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ABSTRACT

Pollution discharge management is important for the sustainable development of the chemical enterprise, and the
monitor system of pollution discharge is an important part for improving the pollution discharge management of the
chemical enterprise, therefore the application of the Internet of things on it is studied in depth. Firstly, the main
technology problems of the monitoring system of pollution discharge in chemical enterprise are summarized.
Secondly, the relating technologies of the Internet of things are studied. Thirdly, the monitoring system based on
Internet of things of the pollution discharge in chemical enterprise is designed. Finally, simulation analysis is
carried out, and the effectiveness of the monitoring systemis verified.
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The pollution discharge pipes are main infrastmeguof the chemical enterprise, which are importémt
developing the economics of the chemical enterpii$e monitor system of the pollution dischargemsimport
part of the chemical enterprise, and it can mortierindexes of whole procession concluding sarpliection,
procession, analysis and data transmission basegltmmatic control technology, Modern analysis rodtland
means of communication and computer software tdoggoThe monitoring system concludes two partsictviare
environment quality monitoring sub system and gimlusource monitoring sub system. The former sigbesn can
offer the correct and timely environment qualityadéor the chemical enterprise. The latter subesystan track the
situation of pollution discharge of the chemicategprise. The monitoring system of pollution disgfeahas some
advantages, such as multi points, wide range agd Emount. In order to satisfy the requiremernthefrequirement
of the monitoring system of pollution dischargechemical enterprise, an effective technology shdeadpplied in
it. With the development of science and technoldlyg, Internet of things has become an importarttrtelogy for
developing the socioeconomic. The Internet of thihgs been applied in many fields. For the chengintdrprise,
the advanced sensor technology, data fusion teegpand internet technology can be combined to tocactsthe
monitoglr]lg system of pollution discharge, and thie® sustainable development of the chemical enserman be
ensured”.

Main technology problems of the monitoring system of pollution dischargein chemical enterprise
According to the real situation of the chemicaleeptise, the monitoring system is designed basethtennet of
things, which has high reliability, and completadtion. The main technology problems are listetbsws:

(1) An advanced monitoring system of pollution tisge of chemical enterprise is constructed basddternet of
things, and the system is suit for the actual megoént of pollution management of chemical entsgriThe
monitoring system concludes management level, obinty level, monitoring level and field level, éan complete
the data exchanges, and the pollution data inspectind can offer the human-computer interfacechvician be
easy to use?.

(2) The monitoring system can offer the remote eation function, which strengthen the data transreand
processing abilities. The monitoring system carniea@hthe wired and wireless network connectioncofding to
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the pollution discharge of chemical enterprise, diwributing network system consisting of wirelasstwork is
applied.

(3) The monitoring system applies the open streggtwhich uses standard, modular and series desigimoch The
monitoring system has flexible configuration, comeat application, and quick maintenance. The opssrof the
monitoring can be easy to extend, which can offevenience and save cost for the chemical enterpris

(4) The monitoring system has high safety and béitg, it can ensure the reliable operation of gystem, and
support the network, 1/0 module, operation staticontrolling station. The data recorder uses handiy
redundancy, data can recover automatically aferfdlt, which can offer the reference data forirepenergy and
reducing consumption of the chemical enterprise.

Relating technologies of the Internet of things

The Internet of things refers to the ubiquitous egdipments concluding the intelligent sensorsrantile devices
integrated based on wired, wireless or short-digtasommunication network, it can applied SaaS djperanodel
based on cloud computing. Internet of things cafierofafe and manageable online management andceervi
functions such as monitoring, positioning and tmagk alarm linkage and dispatching and command,otem
controlling, managing desktop under intranet, eried and internet. The Internet of things can achithe
management, controlling and operation together. ddiition discharge of chemical enterprise is véangerous,
which is suit for the Internet of things®.

The Internet of things concludes three criticahteslogies, which are radio frequency identificati@echnology,
wireless sensor network, and machine-to-machirfentdogy.

