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loss between the predicted distribution and the real distribution (ground truth), and ﬁnds the partial derivative of
the activation function to carry out the back propagation
for updating weight parameter. The magnitude of the
weight update is expressed by the learning rate [2]. In
the initial training period, because the model can hardly
ﬁt any sample, the learning rate should be set larger so
that the model converges as soon as possible [3], but when
the loss is reduced to a certain extent, if the learning rate
stops changing, it will cause that the loss shocks repeatedly and cannot converge [4]. This situation is caused by
the fact that the learning rate is relatively high and cannot converge to the local optimal solution. Therefore, it
is important to formulate the corresponding learning rate
attenuation strategy [5].
In the ﬁeld of deep learning image processing, target
detection is a hot research direction. Target detection
needs to locate and classify objects in the image at the
same time. The corresponding mainstream algorithms can
be divided into two categories, one is the one-stage detection algorithm represented by YOLO [6] and SSD [7], and
the other is the two-stage detection algorithm represented
by the RCNN [8] series of algorithms, in terms of speed,
because of directly regression and classiﬁed by the onestep detection method such as YOLO and SSD, and the
RCNN series algorithm ﬁrst uses the candidate network to
extract the candidate frame, then use a relatively simple
sub-classiﬁcation to get results, it costs more time, so onestage detection algorithm has a clear advantage in speed.
In terms of accuracy, the RCNN series two-step detection
method ﬁxes the proportion and number of positive and
negative samples when generating positive and negative
samples, and uses the RPN network to provide candidate
region frames for the detection network, while the YOLO
and SSD algorithms have no candidate networks. The
use of point-by-point sampling produces positive and negative samples, resulting in an extremely imbalanced number of positive and negative samples, so the accuracy is
lower relative to the RCNN series algorithm. To meet the
requirements of accuracy and speed at the same time,
He et al. proposed a target detection network, named
RetinaNet [9] on the basis of focal loss. The RetinaNet
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1. Introduction
With the rapid growth of current computer hardware performance, deep convolutional neural networks have shown
superior advantages over traditional algorithms in areas
such as image classiﬁcation and image object detection.
Deep neural network is a supervised learning method. On
the basis of a large number of labelled samples as training
sets, the weight parameters are updated and the objective
function is ﬁtted. Since a large number of parameters are
introduced, the biological neural network is simulated on
the structure, so the depth model phase compared with
the traditional algorithm, it has great advantages. In the
ﬁeld of image recognition, the convolutional neural network model constantly refreshes the accuracy rate in the
ImageNet contest, and it rides in the ﬁeld [1].
The training of convolutional neural networks is actually a process of minimizing loss. To make the model
ﬁt the objective function better, in the process of neural
network training, the model calculates the cross-entropy
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in which each neuron obtains its own learning rate from
a cross-order feature distribution because all neurons are
looking for their own learning rate and thus compared with
stochastic gradient descent (SGD), it has the best learning
rate.

network consists of ResNet, feature pyramid networks
(FPN) and full convolution neural network (FCN), and
aims at the problem of too large total loss proportion
of easy-to-sort samples, which causes diﬃcult samples
cannot to be eﬀectively trained. On the basis of the traditional cross-entropy loss function [10], a focal loss function is proposed, the characteristics of this loss function
are very clear, for easy-to-sort samples, the loss is greatly
attenuated by adding weights; for the diﬃcult-to-separate
samples, the loss is slightly attenuated. Because the loss
ratio of the easily-divided samples is reduced, the learning
ability of the model for the diﬃcult-to-separate samples is
greatly improved. With using a one-step detection architecture, RetinaNet is comparable in speed with YOLO and
SSD, and even exceeds the two-step detection method with
the highest accuracy in the same period, which combines
the advantages of high precision and high speed.
In the ﬁeld of spectral analysis, each material has its
own unique characteristic line. Therefore, support vector
machine (SVM) and random forest are commonly used
in the ﬁeld of spectral analysis [11]. According to this
feature, the recognition model constructed by deep learning
also achieves good results. In the ﬁeld of multi-spectral
remote sensing image processing and geological hazard
warning [12], the use of CNN model to classify multispectral images has also achieved the eﬀect of surpassing
traditional algorithms such as SVM, and it has broad
application prospects in the ﬁeld of remote sensing.
Traﬃc vehicle type detection is a hot direction for deep
learning target detection applications [13]. In forestry, to
solve the illegal logging, it is necessary to accurately identify some wood-loaded vehicles in real time. This article
takes this as the background, on the basis of RetinaNet.
The framework proposes an adaptive learning rate attenuation (ALRA) on the basis of least square method for
the problem of model loss cannot decline with improper
learning rate setting in model training. On the basis of
5,634 traﬃc cameras, the sample set for photo production
is trained and tested. The vehicle type is divided into canvas, mask canvas, others buses, others empty cars, others
minibuses and wood.

