpler and more convenient. UAV can obtain images from a wider range with
more angles, which greatly expands the source of image synthesis datasets. Compared with
artificial image acquisition, that derived from UAV has lower costs and a broad application
prospect. Similarly, image synthesis based on deep learning is better than artificial image
synthesis [2].

At present, image synthesis methods based on deep learning are mainly based on
Generative Adversarial Networks (GAN) [3]. Pix2pixHD is one of the most widely used
models at present, and it is a supervised learning model. By inputting the semantic
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labels and the ground truth, realistic composite images can be generated in the model [4].
Chen et al. [5] proposed a Cascaded Refinement Network (CRN), which can repeatedly
refine the output from low resolution to high resolution, resulting in high-quality images.
Qi et al. [6] proposed SIMS, which first divides semantic labels into each plate, identifies
patterns similar to the plate in the material library to supplement, and then refines the
connections of each plate.

Although deep learning has made some progress in the field of image synthesis in
recent years, some aspects need improvement [7]. For example, part of the structure
can be optimized, and the receptive field of the model is inadequate [8]. Park et al. [9]
showed that the traditional network architecture, which is a superposition of convolution,
normalization, and nonlinear layers, is not optimal because their normalization layers tend
to reduce the information contained in the input semantic mask. Transposed convolutional
layers are a type of basic constituent layer that can capture the spatial properties of natural
images, which are important for generating high-quality images. However, it has a major
limitation in that it cannot model complex geometries and long-distance dependencies [10].
To compensate for this limitation and expand the receptive field of the model, some have
introduced an attention mechanism into the model. This method was first proposed
by SAGAN [11]. However, this mechanism also has the following limitations: first, the
calculation cost of the standard dense attention mechanism is relatively high; second, when
the attention mechanism is calculated, the spatial characteristics of the image are lost in the
step of expanding the two-dimensional spatial structure into a one-dimensional vector [12].

To solve the above problems, an image synthesis model SYGAN is proposed in
this paper. It is based on adjusted GAN and a spatially adaptive normalization module
SPADE [9] and a sparsified attention mechanism YLG [13] which are imported. Using the
SPADE module, both the normalization function and the initial semantic information are
well retained. The attention mechanism YLG not only effectively improves the reading of
feature point information and expands the receptive field of the model, but also reduces
the computational complexity, which decreases the requirements of hardware equipment
and improves the computational speed of the model.

The main contributions of this paper are as follows: (1) A new image synthesis model
SYGAN is proposed. Compared with other models, the model SYGAN adopts a spatially
adaptive normalization module and a sparsified attention mechanism to achieve good
performance and low complexity. (2) Image synthesis of two kinds of scenes — natural and
street scenes — are examined, and the reasons for the difference between the performance
for the two scenes are analyzed. (3) Experiments for the comparison of performance of
SYGAN and other models such as CRN, SIMS, pix2pixHD, and GauGAN and ablation
experiments are conducted to verify the performance of SYGAN.

2. Materials and Methods
2.1. Main Idea

SYGAN, an image synthesis model based on deep learning whose overall structure is
shown in Figure 1, is proposed in this paper.

In SYGAN, the image encoder first encodes the real images and then generates the
mean and variance vectors, which are used for the noise input of the generator. In addition
to these data, the generator also accepts the label images as input to the SPADE block, and
then generates the output images. The output images and the real images are used as the
input of the discriminator. Finally, the discriminator makes the judgment classification
and outputs the attention map to the generator to help it focus on the regions with higher
discrimination in the image.
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Figure 1. Overall structure of the SYGAN model.

As shown in Figure 1, the main idea of SYGAN includes the following aspects:
(1) Adjusting GAN as a main framework

The main framework of SYGAN is based on GAN which uses generators and discrim-
inators against each other to obtain a reasonable output. As a generative model, it deals
well with the problem of data generation. The neural network structure used in this model
can fit the high-dimensional representation of various types of data. GAN uses two neural
networks against each other and end-to-end optimization, which can effectively improve
the training efficiency [14]. The image encoder is mainly composed of a convolutional layer
and a linear layer. Real images are encoded as input to generate vector data as input to
the generator. The discriminator adopted by SYGAN refers to the classical design of some
other models and is mainly composed of convolutional layers. It takes the label image, the
output of the generator, and the real image as inputs and judges them.

