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Abstract—Expressway traffic flow is an important traffic
information of expressway. At present, the main way to detect
expressway traffic flow is through video image collection, which is
easily affected by external light blocking and has high calculation
cost of image analysis. In order to solve the problems of poor
accuracy of image analysis and large amount of computation in
dynamic image analysis, based on the study of audio signal of
expressway traffic, this paper proposed a method of expressway
traffic flow status identification based on depth neural network.
The method proposed in this paper firstly classifies and defines the
traffic flow status, denoises the audio signal and extracts the
features, then uses Deep Neural Network (DNN) to build the model
to get the DNN model to identify the traffic flow status of
expressway, and then pretrains the DNN model. Then the
parameters of the model are optimized, and the Hidden Markov
Model (HMM) is used to decode the model. Finally, the DNN
model is used to estimate the observation probability of audio
signals of different expressway traffic flow status, and the result of
expressway traffic flow status identification is given according to
the calculated probability. The accuracy of the proposed method
is compared with that of the existing methods. Experimental
results show that the proposed method performs better in
recognition accuracy.

Keywords—Deep neural network, Hidden Markov Model,
Audio recognition, Smart traffic

I. DEFINE HIGHWAY TRAFFIC FLOW STATUS

This paper classifies and defines the traffic flow status of
expressways. The detailed information is shown in Table 1.
The traffic flow status of expressways is divided into five
categories: car-free roads, express roads, normal roads, busy
roads, and blocked roads. Among them, the speed of the car-free
lane is 70Km/h and above, the speed of the express lane is 60-
70Km/h, the speed of the normal lane is 40-60Km/h, and the
speed of the busy lane is 20-40Km/h. The speed of blocked lane
is 0-20Km/h.

Audio signal of expressway traffic contains different sound
signals. In busy or congested expressway, this paper focuses on
different sounds, such as engine idle sound, horn sound and so
on. However, on a car-free highway, the focus of this paper is on
air turbulence and other environmental sounds. These sounds are
collected in audio signals of expressway traffic and can be

ISBN 979-11-88428-05-2

expressed in the form of features further classified into various
traffic flow status.

TABLE I . TRAFFIC FLOW STATUS INFORMATION TABLE

Number Traffic flow status Speed (Km/h)
1 car-free roads 70 and above
2 express roads 60-70
3 Normal roads 40-60
4 Busy roads 20-40
5 Blocked roads 0-20
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II. PROCESSING AUDIO SIGNAL OF EXPRESSWAY AND ITS
MECHANISM MODELING AUDIO SIGNAL

In this paper, the audio noise reduction algorithm based on
wavelet transform is used to remove the background interference
in the audio and enhance the audio signal of highway traffic.
Then the audio signal of highway traffic is replaced by EMD
decomposition, and the MFCC feature based on classical modal
decomposition weighting is utilized. Finally, we can obtain the
characteristic parameters of the audio signal MFCC of the
highway traffic, and realizes the processing of the audio signal.

The audio signal of highway traffic belongs to a time series
signal. Before using Deep Neural Network (DNN) for modeling,
the audio signal needs to be controlled in length because the
input of the DNN is fixed. This paper proposes a highway traffic
flow status recognition method based on deep neural network.
In this method, DNN is used to estimate the observation
probability of audio signals of different highway traffic flow
status. The observation sequence is given. By training the DNN
to estimate the state posterior probability of the continuous
density HMM, the network structure output obtains the posterior
probability, and the Restricted Boltzmann Machine (RBM)
superposition constitutes the DNN model, forming a bottom-up
distinction. The sexual training model uses supervised training
to transfer the errors between the layers from bottom to top; the
RBM structure includes the visible layer and the hidden layer;
the visible layer contains random nodes, and the hidden layer
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contains binary random nodes; supervised training is used to
transfer the error between layers; the RBM structure includes the
visible layer and the hidden layer; the visible layer contains
random nodes, and the hidden layer contains binary random
nodes.

