Wireless Sensor Prototype for Industrial Harsh Environments
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ABSTRACT: The overall goal of the ECSEL project MANTIS is to provide a proactive maintenance service platform architec-
ture based on Cyber Physical Systems. Proactive maintenance can be regarded as upgrade of conventional preventive and
predictive maintenance and goes further by focusing on problem causes. In this way, problems are settled before they actually
occur. The MANTIS project comprises eleven distinct industrial partners and deals with maintenance use cases in different
environments (e.g., industrial machines, vehicles, renewable energy assets). An important issue of the MANTIS project is
provision of reliable communication. In this paper we present a solution of wireless pressure sensor developed for possible
replacement of the existing cable-connected sensors in a harsh industrial environment.
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1. Introduction

Cyber-Physical Systems (CPS), which represent the next generation embedded intelligent ICT systems, are characterized by
large numbers of tightly integrated heterogeneous components, which may dynamically expand and contract with each other.
Multiple sensors and actuation units that gather, process, exchange and use information bring together the world of computing
and communications with the physical and biological worlds [1]. CPS components are collaborative, autonomous and provide
computing and communication, monitoring/control of physical components/processes in various applications. The concept of
CPS is being widely applied in industry, energy economy, health care, to mention just the few most prominent examples.

While CPS are known to be difficult to analyze due to their increasing complexity, the maintenance of CPS-based industrial
systems represents a great challenge. In the near future, maintenance of industrial systems will change from traditional monitor-
ing, based on the detection of malfunctions, to advanced techniques that prevent malfunctions by predicting the faults. To this
day, four different maintenance plans are used: reactive maintenance, preventive maintenance, predictive maintenance and
proactive maintenance [2].
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In the case of reactive maintenance, the equipment is replaced or repaired only after it breaks. This approach has the advantage
of minimizing the manpower to keep things running. Disadvantages are unpredictable production capacity and high overall
maintenance costs.

In preventive maintenance, maintenance tasks are performed periodically, based on specific time period or the amount of
working hours of machine use. The drawback is that the production is stopped during the maintenance. On the other hand, the
equipment lifetime is prolonged and the probability of malfunction is reduced [3].

Predictive maintenance or condition-based maintenance, relies on physical measurements of the equipment conditions, such as
temperature, vibration, noise, lubrication and corrosion [4]. When these measures reach a certain threshold, preventive mainte-
nance task is applied.

Proactive maintenance benefits from the preventive and prediction methods and goes further by focusing on problem causes.
In this way, problems are settled before they actually occur. Proactive maintenance is a constant process of operation improve-
ment that starts at the early design phase and comprises the whole periodic life cycle analysis. By employing prediction methods
it relies on constant condition monitoring and evaluation to avoid machine failures. Condition monitoring is achieved through
extensive sensor data collection and analysis [5].

The overall goal of the MANTIS project (http://www.mantisproject. eu/) is building a maintenance service platform that will
enable proactive maintenance strategies in different environments (e.g., industrial machines, vehicles, renewable energy as-
sets). For this purpose, advanced data monitoring, communication and analytics is required. Since the maintenance service
platform will operate in different environments including harsh conditions, ensuring reliable communication is one of the major
issues. In the following we present a solution of wireless pressure sensor developed for possible replacement of the existing
cable connected sensors in a harsh industrial environment.

2. Wireless Sensor Prototype

2.1 Sensor

Sensor prototype is based on HYB pressure transducer for differential wet-wet applications. It is a new generation of ceramic
pressure sensors made with low temperature cofired ceramic (LTCC) technology using piezo-resistive principle to detect the
pressure. The LTCC material is compatible with many types of aggressive media like water, hydraulic oils, diesel and others, which
makes the sensor suitable for pressure measurements in harsh environments. Special protection of the piezo-resistors also makes
this sensor suitable for wet-wet applications. High performance and accuracy are achieved with the special sensor construction,
which allows this sensor to be used in many applications, and with its compact and convenient design it is very suitable for OEM
users requiring use in harsh environment. The output signal from the sensor is analog and digital. The HPSD 7000 analog output
signal is amplified and temperature compensated from 0 to 70°C with signal conditioning electronics.

Figure 1. HPSD 7000 pressure sensor
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The digital output signal is available via standard I2C communication with default slave address 0x78 (1111000b). Pressure and
temperature output signals form HPSD7000 pressure sensors are 15 bit values from the data acquisition output register. Data
transfer is initiated by [2C master with the start condition. followed by 7 bit slave address (factory default is 0x78) and data
direction bit R/W (for read data R/W="1"). Slave confirms this address with acknowledge (A) bit followed by pressure data as 2
byte value, MSB first and temperature data as 2 byte value, MSB first. Master must confirm each received byte with acknowledge
bit and terminate the data transfer by sending the stop condition.

Master receives pressure data as a 15 bit values which can be converted to actual pressure value with pressure units in mbar using
simple linear transformation using data from the datasheet for Pmin, Pmax, Dmin and Dmax, where values are min pressure (mbar),
max pressure (mbar), max digital pressure (counts) and min digital pressure (counts), respectively.