(2) Importing spatially adaptive normalization module SPADE into the generator

In the past, deep learning-based methods often sent semantic images directly to the
neural network in the generator for learning. Although these methods have some impact,
they are not conducive to generating high-quality images, because the normalization layer
in ordinary neural networks will unconsciously reduce the semantic information. In order
to solve this problem, in this study a spatially adaptive normalization module SPADE is
imported to replace the ordinary normalization layer, use the layout of input semantic
information to activate regulation through spatially adaptively learned transformations,
and effectively propagate semantic information throughout the network.

(3) Adding attention mechanism YLG

By modeling the relationships between pixels, the attention mechanism can effectively
handle complex geometric shapes and capture long-distance dependencies to further
improve network performance [15]. However, common attention also has some of the
limitations described above. In view of these, the sparsified attention mechanism YLG is
added into SYGAN, which introduces the local sparse attention layer, reducing both the
computational complexity and the loss of spatial characteristics when the two-dimensional
spatial structure tensor is expanded into one-dimensional spatial structure, and can support
good information flow. Compared with other attention mechanisms, the performance and
training time have been optimized to a certain extent.

2.2. SYGAN Model
2.2.1. Adjusting GAN as Main Framework

The basic framework for GAN is shown in Figure 2. A set of random noise vectors z
satisfying a specified distribution is given as input. The generator G will generate a sample
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x, and then the discriminator D will make a binary classification decision, resulting in a
value 0y1 (if 0p~1 is 1, it means that the discriminator considers the sample to be a real
sample; otherwise, it is a false sample, which means that the sample is generated). There
are two types of inputs to discriminator D: generated sample x¢ and real sample x;. In
the process of optimizing model parameters through adversarial training, the generator
G fits the latent distribution of the real data, so that it is able to synthesize samples that
approximate the latent distribution of the real data using the random noise vector z. Then
the generated sample xf and the real data x; are sent to the discriminator D, which then
tries to distinguish the real and fake input samples as much as possible. Meanwhile, the
generator G tries to generate samples that are indistinguishable from the real data in order
to make the discriminator D judge that the generated samples are true. In the process of
confrontation between the generator and the discriminator, both are optimized, and their
respective performances are also improved. When the discriminator cannot distinguish the
source of the sample data, the optimization ends, and the mathematical expression of the
optimization process is shown in Equation (1):

"o V(D,G) = Evepy, [logD(x)] + Exvp.[log(1— D(G(2)))] M
where z and x represent the random noise vector and the true sample, respectively. x can
be generated by randomly sampling from the true data distribution Pj,,, and z can be
generated by sampling from the specified prior distribution P,. In the process of optimizing
this adversarial generative model, the generator attempts to minimize V(D, G), while
the discriminator maximizes V (D, G). In the optimization process, an alternate iterative
updating method is adopted. First, the generator G is fixed to maximize V (D, G) to solve
D, and then the discriminator D is fixed to minimize V (D, G) to solve G.

Generator
G

Discriminator

D

Figure 2. Structure of GAN.

In image synthesis applications, the function of generator G is to process vector data
generated by image encoder as input to generate image x. The role of the discriminator D
is to determine whether the received input samples are generated images x; or real images
x¢. The training goal of generator G is to make its output fool discriminator D, and the goal
of discriminator D is to identify which image samples come from discriminator G.

As shown in Figure 3, the encoder consists of six convolutional layers with a step size
of 2 and two linear layers to output a mean p and a variance o, which are used as the input
of the generator. It uses the LReLU activation function [16] and Instance Norm (IN) [17].
LReLU is easy to compute, fast in convergence, and solves the problem of vanishing
positive interval gradients. Compared with ReLU [18], it solves the problem that some
neurons cannot be activated.



Drones 2023, 7, 160

50f16

i

[ 3x3-]2-Conv-64,IN,LReLU |

[

| 3x3-12-Conv-128,IN,LReLU |
[

| 3x3-12-Conv-256,IN,LReLU |
[

[ 3x3-12-Conv-512,IN,LReLU |

| 3x3-]2-Conv-512,IN,LReLU |

[

| 3x3-12-Conv-512,IN,LReLU |
[

| Reshape(8192, 1, 1) |

I I

| Linear(256) | | Linear(256) |
: :

Figure 3. Image encoder.