The extracted audio signal characteristic parameters of the
highway traffic flow status are used as input data of the DNN
model, and the Gaussian model is used to model the cells in the
visible layer of the RBM structure, and the hidden layer obeys
the Bernoulli distribution. The energy function is as follows:

E(x,y10) = Xisy (% — a)* = ¥y Z?:l Wy — Z,};l by (D
The parameter x . y. 6 respectively represent the
number of visible layers in the RBM structure, the number
of hidden layers, and the parameter set of a single RBM; the
parameter set 6 includes parameters a; bj,w;; , q,

representing the offset of the first visible layer,x;represents
the visible layer vector,and y; represents the hidden layer.b;

representing the offset of the/ hidden layer, W; representing

the connection weight of the visible layer i and the hidden
layer j.

In this DNN model structure, there are connections between
the layers of RBM, but there are no connections within each
layer. Under the premise that the nodes in the visible layer are
known, the states of each node in the hidden layer are
independent of each other. Under the premise that the nodes in
the visible layer are known, the activation probability of the j
node in the hidden layer is calculated as shown in Formula 2.
Similarly, if the nodes of the hidden layer are known, the
activation probability of the ; node of the visible layer is
calculated as shown in Formula 3.

1
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III. DEEP NEURAL NETWORK MODEL FOR TRAFFIC FLOW
STATE IDENTIFICATION OF PRE-TRAINED EXPRESSWAY

In the expressway traffic flow status identification model, the
pre-training of DNN is mainly to train multi-layer RBM. One
layer of RBM is completed, and the other layer of RBM can be
used to represent the data. Given the vector x, the activation
vector y of the hidden layer node can be calculated, and the
hidden layer vector of RBM is used as training data to train the
RBM of the other layer. Therefore, the weights of the next layer
RBM are obtained by extracting the features from the output
results of the previous layer. After RBM stops training, Deep
Belief Networks (DBN) with the same number of layers as
RBM are obtained, and the weight coefficients of each layer of
RBM correspond to the initial values of each layer of DBN.
Therefore, the parameters in the DBN network can be tuned
after DBN initialization.
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The weight of each DBN layer is taken as the initial weight
of the DNN with Sigmoid function as the active unit, which is
labeled in the DNN structure. After the pre-training of the DNN,
a layer of randomly initialized Softmax is introduced as the
output layer, and the DNN weight parameters are adjusted by
back propagation algorithm. For a hidden layer in the DNN
model 0</<L, the input data is the output result vector of the
visible layer of the upper layer x;_;. The nodes in the hidden
layer are independent of each other, and the Equation for
calculating the conditional probability is shown in Equation 5.
The Equation for calculating the conditional probability of the
label corresponding to the output layer thereof is shown in
Equation 6;

P(y, 1%, =0, W, +b;) )

P(h|x,,)=softmax(x,_ eW, +b,) 6)

bjrepresents the offset of the j hidden layer, W, represents the
connection weight of the / layer hidden layer and its
corresponding visible layer.

The pre-training method can improve the performance of
DNN in the process of testing after initializing the weights of
DNN. The initial state of the network model during training has
an impact on the performance of the final model. At that same
time, the model parameter are adjusted by back propagation
algorithm when the model is pre-train; Finally, the data in the
pre-training process can be untagged, and untagged data is used
in the pre-training phase, which reduces the computational
burden.

IV.PARAMETER OPTIMIZATION OF IDENTIFICATION
MODEL

After the DBN and initial weights are obtained, back
propagation algorithm is used to optimize the parameters of
DNN network. In the process of parameter tuning, each frame
is marked with its own category. In this paper, the cross entropy
objective function is used to adjust the network parameters to
minimize the loss between the training objective and the
hypothesis class.

For the observation vector is O ={o0,,0,,...,0,} ,the

C=N, is the
number of classes, which is the traffic flow status class of

expressway. The probability that the observation variable o is
category i is Pynn(q|o), that is, the value of the ; output of the

output class of neurons isq € {1,.., C},

L . .
output layer X,” ,The output vector x" is obtained by
normalizing the Softmax function satisfying the conditions

C
VI.L >0 fo =1, and belonging to a multi-term probability

distribution. The calculation method 1is as follows:

xt = Py glo) = softmax(24) = ¢! /5. ¥ )
After determining the observation veetor @ = 10102550, ,
the DNN model calculates the output of the network structure
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layer by layer through forward calculation, which is calculated

by the parameters 6= |0<i<L} In the
expressway traffic flow identification model, the objective
function of network structure optimization is calculated as
follows: after the objective function is derived, the network
structure parameters are adjusted by back propagation
algorithm;