(1) Radio frequency identification technology

RFID (Radio frequency identification) technologyldoegs to a kind of intelligent identification teablngy, which
applies non contact technology. The radio frequeitntification signal can be used to identify tbbject
automatically, and can collect the relating dafarimation. RFID can use as the electronic labeictvican be stuck
on the body, and has many advantages. For exathglegading distance of data is long, the penetrdgvel is
high, the wear and tear is absent, the contact mloesxist, the anti-pollution capacity is goods #fficiency is high
and there is a large amount of data informatiou.réa present, the pollution discharge in chemeaaterprise need
to use RFID technology, and the whole processian amntrol and operate the controlling computer edéting
equipments, the RFID technology can be used to unedke relating parameters of pollution dischangehemical
enterprise, the information management of pollutiistharge in chemical enterprise can be achighedworking
efficiency of the chemical enterprise can be impbaccordingly.

(2) Sensor network and detection technology

Sensor is a “sensory organs” of the machine tha¢meives the material world, which can perceieedignals such
as thermal, force, light, electronic, sound, ansbldicement, it can offer the original informatiar fprocessing,
transmitting, analyzing and retroacting the netwagkstem. With the constant development of sciencé a
technology, the traditional sensor has developeard the miniaturization, intelligent, computerizegtwork, and
it can achieve the system of traditional sensalligent sensor-embedded Web sensor. At preseatsémsor
network technology facing the Internet of thingsidodes advanced test technology, networked measmteand
control, Intelligent sensor network node, sensawaek structure and underlying protocol, detectéord control of
sensor network and sensor network safety and so on.

In modern chemical industry, sensor technology wae application, for example, toxic or harmful gasare the
main pollution of chemical enterprise, in orderettsure the safety of the chemical enterprise,dkie br harmful
gases should be monitored timely, and the gas sé&nhan important tool for monitoring the toxic learmful gases.
The sample method of gas is simple diffusion methduch applies spreading characteristics of gadsraby, the
object gas passes through the sensor in the paodethen a signal that is proportional to the vaumaction of the
gas generates. The gas pollution situation of Heenical enterprise can be obtained tinfély

(3) Intelligent technology

The function of the intelligent technologies arffadent methods and technologies that can achiexaio objective
smoothly, which can be applied in the embeddethéninitelligent system, then intelligent level oé tbbject can be
ensured, the communication with clients can beea, it is an important part of the Internet ahgfs.

The modern chemical enterprise in China is devalpphowever there still are some disadvantagesexXample,
the capital investment in pollution managementtile] the advanced monitoring equipment of potintdischarge
is fairly inadequate, and the intelligent level péllution monitoring devices is relative low. Indar to
accommodate the real sustainable development sgamt of modern chemical enterprise, the following
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aspects should be concerned, firstly, the intalligmonitoring technology should be developed abtjvand the
management level of pollution discharge of the dbahenterprise can be improved, and there are sehaéing

technologies, gas and liquid pollution discharga tEne monitoring system, working environment eoling and

decision system of chemical enterprise, differemd& of sensors, computer chip and mechatronicessst
Secondly, the intelligent monitoring and managiggtem should be developed, and the management dé\al

kinds of pollutants in the chemical enterprise dan improved, the relating technologies concludetered

controlling computer, series of sensor, commuracatietwork, field controller and automatic execudod so on.
The working environment of the chemical enterpcdiar be regulated through wireless management megnadhe
working environment of the chemical enterprise banin the best condition, then the chemical pafitgacan be
processed effectively and timely, the economic sowal benefits of the chemical enterprise canrseied®.