The discriminator in SYGAN refers to the design of pix2pixHD and Patch-GAN
to some extent [19] whose input is segmented images and the connection between the
generator output and the real image, uses the LReLU activation function and IN, and takes
the convolution layer as the last layer. The output of the discriminator will be received
by the attention mechanism YLG (Section 2.2.3) to generate an attention map, which is
then input to the generator to assist in its focusing on areas of higher discrimination in the
image. Its structure is shown in Figure 4.
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| 4x4-Conv-1 |

l

Figure 4. Structure of discriminator.

2.2.2. Importing Spatially Adaptive Normalization Module SPADE into Generator

The structure of the spatially adaptive normalization module SPADE is shown in
Figure 5. The label image is first projected onto the embedding space and then convolved to
produce the modulation parameters y and (3. Unlike the previous conditional normalization
method, v and 3 here are not vectors, but tensors with spatial dimensions. The generated
v and (3 are processed in the next step, similar to batch normalization (BN) [20] It is also
regularized in the channel and modulated with the learned scale and bias. The input of
SPADE is a segmented image with different colors representing different labels. First, a
unified convolution is performed, and then two different convolutions are performed to
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generate y and 3 with the same number and size as the current number of channels. Next,
v is multiplied by the layer that has just been normalized, and {3 is added. It is equivalent in
that each pixel point of each channel in a layer is normalized separately. In contrast to BN,
it depends on the input label image and varies depending on the location. With SPADE,
there is no need to input semantic images at the first level of the generator, because the
learned modulation parameters already encode enough information about the label layout.

I Resize (order=0) l\

I

| 3x3-Conv-128, ReLU |
]

3X3-Conv-K

3% 3-Conv-K
9 /
d

/\ WLION yojeq SUAS ‘ \

/

Figure 5. Structure of SPADE.

The SPADE structure is shown in Equations (2)—(4), where h represents the activation
of the ith layer of the deep convolutional network for a batch of N samples. c' is the number
of channels in the layer, H' and w' are the height and width of the activation map in the
layer. h;,cly,x denotes activation before normalization, yi and ¢! are the mean and variance
in channel c. normally, N is set to 1.

i hf@c,y,x - .ulc i
'Yc, Y, x(m) 0_,‘ + :Bc,y,x(m)r (2)
C
A Yo n ®)
He = NHW & 1,6,Y,X7

Ué = \/NHliwi ngx((hfq,c,y,x>2 - (;lé)2> 4)

The SPADE is combined with the activation function and convolution to form a
SPADE block, refer Mescheder et al. [21] and Miyato et al. [22], the SPADE block replaces
the commonly used “convolution — activation — normalization” module with “SPADE
— activation — convolution”. This module can be seen as using the image semantic
information to guide the feature map for normalization processing. The structure is shown
in Figure 6. In order to solve the problem that the number of channels before and after
the residual block is different, a skip connection is added to the structure [23]. That is the
portion within the dashed box in Figure 6.
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3x3-Conv-K

Figure 6. SPADE Block.

Since the learned modulation parameters already encode enough information about
the label layout, there is no need to feed the segmented images back to the first layer of the
generator, whereby the encoder part of the generator may not be used, which could make
the network more lightweight. Figure 7 shows the structure of the generator of SYGAN,
which is composed of a series of SPADE blocks and convolutions. The whole network
structure is formed by learning the data distribution in a row, and then stacking the SPADE
blocks layer by layer. The size of the feature map is from small to large, and the number
of channels is from large to small to generate the final real image. In each layer of SPADE
block, semantic segmentation images are continuously added to intervene, so that the
network can learn multi-scale semantic information in each layer.

= m el

SPADE _| spapE __J spaDE SPADE
Block | Block e Block — = | Block [

Figure 7. Importing the SPADE block into the SYGAN generator.

In Figure 7, the SPADE block takes the previously output low-resolution image and
the different-sized label image of the input image as the input of the next block to generate
a higher-resolution image. The growing blue squares are images of increasing size.