J(W,b) = ——¥¥_ Y5, v logx} (8)

Where W is the connection weight of the visible layer and the
hidden layer, M is the characteristic parameter of the
observation vector, V; is the observation sequence, X IL is the
posterior probability of the DNN calculated by Equation 7, and
V. is calculated by the indicator function v, = [ (¢ =), as

shown in the following formula:

1’
I(x)=
) {O, other

true

9

V.DECODING STATE RECOGNITION MODEL USING HIDDEN
MARKOV MODEL

Because the audio signals of different expressway traffic
flow statuss interact with each other, for example, there are
similar components in the audio signal components of busy
status and blocked status, it is necessary to distinguish the
similar components in different states when modeling the audio
signal data. As a result, models that are less capable of modeling
may not be able to distinguish such differences well, Depth
neural network can be used to solve the classification problem
well. In estimating the observation probability, depth neural
network takes into account the characteristics of audio signals
in different states, obtains a high-dimensional feature vector
with high discrimination ability, and obtains a more reasonable
probability distribution. The training algorithm of expressway
traffic flow status identification model based on DNN-HMM is
shown in algorithm 1.

In this paper, the depth neural network is used in the model
of expressway traffic flow status identification, and the training
process is to use labeled data for supervised training. Therefore,
step (4) of the algorithm needs a stable GMM-HMM model to
sort the training set data and obtain the labeled training set data.
In step (7) of the algorithm, when the training process does not
reach convergence, continue to use DNN-HMM to sort the
training set data, and iteratively train the depth neural network
until the algorithm reaches convergence.

After the training of expressway traffic flow status
identification model based on DNN-HMM is completed, the
HMM decoding part of expressway traffic flow status
identification model based on DNN-HMM is carried out. In this
process, the probability is calculated, not the value of
posteriori probability, so the transformation calculation is
needed through Equation 10.

Algorithm 1 Highway traffic flow status recognition model base on
DNN-HMM training algorithm

ISBN 979-11-88428-05-2

Input: Audio signal observation sequence

Output: Probability p(s,)

DEFINE:

A : TImplicit state transition probability matrix of HMM

B : Observation state transition probability matrix of HMM

N : HMM status

BEGIN

(1) Train a state-shared GMM-HMM highway traffic flow status
recognition model, the sharing state is determined by the decision

tree, and the model obtained after training is set to gmm — hmm
(2) Use gmm—hmm to initialize the hidden Markov model, set
the parameter value of A =(A4,B,N), and obtain the DNN-
HMM-based highway traffic flow status recognition model set to
dnn— hmm; .

(3) Pre-training the deep neural network of dnn—hmm, , and

obtaining the deep neural network after training is set to dnn pre -

(4) Use gmm—hmm to arrange the training set, calculate the
hidden Markov state corresponding to the training set data, and
obtain the data setto H .

(5) Adjust the parameters of dnn pre by H ,and use the back

propagation algorithm to obtain a new deep neural network set to

dnn,,,, .

(6) Re-estimate the transition probability and observation

probability parameters in HMM through dnn—hmm,; and

dnn and use the maximum likelihood similarity algorithm to

new >

obtain a new deep neural network set to dnng,. .

and dnn and

(7) The training set data is rearranged by dnn,,,,, sec >
the process returns to step (5); until the result of the result of (6) is
not improved, the algorithm is exited.

(8) Give the training set data and estimate the probability value
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p(s;)
END
(0, 15,) = p(s,[o)p(o,)
p(s,) (10
In the above equation, s represents a sequence of
unobservable states in the hidden Markov model, 2(5) =T/T

represents a priori probabilities of different states derived from
the training set, © represents frame values whose states are

labeled S , and T represents the total frame values of the
training set. This method can reduce the error of label, but it can
not improve the recognition accuracy under some conditions.

As that a priori probability value ? () is obtain from the

training set, the probability value ¥ (©) has no effect on the
final recognition result, When using the depth neural network
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to estimate the probability value PG¢19) | the state of each
hidden Markov model corresponds to the same signal depth
neural network, which increases the number of nodes in the
output layer and the corresponding number of nodes in the
hidden layer, and ensures the modeling ability of the
expressway traffic flow status identification model.

