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Abstract. Most current generalized zero-shot learning (GZSL) methods need sufficient labels and other
auxiliary information to obtain great results. In this paper, we propose Fake License Plate Discrimination
GANSs (FLPD-GANS) and introduce the first publicly available New Energy License Plate (NELP) image
dataset named CCPONECD. Applied in the license plate (LP) image binary classification task, FLPD-GANs
only need a binary label for training and can address the strong bias problem in GZSL tasks. CCPONECD
contains nearly 7k unique new energy vehicles images and provides detailed LP vertex location annotations.
In our work, the seen class is only real NELP image and the unseen class is manufactured fake NELP image.
Trained with merely real NELP images, our FLPD-GANSs can greatly discriminate between real and fake
NELP images. Extensive experiments demonstrate that our FLPD-GANs model has 97.7% accuracy and
performs well in NELP image discrimination for GZSL task.
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1. Introduction

The performance of deep convolutional neural network (DCNN) [1] is now good enough on image
classification tasks. However, highly accurate DCNN model needs numerous annotated samples for training.
The dependence on large-scale annotated data has become the main bottleneck of progress in the use of deep
learning. Because it is expensive to obtain enough annotated data [2]. In order to tackle such an unseen
image recognition issue, generalized zero-shot learning (GZSL) is now extensively researched in some
applications, such as autonomous object discovery system [3]. When evaluating on both seen and unseen
class with only one seen class label available, it would be hard to classify images accurately for there exists a
strong bias problem [4].

Recent development of Generative Adversarial Networks (GANSs) [5] has made it a powerful tool for
image generation tasks. GANs include a generator (G) network that synthesizes images by learning real
image features and a discriminator (D) network that distinguishes real images from fake ones. G and D play
a minimax game that guides G to generate realistic images. And a balance is reached when D being difficult
to distinguish between real and generated samples. GANs exploit the G to generate a new fake category
which adds projected anchor points specified like the seen classes in the semantic embedding space [4].

In this work, we combine GANs with GZSL to solve the strong bias problem. We propose Fake License
Plate Discrimination Generative Adversarial Networks (FLPD-GANS), which classify LP images by using a
DCNN training on the adversarial way and consider the LP image authenticity discrimination as a binary
classification task. Image authenticity is how much the image looks like a real LP image (like Figure 1 (b)).
To the best of our knowledge, FLPD-GANSs are the first solution in a GANs framework that is applied in the
field of LP image discrimination with only one seen class for training. The proposed FLPD-GANs adopt the
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arithmetic squares root loss function in the discriminator and can be trained end-to-end by back-propagation.
Trained in minimizing the objective function, FLPD-GANs can overcome the problem of vanishing
gradients. We use three assessment methods to enhance the robustness of the recognition results.

We evaluate FLPD-GANs on CCPONECD containing 6909 unique NELP images. The experimental
results show our approach outperforms some conventional binary classification networks which are trained
by both real and fake NELP images. It also has better performance than the state-of-the-art GZSL and Zero-
shot learning (ZSL) approaches in a zero-shot learning scenario. Our experiments also demonstrate that
FLPD-GANSs can greatly distinguish the authenticity of the NELP and has good discrimination effect on our
CCPONECD.

Our main contributions of this paper are as follows:

o We propose FLPD-GANSs, which do not need large numbers of manual annotations. FLPD-GANSs
exploit the generator to solve the strong bias problem in GZSL tasks and train the discriminator to LP
images binary classification tasks.

o We introduce CCPONECD, the first publicly available dataset for NELP detection and recognition to
date. CCPONECD provides nearly 7k unique real new energy car images with detailed annotations.

e By evaluating conventional binary classifier with better condition and the state-of-the-art GZSL and
ZSL approaches on CCPONECD, we demonstrate our FLPD-GANSs outperform other approaches.