2.2.3. Adding Attention Mechanism YLG

The YLG attention mechanism is a sparse attention mechanism, which can improve
the computational efficiency of the module. It divides the attention into multiple steps
for computation instead of concentrating the computation together. The second-order
complexity of the input attention can be expressed by a matrix Axy = X Y{.

X, Y is an intermediate representation that associates several matrices with the input.
At each step i, attention is directed to a subset of the input locations, which are determined
by the binary mask M, as shown in Equation (5).
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; Axyla,b], Mi[a,b] =1
xv1a, D] —{ Xfﬁil }W[a, 5 :]0 5)

—oco means that after the function is activated, the value of this position will be cleared,
and the calculation will no longer be transferred, so it has no effect on it. Therefore, the
design of mask M is very important, which is related to the complexity of the data involved
in the calculation of attention. The mechanism is designed to solve this problem by using
a kind of attention mask that specifies which points have a calculation relationship with
points and which points are not settled. The mechanism also refers to the method of
Rewon Child et al. [24], which allows individual attention heads to operate on different
matrices in parallel, and then connect them in series along the feature dimension. This
attention mask also has two modes, which are Left to Right (LTR) in Figure 8a and Right
to Left (RTL) in Figure 8b. RTL is the transposed version of LTR. The related information
flow diagram is shown in Figure 4. These two modes only allow attention to some areas,
which can significantly reduce the quadratic complexity of attention. The mask is actually a
superposition of the connected graphs of the two calculations, in which dark blue represents
the position of both calculations, light blue represents the position of the first calculation,
and green represents the location of the second calculation. The remaining yellow squares
represent the positions that are not involved twice, from which the sparsity of the attention
mechanism can be reflected.

(a) (b)
Figure 8. Attention masks. (a) Left to right (LTR). (b) Right to left (RTL).

2.3. Datasets

Experiments were conducted using the following three datasets:

COCO-Stuff [25]: From the COCO dataset. It has 118,000 training images and 5000 test
images from different scenes, containing 182 semantic categories.

ADE20K [26]: Consists of 20,210 training images and 2000 test images. Similar to
COCO-Stuff, the dataset contains 150 semantic categories.

UAVid [27]: An image segmentation dataset of urban scenes captured by UAVs, with
a total of 3296 images containing 8 semantic categories.

2.4. Design of Experiments
2.4.1. Hardware and Software Configuration

The deep learning framework PyTorch was used to implement the SYGAN model and
the experiments. The hardware and software configurations are shown in Table 1.
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Table 1. Software and hardware configuration.

Item Detail
CPU AMD Ryzen 7 3900X 12-Core processor
GPU NVIDIA GeForce RTX 3090
RAM 32GB
Operating system 64-bit Windows 11
CUDA CUDA11.3
Data processing Python 3.7

2.4.2. Evaluation Indicators

In order to evaluate the accuracy of the model, Pixel Accuracy (PA), Mean Inter-
section over Union (MIoU) and Fréchet Inception Distance (FID) [28] were used in this
paper to measure the gap between the synthetic image distribution and the ground truth
distribution.

Pixel Accuracy (PA) is an evaluation criterion for predicting the accuracy of pixels.
PA = number of correctly predicted pixels/total number of predicted pixels, as shown in
Equation (6):

PA — kZﬁ'{:okPii
Yiz0 Y=o Pij

The definition of MIoU is given in Equation (7). Where k 4 1 is the number of classes
(including null classes), i is the true value, j is the predicted value, and pj; is the number of
true values i and predicted values j.

(6)

1 & ii
MlIoU = Y . @)
k+1 5o pij + Yo pji — pii

FID is an index commonly used to evaluate GAN. Its idea is to send the samples
generated by the generator and those generated by the discriminator to the classifier
respectively, extract the abstract features of the middle layer of the classifier, assume that
the abstract features conform to the multivariate Gaussian distribution, and estimate the
mean value of the Gaussian distribution of the generated samples’ j¢, variance }_ g, training
samples p 4,4, and variance ) data to calculate the Fréchet distance between two gaussian
distributions. In addition, tr represents trace. This distance value is the FID, as shown in
Equation (8).