2.2 Structure of RetinaNet
He et al. found that the reason why the one-step detection
method is lower in accuracy than the two-step detection
method is mainly caused by the imbalance quantity between positive and negative samples of the one-step detection method. This directly leads to the loss of the
model being dominated by the absolute number of easily
separable samples. To solve this problem, a new loss function Focal Loss is proposed, and RetinaNet is designed on
the basis of this loss function. Focal loss is constructed
by adding a weight attenuation term α(1 − pt )γ on the
cross-entropy loss function, which causes the loss of the
easily-divided sample to be greatly attenuated and the loss
of the hard-divided sample is weakly attenuated, it greatly
enhances the learning ability of the model for diﬃcult samples. The experimental results of He et al., while α = 0.25,
γ = 2, RetinaNet on the basis of the focal loss compared
with the conventional one detection method, the precision
is greatly improved, which proves the validity of focal loss.
The traditional cross-entropy (CE ) formula is as follows,
and represents the probability that the sample is correctly
classiﬁed.
CE = −lg(pt )

(1)

Focal loss function formula:
F L = −α(1 − pt )γ log(pt )

(2)

On the basis of this new loss function, the author
designs a one-step detection framework named RetinaNet.
As Fig. 1 shows, RetinaNet uses ResNet and FPN as
backbone networks, draws lessons from anchors of the two
detection methods faster RCNN [18], determines positive
and negative samples with IoU by setting rectangular
frames of diﬀerent scales, and ﬁnally uses two FCN subnetworks to solve classify and regression tasks. Because of
the direct classiﬁcation and regression of one-step detection
framework, there is no candidate frame mechanism, and

2. Detection Method
2.1 Relative Work
Takase et al. [14] proposed a neural network training method on the basis of training loss, and creatively
proposed a loss-based learning rate update strategy. Experimental results show that this ALRA algorithm can
eﬀectively improve the test accuracy when training neural networks. Xu et al. [15] proposed a structure with
multi-branch residual network and solved the problem of
neural network gradient disappearance. The accuracy of
the test improves by using the adaptive cosine learning rate
algorithm. Yamada et al. given a method of adaptively selecting the learning rate (lr ) using short-term pre-training,
which reduces the computation time and improves the eﬃciency of ﬁnding the appropriate rate (lr ) [16]. Blier et al.
[17] proposed an ALRA learning rate update algorithm,

Figure 1. Schematic diagram of RetinaNet structure.
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classifying the input box. The two FCN have the same
structure, the parameters are not shared and the feature
scale is not changed.
2.5 Adaptive Learning Rate Attenuation Strategy
The learning rate represents the amplitude of the model
training, too high learning rate will lead to the model
cannot converge to the optimal solution and concussing
around optimum solution iteratively, and too small learning
rate will lead to the model convergence speed is too slow,
the training time will be greatly increased [13]. Therefore,
it is of great signiﬁcance to set the appropriate learning
rate in diﬀerent training periods of the model to promote
the model to converge to the optimal solution as soon as
possible. The traditional learning rate attenuation strategy
adopts exponential attenuation strategy. When a certain
number of training iterations is reached, the learning rate
attenuation rate decays to 10% of the previous iterations.
This learning rate attenuation strategy can promote the
model to converge to the global optimal solution to a
certain extent [14], but it does not combine the trend of
loss concussion. Loss concussion of the model objectively
shows that with the increase of the number of training
wheels, the loss does not decrease and even rises [15], so the
attenuation learning rate combined with the trend of loss
concussion is considered [16]. Assuming that the learning
rate decreases when training iterations pass n iterations,
the least square method is used to ﬁt the discrete n loss
points, and the ﬁrst-order linear function y = βx+δ is used
as the ﬁtting target to determine the loss shock coeﬃcient
β and δ. The attenuation amplitude of the learning rate is
determined according to β. When β > −0.1, the learning
rate is 10% of itself, and no change in other cases. The
speciﬁc learning rate (lr ) update formula is as follows, lr ori
representing the original learning rate attenuation strategy
and lr ours representing the strategy proposed in this paper.

