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Abstract 

In the detection of drugs in the field, because the inclusion complex environment exists, 

the obtained signal often has a poor signal to noise ratio, and the intrinsic characteristics 

of the target material is often drowned signal formed in the package material in the 

background. According to the obtained experimental data, proposed one kind based on the 

principal component analysis and support vector machine algorithm of gas 

chromatography identification sensor signal processing and recognition; the method used 

for detection and identification of the air in the precursor gases combine tester 

self-developed, obtained very good result. This paper designed and developed a 

chromatographic separation and sensor based on the combination of gas detection 

instruments, to multi gas detection instrument. On separation characteristics using 

chromatography, to solve the traditional single common precursor gas detection. The use 

of a preprocessing based on domestication, principal component analysis for feature 

extraction method of all kinds of gas data. This effectively avoids the sensor substrate 

fluctuation and gas concentration effects on body recognition, and reduces the gas sample 

feature vector dimension. 
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1. Introduction 

At present, there are some of the more mature technology and commodities for online 

detection of explosive drugs, such as X-ray transmission, neutron analysis, ion mobility 

spectrometry; at the same time, there are some technology is booming, such as neutron 

detection and analysis technology, the X light cone beam 3D imaging technology [1]. 

Drug trafficking group interior also begins to appear highly disciplined, division of work 

and other trends, transit, camouflage, logistics, money laundering has detailed division of 

labor, the means of crime become more and more refined, subtle, especially to a small 

amount of times for the characteristics of the human body and possession of dangerous 

drugs has become an important way for drug smuggling crime group [2]. On the other 

hand, Dutch act to explosive events as a typical representative of the use of explosives in 

terrorist crime has become a new means of crime, but also increasingly rampant, the 

crime explosion of emerging, damage alarming. It includes not only the traditional solid 

explosives, such as TNT, including liquid explosives appeared in recent years [3]. 

Ion mobility spectrometry is a relatively mature technology, which according to 

different material has different principle of mobility of the ions to identify the substance 

to be determined [4]. First of all, the sample to be detected the formation of steam or the 

particles are ionized ions are formed, then, generate a weak electric field, let the ion drift, 

in this electric field further, recording ion through the electric field time consumption, 
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then the drift time to calculate the ion mobility [5]. Although the principle of the 

technology is more mature, but at present, the commercial instrument and the universal 

degree is low. Ionization reaction and product ions were measured in different types of 

compounds in a sample of life differences, on the other hand, gaseous reagent and testing 

parameters required are also different, so in practical detection process, often require a 

specific recognition of objects, materials and structure of drift tube for the design and 

manufacture [6, 7]. 

Due to the continuous development of China's economy and personnel, material flow is 

accelerating, the number of visitors in recent years into a blowout growth trend, the 

dangerous goods, especially like drugs and explosives such serious harm to society and 

people's safety items fast, accurate detection on the scene to safeguard national stability 

and people's life and property safety more and the more urgent and important [8]. 

Therefore, in expanding the opening up policy, the spirit of not only guarantee the normal 

passenger transport fast travel, normal goods, and close monitoring of dangerous goods in 

principle, intensive and rapid flow of people and goods in real time, strictly found hidden 

in the dangerous goods among them, has become a major challenge for the relationship 

between state, society and people's vital interest is a very practical significance [9]. 

The work of this paper is to extend the national science and technology key project 

undertaken in the laboratory, the main work is design developed for rapid detection 

equipment common precursor chemicals, can develop a rapid detection instrument for the 

common precursor chemicals, can distinguish many kinds of volatile out of gas. 

According to the needs of the target task, to distinguish the traditional metal sensor array 

based on gas detection. An instrument based on the modified chromatographic separation, 

proposes a method to detect precursor with metal oxide semiconductor sensor based on 

chromatographic separation. This paper did some aspects mainly: (1) Design and 

development of a chromatographic separation and sensor based on the combination of gas 

detector, gas can be a variety of common precursor was separated and sensor 

chromatography based detector. (2) Use of a preprocessing based on domestication, 

principal component analysis for data feature a use of domestication for preprocessing 

based on principal component analysis method, the feature extraction of data, and the 

analysis of chromatography for sensor signal, and achieved good results. (3) Support 

vector machines were divided method for multi class based on the gas, and the use of 

particle swarm optimization on support vector machines were divided method for multi 

class based on training and get gas, gas identification model for parameters of multi class 

sample machine was optimized. 

 

2. Design of Portable Gas Sensor Based On Chromatographic 

Separation 
 

2.1.  The Principle Of Gas Chromatographic Separation Technology 

Chromatographic separation technology is also called separation technology or 

chromatographic separation technology for chromatography. It is an effective method for 

separating components in complex mixtures [10]. It is the use of different substances in 

the body is composed of a fixed phase and flow method. It is the use of different material 

has different distribution composed of fixed and mobile number in the system, with 

different distribution when the number two on movement of these substances with flow 

lines, with different distribution when the number two on movement of these substances 

with flow lines, so that the substance is from [11]. And repeated allocation in the two 

phase, so that the substance is from. Many kinds of chromatography, chromatography by 

many species, according to the stationary phase and separation principle of different types 

can be adsorption chromatography, ion exchange with as stationary phase and separation 

of different types of principle for adsorption chromatography [12]. 
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In order to make selective sensor array signal processing, avoid the recognition of 

complex gas we made testing instrument adopts the method of chromatographic 

separation technology and sensor combination method, the technology and sensor 

combined, the design principle diagram was shown in Figure 1, the whole system can be 

divided into gas circuit and the circuit part two. 