Finally, the DNN model is used to estimate the observation
probability of audio signals of different expressway traffic flow
status, and the result of expressway traffic flow status
identification is given according to the calculated probability.

[J.EXPERIMENTAL RESULTS AND ANALYSIS

A. lab environment

This experiment uses MATLAB software to carry on the
experiment simulation, the software runs on the HPZ820
workstation, the workstation performance detailed parameter
is shown in Table II, the programming simulation software is
MATLAB 2012 version. The audio data of the experiment are
recorded live on outdoor roads, and the environment is normal
weather (excluding rain and snow weather). The collection
time is from 08:00 to 19:00. These audio data cover five
traffic flow status: car-free road, express road, normal road,
busy road and blocked road. The data label is mainly used to
label the traffic flow status manually.

TABLE Il . WORKSTATION PERFORMANCE PARAMETERS TABLE

Performance Performance parameter
CPU type Quad-core Xeon E5-2603
CPU frequency 1.8GHz
CPU thread number 24 threads
Memory Type DDR3-1333 ECC
Memory capacity 8GB
Hard disk type 15000 rpm SAS hard disk
Hard disk capacity 300GB
Bandwidth 1000Mbps

All audio data is first converted into wav format audio at a
sample rate of 48 KHz mono via Cool Edit Pro 2.0, an audio
editing software. All audio data are divided into two sets, one is
training set and the other is test set. The training set data is used
to train the model parameters, and the test set data is used to
classify and identify the model parameters. There are 400
samples in the training set, and the number of audio data
samples of non-vehicular roads, expressways, normal roads,
busy roads and blocked roads are all 80. There are 200 samples
in the test set, and the number of audio data samples of car-free
roads, express roads, normal roads, busy roads and blocked
roads are all 40.

In the test phase, a section of audio data of known
expressway traffic flow status is input, noise is reduced, and
then the feature vectors are extracted to construct the feature
vector set of audio signal of expressway traffic flow status,
which is then input into the trained expressway traffic flow
status recognition model based on DNN-HMM. The
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recognition model gives the recognition result of the audio data
to be recognized, and determines whether the recognition result
of the recognition model is correct by referring to the known
category information, and records the result; Finally, the
accuracy of the statistical recognition results is measured by the
recognition accuracy, which is calculated as shown in Equation
11:

PZEXIOO%
S

(1

Among them, P stands for classification accuracy, C stands
for the correct number of samples, and S stands for the total
number of samples.

B. Experimental results and analysis

1) Data usage and learning rate impact: As can be seen
from the foregoing , the DNN training algorithm based on
random data selection determines the utilization rate of training
data by selection function. FIG.1shows the recognition error
rates corresponding to three different selection functions under
different data usage rates. The analysis shows that when the
data usage rate is lower than 77%, the recognition performance
is greatly degraded by the T; selection function. T, selection
function also degrades the recognition performance, but it is
better than T; selection function. When the data usage rate is
56%, the error rate of Tsselection function is 25.3%, and the
model recognition performance is the best. T; selection
function is used in the following experiments.

T,(m)y=t, nel[0.N].t €(0]1]

1 * 0.1 L1

T, (n) = —t,*n nel0.l].t, E(EE]
c nel[l+LN]

T, (1) = cos(t, *n) ne[0.1].t, e(%,%]
¢ nell+1LN]

N
Vo]

=@—T1 T2 T3

Error rate(%)
N N N N N
H (9] [e)] ~ o]

N
w

20 30 40 50 60 70 80 90

Data utilization(%)

100

Fig. 1 The relationship between performance and data usage rate
of 3 sweeping functions

In the training process of expressway traffic flow status
identification model based on DNN-HMM, the training process
of DNN not only passes through the whole training data set
every iteration, but also constantly changes the learning rate.
Therefore, it is important to adjust the learning rate

ICACT2020 February 16 ~ 19, 2020



International Conference on Advanced Communications Technology(ICACT)

appropriately for the whole training process. Appropriate
learning rate adjustment strategy can make the model converge

faster. The learning rate /4 of different iterative layers in the
training process of back propagation is calculated by Equation
12.
) { M nelo,]
n)=q_,_
"M nell+1,K] (12)

In Equation 12, n is the number of iterations, K is the total
number of iterations, M is the initial value of the learning rate,
[ is the layer value when the correct rate of the training set
increases below a preset threshold, and 7 is the attenuation
factor. Below are the effects of learning rates on random data
selection. FIG.2 shows a comparison of the performance of
random data selection with different initial learning rates and
attenuation factors, with the selection function T;. Analysis of
FIG.2 shows that the performance improvement is relatively
small under the condition of larger initial learning rate and
attenuation factor. Because different training data are used in
each iteration, less training data is used than the overall training
data. In order to ensure the overall performance, this paper
selected M=1.5 and t=0.7 used in the following experiments.