Figure 2. Schematic diagram of the residual module.
focal loss is used to balance the loss ratio of positive and
negative samples. RetinaNet has obvious advantages over
the conventional one-step and two-step detection methods
in speed and accuracy.
2.3 Residual Neural Network
For the traditional AlexNet [19], VGG series [20],
GoogleNet [21] and other networks which just expand their
depth and width of layer, due to the gradual increase of
depth and the complexity of the network, a large number
of partial derivatives accumulate in the back propagation
of the network, resulting in gradient explosion and gradient
disappearance, so the increase of depth will directly lead
to the model cannot converge, and the accuracy will even
decrease. To solve this problem, He et al. proposed a
ResNet network model on the basis of residual module.
The structure of the residual module is shown in Fig. 2.
For each remaining module, the input x is added directly
to the output F (x), with H(x) = x + F (x) as the total output, the training process of the model can be regarded as
a process of learning identity mapping x = F (x). Because
the residual module is added to the ResNet, the identity
mapping learned by the model becomes F (x) = H(x) − x,
from direct training F (x) = x to training F (x) = 0, because the input is added directly to the output. Therefore,
the gradient disappearance problem is eﬀectively solved in
reverse transmission, so that deeper network training can
be carried out.

lrori = 0.1lr, iters
= n × k(k = 1, 2....),

lrours =

⎧
⎨ 0.1 × lr, β > −0.1
⎩

lr, others
(3)

The formula shows that when the loss decreases by
<0.1 or the loss shows an upward trend, the learning rate
decays to 10% of itself. In other cases, the learning rate
remains unchanged. Due to the guiding role of the trend
of loss changes, the model can be closer to the optimal
solution under the ﬁxed training iterations.
As Fig. 3 shows, in the process of model training
iteration, this paper dynamically adjusts the learning rate
according to the ALRA strategy. In the training process
of RetinaNet, the network parameters are updated by the
loss function back-derivation. Each updating is recorded
as an iteration. The training process updates itself by
add a ﬁxed weight on the learning rate after n iterations.
After adding the ALRA strategy in this paper, the ﬁxed
weight becomes a variable whose value is calculated by the
strategy proposed in this paper.

2.4 Feature Pyramid Networks
FPN is a network with multi-scale features. In traditional
convolution neural network, with the increase of depth, the
scale of feature map is smaller and more shallow semantic
information is lost. Especially, the small object on highlayer map, whose feature has been very weak. For this
problem, the FPN network is constructed with the addition
of up-sampling and the same order forward characteristic
map to construct the pyramid characteristic network. Due
to the output of semantic information of diﬀerent scales,
FPN can be greatly enhanced the detection eﬀect of the
algorithm on diﬀerent scale targets [22].
After the input box is generated by ResNet [23] and
FPN, two FCN sub-networks are used for regression and
3

Table 1
Number of Vehicles of Various Types
Others
Mask Others Empty Others
Canvas Canvas Buses Cars Minibuses Wood
Count

926

1550

1268

1624

4056

422

Table 2
Training Eﬃciency Comparison
Experimental
Algorithm

The Number of Iteration Training Time
Required to Reduce
(Hour)
the Loss to Below
h (n = 2, 000, h = 10)

faster RCNN

31 × 2,000

29.5

RetinaNet

30 × 2,000

28.3

RetinaNet +
ALRA

27 × 2,000

26.4

3.3 Model Training and Evaluation Index
To minimize the training time costs of the model as much
as possible, this paper uses transfer learning to train the
model. Migration learning is a process of initializing new
task network parameters directly by using model parameters trained on large datasets. By ﬁxing the network
parameters of bottleneck layer, a new network layer is ﬁnetuned at the end of the network for new tasks. Migration
learning greatly reduces the parameters that need to be
updated in the model, so it is widely used in model training. The feature extraction network used in this paper
is resnet101, the deep residual network with depth of 101
layers. Therefore, the resnet101 pretrained on imageNet
is used to be foundation of training, using the model ﬁle
to initialize some parameters and ﬁx them to bottleneck
layer in the initial stage of model training, and then sets
up a new network layer and trains to complete the new
classiﬁcation and regression tasks.
The speciﬁc training steps can be summarized as
follows:
1. The sample is input into the ResNet feature extraction
network to extract the deep features.
2. By sampling the deep features and adding the forward
propagation features of the same order, a pyramid
feature network is constructed in turn.
3. The region of interest (ROI ) positive and negative
samples are generated by setting the IoU threshold at
each scale of the pyramid network. IoU > 0.7 is a
positive sample and IoU < 0.3 is a negative sample.
4. Put the ROI into the sub-network for the training
of classiﬁers and regression devices, using focal loss
to signiﬁcantly reduce the proportion of loss of easily
divided samples.
5. Save the model and test it.