 

 

Figure 1. The Design Principle Diagram 

Figure 2 is the EDXRD spectrometer we experimental structures, including X - ray 

source of white light and energy resolution of the detector with. X ray white light source 

including X ray tube and the corresponding parallel light pipe, which is used to limit of 

the incident and scattered beams. The X - ray source is in the W target, the voltage range 

is 0-40 KV, the current is in the range of 0-30 mA. The detector is using the solid high 

purity germanium detector cooled by liquid nitrogen; the detector has sufficient energy 

resolution. The detector made by Canberra, the detection area of 50 mm2, the crystal 

thickness is 5 mm at 5.9 keV energy resolutions is 140 eV, and uses the Canberra 

spectrum master Inspector 2000 as a multichannel analyzer. X ray emitted by X ray tube, 

through the parallel light pipe limited beam emission angle, and then go to the two slits, 

exposure to the sample, the occurrence of diffraction, part of X ray diffraction by two 

after the slit into high purity germanium detector, signal acquisition by multichannel 

analyzer. 

 

 

Figure 2. The EDXRD Spectrometer we Experimental Structures 

2.2.  Optimization Experiments and Conditions 

When the instrument is designed and assembled, a problem of how we choose is the 

experimental conditions. The gas response result is affected by many factors, such as 

chromatography working temperature load, tail gas flow rate selection. So some condition 

inquiry experiment is a must. A set of gas detection instruments like is divided into two 

parts of gas circuit and electric circuit, relatively stable and gas is worse. So before 

experiment, the first thing to do is to tightness test of gas path. Leak test is a difficult but 

indispensable experimental part. 
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Figure 3. Chromatography Different Temperature Ether Original Signal 
With the load pressure becomes larger, the response time of the sensor detects body 

have shorter. But with the same chromatographic operating temperature, pressure 

instrument identification of no gas will become shorter. In the carrier gas pressure is 

worse. In the carrier gas pressure is 1.4 MPa, all kinds of gas can still keep a certain 

distinction. In order to reduce all kinds of gas, can still maintain a certain distinction. 

 

2.3.  Various Methods Of Precursor Gas Detection 

The chart can be seen, for a single gas sensor response in different time is due to gas in 

chromatography retention time is different from the. Similarly, the instrument can be of a 

variety of mixed test in Figure 4. Seen from the figure, the instrument components of the 

mixed gases also have good discrimination ability of the figure shows, the instrument 

components of the mixed gases also have good discrimination ability can be seen from the 

diagram, started in response to the at nearly the same time. The group is respectively 

connected with the sensor response time, start the same. 

 

 

Figure 4. The Instrument can be of a Variety of Mixed Test 

3. Signal Processing Method For Gas 
 

3.1. The basic idea of SVM 

SVM is the optimal class and surface development by linear separable case, for the two 

problem, the following to illustrate the basic idea of SVM using a two dimensional 

problem. C1 and C2 represent two types of data samples, each in a two-dimensional 

display was shown in Figure 5, a straight line in P0, P1 is a classification function. If a 

linear can put two of all samples, then say it is a classification function. 
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Figure 5. Sketch Map of the Optimal Hyper Plane 
Now the discriminant function is normalized, so that the two types of all samples are 

satisfied: | f(x) | ≥ 1, then from the surface, near the sample has | f(x) |=1. If all samples 

classified correctly to meet: 

[( ) ] 1 0 , 1, 2 ,
i

y w x b i N    
                      (1) 

Then the classification interval of 2 ‖w‖ classification. Can find the maximum 

equivalent to 1/2‖w‖minimum. So the optimal classification face problems can be 

expressed as the following constraints: 
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The constraint conditions are: 
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In the formula, αi ≥ 0 Lagrange multiplier, in order to obtain the function type (4) the 

minimum value, respectively 

1

1

0

0 0

0 [ ( ) 1] 0

N

i i i

i

N

i i

i

i i i

L
w a y x

w

L
a y

b

L
a y w x b

a






  






 
  




 
     







               (5) 

The two function optimization problems of the existence and uniqueness of solution, if 

αi optimal solution, then: 

* *
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                          (6) 

The αi≠0 corresponding to the support vector corresponding to the support vector. And 

the optimal classification face the weight coefficient vector is a linear combination of 

support vector machines. Classification threshold by (6) type 
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Due to the addition of support vectors, corresponding to the non support vector =0, so 

the optimal classification function can be abbreviated as: 
* *

( ) s g n { ( , ) }
i i is v

f x a y x x b 
               (9) 