2. Related Work

2.1. Generative Adversarial Networks

Generative Adversarial Networks (GANSs) exploit network parameters to learn the distribution features
of the input data. Generator uses these parameters for re-generation and discriminator uses them for
classification. We treat the image generated during the training as a new class to deal with the strong bias
problem, and then use discriminator to classify. However, the loss function of discriminator may lead to the
matter of vanishing gradients when updating the generator using the fake samples which are on the correct
side of the decision boundary [6].

Therefore, many improved variants of GANs have been proposed, such as DCGANSs [7], WGANs [8],
WGANSs-GP [9], LSGANS [6]. The LSGANSs adopt the least squares loss function for the discriminator to
generate more realistic sample and perform better training stability during the learning process. Due rapid
development, it has significantly applied in various types of image synthesis task, like face synthesis [10],
image translation [11] [12] [13] and estimating the 3D pose [14]. In this paper, comprehensively considering
the ability to generation and discrimination, we expend LSGANs adversarial model in our methods for
generalized zero-shot learning.

2.2. Zero-shot Learning

Zero-shot learning (ZSL) [3] [15] [16] tries to recognize objects whose instances may unseen during
training by making use of some extra information that may be available for seen/unseen categories. The more
challenging setting where the classifier needs to discriminate both seen and unseen categories labels at test
time is known as generalized zero-shot learning (GZSL) [17] [18] [19], which is considered as a more
formidable problem setting.

In order to improve the performance of GZSL, there are many studies that associate GANs with GZSL.
[17] and [20] utilize semantic representation synthesizes visual features of unseen classes. [3] leverages
generated samples from unseen classes to train the conventional classification model. These methods use
GAN s to generate images or features from semantic descriptions, and then exploit these generated samples to
train a conventional classifier. However, these methods cannot be trained end-to-end. In this paper, we
propose an end-to-end GANs model, which generates images just from noise and fed into D throughout its
training phase. Thus, the distribution of generated samples is not concentrated, which alleviates the problem
of strong bias.
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3. CCPONECD Overview

3.1. Dataset Description

In this section, we introduce Chinese City Parking of New Energy Car Dataset (CCPONECD) - a diverse
and carefully annotated new energy car dataset. CCPONECD includes 6909 real car images and each image
contains only an identifiable NELP. CCPONECD gathers images from a city roadside parking management
company in one provincial capital in China where new energy vehicles owners surpass 10k. The company
hires over 800 parking fee collectors (PFCs) and each of them collects the parking fee on a specific street.
Each parking toll order not only records LP number, expense, parking time and so on, but also requires PFC
to take a picture of the car from the front or the tail as a proof. We select the new energy car pictures to
constitute our CCPONECD. Each picture contains manually labelled NELP bounding box, NELP number,
horizontal tilt degree, and some other information.

In order to avoid leaking out residents’ privacy, CCPONECD removes records other than the LP number
and selects images from scattered days and in a different place. In addition, all image metadata including
device and GPS information, etc. Use the “Body text” style for all paragraphs. The following is an example
of the “Bullet” style, which you may want to use for lists.

3.2. Data Preprocessing

The resolution of each image is 720 (Width) X 1160 (Height) X 3 (Channels). In practice, We only need
smaller image which include the NELP part and some of the new energy vehicle edges that can prove the
NELP lying on the body, so we cut the original picture to 300 X 300 X 3, the schematic proportion is
shown in Figure 1 (a). The processed image with a size of 300 X 300 X 3 is used in our experiments, and
the result proves better in some performance.

Fig. 1: Examples of sample image.

We cut the image based on the annotated vertex coordinates of the license plate provided in
CCPONECD. First calculate the width and height of the license plate according to bounding box, and then
separately compute the gap between the width, height and 300, evenly distributed to both sides. The
bounding box of license plate area in 300 X 300 image is shown in Figure 1 (b).