Figure 3. Updating process of adaptive learning rate.
3. Experiment
3.1 Dataset
The dataset in this paper is made from 5,634 photos taken
by traﬃc cameras. First of all, six types of targets are
identiﬁed, including canvas, mask canvas, others buses,
others empty cars, others minibuses and wood. For the
original jpg format picture, the corresponding vehicle type
in the picture is framed by label and the xml ﬁle is
generated, and then it is divided into training set and test
by using python script, written to the txt document used
for training, and ﬁnally made as a standard VOC format
for training and testing. The Table 1 is the distribution of
vehicles.
3.2 Experimental Platform
The hardware platform of this experiment is CPU of
core i7-3330, GPU of GTX1060, programming language
is python3.5, using Google’s deep learning framework
tensorﬂow1.12.0 and keras2.2.4 and using CUDA9.0 and
CUDNN7.3.1 for GPU model training acceleration. VC
build tools are used to compile the python part of
the project, and pycharm is used as python interactive
interface.
4

In the ﬁeld of image recognition, recall and precision
are usually used as evaluation indexes, but because these
two indexes are aﬀected by conﬁdence threshold, the recall
and precision of the same model will change under diﬀerent
conﬁdence threshold. Therefore, the average precision
(AP) is used to evaluate the detection eﬀect of a single
category, while the average precision mean (mAP) is used
to evaluate the detection eﬀect of the whole model. TP,
the number of positive samples which is predicted as a
positive sample, FN, the number of positive samples which
is predicted as negative samples and FP, the number of
negative samples which is predicted as positive samples.
Assuming that there are k classes, using dense sampling
draws the P–R curve, takes m conﬁdence threshold evenly
between [0, 1] and obtains the m pair P–R value, then the
calculation formula of P, R, AP and mAP is as follows:
TP
TP
,R =
,
TP + FP
TP + FN
p1 + p2 + . . . + pn
AP =
,
n
AP1 + AP2 + . . . + APk
mAP =
k
P =

(4)

3.4 Results of Experiment
In this paper, the traﬃc vehicle dataset is used to train the
model. The number of training iteration in all experiments
is ﬁxed at 70,000 iterations, n is 2,000, the initial learning
rate is 0.001, the batch size parameter is set to 32 and
the ratio of training samples to test samples is 1:1. To
compare, three kinds of detection models are trained, including faster RCNN, RetinaNet and RetinaNet+ALRA,
using 101-layer deep residual network as feature extraction
network.
3.4.1 Training Eﬃciency Comparison
The main function of the ALRA strategy proposed in this
paper is to shorten the training rounds required for the
model training process. In the loss function, it represents
that ALRA will spend less iteration for training. On the
basis of experimental experience, in this experiment, when
the average value of the n loss values calculated by the k

time is less than a certain value h, the current iteration is
recorded as k × n. In our paper, n is 2,000 and h is 10.
The total training iteration is 70,000.
As shown in Table 2, the bold value represents the best
in the peer or column, the proposed method signiﬁcantly
reduces the training rounds and time required to reduce
the model loss to <10, compared with the faster RCNN
and the original RetinaNet, the average number of training rounds is reduced by 12.9% and 10.0%, the training
time decreased by 4% and 6.7%, respectively, indicating
that the method of this paper can eﬀectively promote the
convergence of the model and save time cost.
3.4.2 Comparison of Model Accuracy and Speed
In the test stage, setting diﬀerent conﬁdence threshold will
lead to diﬀerent results. 53,000 groups of recall-precision
key pairs were obtained by dense sampling of conﬁdence
threshold, and the P–R curve was drawn with these key
value pairs as horizontal and longitudinal coordinates, as
shown in Fig. 4. The average precision mean (AP) of
diﬀerent types of vehicles and the mAP, experimental
results of the model are compared with diﬀerent models as
shown in Table 3.
As Fig. 4 and Table 3 shows, the bold value represents
the best in the peer or column, the abscissa of the P–R
curve represents the recall rate, and the ordinate represents
the accuracy rate. As the conﬁdence threshold decreases,
the recall rate increases and the accuracy decreases. For
the overall evaluation model to identify the speciﬁc category, the average of all the accuracy is used. The value
AP is used as an evaluation index to evaluate the test
eﬀect of the model on the category. In Fig. 4, compared
with the faster RCNN model and the original RetinaNet
model, the model trained by RetinaNet using the ALRA
strategy has an upward trend in the four types of canvas,
mask canvas, others empty cars and others minibuses.
Compared with the model trained by faster RCNN, the
P–R curve of this model is signiﬁcantly improved on the
wood model, but compared with the original RetinaNet,
the P–R curve of the wood model has not changed significantly. The analysis may be due to the strong learning
ability of the model on the wood model. It can reach the
vicinity of the optimal solution at an early stage under the