3.2. Kernel Function Method For Gas Recognition 

Kernel function is one of an important part of the theory of support vector machine 

attracted many researchers interest. The kernel function is often used to satisfy the Mercer 

condition are linear, polynomial and radial Sigmoid function, select different kernel can 

construct support vector machine function, the simple introduction to the four kinds of 

kernel functions 

Linear function        
( , ) ,

i i
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Polynomial function    
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Radial basis function    
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Sigmoid function      
( , ) tan h [ , ]
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(13) 

 

4. Results and Simulation 
 

4.1. Identification of Two Species Of Gases And Gas Mixtures 

Pattern is an important link of the good performance of the computer pattern recognition 

system, so the method of feature extraction is very important to choose. In the actual operation, 

the sample data are often affected by external disturbances so that the data feature extraction 

more difficult. For example, in the gas detection and recognition process, the sensor from the 

external factors (e.g., temperature, concentration), the floating sensor signal baseline, 

amplitude changes with the concentration. However, our main concern is the appearance of 

peak time and signal, so that interference for gas qualitative identification of impact. 

In order to make the sample data obtained can be more focus on the system information, 

first of all see data sequences are dimensionless treatment is necessary. If the sample sequence 

is xi, (1,2, ... ,N) there are three commonly used dimensionless method: 

1) Standard method: 

1
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2) Normalization method: 
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3) linear normalization method: 
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4.2. The extracted features based on PCA  

Feature extraction purpose is to effectively implement classification, the 

high-dimensional image vector mapping (transformation) to a low-dimensional space, get 
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the best reflects the nature of the sample characteristics. So far, have been proposed many 

feature extraction method, which, PCA and Fisher discriminant analysis feature extraction 

algorithm is the most classic and widely used methods. In image recognition, PCA is the 

main idea: use a few features of a face image vector to represent as accurately as possible. 

PCA two major advantages is the elimination of the statistical correlation between the 

samples; dimension model samples to achieve the compression. PCA can compress 

high-dimensional pattern of the sample is low dimensional samples more easily handled, 

in other words, PCA gives a minimalist high-dimensional data representation. 

NMF method is also an unsupervised learning method, NMF and PCA method is 

different: NMF method of weighting coefficients in the linear elements and a combination 

of vector-based images are all non-negative real numbers. In recent years, non-negative 

matrix factorization algorithm has become a hot international research. As an 

unsupervised method, NMF does not make full use of class information of training 

samples; therefore, it is likely to lose a lot of useful identification of classified 

information. 

It can be seen from Figure 6, two-dimensional ether, mixed gas samples and three 

principal components, the normalized distribution is more intensive, and the mixed gas 

ether alcohol into powder. After normalization are densely distributed, and the mixed gas 

ether alcohol into powder. After normalized by the concentration, influence of different 

mixed voltage baseline is eliminated, so the single component dense gas well. Between 

the principal component and mixed gas distribution in the ether, ethanol single gas 

principal component results cloth. 
 

 

Figure 6. Two-Dimensional Ether, Mixed Gas Samples and Three Principal 
Components 

4.3. Study On Gas Recognition Software 

Matlab the design of graphical user interface has two methods: one is to make the M 

file programming way to establish GUI; another is the use of GUIDE graphical user 

interface design. The first method takes a lot of time in the position of graphical 

component adjustment. So we usually only used second ways, first complete control cloth 

and belongs to the position in the graphical component adjustment. Then select the 

control right click and select Object Callbacks Object Callbacks, the callback function to 

control to control the callback function to write operation code specific. The steps are as 

follows: 

1) Analysis of the main function of user interface is needed, a clear design task; 

2) Controls placed according to the demand, the optimization of interface; 

3) The callback function to control the development of operating procedures, the 

realization of the corresponding function; 

4) Debugging optimized program, the GUI interface is saved as a FIG resource file, 

automatic generation of the resource file, automatic generation of the M file, the end. 
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The Matlab GUI interface software is already written, but this can only be installed in 

the machine running on PC Matlab environment, how to make the generation of 

executable software which can run on all PC. The main interface of gas recognition 

software was shown in Figure 7. 

 

 

Figure 7. The Main Interface of Gas Recognition Software 

 

5. Conclusion 

This paper designed and developed a chromatographic separation and sensor based on 

the combination of gas detection instruments, to multi gas detection instrument. On 

separation characteristics using chromatography, to solve the traditional single common 

precursor gas detection. The use of a pre processing based on domestication, principal 

component analysis for feature extraction method of all kinds of gas data. This effectively 

avoids the sensor substrate voltage fluctuation and gas concentration effects on body 

recognition, and reduces the gas sample feature vector dimension. This paper presents a 

support vector machine method for multi class classified based on gas, and the use of 

particle swarm optimization division method for multi class gas, training and get gas 

recognition model. To optimize the parameters of SVM with the method, training and get 

the gas identification model, and achieved good results. To establish a database on the 

common precursor gas, using the Matlab GUI compiled a set of common gas recognition 

software. 
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