FID = || pdata — pgl* + tr (Zdata +Y ¢- 2(251‘”“28)%) ®)

2.4.3. Parameters of Experiments

(1) Loss function.

The loss function is the combination of ordinary cross entropy loss (Cross Entropy
Loss) and Dice Loss. Dice coefficient is an aggregate similarity measure function, which
is used to calculate the similarity between two samples. The value is usually between
0 and 1, and the lower the loss value, the better the fitting effect and robustness of the
synthetic model.

(2) Training parameters.

The learning rates of the generator and discriminator are set to 0.0001 and 0.0004
respectively, and the setting of the learning rates is referred to Heusel et al. [29] The first
200 epochs are performed, and the learning rate is linearly attenuated to 0.00005 over the
course of 150 to 200 epochs. The test found that the loss value reached the lowest value of
0.15 after 110 times of training, and then there was almost no change, so the epoch =120
was determined after comprehensive consideration. Due to the limitation of GPU memory,
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when the batch size is greater than 16, it is likely to stop training due to insufficient memory,
so it is determined as batch size = 16. The loss function diagram is shown in Figure 9 and
the hyperparameter setting is shown in Table 2.

10

09 o

loss

T T T T T T T
0 20 40 60 80 100 120 140 160 180 200
epoch

Figure 9. Loss function.

Table 2. Hyperparameter setting.

Item Value
epoch 120
Batch size 16
Lr(G) 0.0001
Lr(D) 0.0004
Image size 512 x 512

2.4.4. Schemes of Experiments

(1) Comparative experiments.

This part includes two experimental subjects: natural scene and street scene. On the
basis of the three datasets, COCO-Stuff, ADE20K, and UAVid, images were selected and
classified, and then divided into two new datasets — natural scene and street scene — for
training and testing. These are the two most commonly used image scenes, and they have
different styles. The difficulty of model training is also different, so it is better to carry out
comparative experiments. The training set for each of the two new datasets consists of
10,000 images. The test set for each of the two new datasets consists of 1000 images. The
image size used is 512 x 512. Four other models, CRN, SIMS, pix2pixHD, and GauGAN,
were used to conduct the comparison experiments.

(2) Computational complexity experiments.

COCO-Stuff were used in this experiment. We counted the number of epochs that
reach the highest FID and the time it took each epoch. These data are used to calculate the
total time required for training for comparison, so as to compare the complexity between
SYGAN and SAGAN [11]. In contrast to SYGAN, other models such as CRN, SIMS,
pix2pixHD, and GauGAN do not incorporate attention mechanics, so we don’t compare
the complexity of SYGAN with that of these models.

(3) Ablation experiments.

The ablation experiment is one of the key factors to assess the quality of the model.
The three datasets, COCO-Stuff, ADE20K and UAVid, were used for the experiments to
verify the necessity of the corresponding improvement features.
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3. Results and Discussion
3.1. Comparative Experiments

In the experiments, the proposed model SYGAN was compared with several image
synthesis models: CRN, SIMS, pix2pixHD, GauGAN. CRN uses a deep learning net-
work to repeatedly refine the output from low resolution to high resolution; SIMS uses a
semi-parametric method to synthesize real segments from the training set and refine the
boundary; pix2pixHD is a conditional image synthesis model based on GAN. A higher
value of MIoU and PA indicates better performance, while a lower value of FID indicates
better performance. Because the generated image does not need to be completely consistent
with the real image, such as vegetation and sky, the image synthesis only needs to be
subjectively reasonable to the naked eye, and does not need every tree and cloud to be
the same as ground truth, so the MioU index in the above experimental results will be
relatively low. However, as it can reflect the coincidence of the generated image and the
label image, it can also show the quality of the model to a certain extent.

3.1.1. Natural Scene

Experiments were conducted using natural scene images. MioU, PA, and FID were
used as indicators, where the higher the values of MioU and PA, the better the performance,
and the lower the value of FID, the better the performance. The results are shown in
Figure 10 and Table 3.

() (b) © ) © ® )

Figure 10. Visual comparison of natural scene image synthesis results. (a) Label. (b) Ground truth.
(c) CRN. (d) SIMS. (e) pix2pixHD. (f) GauGAN. (g) SYGAN (ours).