We made training and testing datasets that labelled with real or fake. Then 4195 real NELP images are
used for training, but the testing images include real and fake NELP images. Testing images includes various
of composite fake images of different scenes images as the background with NELP objects. We collected
images by querying the image search engines of Baidu for the background of the fake NELP images.

we take the 300 X 300 area in the middle of the picture as the background of the fake image. Then we
cut out the real NELP image of distinct sizes and cover them with the same size in the middle of the
background image. Consequently, artificial manufactured images involve NELP but without any other
information concerning cars. Other fake data is produced by sampling images with the same size from some
landscape pictures. Fake NELP images sample is shown in Figure 1 (c) (d)(e), respectively. For convenience
of description, henceforth CCPONECD indicates the dataset we obtained based on the original dataset.

4. Methods

In this section, we introduce our proposed adversarial learning framework, called FLPD-GANSs, and
discuss the associated training methodology.
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4.1. Fake License Plate Discrimination GANs

Our FLPD-GANSs extended from LSGANSs are composed of a generator and a discriminator. The model
architecture we have utilized is shown in Figure 2. The generator G is a neural network using convolutional
transpose layers, ReLLU activation and batch-norm together with a tanh layer at the end. G progressively
upscales the latent variables z to generate the image samples x', represents as x'=G(z), where z is a 50-
dimensional random noise. The discriminator D consists of seven convolutional layers with ReLU activation
and batch normalization and one fully connected layer. Resized input RGB images to the size of 256 X 256
X 3, in a single forward computation, D downscales images by compressing it to a batch X 1024 X 2 X 2
vector, then a feature vector with batch X 4096 is obtained and fed it to subsequent fully connected classifier.
Finally classifier outputs predicted score with the size of batch X 1.

The inherent essence of FLPD-GANSs is to utilize adversarial network to learn the feature of fake LP
images, and to use supervised learning to understand the distribution of real LP images. The final
discriminator model can identify real and fake LP images simultaneously.

7.50 X,256%256%3
ConvTrans,4x4,5 li,s=1 ,p=0,BN,ReLU Conv.4x4,32,5=2,p=1. BN, L cakyReLU
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ConvTrans,4x4, 12'8,s=2,p=1 ,BN,ReLU Conv,4x4,128 s=2. p—1.BN, LeakyReLU
ConvTran s,4><4,64',s=2,p=1 ,BN,ReLU Conv,4x4 256 s=2 p= 1.BN.LeakyRel.U
ConvTran s,4><4,32',s=2,p=1 ,BN,ReLU Conv,4x4,512,5=2 p—1,BN,LeakyReLU
ConvTrans,4x4,1 é,s=2,p=1 BN ReLU Conv,dx4, 11}24,s=2,i;= 1.BN.LeakyReLU

ConvTrans,4 ><4',3,s=2,p=1 ,Tanh Conv,4x4, ]D24,5=2:p= 1.BN,LeakyReLU

G(2),256 x 256 x 3 o
(@) (b)

Fig. 2: Model architecture. “ConvTrans/Conv, K <K, C, s=S, p=P, BN, ReLU/Tanh” denotes a deconvolution-
al/convolutional layer with K <K kernel, C output filters and stride = S, padding = P. The layer with BN means that the
layer is followed by a batch normalization layer and FC, N denotes a fully connected layer with N output nodes. The
activation layers are denoting as ReLU or Tanh. (a): The generator. (b): The discriminator.

4.2. Loss Function

The discriminator is considered as a two-class classifier. The common GANs employ a sigmoid cross-
entropy loss function which can easily lead to problems like the disappearance of the gradient. LSGANS
have a good performance for solving these problems. Through experiment, we found that using the
arithmetic square root function between labels and predicted results achieve better effect. It has an average
1.8% boost. Thus, we use the arithmetic square root (ASR) function as the objective loss function of the
discriminator. We assume R and F represent the labels of real data and fake data, respectively. Then
minimizing the objective function of FLPD-GANSs can be defined as follows:

" Lo=E xepyata(® \/(D(X)—R)Z + Ezgpz(z)[J(D(G(Z)_F)z 1)
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5. Experiments

5.1. Experiment Environment and Setting

In this section, we first present the details of the experiment environment, setting and evaluation methods.
Next, we assess the performance of FLPD-GANs by presenting the results on CCPONECD in several
aspects. Then we compare our approach with some common classification methods and the state-of-the-art
GZSL and ZSL approaches.