Figure 4. P–R curve of each model. (a) P–R curve of faster RCNN. (b) P–R curve of RetinaNet. (c) P–R curve of RetinaNet +
ALRA.
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Table 3
Accuracy Comparison of Each Model After the Same Number of Training Iteration
Algorithm

AP
Canvas

Mask Others
Others
Others Wood
Canvas Buses Empty Cars Minibuses

mAP Speed
(%) (ms)

faster RCNN

0.719

0.851

0.820

0.748

0.585

0.934

77.6

196

RetinaNet

0.671

0.860

0.870

0.750

0.588

0.978 78.6

75

Ours RetinaNet 0.735

0.871

0.864

0.758

0.616

0.977 80.4

75

Figure 5. Vehicle detection eﬀect in multiple environments during the day.
same number of iterations. On others bus, the RetinaNet
model of this paper has a signiﬁcant improvement on the
P–R curve compared with the faster RCNN model, but
it has a slight downward trend compared with the original
RetinaNet model. The reason may be that the total loss
of the model is dominated by other vehicle classes, which
causes the ﬁtting speed of this model is slower.
The experimental results show that in the model
trained in this paper, due to the use of one-stage framework
and focal loss as the loss function, the RetinaNet network
outperforms the two detection methods in speed and accuracy. In terms of speed, the detection time of RetinaNet
is reduced by 61.7% compared with faster RCNN on a
single picture, and the average accuracy of RetinaNet is
also slightly improved compared with faster RCNN. At
the same time, the ALRA strategy proposed in this paper
combined with RetinaNet is further used to train in the
same way. In the case of the same number of wheels,
compared with the original RetinaNet model, our model
with ALRA is 1.8% higher on mAP, which shows that
the ALRA strategy proposed in this paper can eﬀectively
promote the convergence of the model and improve the
detection eﬀect of the model when the number of training
iteration is ﬁxed.

3.5 Comparison of Detection Eﬀects under
Diﬀerent Traﬃc Environment
To verify the robustness and generalization of the improved RetinaNet model to vehicle detection in diﬀerent
traﬃc environments, diﬀerent road conditions, diﬀerent
lighting, diﬀerent shooting distances and diﬀerent weather
conditions are extracted from the test set pictures as model
inputs to detect the vehicles.
As shown in Figs. 5 and 6, the multi-environment
pictures taken during the day, including a variety of traﬃc
camera photos taken under diﬀerent conditions. From the
detection eﬀect, most of the vehicles in the photos are
correctly classiﬁed and have a high conﬁdence level, all
of which are above 0.9, indicating that the model has a
good detection ability. According to the photos taken under diﬀerent conditions, this model can detect the vehicle
types correctly. It is shown that the model has strong robustness and generalization. Under the multi-environment
detection of night photos, the model also shows excellent
detection eﬀect, which can accurately identify the vehicle types and has a high conﬁdence level. Detection effect of the day and nights shows that the model in this
paper can adapt to most of the vehicle target detection
6

Figure 6. Vehicle detection eﬀect under nighttime multi-environment.
Table 4
Algorithm Comparison
Algorithm

the same number of training iteration, an ALRA strategy
on the basis of least square method is proposed. Compared
with the original RetinaNet and faster RCNN algorithm
training models, the mAP is signiﬁcantly improved and
cost of training time is reduced. Finally, traﬃc photos in a
variety of environments are used as input of trained model,
the vehicle recognition eﬀect of the model in day and night
environment is tested, and it is proved that the model has
strong portability and robustness.

mAP50 (%) Speed (ms)

Yolo9000

66.5

43

faster RCNN

72.3

193

SSD

69.4

68

Ours RetinaNet

75.3

75
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