Table 3. Results of the comparison of natural scene images.

Model PA (%) MIoU (%) FID
CRN 68.4 45.3 48.6
SIMS 63.6 38.6 43.6

pix2pixHD 73.9 46.3 39.8
GauGAN 83.9 54.8 22.6
SYGAN(ours) 86.1 56.6 221

It can be seen from Figure 10 that SYGAN, the model proposed in this paper, suc-
cessfully synthesizes the real details of semantic labels, and the generated images are
significantly improved compared with other models, making the generated images closer
to human subjective feelings, more natural in various performances, smoother and more
natural in the edges of different generated categories. Various indicators also show that the
performance of SYGAN is better than the comparative methods.

As is shown in Table 3, the FID of SYGAN was 22.1, which was 26.5, 21.5, 17.7, and
0.5 lower than that of CRN, SIMS, pix2pixHD, and GauGAN, respectively. The MioU of
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SYGAN was 56.6%, which was 11.3%, 16%, 10.3%, and 1.8% higher than that of CRN,
SIMS, pix2pixHD, and GauGAN, respectively. The PA of SYGAN was 86.1%, which was
17.7%, 22.5%, 12.2%, and 2.2% higher than that of CRN, SIMS, pix2pixHD, and GauGAN,
respectively.

3.1.2. Street Scene

The results of experiments for street scenes using SYGAN and the four comparative
models are shown in Figure 11 and Table 4.

@) (b) © (d) © (0 @

Figure 11. Visual comparison of street scene image synthesis results. (a) Label. (b) Ground truth.
(c) CRN. (d) SIMS. (e) pix2pixHD. (f) GauGAN. (g) SYGAN (ours).

Table 4. Results of the comparison of street scene images.

Model PA (%) MiloU (%) FID
CRN 67.5 43.5 58.2
SIMS 73.1 34.2 61.3

pix2pixHD 68.9 414 47.6
GauGAN 78.8 49.6 33.8
SYGAN(ours) 81.3 514 31.2

It can be seen from Figure 11 that the effect of CRN is not good in complex street
scenes. Although SIMS looks good, it often deviates from the input label image. Pix2pixHD
also has the same problem; the output will be deviated. On the whole, the results of our
model SYGAN can achieve more detail than others, which can better generate the semantic
information contained in the tags, and the indicators also show that SYGAN has better
performance.

As is shown in Table 4, the FID of SYGAN was 31.2, which was 27, 30.1, 16.4, and
2.6 lower than that of CRN, SIMS, pix2pixHD, and GauGAN, respectively. The MlIoU
of SYGAN was 51.4%, which was 7.9%, 17.2%, 10%, and 1.8% higher than that of CRN,
SIMS, pix2pixHD, and GauGAN, respectively. The PA of SYGAN was 81.3%, which was
13.8%, 8.2%, 12.4%, and 2.5% higher than that of CRN, SIMS, pix2pixHD, and GauGAN,
respectively.

3.1.3. Comparison of the Two Scenes

According to the indicators in Tables 3 and 4, the performance of all the mentioned
methods for natural scenes is better than that for street scenes. As to SYGAN, its PA and
MloU for natural scenes are 86.1 and 56.6 which are 5.90% and 10.12% higher than those
for street scenes, respectively, and its FID for natural scenes is 22.1 which is 29.17% lower
than that for street scenes.
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The reason for the above conclusion is that street scenes are usually more complex
than natural scenes. Street scenes usually include many relatively small elements, and
there are many complex boundaries between different elements. Conversely, natural scenes
tend to have few and large elements, and the boundaries between different elements are
relatively long and obvious.

In natural scenes, there are usually four or five elements, and the existence of sky is
very frequent. This element often makes up a large proportion of the entire image, ranging
from 10% to 70%. Other elements that appear in high proportions are mountains, trees,
and water. The distribution of these elements is concentrated, and they usually have long,
smooth boundaries. In a street scene, there are usually groups of seven or eight elements.
The components are fixed, like buildings, cars, trees. The different elements are scattered
and cover each other. Trees usually appear alone, so they have uneven boundaries.