All our experiments are accomplished on a GPU server. Detailed experimental environment is as
follows:

CPU: Intel(R) Xeon(R) Silver 4108 CPU @ 1.80GHz; Memory: 125 GB RAM; GPU: Nvidia Tesla P100
with 12GB of memory. Our code was implemented under the open source Pytorch framework with CUDA
version 9.1.85 accompanying CUDNN.

During training, we initialize the number of training epoch to 800 and the batch size is 32. Both G and D
were training on the setting of the learning rate of 0.0002, momentums factor B1 of 0.5, B2 of 0.999, using
the Adaptive Moment Estimation (Adam) optimization function as an optimizer and performing a single
optimization step. We use the training and testing data both given in CCPONECD. In the FLPDGANSs
training dataset, there are only real NELP images with 4195 samples, while the rest of the samples are used
to make the testing dataset.

5.2. Evaluation Methods

In the test stage, the images put into D and output the authenticity degree of these images. We use the
authenticity score Sa to describe this property. T is denoting test dataset of NELP images. Hence, for a test
sample x, Sa is defined as follows:

S a— DxeT (X) )

First, Sa is used directly to compare with a threshold for judging real or fake. After evaluating all
images, we obtain the test accuracy regarding as accl. To reduce the effect of test method on the recognition
results, we also use other two methods to evaluate the accuracy of the experimental results. After getting the
Sa of entire test image set T, we get a score set S, and then the maximum and minimum values of the test
score are obtained which can be denoted as max(S) and min(S). According to these two parameters, all
predicted scores are normalized to the range of [a, b] according to the following formula:

B (b—a)
~ max(S) — min( S) (4)
Ns=a+k*(S,-min (S)) 5)

where k represents the normalization coefficient and Ns represents the normalized score. In practice,
we set a=0, b=1. In addition, a threshold is used to compare with Ns as a basis for judging real or fake.
After evaluations of all images, we can get another test accuracy considered as acc2. The other way utilizes
the results based on the area under the precision and recall curve (AUC) to determine model performance.
The accl is suitable for any situation, but the acc2 is only suitable for predictive tasks when the number of
image samples is large. AUC is used for classification tasks which contain positive and negative image
samples. Both accl and acc2 are average per-class top-1 accuracy in GZSL task.

In our experiment, we set the evaluation threshold to 0.5, which we set according to the ratio of the real
and the fake NELP images. In order to seek out the best trained model and preventing the undulation of
adversarial training, our approach tests after each training session. In this process, we use accl as the test
standard and show acc2 and AUC as the evaluation parameters of the final testing results.

5.3. Results on CCPONECD
We tried different input image size and latent variables size to find out the best import setting. The results
obtained are shown in Table 1. For different image sizes, we do not alter the number of layers in the network
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and only adjust the step size s and the size k of the convolution kernel to keep the size of the discriminator
output unchanged.

From Table 1, we can find that models trained in 50 latent variables sizes can reach maximum acc2 and
AUC in all NELP size. Experimental results also indicate that all the measures become better with a bigger
size of input image. Because the smaller NELP image contains the less NELP in formation. Our FLPD-
GANSs can achieve an accuracy greater than 0.88 with a small image size 64. Although a bigger size of image
yields better function, it is also associated with greater computational costs.

Table 1: Accuracy of different hyperparameter on CCPONECD

Measures Acc? AUC
Dim 25 50 100 25 50 100
64 0.883 0.909 0.905 0.931 0.952 0.892
Size 128 0.916 0.932 0.923 0.940 0.966 0.954
256 0.940 0.944 0.937 0.966 0.977 0.965

We resize input images to 256 = 256 and set latent variables size to 50. Then we draw a scatter plot of
the model predicted score Sa , as shown in Figure 3. The size of our total test dataset is 3000. The first 1500
instances represent fake NELP images (unseen class) and the latter are real NELP images (seen class). From
1 to 1000 are fake images with seascape and people as backgrounds. It can be observed that most of their
authenticity scores are below the threshold, indicating that they can be well recognized. 1001 to 1500 are the
background images without NELP information. In addition, we can find that they are all below the threshold.
This result shows that our model can distinguish fake images from real NELP images. The accl of real NELP
test images nearly reaches 95% and the total test images accl attains 94%.

