Granary Temperature and Humidity Measurement System based on Zigbee Network
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ABSTRACT: Aiming at the problem of intelligent monitoring in grain storage, a design plan of temperature and humidity
is proposed based on ZigBee wireless network. The system integrates the SCM technology, computer technology,
intelligent sensor technology and wireless communication technology, using STC89C52 microcontroller as the control
chip, SHTI11 as an integrated temperature and humidity sensor, and using ZigBee as the data transmission of wireless
network, PC machine as the position machine to achieve human-computer interaction. Practice has proved, the wireless
sensor network system overcomes the limitations of wired sensor networks, and the whole system is easy to operate,
strong expansibility, realizes the intelligent management of the granary and has higher application value.
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1. Introduction

As the critical safeguard mankind lives on, food has a direct effect on the security of people’s life and national stability.
Therefore, the safe storage of food is an important issue concerning national welfare and the people’s livelihood. In order to
guarantee safe food storage and prevent food mildew and contamination, it’s necessary to detect the biological state of stored
food[1-3]. To follow the routine way for detection, technicians have to measure the temperature and humidity of stored food at
fixed periods. However, this process, with low efficiency and high labor intensity, can hardly realize the 24h/day monitoring over
food status and results in the low automation level of the safety management of Chinese granary. Further technological
modification and improvement is in urgent need. The development of modern information technology and sensor technology
has provided new opportunities for the improvement of the automation of grain elevators; on the other hand, intelligent measure
and control technology has drawn more and more public concerns. In this context, at present in China, it has become one of
important issues for safe food storage to effectively monitor the biological state of stored food with automatic control system[4-
71

In order to find a better solution to this problem, considering the larger-area distribution of granaries, this paper designs a set of
humidity & temperature monitoring system based on wireless sensor network. This system adopts the SHT11 integrative
temperature & humidity sensor and uses the STC89C52 single chip as the control chip. Moreover, it takes ZigBee as the wireless
network for data transmission and PC as the upper computer to realize man-machine interaction. With easy operation and strong
expansibility, the whole system helps to realize the intelligent management of granary and is highly worth application.
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2. Overall Design Scheme of the System

The granary humidity & temperature wireless monitoring system mainly consists of wireless network, field controller and
monitoring host. Figure 1 shows the overall structural model of it.

The field controller and the monitoring host constitute the distributed and networked computer control system. The monitoring
host connects the data terminal through interface as the upper computer. The working principle is that: each granary has a
routing-capable field controller that mainly consists of humidity & temperature sensor module and ZigBee wireless transmission
module to send data and receive commands from the monitoring host. The host is connected to a ZigBee coordinator as the data
terminal, forming a ZigBee wireless network together with ZigBee nodes of the field controller. The ZigBee coordinator is
connected to RS232 interface through the monitoring host. Status information of each granary passes through the ZigBee
network and finally reaches the monitoring host to be displayed. The monitoring host coordinates and controls all processes of
the whole system, provides man-machine interface, analyzes, calculates and stores all collected data. The host can also send
control command to the whole network, which will be then broadcast by the Zigbee coordinator. Once the command is received,
the sensing node will perform corresponding control.

There is a field controller for each granary. The controller takes single chip as the cybernetics core and has rich interfaces. It can
be attached by multiple sensors according to the size of the granary and is mainly used for humidity & temperature data
collecting and transmission and opening the fan. Each humidity & temperature measure station is equipped with a sensor, which
can send detected humidity & temperature data to the field controller and display it on the screen. The field controller can
compare the collected data with alarm threshold values. Once the data exceeds the threshold values, it will start the fan control
process and give a sound-light alarm.
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Figure 1. The overall structure of system

3. Hardware Design of the System

Hardware of the granary humidity & temperature monitoring system mainly includes node field-controller module and data
terminal module. The field controller therein mainly consists of supply circuit, clock circuit, microcontroller module,
sensor module, sound-light alarm module, wireless transmission module, display module, keys and control module. The
structure is shown in figure 2.

3.1 Microcontroller and Clock Circuit

The field controller uses single chip STC89C52 (produced by Shenzhen Hongjing Technology) as the processor. It is an
enhanced high-performance CMOS microprocessor with 8K-byte internal programmable memorizer and 512-byte SOC
RAM. The instruction code and mount structure are fully compatible with the conventional 8051. STC89C52 has three 16-
bit timers: TO, T1 and T2, falling-edge interrupted or low-level triggered circuit. Four of the circuits can be interrupted. It
also has the unique Watchdog function. A universal 8-bit CPU and ISP Flash storage unit are embodied on the chip. No special
programming unit or emulator is necessary to download program, because user program can be downloaded directly onto the
chip through interface.
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Therefore, it provides effective solution for the development of a great number of control systems. Figure 3 shows the minimal-
configuration system circuit. Y1 is a 12MHz crystal oscillator; K1 is the circuit reset key; C1 and C2 are 30PF capacitance.
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Figure 2. Structure of site controller
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Figure 3. The smallest MCU system

