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ABSTRACT

To meet the need of gas monitoring in mine laneway environment, designed a gas monitoring system based on
ZigBee technology, the chip of CC2430 is the core, and this system conquers the defect of wired sensor networks
and avoids the high-energy cost of other wireless technology.The hardware design and software design method had
been presented, and the result had been given. This system has the advantages of low power consumption, low cost,
wireless technology and flexibility, with good prospects.
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INTRODUCTION

In recent years, with continuous development of owhustry, coal accident rate is constantly rigitige majority of
coal accidents are gas accidents. Happening oflents seriously endangers the safety of mine weylaausing
enormous economic and property damage, greatlyenéling the development of coal industry. Therefiiievery
important to monitor gas generation, leakage aiuktiess timely for safe operation of the mine, pead safety of
miners a(grll]d environmental protection. At the samme tihigher requirement of deepen the gas monit@ystem is
proposed-.

Currently, most coal mine monitoring systems empiefworks combined with wired and fixed sensorseréhare
many defects in these monitoring systems, for exasngpoor monitoring system mobility, large limitats of
installation, many blind spots in the mine suctyaaf, fully mechanized coal face, &c.For the above defects, a
gas monitoring system underground based on ZigBeesigned according to coal mine monitoring regqoents.
Test results show that this system can meet desigrirements.
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Fig.1 Construct of ZigBee protocol
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ZIGBEE

ZigBee technology is a kind of short-range wirelessimunication technology with uniform technicarsiards. Its
MAC layer and PHY layer protocols are IEEE802.1jxdtocol stack standards, and application layer raatdiork
layer are draw up by ZigBee technology alliance,ghotocol stack structure being shown in Fig.1.

The specific features of MAC layer are: beacon mgan#nt, channel access, slot management, confoméiime
sending, request sending, disconnect request, emdding some methods for application appropriadeusity
mechanism$!. Characteristics of PHY layer are start-up and slawn the wireless transceiver, energy detection,
link quality, channel selection, channel clearirsgessment (CCA), as well as sending and receiviitg phckets
through physical medi&. Application Framework layer is mainly to provideme application framework models
for the practical applications of ZigBee technol&4y

Network layer/security layer is mainly used forwetk connection of LR-WPAN (Low Rate Wireless Peralo
Area Network) network, data management and netweckirity of ZigBe&”.

In a ZigBee wireless network, ZigBee Alliance pa®s typically three devices: coordinator, routed &rminal
equipment. According to different functions of ttevices, devices in the network are divided intib-fiinction
devices (FFD) and reduced function devices (RFD)HyE802.15.4. Coordinator and router must be F&my
terminal equipment is RED,

According to the different environment, ZigBee netks can apply star network topology, cluster nekwo
topology, and mesh topology, with the ultimate do@ing mesh network. Mesh network allows all theegwith
routing functions in the network to directly conhéa each other, by router's routing table to meathe with the
network road of news. This structure is helpfulfeducing communication delay, and improves netwelirbility.
But its drawback is that mesh structure needsai® shany nodes information, with higher requireradat sensor
hardwaré®. From Fig. 2, from left to right are star netwockyster network and mesh network topology.
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Fig.2 topology of star network, cluster network and mesh network

3. UNDERGROUND GASMONITORING SYSTEM BASED ON ZIGBEE

3.1 System Overview

Wireless sensor network (WSN) applied to coal nasea new technology is a trend in the future. Boeway,
branch laneway is most suitable for WSN. Informatisually access to backbone network undergroumaketwonly

from branch laneway, thus forming a pattern of viearfprmation flowing to one side, resulting in umeevtraffic

statistics information and presenting one small and large wooden club structure. Therefore, WSHNenwith

lower performance can be used for branch lanewayeigl WSN node only needing to complete data ctodle and
transmission; multiple aggregation node (Sink) vhithpher performance can work in turns or at theeséime in the
bifurcation of laneway, reinforcing system dataqassing capability, coordinating and collecting werk state and
monitoring data of the rest nodes in branch laneway is accessed into backbone network througbdwietwork
B, Shown as in Fig.3, common node of branch lanewagsponsible for collecting gas concentration #ren it's

converged to sink node (Sink) through wireless @enstwork, sink node (Sink) being connected wilskbone by
wired way. Parameters target information colledigdvireless sensor network is sent to local grocmutrol center
through backbone network, the mine is real-time itooad by ground control center according to cdéec
parameters information, variation of regional pagters information and each section of the minenated at any
time, make rapid emergency response is made forgemey situations, early warning signals are serdanger
zone by accurate positioning technology, thus tiea- monitoring and scheduling for coal mine safedpiction is

achieved by control cent8t.
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Fig.3 Monitoring system of laneway

3.2 Design for hardware system

A common wireless sensor network node is actedrearslined front-end equipment for network functiand data
collected by sensor mainly is read and transmittedugh external interface, and the transitionniplemented
between different states such as nodes in sleégxtim, and wireless transmission

Ordinary sensor node is consisting of CC2430, gasa's, power supply, battery management circuitetternal
circuit. Its internal structure diagram is showrFig.4.

CC2430 gas sensors

A A

power supply
battery management

Fig.4 Hardwar e diagram of ordinary sensor node

CC2430 chip is applied for processor and commuioioanodule. CC2430 RF chip is the world's firstGHz RF
chip that meets ZigBee Alliance stand&fdBhe ship continually use the architecture of pyasi CC2420 chip, a
single chip integrated with ZigBee RF front-end,nmagy and microcontroller. It uses an 8-bit MCU (&p5with
128 KB programmable flash memory and 8 KB RAM, aisduding ADC, timer, etd®. Thus it meets wireless
sensor network’s requirements for low-cost and fmwer while simplifying circuit design.