27
— =@==Dbaseline T3
X 26.5
T
-
© 26
§ ._\‘_."/.
=255

25

0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

Learning rate initial value

a) Performance of stochastic data sweeping (T3) with different initial
learning rates

27
=@=—Dbaseline T3

:\526.5
g
C 26
S
45255 ‘\/

25

0.6 0.65 0.7 0.75 0.8

Attenuation factor

b) Performance of stochastic data sweeping (T3) with different
decaying factors and initial learning rate=1.5

Fig. 2 Performance of stochastic data sweeping (T3) with different
initial learning rates and decaying factors

2) Test and Verification of Highway Traffic flow status
Recognition Model: In this experiment, the multi-audio signal
denoising algorithm based on wavelet transform is used to
denoise the expressway, Then the MFCC feature extraction
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algorithm based on classical modal decomposition weighting
is used to extract the feature parameters, The 13-dimensional
MFCC parameters, the first-order difference parameters and
the second-order difference parameters are combined to form
the eigenvector. As the input parameters of the DNN-HMM-
based expressway traffic flow status identification model, the
number of input layer is 1, the number of input layer nodes is
429 (39*11=429), the number of hidden layer nodes is 3, the
number of each hidden layer node is 1024, and the number of
output layer is 1.

According to the audio signal characteristics of different
expressway traffic flow status, 400 training sample data were
selected, 80 audio data of each expressway traffic flow status
were used to build the DNN-HMM model base. Contrast
divergence algorithm is used to construct the DNN model, and
back propagation algorithm is used to pre-train the DNN model.
A DNN training algorithm based on random data selection is
proposed to optimize the parameters of back propagation
algorithm to train the DNN model, reduce the number of
training samples and shorten the iteration time. HMM decode
calculation in DNN-HMM is carried out, that probability value
of observation sequence is obtain, and the recognition result is
obtained.

Two hundred test data were used to test the performance of
expressway traffic flow status identification model based on
DNN-HMM. There are 40 audio data for each traffic flow status.
FIG. 3 shows an accuracy result of expressway traffic flow
status identification based on DNN-HMM. As can be seen from
FIG. 3, the identification rate of busy roads is lower because the
audio signal of busy roads contains both the audio signal of
normal roads and the audio signal of congested roads; However,
the accuracy of lane identification is higher for non-traffic lanes
and congested lanes, mainly because the audio signals of these
two traffic flows are more distinctive.

84
82
80
78

76
car-free express

Accuracy(%)

normal busy blocked

Highway traffic flow status

Fig3 Accuracy of highway traffic flow status recognition based on
DNN-HMM

3) Comparative analysis of the proposed method and
existing methods:Support vector machine (SVM) is a widely
used classifier model in the current traffic flow status
recognition research. In order to study the superiority of the
proposed method of expressway large-scale vehicle
recognition based on depth neural network, the DNN-HMM-
based expressway traffic flow status recognition model and
support vector machine model proposed in this paper are
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compared and the experimental results are analyzed. The
kernel and kernel functions of SVM are shown in Table III.
The SVM models with different kernel functions are tested to
determine the SVM model. The support vector machine
models with different kernel functions are trained by the audio
signal training set data of expressway traffic flow status, and
the trained models are verified by the test set data.

TABLE II1.SVM KERNELS AND KERNEL FUNCTIONS
kernel kernel functions

K(x,x;)=x]x

Number

1 Linear

2 Secondary K(x,x;)=(xex] +1)

3 Polynomial K(x,x;)=(xe xl.T + l)d

4 RBF K(x,x,)= exp(—;/”x—xi”z)
K(x,x,) = tanh(x ® xx/ xx' +6)

5 MLP ! P

In order to extract the characteristic parameters of MFCC
and frame windowing for the audio signals of five kinds of
expressway traffic flow state, the characteristic vectors of the
extracted audio signals of five kinds of expressway traffic
flow state are trained as the input of support vector machine,
and the support vector machine model of expressway traffic
flow state is obtained. Then the performance of support vector
machine model is validated. The performance experiments of
support vector machine models with different kernel functions
are carried out respectively. 200 test data are used to test the
performance of support vector machine model. The test results
are shown in Fig.4.