3.2 Power Supply Module

Since the working voltage of single chip STC89C52 is 3.8-5.5VDC and the granary circuit provides 220V alternating current, it’s
necessary to transform the voltage with a potential transformer and then convert the voltage through a rectification capacitor
filter circuit into 5V fixed voltage for output. Figure 4 shows the conversion circuit. The circuit uses the 7805 three-terminal
voltage regulator. The encapsulation style is T0-220 with regular linear voltage dropping DC-DC convertor. This convertor
provides 1.5A output and has overheating protection. When appropriate external component is connected to it, the convertor
allows different voltages and currents to pass through.
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Figure 4. The power supply circuit
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3.3 Sensor Module

Since temperature and humidity are the main parameters for describing the status of food, this paper finally chooses SHT11
as the sensor considering the range and accuracy requirement. Produced by Sensirion (Switzerland), it is an integrated
humidity & temperature sensor with 12C-bus single-chip all-calibration digital signal output. The sensor has 14-bit output
resolution of humidity and 12-bit output resolution of temperature, which can also be set as 12-bit and 8-bit respectively in
programming. Supported by the unique CMOSens TM technology, it has the characteristic of digital output, debugging-free,
calibration-free, peripheral-circuit-free and all-conversion. It is small in size and low and power consumption, 5S50uA when
measured, 28uA by the average and 3UA in sleeping mode. It runs stably and chronically if powered by battery. SHT11 can
reach an accuracy of £3.5% (20%-80%RH) when measuring the relative humidity. Meanwhile, with a temperature measuring
range between -40°C to +120°C and a corresponding accuracy of +£0.5°C, it can totally satisfy the needs of actual measurement.
Figure 5 shows the connection between SHT11 and the single chip.
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Figure 5. The interface of SHT11 and MCU

3.4 ZigBee Wireless Communication Module

The configuration of the wireless network of the system is supported by the Zigbee technology. There is a reliable communication
between the granary field and the monitoring center of the system. This technology, featured with low power consumption and
low cost and mainly applied to electronic devices with low efficiency of data transmission and close transmission distance, is
very suitable for industrial control and parameter collection. In order to reduce the development cycle, the DRF2617A module
(Dingtaike Electronics) is directly adopted by this system. This module is developed by TI based on the latest ZigBee SOC chip,
the CC2530F256; with the 256KBFLASH, it is endowed with all the functionalities mentioned by the ZigBee2007/PRO protocol.
In the mode of receive and transmit, the current loss is below 25mA and 34mA, respectively. An external stabilized power
provides this module with 5V voltage to guarantee the long-term and stable operation of it. DRF2617A can be connected to the
single chip through RS232 serial ports. Users are allowed to change the channel following serial port instructions. The visual
communication distance of the outdoor/wireless RF can reach as high as 1,600m. Figure 6 shows the junction circuit of the

module and the single chip.
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Figure 6. The connection circuit of ZigBee module and MCU

3.5 External Device Control Circuit

The ventilation device of granary uses the on-off control system. Port P1.7 of the single chip STC89C52 is the output
control port. The output signal passes through the amplifying circuit to realize the on-off control of the ventilation device to
regulate the relative humidity of the granary. The ventilation device must be controlled by heavy current, and the switching
value of the output of the single chip system is TTL level, which cannot directly drive external devices in general situation; on
the other hand, the fan causes strong electromagnetic interference in the switching process, and system error or damage
might be caused if no isolation measure is taken. Therefore, in the interface design, this system uses optoelectronic isolator
for the optoelectronic isolation.
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4. Software Design

Software is an important part in the design of humidity & temperature monitoring system. Modularized designing method is
employed to develop the software design of this system. The programming is based on C language. The software mainly
includes field controller testing program and man-machine interface program of the monitoring center.