3.2. Computational Complexity Experiments

Compared with CRN, SIMS, pix2pixHD, and GauGAN, SYGAN has a relatively high
complexity due to the addition of attention mechanism, but it achieves better synthesis
quality. Therefore, the complexity analysis in this paper does not consider the comparison
with the above four methods, but only with SAGAN in terms of complexity. SAGAN also
introduces the attention mechanism in the network, which solves the limitation of the
receptive field size caused by the convolutional structure, and also enables the network to
learn different areas that to which attention should be paid in the process of generating
images. However, the dense attention mechanism also brings some problems, such as
high computational cost. Compared with the comparison method, SYGAN uses the YLG
attention mechanism. In terms of ensuring accuracy, it can also reduce the overhead
brought by the attention mechanism. The experimental results are shown in Figure 12. It
can be seen that the proposed model SYGAN has reached the best FID at about epoch = 110,
with an average of 21 min each time, while SAGAN needs about 140 times to reach the best
FID, with an average of 19 min each time. The overall time of SYGAN has an advantage
over SAGAN and the FID performance is better.
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Figure 12. Relationship between epoch and FID.

3.3. Ablation Experiments

Ablation experiments were performed using public datasets with the same hyper-
parameters. The results of ablation experiments are shown in Tables 5-7 where SGAN
represents the model without YLG, YGAN represents the model without SPADE, GAN
represents the models without SPADE and YLG. Higher MIoU and PA values in the table
indicate better performance, and lower FID values indicate better performance.
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Table 5. Results of ablation experiments on the COCO-stuff.

Model PA (%) MiIoU (%) FID
SYGAN 69.5 48.2 22.3
SGAN 66.3 46.1 25.3
YGAN 55.4 38.6 36.5
GAN 334 30.6 68.2

Table 6. Results of ablation experiments on the ADE20K.

Model PA (%) MIoU (%) FID
SYGAN 81.4 51.3 37.8
SGAN 78.6 48.1 423
YGAN 68.2 41.8 51.2
GAN 443 25.6 71.5

Table 7. Results of ablation experiments on the UAVid.

Model PA (%) MIoU (%) FID
SYGAN 86.3 57.1 32.3
SGAN 82.9 54.3 36.2
YGAN 71.5 46.3 46.1
GAN 49.6 29.8 70.3

It can be seen from Tables 5-7 that the FID of SGAN and YGAN has a high improve-
ment compared with that of GAN, indicating that SPADE and YLG have a very good
improvement on the performance of the model. The FID of SGAN is improved by about
10 compared with that of YGAN, indicating that the performance improvement of SPADE
is greater than that of YLG. SYGAN, when combined with SPADE and YLG, has about 4
and 14 improvements, respectively, compared with SGAN and YGAN. The YLG attention
mechanism combined with Figure 12 shows that compared with the usual intensive atten-
tion mechanism, it can significantly reduce the computational complexity and improve the
training speed.

4. Conclusions

An image synthesis model SYGAN is proposed in this paper, which imports a spatial
adaptive normalization module SPADE and an attention mechanism YLG on the basis of
GAN. These improvements ensure the model has good performance, increases the accuracy
of image synthesis, reduces the generation of false features, expands the receptive field
of the model, and shortens the training time. The PA of the model SYGAN is 86.1% in
the natural scene dataset, and 81.3% in the street scene dataset. The MIoU of the model
SYGAN is 56.6% in the natural scene dataset, and 51.4% in the street scene dataset. The
FID score of the model is 22.1 in the natural scene dataset, and 31.2 in the street scene
dataset. SYGAN has a better performance in the natural than the street scene. Compared
with other models in the experiment, the synthesis effect is better in both datasets. In the
computational complexity experiments, the training time of SYGAN is shorter and the FID
lower than that of SAGAN with the addition of typical attention mechanisms. From the
experimental results, we can see that the model has a good performance as it generates a
virtual image through the label image, which can easily preview engineering tasks. This
has a very positive significance for the construction of smart cities.

Although SYGAN can complete the task of image synthesis well, it generates some
problem images in complex environments, edge generation, and shadow display, which
does not conform to the subjective impression of human beings. This will be studied and
solved in our future study and work.
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