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Abstract: Memristor is the fourth basic passive electronic components except resistors, 

capacitors and inductors, the value of resistance will change with the charge flowing 

through it, and it can keep the resistance constant before the power is cut off. These 

features can be used to simulate neural synapses, so as to construct a single neuron 

circuit, and then build a Hamming Neural Network, so we can solves the problem of 

large amount of calculation and low efficiency of traditional neural network. Based on 

such a neural network, and then build a traffic pattern recognition system, which is 

conducive to traffic planning. To a certain extent, this way can solve the problem of 

traffic congestion, improve people's travel efficiency, and with the increase of the 

number of usage, the number of samples stored in the Hamming Neural Network is 

increased, which makes the system more accurate. 
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1. Introduction 

In order to solve the deficiencies of current traffic and improve people's travel speed, 

Many domestic and foreign scholars have done a lot of research on the traffic pattern 

recognition field[1], because people's transportation decision-making process is a very 

complex procedure, which may be change due to various external factors and 

interference, simple utility function or algorithm is difficult to accurately measure the 

value orientation of people and determine the mode of travel. So some scholars have 

proposed using neural networks to identify people's way of traveling. Fuzzy pattern 

recognition and artificial neural networks[2] method provides a good way for traffic 

planning. But the traditional neural network has the disadvantages of large 

computational complexity and low efficiency[3], which make traffic pattern recognition 

difficult to realize. In view of this phenomenon, a neural network based on memristor[4] 

is proposed, which is used in traffic pattern recognition, and simulation tests are 

carried out. 
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2. Model Establishment 

Since professor L. o. chua proposed the memristor in 1971[5], the research of 

memristor has been deepened, and the memristor is called memory resistor [6]. It is a 

circuit device that represents the relationship between magnetic flux and charge. The 

memristor has the dimension of resistance, but unlike the resistance, the resistance of 

the memristor is determined by the charge flowing through it. Therefore, by measuring 

the resistance value of the memristor, we can know the amount of charge flowing 

through it. According to the characteristics of memristor, it can be used to simulate 

synaptic[7] of neuronal cells, thus forming a new neural network for traffic pattern 

recognition. Artificial neural network (ANN) is an information processing system 

designed to mimic the structure and function of human brain. The strength of 

association between neurons synapse is variable, which is the basis of learning and 

memory. Artificial neural networks can have self-learning and adaptive ability through 

training. The key of the neural network technology is the weight design[8], and the 

hardware implementation of the weight requires a nano component[9] with long 

memory and no energy consumption. The traditional artificial neural network[10] 

technology is based on the traditional computer, the main drawback[11] is the huge 

amount of computing, and the operation is not parallel processing. in order to slove this 

problem, the parallel, distributed processing, nonlinear processing, self-learning 

function and adaptive function[12] of the artificial neural network must be 

implemented on the hardware. A single memristor[13] can realize the simulation of 

neural synapse function, moreover, memristor can be combined with nano cross linking 

technology, which has the advantages of large-scale parallel processing, distributed 

information storage and huge storage capacity[14]. Therefore, the use of memristor 

system to simulate neural synapse function and realize artificial neural network[15] is 

one of the best ways, so it has become the focus of research in recent years. There are 

many typical neural networks, such as BP network[16], Hamming Neural Network[17], 

Hopfield network[18] and ART network[19], etc. This paper takes Hamming Neural 

Network as an example. 

 

2.1Construction of Neuron Circuits 

Biological neurons [20], as an important part of the biological nervous system, can 

overlap each other's neural signals. The traditional neural networks are implemented 

by operational amplifiers when implementing the summing function[21], which makes 

the constructed neural networks not only power consuming, but also inefficient. For 

such a reason, the scientific community has to find a new model to accomplish this task, 

and the neuron MOS tube[22] came into being. Neuron MOS tube is invented by 

Japanese scientists Omi Tadahiro and Shibata Nao, It has many characteristics[23], 
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such as low power consumption, multi gate, adjustable threshold of MOS tube[24], 

small space occupation and so on, which opened a new chapter for the development of 

artificial neural network. Like the ordinary MOS tube, the neuron MOS tube may be 

divided into N type neuron MOS tube and P type neuron MOS tube according to its 

conduction mode, and one of the design methods[25] is shown in Figure 1. 