(4) IP v6 address technology

The development of the Internet of things is clpdielked to IP v6 technology, because objectivewdry Internet
of things connection also need the IP address wsrhe identification code, but the current IPteghnology can
not suit for the real requirement of the chemiagkerise development. IP v6 technology can podsigsaddress
space, which can suit for the real requiremenhefriode identification completely. In addition, U technology
applies stateless address assignment strategptegs the address assignment situation with higtiesfcy. After
the stateless address assignment is applied, th@nkecan not store the address statues of nodamtdning the
update period of the address can simplify the msioa of address assignment. IP v6 technology bazes
characteristics suiting for the large applicatidntlte Internet of things, and it can adapt the megoent of the
Internet of things on the node in node mobilitydaagedundancy, service quality of network, it isasic network
technology of the Internet of things applicatiorainertain degree.

Monitoring system based on Internet of things of the pollution dischargein chemical enterprise

Monitoring system based on the Internet of thingpallution discharge in chemical enterprise us€PP as the
basis, which can achieve the information excharggsveen the monitoring platform of pollution disod& in

chemical enterprise and the discharge pollutantsvefy workshop, which can offer the data informatfor the
monitoring platform of pollution discharge, and rage the communication interface of different protoof

pollution discharge monitoring platform, and themgounication platform based on the Internet of thirfgr

monitoring the pollution discharge is shown in &bl

Ethernet/ Ethernet/ Ethernet/
RS485 gateway [ CAN gateway WSN gateway
WLAN AP
WLAN/ WLAN/ WLAN/
RS485 gateway CAN gateway MSN gateway
RS485bus CAN Field Bus WSN wireless WiFi

network Network sensor network wireless

Figure 1 Satus monitoring system diagram of pollution discharge of chemical enterprise

The monitoring system based on the Internet ofgthiof pollution discharge in chemical enterprisaatodes the
following parts:

(a) Physical layer the relationship between the devices and mediafisetl, such as the voltage, cable and pin, it
can process the collision problem formed duringgteeession of information transformation, andaih control the
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transmission flow of data.

(b) Link layer. this layer can manage the bit stream data of th®imdayer, can achieve the data transmission. The
functions of this layer are listed as follows: eraontrol, link management, and flow control. Thekllayer
concludes two independent parts, which are meditoass control system and logical link control systé

(c) Network layer this layer can achieve the communication betweerstiurce node and end node of the Internet
of things, it uses the IP and RIP protocols, thénnfanctions of it concludes packaging data rout¢adand
addressing data. This layer also concludes ICMBopobd, which can achieve the diagnosis of the nétwo

(d) Transport layer this layer can achieve the data transmission frochte other end, the main functions conclude
the following aspects: multiple concurrent datapecorrection, virtual circuit control and so drhis layer mainly
concludes TCP and UDP transmission protocols.

(e) Application layer this layer locates between the monitoring platfamd communication system, there are two
functions, one hand, this layer can transfer thetfons of different communication protocols andiides as the
interfaces and set as the service set. On the b#mad, this layer can offer the search, identificatand use of
communication servicgl,

The hierarchical structure of monitoring systenpofiution discharge in chemical enterprise basedheninternet
of things is shown in figure 2.

Physical layer
y 4 Monitoring point of pollution discharge

Link layer
TCP UDP

Network layer ]

IP ZigBee
Transport layer

CAN2.0 IEEE802.3
RS485/422 IEEE802.11 b/g/n

Application layer

Figure 2 Hierarchical structure of monitoring system of pollution discharge in chemical enter prise based on the I nternet of things

Location algorithm

There are many clusters that can measure the emsssf different pollutes in chemical enterpriser Hifferent
clusters, the data transmissioncbister head and sensor nodes can be achieved through oneumg however,
the time accepting data for cluster head nodeng,land therefore an amount of energy should beuroad. If the
cluster nodes failures, the monitoring data canbeotransferred, the mobile Agent node can soliseptoblem, at
the same time, the better algorithm should be agpbt confirm the optimal route, which is the lagatalgorithm of
senor. In order to improve the location precisidnnode, and reduce the location error of node, Dhvehop

algorithm is applied in this research, and theesponding algorithm procedure is listed as follows:

Step 1: Confirm the times of jump for the node
The monitoring data of cluster head or Agent nadéhé pollution discharge of monitoring system llase Internet

of things is defined by(id, X, y,hop) . where id denotes the order number of the Agent nodtley denote
horizontal and vertical coordination of location the cluster head and Agent nodapp denotes the number of

the jump. If the node accept the data in the fime, the data can be saved, at the same timeuttmbder of jump
increases 1, if the node accept the data packagsférred by the same cluster head or Agent nbdegcdmparison
is carried out between the current times of jumg existing times of jump, when the current timeguofip is less
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than existing times of jump, the current data carubed to replace the original data, if the whdlster or Agent
node do not change, this step is over.

Step 2: Solving the average times of jump

The average jumping distance between ifih cluster heads or Agent and oth& —1 clusters or Agent nodes
can be calculated by the following expressiin

N-1
2. d(a.a))
hopV, =2 @)

N-1

> hop,

j=1

where, hOp\/i denotes the average value of every jumping dietaﬁl(ai,aj) denotes the distance between

N-1

i th cluster head or Agent node and theh cluster or Agent nodeZhOpij denotes sum of jumping times
=1

between i th cluster or Agent node ang th cluster or Agent node.

After the average jumping distance of all clus@régent nodes is obtained, the monitoring datalmatransferred
in the Internet of things, then the first data gted by different node can be saved.

Step 3: Location model of node
The multilateral localization method can be usedkvaluate the coordinate of node, the coordinatthefnode

needed to be located is defined léax,ay), the coordinates of cluster heads or Agent nodesbe defined by

(), (3 3z,), - (&, @, ), then the coordination of the node needed to tatéal can be calculated
by the following expressions:

J@ -2, +(a,-a,)? =d,
\/(ax _a2x)2 + (ay - a2y)2 = d2

)

J@ -a,)?+(a, -a,)? =d,

The error in x and y direction of node needed tddoated (a,,a,) is defined by (€,,€,), and the following
expression is obtained:

f(a,.a,) = (a -a,)’ +(a, - a,) 3)

Taylor series is applied in iterative computatioine error (€,,€,) can be calculated ia,,a,) based on

Taylor expansion of the expression (3), circulaticedculations are carried out, and the optimal doate
(a,,a,) can be obtained finally.

RESULTSAND DISCUSSION
The coordinate of locating objective can be caledaased on the location of the weighted valueravd, then
the pollution discharge information needed of thernical enterprise can be obtained, which can dffferbenefit
basis for the pollution management of the cheneoatrprise

In order to verify the effectiveness of the moriigrsystem of pollution discharge in chemical emtise based on
the Internet of things, the corresponding analysisarried out. The simulation programmer is coegiby
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MATLAB software. At the same time the traditionaichtion algorithm is also applied in the same model
rectangular region is selected randomly, and l@@<irandom tests are carried out, and the simnlatisults are
shown in figure 3.

Average location error/%

Traditional location algorithm

—————— Weighted location algorithm

30r

10 : : : —

Node density/%
Figure 3 Comparing curves of smulation

As seen from figure 3, the average location errotained from weighted location algorithm is lesarththat
obtained from the traditional location algorithmewvhthe node density is less than 8%. With the asing of the
node density, the average location error obtainaah traditional location algorithm decreases acclgt, when the
node density increases to 8%, the location errbtaimed from two location algorithm are close, ba whole, the
weighted location algorithm can obtain the smootfation error. Therefore the new monitoring systémollution

discharge in chemical enterprise based on therletexrf things can obtain better effect.

CONCLUSION

The Internet of things is applied in the monitorisgstem of pollution discharge in chemical entegriand the
resources for managing the pollution dischargehentcal enterprise are integrated together. Andpibléution

managing level of the chemical enterprise can bgraned, and the reliability of the monitoring systean be
improved. The working environment of chemical eptie is good, and then the social benefits ofctmemical

enterprise are improved.
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