84

[o]
N

Accuracy(%)
[0¢]
o

~
(o]

76
Car-free  express  normall busy blocked
Highway traffic flow status
==@==|inear Secondary Polynomial
RBF =—@=—[VIPL

Fig. 4 Accuracies of highway traffic flow status recognition based on
SVM

The performance information of expressway traffic flow
status recognition model based on DNN-HMM and SVM
model with different kernel functions is summarized in Table
IV. The analysis of Table IV shows that the accuracy of each
model is lower because the audio signal of busy road contains
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support vector machine model. As can be seen from that
analysis of the content of Table IV, the identification accuracy
of each model for the busy road is low, because the audio signal
of the busy road contains the audio signal of the normal road as
well as the audio signal of the congested road; The
comprehensive recognition rate of SVM models with different
kernel functions is compared and analyzed. The performance of
SVM with polynomial kernel function is the best, and the
comprehensive recognition rate is 80.93%. The comprehensive
recognition rate of expressway traffic flow state recognition
model based on DNN-HMM is 81.058%, which is better than

that of SVM with polynomial kernel function.
TABLE [V. ACCURACIES OF HIGHWAY TRAFFIC FLOW STATUS
RECOGNITION BASED ON SVM
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Compr
ehensiv
Car- Expre Norm Bus Bloc e
Model .
free ss al y ked recogni
tion
rate
Linear-
81.76 81.03 79.4 78.5 829 80.72
SVM
Secondar
78.63 82.6 81.3 79.5 80.1 80.43
y-SVM
Polynom
. 81.54 80.23 81.96 799 81.0 80.93
ial -SVM
RBF-
80.7 81.6 78.4 79.5 83 80.64
SVM
MPL-
81.86 79.5 7834 789 829 80.32
SVM
DNN-
82.1 81.37 79.74 789 832 81.06
HMM
VICONCLUSIONS

This paper mainly introduces the expressway traffic flow
state identification method based on DNN-HMM, and
introduces the identification process and algorithm of this
model. The DNN training algorithm based on random data
selection is proposed, which reduces the number of training data
and shortens the training time when the model parameters are
adjusted by Back Propagation (BP) algorithm. The training
algorithm of expressway traffic flow state identification model
based on DNN-HMM is proposed to calculate the probability
and get the identification result. Finally, the validity and
accuracy of the model are verified by experiments, and the
learning rate and attenuation factor are determined by
comparing the model recognition performance of different
selection functions in DNN training algorithm based on random
data selection. The DNN-HMM model under different
expressway flow state is constructed and validated based on the
DNN-HMM model. The accuracy of the proposed method is
compared with that of the existing methods. Experimental
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results show that the proposed method performs better in
recognition accuracy. Therefore, the method based on

DNN-HMM is feasible and effective in expressway traffic
flow state recognition.

ACKNOWLEDGMENT

The paper comes from project 201910145183 Supported by
National Training Program of Innovation and Entrepreneurship
for Undergraduates. And the project is supported by “the
Fundamental Research Funds for the Central Universities”,
project No N182410001.

REFERENCES

[1] Tyagi V, Kalyanaraman S, Krishnapuram R. Vehicular
Traffic Density State Estimation Based on Cumulative Road
Acoustics [J]. IEEE Transactions on Intelligent Transportation
Systems, 2012, 13(3): 1156-1166.

[2] Kaur A, Sood N, Aggarwal N, et al. Traffic state detection
using smartphone based acoustic sensing [J]. Journal of
Intelligent & Fuzzy Systems 32, 2017: 3159-3166

[3] Williams R J, Zipser D. A learning algorithm for continually
running fully recurrent neural networks [J]. Neural
Computation, 1989, 1(2): 270-280.

[4] Graves A, Mohamed A, Hinton G. Speech recognition with
deep recurrent neural networks, ICASSP [J]. 2013, 1(2003):
6645-6649.