 

 

Figure 1 Neuronal MOS tube 

Vi is the controlled gate input signal, Ci is the coupling capacitance produced by the 

floating gate and the control gate [26]. When i=0, it represents the coupling 

capacitance between the substrate and the floating gate[27]. Suppose the charge is Qi, 

and VF represents the equivalent voltage on the floating grid[28]. By the electrical 

principle, we can push out the formula (1) 
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Assuming no net charge on the floating gate, that is QF=0, and the substrate is in a 

ground state, V0 is 0, CT is the capacitance between the floating gate and the control 

gate and substrate [29], now suppose the net charge on the floating gate is equal to 0, 

this is: QF=0, we can push out the formula (2) 
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The simplified formula is as follows： 
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From formula (3), the following conclusions are obtained: the size of VF is related to the 

coupling capacitance, and the coupling capacitance is usually the fixed value[30]. We 

can introduce that the VF is proportional to the sum of the weights of the input signal, 

and the weighting factor is the coupling capacitance between the floating gate and the 

floating gate[32]. The threshold voltage [33] of the neuron MOS tube is Vt, and the 

MOS tube will be in the conduction state when VF>Vt, and the MOS tube will be in the 

cut-off state when VF<Vt. In the process of application, the threshold adjustment 

function[34] of the MOS tube can be realized by its gate, for example, we can make the 
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partial gate[35] as input and the other partial gate as control structure. In order to 

demonstrate its threshold adjustable function[36], we make V1 as the only signal input 

port, and make VF>Vt, combining formula (3) and The result on the right is 

represented by Vt1： 
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In our assumed case, Vt1 is the equivalent threshold voltage. And we can adjust the 

Vt1 by change the value of V2 to VN, Compared with the conventional MOS tube, the 

adjustable threshold is a major feature of the neuron MOS tube. Based on the above 

theory, we can design neuron circuits with the neuron MOS tube [38] as the core. 

 

 

Figure 2 Neuronal cell based on neuronal MOS tubes 

 

Neuron cells [13] have some important characteristics: one is the superposition effect 

of the input process, the other is the threshold effect, and the three is the regulation of 

the synapses of neurons. We can get the structure of the neuron circuit shown in figure 

2, which is mainly consists of memristor and Neuron MOS tube introduced earlier. The 

resistance of the memristor relates to the voltage or current that flows through it. It can 

be adjusted, so it can be used to simulate the adjustable property of synaptic weight in 

neuron cells. In this circuit, the control gates correspond to a weight adjustment unit 

respectively. At the same time, we can conclude that the neuron MOS tube has coupling 

effect. By using this characteristic, we can realize the input superposition effect of 

multiple input ports, which completes one of the important characteristics of neuron. 

Also, in the neuron circuit shown in figure 2, the threshold characteristics of the neuron 

can be simulated by the threshold characteristic of the neuron MOS tube introduced 

earlier. Similarly, because of the programmability of memristor resistance, it is possible 

to highlight the adjustable function of synapses between neurons. This shows that it is 

feasible to construct neural cells with memristor and construct neural network further. 
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2.2 Construction of Hamming Neural Network 

Hamming neural network is a kind of two layers, fully connected, feedforward neural 

network model. The first layer is used to calculate the matching degree between the 

input and the sample studied by network. The second layer is used to select samples 

that match the input. 

 

 

Figure 3 Hamming Neural Network Structure. 

 

The structure of the Hamming neural network is shown in Figure 3. Here we assume 

that the input is m dimensional vector X = (X1, X2… Xm), The Hamming neural network 

first stores the standard model as the inventory template Ui= (Ui1, Ui2… Uim), i= 1, 

2… n, n is the total capacity of the network. The first tier is calculated The matching 

degree between the input samples and inventory template, that is a Calculation 

Hamming distance betweenV andU through formula (5). 