4.1 Program Flow of Field Controller

According to the working principle of humidity & temperature sensor and the communication protocol of the ZigBee module,
all the interfaces between components and single chips should be provided with strict time-control. Once the system is
powered on, single chips, SHT11, corresponding I/O of the ZigBee module and relevant registers begin to initialize and the
wireless network is established. Based on the sent commands, the field controller starts the data transmission, humidity &
temperature data collection and then displays it on the screen. If the humidity or temperature exceeds the threshold value, the
control device will be started and a sound-light alarm will be given; if the data-collection commands sent by the monitoring
host are received this moment, it will be sent to the monitoring center through the ZigBee module. Figure 7 shows the

program flow.
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Figure 7. Program flowchart of control node

4.2 Software Design of Monitoring Host

Monitoring software of the host mainly includes serial port communication module, man-machine interface and database. The
lower computer collects all the obtained data, including port number, humidity & temperature data and status information to the
PC. The application platform of the monitoring software is Microsoft WindowsXP. The client application program is the
interactive interface between operating personnel and database. All queries, modifications and other operation of the database
are done through the client application program. The primary function of the database application program is humidity &
temperature data storage, data search and statistics out of the database to get all kinds of information (various charts and
graphs). The application programs of a complete database can be divided into four categories according to function: database,
application form, query and statistics, charts and graphs. Figure 8 shows the final interface of this system.
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Granary Temperature and Humidity Measurement System

. Index Node 1 Node 2 Node 3 Node 4 Average
Real time
1 244 45% 247 4% 241 45% 242 46% 244 45%
HiSTOT}’ 2 238 47% 241 46% 24 46% 242 45% 24 46%
. 24 47 47 45 2 46% 24 4 47% M7 46%
Histogram 3 241 47% 242 45% 239 46% 244 47% 242 46%
4 244 4% 247 45% 241 45% 245 46% 244 45%
Return
NextPage

Figure 8. The Human-computer interface
5. Experimental Test

In order to verify the system performance, we conducted black-box testing and white-box testing experiments. The black-box
testing mainly focuses on the system function, while the white-box testing focuses on the internal logic. Repeated tests and
pilot runs indicate that the system host and field controller nodes perform quite well, and the expected function has been stably
realized. Major experimental projects include:

(1) Data collection of the sensor: a field controller is able to finish multiple-spot data collection. The humidity & temperature
measuring error is less than 0.6 ! and the relative humidity error is less than 3%.

(2) Display and alarm function: multiple-spot data from the granary field can be displayed; an alarm will be given if the data
exceeds the threshold value.

(3) External device control: the field controller can start and close the ventilation device through the relay.

(4) Wireless communication test: the lower computer receives commands from the upper computer and smoothly transmits it to
the monitoring host as required.

(5) Interaction between the monitoring host and man: operating staff can set the control parameter and timely display the
measured data; they can also analyze the historical data through charts and graphs.

To sum up, by processing the collected data stably and timely and detecting the status of food stored in granaries effectively,
the monitoring system realizes the intelligent environment control.

6. Conclusion

Focusing on the intelligentization of food storage, this system is designed to provide effective and practical environment
monitoring system for the safe of stored food. This system overcomes the limitations of wired sensor network with the wireless
sensor network constructed based on the ZigBee technology, so hat to improve the collecting accuracy, save the labor force and
accelerate the upgrading of the existing automatic measuring and controlling technology. This monitoring system, with the
advantage of high detection accuracy, simple application, low cost, stable reliable operation and so on, can not only be
applied to the granary’s environment measurement and control, but also can be further promoted to the greenhouse vegetable
planting, wireless meter reading and other fields. The application prospect is promising.

Acknowledgement

This work is supported by the Spark Program of China (No. 2011GA740055).

International Journal of Web Applications Volume 7 Number 4 December 2015 143




References

[1] Jun, Wang., Jiancheng, Sun., Jing, Zeng. (2013). Design of wireless monitoring and control system based on ZigBee for
vegetables greenhouse, Computer Engineering and Design 34. 1126-1131.

[2] Xiwu, Lv., Kaihua, Liu., Yan, Zhao. (2010). Design and implementation of wireless monitor system based on Zigbee,
Computer Engineering, 36. 243-247.

[3] Chengyu, Wu., Yunqgiang, Sun (2008). Short distance wireless data transmission system based on ZigBee technology,
Instrument Technique and Sensor 5, 38-49.

[4] Zhanming, Li., Quan, Li., Peifeng, Yin. (2010). Design of wireless sensor network nodes based on ZigBee technology in
environmental monitoring, Electronic Measurement Technology. 33, 118-122.

[5] Hui, Li., Xiaoguang, Zhang., Ding, Gao., Zheng, Sun. (2008). Application of WSN based on zigbee in mine safety monitoring,
Instrument Technique and Sensor 4. 33-35.

[6] Junyan, Liu., Haihui, Zhang., Jin, Hu., Qing, Yue., Xitong, Chen. (2010). Design and implementation of greenhouse
automatic irrigation system based on ZigBee, Journal of Agricultural Mechanization Research 20, 111-114.

[7] Ligiong, Zhang., Kun, Tao. (2013). Design of greenhouse WSN system based on ZigBee, Software Guide; 12: 79-82.

144 International Journal of Web Applications Volume 7 Number 4 December 2015





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