[5] Grosz T, Gosztolya G, Toth L. A sequence rraining method
for deep rectifier neural networks in speech recognition [C]//
Speech and Computer. Springer International Publishing, 2014:
81-88.

[6] Yoshioka T, Gales M J F. Environmentally robust ASR
front-end for deep neural network acoustic models [J].
Computer Speech & Language, 2015, 31(1): 65-86.

[7] Zhang S, Zhang C, You Z, et al. Asynchronous stochastic
gradient descent for DNN training[C]// IEEE International
Conference on Acoustics, Speech and Signal Processing, 2013:
6660-6663.

[8] Lefebvre N, Chen X, Beauseroy P, et al. Traffic flow
estimation using acoustic signal [J]. Engineering Applications
of Artificial Intelligence, 2017, 64: 164-171.[9] Jia Y, Xing E.

Jun Guo , born in 1974, Ph.D., is a associate
professor at Northeastern University. His research
interests include edge computing, service comput-
ing and cloud computing.

ISBN 979-11-88428-05-2

153

The application of traffic flow detection technology on
characteristics of freeway traffic flow [C]// International
Conference on Remote Sensing. IEEE, 2011.

[10] Iacovazzi A, Baiocchi A. Protecting traffic privacy for
massive aggregated traffic [J]. Computer Networks, 2015,
77(C): 1-17.

[11]LiJ, Yu D, Huang J T, et al. Improving wide band speech
recognition using mixed-bandwidth training data in CD-DNN-
HMM [C]// Spoken Language Technology Workshop, 2012:
131-136.

[12] Borkar P, Sarode M V, Malik L G. Modality of Adaptive
Neuro-Fuzzy Classifier for Acoustic Signal-Based Traffic
Density State Estimation Employing Linguistic Hedges for
Feature Selection [J]. International Journal of Fuzzy Systems,
2016, 18(3): 379-394.

[13] Ashwini B, Deepashree B, Yuvaraju B N, et al
Identification of vehicles in traffic video [C]// International
Conference on Signal Processing. 2017.

[14] Chen X F, Shi Z K, Zhao K. Research on an intelligent
traffic signal controller [C]/ Intelligent Transportation
Systems. IEEE, 2003.

[15] Mills M K. Magnetic gradient vehicle detector [J]. IEEE
Transactions on Vehicular Technology, 2013, 23(3): 91-99.
[16] Kozak P, Matuszkova R, Radimsky M, et al. Measuring
Tyre Rolling Noise at the Contact Patch [J]. IOP Conference
Series Materials Science and Engineering, 2017, 216(1): 1-5.
[17] Shimamura T, Kobayashi H. Weighted autocorrelation for
pitch extraction of noisy speech[J]. IEEE Transactions on
Speech and Audio Processing, 2001, 9(7): 727-730.

[18] Gabor D. Theory of communication [M]. Iee Proc London,
1946, 93(73): 5

ICACT2020 February 16 ~ 19, 2020



International Conference on Advanced Communications Technology(ICACT)

% » L2

~

(.}
<,
-

s

-

ISBN 979-11-88428-05-2

Xiaoyu Zhang, study as an undergraduate student
in major of Computer Science and Engineering
from Northeastern University, Shenyang, China,
from 2016 to 2020.Her research interests include
edge computing, Computer Graphics and so on.

Zhiyuan Gao, study as an undergraduate student in
major of Computer Science and Engineering from
Northeastern University, Shenyang, China, from
2016 to 2020.His research interests include
Network Communications, Computer Graphics and
SO on.

Ligeng Wang, study as an undergraduate student
majoring in the Internet of things engineering at
Northeastern University, China. He entered
Northeastern University in August 2017.His
research interests include The hardware and
software design and realization of wireless sensor
network, application of wireless sensor network
and so on.

Wenyu Li, a junior at Northeast University,
Shengyang, China. In August 2017, she joined the
school of Northeast University, Shenyang, China.
Her research interests include edge computing,
artificial intelligence and so on.

154

Hangmin Chi, study as an undergraduate student
in Software Engineering from Northeastern
University, Shenyang, China, from 2018 to 2022.
His research interests include Network
Communications, Deep learning technology in
image recognition and so on.

ICACT2020 February 16 ~ 19, 2020




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