2
),(

VUn
VUHD


                                                        (5) 

The Hamming distance is treated as the basis for the second layer structure. The 

second layer structure according to the criterion of minimum Hamming distance to find 

the best sample match withV inU, that is the maximum yi=VT.Ui is obtained. The 

classification result is obtained by formula (6) iteration. 
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The structure of Hamming Neural Network has been analyzed before, and the concrete 

idea of implementing this neural network is as follows: 

Simulation of neuron characteristics 

We can simulate the threshold characteristics of neurons, the superposition 

characteristics of external neural signals and the adjustable characteristics of synaptic 

weights through the threshold characteristics, weighted characteristics and 

programmable features of neuron MOS tubes. 

Realization of double layer structure of Hamming Neural Network 

The learning state of the Hamming Neural Network is simulated by the timing plasticity 
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adjustment circuit to program the memristor resistance, thus, the template library for 

the first layer of the Hamming Neural Network is constructed. The computing state of 

the neural network is simulated by the input and output operation of the fixed 

memristor value, thus the second layer structure of the Hamming Neural Network is 

completed, and the matching of the input and the sample is realized. 

 

3. Traffic Pattern Recognition Based on Memristor Neural Network 

The traffic pattern recognition system based on neural network can be divided into the 

following processes: data collection [12], extraction of traffic characteristics, selection 

of traffic pattern recognition model, training model and classification. The following 

functions are expected to realize: First, the traffic mode can be continuously identified, 

and the two is to store the traffic trajectory. 

 

3.1 Data Acquisition and Feature Extraction 

The collection of data mainly includes the collection of traffic mode, that is, collecting 

sample's Trip mode is walking, bus, subway or self driving. Therefore, the construction 

of this system mainly needs GPS module, acceleration sensor, gyroscope, sound sensor 

module. First, set the GPS sampling frequency to 2 times per second, then set the 

acceleration sensor and gyroscope The sampling frequency is 60HZ, and the sound 

sensor is 60 times per second. First collected corresponding data of 16 volunteers, and 

then set the traffic mode recognition time interval, if the time is too long will affect the 

accuracy, too short will occupy too much storage space. Consider practicality and 

economy, we set up the time as 64 seconds. 

In order to facilitate the transmission and processing of data, respectively, following the 

requirements of data format: The audio sensors are Ai=<avg, peak, t> and The 

contents in square brackets represent average amplitudes, peak amplitudes, and 

timestamps in seconds; The acceleration modules are Si=<x, y, z, t>, The contents in 

square brackets represent the acceleration values of x, y and z axes, and the timestamp 

in seconds; the data modules of the gyroscope module are Mi=<ux, uy, uz, gx, gy, gz, 

t>, square brackets represent the user acceleration and gravitational acceleration of 

the X, y, z axes, and timestamp in seconds; The GPS modules are Gi = <lat, lon, t, v, h, 

acc>, the contents in square brackets represent latitude, longitude, timestamps in 

seconds, speed, direction, and The precise horizontal range of coordinates; The base 

station formats are Gi = <groudpid, cellid, lac, rxlevel, tstart, tend>, the contents in 

square represent request ID, base station ID, location area code, received signal level 

range, request sending time and data receiving time. And we store these data in CSV 

format. The system mainly extracts the speed, acceleration, sound, traffic station and 

other related features in the sample. Generally, they are mean, over average, standard 
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deviation, median, maximum and minimum difference, number, sum, varianceand and 

so on. To further improve the recognition accuracy, we can compute the fitting degree 

between the real-time traffic trajectory and the traffic route. Fitting[11] is also a 

characteristic quantity, which mainly includes bus station and line fitting degree, 

subway station and line fitting degree. So we need to obtain user's trajectory and 

calculate the fitting degree. When we obtain user trajectories with GPS, invalid points 

may occur, and we can use formulas (7) to process them. 
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In equation (7), Vi represents the average speed at point I. When Vi is greater than the 

threshold, we can consider it as an invalid point. After obtaining the user's trajectory, 

we calculate the fitting degree by the following methods: 

1)Setting the fitting threshold, that is Euclidean distance, according to the current 

conditions, we can set it to 20 meters, that is to say, the fitting threshold is 20 meters. 