From Figure 3, we can simply find that although do not provide any fake images for FLPD-GANSs
training, our FLPD-GANs model can also discriminate fake images well while ensuring a certain degree of
recognition rate for real images.
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Fig. 3: Results on CCPONECD.

5.4. Different Classifiers Results on CCPONECD

We compare our model with a series of classifier models. For fair comparisons, the maximum number of
training times is consistent and we also use the method that tests after each training epoch to seek the
maximum AUC. We find no fake NELP image will make conventional two-class classifiers appear strong
bias problem. The accuracy rate is mostly around 0.5, which indicates that they can only remember the
training images, but have no ability to recognize fake images. we use both real and fake NELP images to
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train traditional classifiers and compare them with FLPD-GANS trained only by real NELP images. Their
training data include 2500 real NELP images and 1500 fake NELP images, which is much more diverse than
FLPD-GANS’ training data. Except for adding a sigmoid function at the end of the fully connected layer, we
apply the same network structure as the FLPD-GANSs discriminator in the DCNN. Besides, DCNN utilizes
the BCELoss and the Adam optimizer as well. In experiments we utilize images generated by the training
process of FLPD-GANSs as fake images for training another GZSL method named Relation Net [18]. This
method integrating GANs into Relation Net is another FLPD-GANSs, for which turns Relation Net into D.
For the sake of convenience, we call this method Relation Net-GANSs.

As shown in Table 2, our FLPD-GANS has a great AUC of 97.7%, which is over 89.8% of KNN and
90.3% of SVM. FLPD-GANs’ AUC is also close to DCNN. Furthermore, our methods are also better than
the state-of-the-art GZSL and ZSL approaches on CCPONECD. Most ZSL and GZSL methods use feature
vector and attribute vector for training. We utilize DCNN model trained previously to extract visual feature
vector of images and each sample only has one binary label. For attribute vector, we use randomly generated
standard normal distributions to substitute. Through experiments, we find that DeepEm [15], GAZSL [21]
can achieve relatively high accuracy of 94.4%, 93.1%, respectively. But it is a little less AUC than our
FLPD-GANSs. Experiment result also proves that the AUC of Relation Net-GANSs is as high as 99.9%, which
is greatly higher than Relation Net and a little higher than FLPD-GANs. However, training Relation Net-
GANs needs realistic fake images. Relation Net-GANs are cumbersome in practical applications. We
mention here just to demonstrate that the effect of integrating GANSs into GZSL tasks will be great.

Table 2: Performance of different classifiers on CCPONECD

model AUC model AUC
SVM 0.898 Relation [18] 0.500
KNN 0.903 GAZSL [21] 0.931
DCNN 0.985 Relation Net-GANS 0.999
DeepEm [15] 0.944 FLPD-GANS 0.977

6. Conclusions

In this paper, we proposed FLPD-GANs for LP image authenticity discrimination. FLPD-GANSs can
discriminate between real and fake NELP images, regard less of the fact that only real NELP images were
used for training. We also contributed a large-scale image dataset named CCPONECD, the first publicly
available dataset for NELP detection and recognition to date. Experimental results on CCPONECD
demonstrated a comparable accuracy of our FLPD-GANSs over other traditional binary classifiers trained by
real and fake NELP images. We also showed that FLPD-GANSs outperformed state-of-the-art GZSL and ZSL
approaches by experiments on CCPONECD. In the future, we will improve the accuracy of binary
classification task. Additionally, it is possible to extend the proposed method to other multi-category tasks.
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