Dmax — Dmin
§= Pmax — Pmin

D — Dmin

_ +Pmin
P=3

2.2 Power Management

Sensor is powered by small Lithium battery charged via standard USB connector, commonly used as a mobile phone charging
device. The electronics is supplied at 3,3 V. The Lithium battery has own protection circuit to avoid over-charge, over-discharge,
over-current and short circuit conditions which may permanently damage the battery cell. The cell voltage could be over 3,3V
and below 3,3V during the discharge cycle. This requires Buck-Boost DCDC converter. Due to low power overall consumption,
the synchronous buck boost converter was selected with maximum efficiency 97% at lower currents in the range of 100mA. The
device operates from 0.65V to 4.5V input supplying max. 200mA of current from single battery cell. No other power management
was implemented on the prototype. The power switching was done with usual mechanical SPST switch.

2.3 Wireless Interface

The wireless part of the sensor is based on ESP8266 from Espresiff in the form factor of small WiFi Module. It is a self contained
SOC with integrated TCP/IP protocol stack with additional interfaces to give the device access to WiFi network. The module has
a powerful enough on-board processing and storage capability that allows it to be integrated with the HPSD7000 sensor
through its GPIOs. Its high degree of on-chip integration allows for minimal external circuitry and occupying minimal PCB area.

2.4 Software

WiFi module operates as an Access Point by setting up a network of its own, allowing other devices to connect directly to the
sensor. The WiFi client connects to the SOC and exchange packets via User Datagram Protocol (UDP). This represents lowest
possible load to the sensor, client and allows low latency. The drawback is lack of control mechanisms when packets are not
delivered. The tradeoff between data loss and latency seems to be optimal for such short range peer-to-peer communication.

Prototype was tested using smart phone with installed “UDP terminal” application. First, the phone is connected to the access
point using default password.

Then UDP terminal application is started. Packets are sent from phone to sensor on port 4096 and received by phone on port
11000.

When the letter “P” is sent with UDP packet on port 4096, the sensor returns pressure readout on port 11000. It is up to the client
application to calculate the pressure from the readout.

2.5 Hardware prototype
The prototype was developed and tested using multi-module stack shown in Figure 5.
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Figure 5: Wireless pressure sensor prototype

Preliminary prototype was assembled inside 3D-printed plastic housing as shown in Figure 6.

Figure 6. 3D model of the housing, which was printed using 3D printer and PLA plastic material

Transactions on Machine Design Volume 7 Number 1 February 2019 23




2.6 Extending the Range of the Wireless Module

The on-board antenna has potentially low range, especially indoors. Some preliminary experiments have shown the indoor range
of about 20m when sensor and client were placed in the same room. When obstacles, like human body, wall, doors or other objects
were placed in the signal propagation path, the range was significantly lower.

Possible improvement is additional antenna. The module used in the prototype was ESP8266-12E with PIFA (Planar Inverted »F«
Antenna) integrated on the module itself. Modules with the same functionality and connector for external antenna exist. Most
widely used is module ESP8266-05, which has »u.Fl« type of antenna connector. Such small connector is not suitable for direct
antenna connection and requires some adapter. The adapter has u.F1 connector on one side and SMA or similar connector on the
other side of the coaxial cable. The SMA connector is more suitable for integration on the sensor housing and sealed against
external environment.

One example is shown in Figure 7. Advantage of such adapter is the possibility to attach external antenna for 2,4GHz or connect
remote antenna with coaxial cable between SMA connector and antenna location.

Another option to improve the wireless sensor range is to use larger patch antenna, which is placed outside the housing.
Advantage of this lies in easier sealing against environment (dust, moisture, water). The main disadvantage is larger dimension.

Figure 7. External antenna options: adapter cable (above), larger patch antenna (middle) and SMD solderable antenna (below)

3. Conclusions

The presented pressure sensor prototype has been developed for the proof of concept for possible replacement of wired sensors
in existing industrial use case installations. Initial test is planned to be carried out at Philips shaver production plant.

4. Acknowledgments
This work was partially funded from the Electronic Component Systems for European Leadership Joint Undertaking under grant
agreement No 662189 (MANTIS). This Joint Undertaking receives support from the European Union’s Horizon 2020 research and
innovation programme and Spain, Finland, Denmark, Belgium, Netherlands, Portugal, Italy, Austria, United Kingdom, Hungary,
Slovenia, Germany. The authors also acknowledge the financial support from the Slovenian Research Agency [research core
funding No. P2-0098].

24 Transactions on Machine Design Volume 7 Number 1 February 2019




References

[1] Panos Antsaklis. (2014). Goals and Challenges in Cyber-Physical Systems Research Editorial of the Editor in Chief, /EEE
Transactions on Automatic Control, ,59 (12), DECEMBER 2014,3117-3119.

[2] Gregor Papa.,Urko Zurutuza., Roberto Uribeetxeberria. (2016). Cyber Physical System Based Proactive Collaborative Mainte-
nance, International Conference on Smart Systems and Technologies (SST), Osijek, Croatia , 2016, DOI: 10.1109/SST.2016.7765654

[3] Swanson, L. (2001). Linking maintenance strategies to performance, International Journal of Production Economics, 18 April
2001,70(3),p237-244.

[4] Eade, R. (2002). “The importance of predictive maintenance, Iron Age New Steel 13 (9), 1997, p 68-72.
[5] Dhillon, B.S. (2002). Engineering Maintenance: A Modern Approach, CRC Press, Boca Raton.

Transactions on Machine Design Volume 7 Number 1 February 2019 25





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