2)Calculated fit, the fit can be calculated by the following method: ①

{uLoc1,uLoc2,uLoc3,uLoc4...uLocn}, this is a collection of user locations; ②

{bsLoc1,bsLoc2,bsLoc3,bsLoc4... bsLocn}, this is a collection of bus station locations; 

③We can compute the Euclidean distance of the user's location to all bus stations by 

known conditions, statistics all locations less than the fitting threshold US and calculate 

the fitting degree. 

 

3.2 Construction of Traffic Pattern Recognition System 

The overall architecture of the traffic pattern recognition system is shown in figure 4. 

 

 

Figure 4 System architecture diagram 

 

As shown in Figure 4, the system mainly includes the following modules: 

Human-computer interaction module 

It mainly consists of information input and output units, which can be used by ordinary 

users. 
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Data acquisition and storage 

It is mainly used to collect the corresponding data of samples, and get the sample set, 

and the corresponding data mainly include the travel mode, speed, acceleration and 

other related characteristics. Such information will be stored as sample library of 

Hamming Neural Network, from the characteristics of Hamming network, we can know 

that with the increase of the number of systems used, the samples in the first layer of 

the Hamming Neural Network will be more and more, and the accuracy will be 

improved accordingly. 

Data processing 

The data processing mainly depends on the second layer structure of Hamming Neural 

Network, because of the characteristics of memristor, the memristor can be used to 

simulate the synapses, which makes the new Hamming Neural Network has stronger 

ability of data processing. Finally, compare the user information with the sample library, 

and get the best traffic mode, which realizes the traffic mode identification. 

 

3.3 System Simulation and Results 

The first layer is used to calculate the matching degree between the input and the 

sample studied by network. The second layer is used to select samples that match the 

input. In order to make the traffic pattern recognition more accurate, we need to 

strengthen the training and analysis of the model in the first floor structure. The neural 

network composed of memristor modules, not only makes the neural network simple, 

but also has stronger information processing ability. In the simulation process of the 

system, Matlab is used to extract the relevant features, and then WEKA and Python 

related toolkits are used to train and analyze the model. In order to reflect the accuracy 

of traffic pattern recognition system, this paper uses the following recommendation 

system evaluation indicators: 

Precision and Recall 

Precision and Recall are two quantitative values widely used in information retrieval 

and statistical classification, which are used to evaluate the quality of results, Precision 

is the ratio of the number of relevant documents detected to the total number of 

retrieved documents and is used to measure the accuracy of the retrieval system; 

Recall refers to the ratio of the number of relevant documents detected to the number 

of relevant documents in the document library, and is used to measure the recall of the 

retrieval system. The formula is as follows: 

NofnumbertotalThe

NtempleofnumbersampleCorrect
ecision Pr                                      (8) 

librarydocumenttheinNtempleofnumberThe

NtempleofnumbersampleCorrect
call Re                                  (9) 
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F-measure 

The F value is the harmonic mean of the correct rate and the recall rate. The formula 

is as follows: 

recallprecison

recallprecison
ScoreF
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The training results are shown in tabular form, as shown in Table 3.1. 

 

Table 1. Model training results 

Mode of transportation Precision Recall F-measure 

Walk 96.8% 93.6% 94.8% 

bicycle 94.2% 95.5% 94.7% 

Self-driving 91.7% 97.8% 91.3% 

Public transportation 95.2% 91.7% 93.6% 

Subway 92.2% 94.5% 92.6% 

 

From the table we can see that the traffic mode recognition model has a high accuracy 

and because of the property of the Hamming Neural Network Based on memristor, the 

accuracy will increase with the increase of the number of uses, which indicates that this 

method is feasible. 

4. Conclusion 

Aiming at the recognition problem of transportation, this paper uses neural network to 

replace the simple algorithm to determine the way to travel. In order to solve the 

problem of huge computational complexity of traditional neural networks, The neural 

network is constructed with neuron cells composed of memristor and a simulation 

platform is built to predict and analyze the prediction results. The new traffic pattern 

recognition system is built on the basis of the Hamming Neural Network, which is 

composed of memristor, with the increase of the number of users, the number of 

samples in the first layer of the Hamming Neural Network will increase accordingly, and 

the accuracy of the whole system will also increase. To sum up, this method can be 

applied to other neural networks and applied to depth learning, simulation of human 

associative memory, and many other aspects. 
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