Gas sensor module is responsible for collectiomethane gas concentration data. Its working priacig that:
infrared gas sensor device measures gas concentiatihe mine, concentration data is stated btagel signal, and
then differential operation with a standard voltégelone by al amplifier, at last, voltage diffecerwill be sent to
control section, as shown in Fig’% U1, R1, R2 and U2, R3, R4 respectively constitmeasured signal and
standard signal amplifier circuit, U3, R5 ~ R8 ditnge differential operation circuit.

Alarming whether the gas concentration is over peryal transmitting data to micro-controller candwhieved by
CH217. The chip has two alarm channels inside, vf§@ble to send forecasts and dangerous alamalsjcalarm
signals being divided as visual and auditory sigfffal

Power and battery management circuit module iskéhepart of the system, responsible for supplyiogvgr for
each modules of sensor nodes, using ordinary potadsutton 3.6 V rechargeable battery-powered rantte staff
can periodically replace the battery. Parameteosirat collected by sensor are sent into processough pre-
circuit, after handling by processor the data ist4e Sink node through the RF transceiver, settirggindicator
light flashes when send or receive data. Debugfhte is used for local debugging.
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Sink node is mainly responsible for processing dsgading control information, establishing netwatistributing
addresses, and allowing the child nodes into né¢wior addition, sink node do not collect externaltaj nor
implementing sledp.
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Fig.5 Amplifier and differential operation circuit of gassignals

Sink node is consist of PIC18F4620, power and batteanagement circuits, memory, alarm circuit, latiaplace,
CC2420 and interface circuit. Its internal struetdiagram is shown in Fid>6

SCM PIC18F4620 is chose as Microprocessor unitclvlis a kind of low-power consumption SoC. Its rich
instruction set and high-capacity internal storag&tem can guarantee software stack to run conmglétbas sleep
mode that can greatly reduce power, and sleep mmald be waken-up via an external interfipt

Communication module applies CC2420 RF chip, whishrks in 2.4GHz frequency band, supporting
IEEE802.15.4 protocol, with the properties of loaitage (2.1 ~ 3.6V), low power, high sensitivitynall size,
received signal strength indicator (RSSI ) andrsate data transfer rate up to 250kbps. The chipigdes functions
of physical layer and part of data link layer. lsdd@ion, CC2420 also supports hardware for packetrol, data
buffering, data encapsulation, data validation, lmdquality and data packet timeliness, thesatlyeeducing the
burden of control part. And its radio transmittemger is programmable controlled, that is, wirelgssismission
power can be controlled through register configaratso that nodes can use different transmissionepdor
different applications, providing the possibilit§energy-savin§.

power and battery

management MEM Display
PIC18F4620 alarm
CC1100 interface Computer

Fig.6 Hardwar e diagram of sink node

For power and battery management circuit modulasiciering energy consumption of sink nodes is iredbt too
large, the design of sink node module can applgettordinary 5 AA batteries, thus can maintain longerking
time.

For interface circuit module, which only sink nodé serial port circuit has, sink node is resporesifir the
communication between sensor network and embedaleguter, sending query command to lower node, veagi
data returned by lower node and sending to embeddexbuter by interface. For experimental convergemere
only the RS-485 is used as wired transmissionfexterbetween sink node and host.
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3.3 Design for software

Software of the entire system is designed withriglege in IAR development and debug environmenpated by

Tl company, and modular programming method is ugédch is divided into main control module, infortizan
dissemination module, data acquisition module, les® communication module and serial communicatiodule

. The main control module is the dialogue interfaeeween user and information terminal, mainly cesjble for
handling collected information, controlling othamnttion modules, early warning of emergency siarei and
providing users with good man-machine interfacee Thain function of information distribution moduig to
publish information user required through terminatle. The main function of data acquisition modsil® capture
gas concentration information on spot and sendoitsink node upwards. The main function of wireless
communication module is to complete interactive smmication between nodes in network, realizing data
transmission. Serial communication module is therface between Zigbee network and host computainlynto
complete the communication of network coordinatdeand host comput&t.

Program flow chart of terminal node and sink nodeshown in Fig. 7 and Fig. 8.
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Fig.7 Program flow chart of terminal node

4, TEST RESULTS

The gas monitoring system is tested in coal mingetground, the test results shown in Table 1. Asloa seen
from Table 1, the system measurement error isivelgtsmall and can satisfy usage demand. The drebween
measurement and actual value is mainly due torioe existing in sensor itself and restrictionsttod underground
environment, but there almost does not any erroetwork transmission, and the system is stableelable.

Table1 Test results

Actual value/CH, Measured value/lCH, Test times

0.54% 0.52% 1900
0.18% 0.13% 2500
0.42% 0.45% 3000
0.11% 0.14% 5000
0.46% 0.43% 2800
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System initiation

| Select wireless communication |

| open coordinator I(—

Receive association request

Association terminal node |

v

Upload status information |
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| wake up terminal node |

v

| Receive and upload data |

Fig.8 Program flow chart of sink aggregation node

CONCLUSION

WSN is an important mean of coal mine monitoringr the flaws of monitoring system in coal secugtgduction,
a gas monitoring system is presented with PIC186482M as central processor, setting the functioWV&N-
based monitoring, display, alarm, communicatioroime based on WSN. It takes full advantage of PI@62B
characteristics of small size, high integrationy jpower consumption, powerful, reliable performanehile taking
advantage of WSN for monitoring data transmissédfectively realizing real-time monitoring of coaline gas. In
addition, the system can monitor other signalfefdoal mine such as temperature, humidity, water,
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