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ABSTRACT

This paper presents the conceptual implementation of a common PICI6F8774
microcontroller to a user-friendly data logger for various voltage based monitoring
purposes. Construction was solely concentrated on the development of the PIC
microcontroller and a simple signal conditioning circuit towards the realization of a fully
functional data logger. By utilizing the EEPROM feature available on the pic, data
recording could be executed without opting for an external one. Circuit development was
successfully assembled and simulated via Proteus VSM simulation software.

Keywords: Data logger, EEPROM, microcontroller, PIC16F877A, Proteus VSM,
simulation, interrupt.

INTRODUCTION

Data monitoring provide important information for a comprehensive, accurate
picture of the environmental conditions being monitored such as air temperature,
humidity, voltage, current, pressure etc . Through recording, automatic data
collection could be achieved, thus the introduction of data logger could be made
possible. A data logger is an electronic instrument that performs measurement and
records it over specific sampling intervals .

Data logger constructed from a PIC16F877A microcontroller is low cost and easily
available. Some of the available features such as UART, TIMER, INTERRUPT
and FElectrically Erasable Programmable Read-Only Memory (EEPROM) are
effectively employed . Minimal implementation consists of Light Emitting
Diode (LED) to indicate data logger status and series of toggle switches for user
input.
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SYSTEM DESIGN

System setup was constructed from Proteus VSM as shown in Figure 1. The
microcontroller operates from 20 MHz clock frequency and 5V direct current (DC)
source. Single analogue channel (ANO) is initialized to read input; future
expansion of analogue channel is possible through proper initialization. A
potentiometer device is constructed to simulate varying input voltages.
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Figure 1: System setup

The Analogue to Digital Converter (ADC) converts actual value from input to a
10 bit digital input. TIMER1 is configured to provide regular sampling interval
according to equation 1 . The INTERRUPT routine is enabled for TIMER1. The
measured value will be converted to an 8 bit digital value before being stored to
EEPROM. Using command in Figure 2 ¥, each respective value will be stored
upon sampling completion.

fose (1
4 X PRE x (65536 — TMR1) x Count

fout =

Whereby f, is the oscillator frequency, PRE is the prescale value, TMRI1 is the
16 bit timer 1 value and C,, is the number of count require.

EEPROM_Write(unsigned int address, unsigned short data);

Figure 2: Writing to EEPROM syntax
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System flowchart shown in Figure 3 indicates process flow for data logging

software.

Initialization

y

User input

Timerl start counting Write Oh to EEPROM Sent to PC

a
w No A Complete?

cs Yes

Read channel 0
v

Record data in
EEPROM <

Yes

"z
)

Timerl off

End

Figure 3: Program flowchart
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Due to limitation of EEPROM (8 bit per 256 sizes), suitable sampling interval is
required to ensure sufficient data logging activity progresses. Bit matching is
compulsory since ADC and EEPROM works on different bit level. The use of
LEDs contributes toward simple design instead of common Liquid Crystal Display
(LCD).

The system initialization configurations are TIMERO, ADC, PORT and
INTERRUPT modules. User input from toggle switches enables one of three
selections from menu, i.e. delete, logging and transmit. Delete function will clear
EEPROM memory, logging perform sampling and transmit sent data to a Personal
Computer (PC).

Data logging performs sampling every second, executes bit matching and store in
EEPROM. Completing EEPROM size will end the subroutine. Delete function will
rewrite EEPROM with Oh until maximum size while data transmission is realized
through Universal Asynchronous Receiver-Transmitter (UART) communication.

RESULT

Initial result tested the validity of the INTERRUPT period. 1 second interval is set
to the INTERRUPT routine. Figure 4 shows INTERRUPT response captured by
channel 1. Distance measured between two successive peaks is at 1sec.

Digl‘hlﬂxilosmp:- I‘II LOSCOPE _

Figure 4: Trigger response for 1 second
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Data logging capability was tested through PIC EEPROM memory. In Figure 5,
the PIC EEPROM memory window display 63H, which corresponds to 1.95V
analogue input.

PIC CPU EPROM Memory - Ul @

00 | 63 63 63 63|63 63 63 63 | cccccccc
08 |63 FF FF FF|FF FF FF FF | C.vuun.

10 | FF FF FF FF|FF FF
18 | FF FF FF FE|FF FF
20 | FF FF FF FF|FF FF
28 | FF FF FF FF|FF FF
30 | FF FF FF FF|FF FF
38 | FF FF FF FF|FF FF
40 | FF FF FF FF|FF FF
48 | FF FF FF FF|FF FF
50 | FF FF FF FF|FF FF
58 | FF FF FF FF|FF FF
&0 | FF FF FF FF|FF FF
68 | FF FF FF FF|FF FF
70 | FF FF FF FF|FF FF
78 | FE FF FF FE|FF FF
80 | FF FF FF FF|FF FF
88 | FF FF FF FF|FF FF
30 | FF FF FF FF|FF FF
98 | FF FF FF FF|FF FF
A0 | FF FF FF FF|FF FF
AS | FE FE FE FF|FF FE
BO | FF FF FF FF|FF FF
EE | FF FF FF FF|FF FF
C0 | FF FF FF FF|FF FF
cs | FF FE FE FF|FF FF
DO | FF FF FF FF|FF FF
D3 | FF FF FF FF|FF FF
E0 | FF FF FF FF|FF FF
EB | FF FF FF FF|FF FF
FO | FF FF FF FF|FF FF
F8 | FF FF FF FF|FF FF

Figure 5: EEPROM debug window

An additional component (a temperature sensor) was added to the existing circuit
(Figure 6). Several iterations of varying input were set and its output is recorded.
Table 1 which summarized the response obtained.
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Figure 6: Sensor implementation with EEPROM window setup
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Table 1: Simulated sensor response

Temperature (°C) Voltage (V) EEPROM (Hex)

10 0.101 05
20 0.202 0A
30 0.302 OF
40 0.402 14
50 0.502 19
60 0.603 1E
70 0.703 23
80 0.803 28

DISCUSSION

The microcontroller configuration for the data logger transformation is simple
through the implementation of simulation software. Through simulation, the
EEPROM memory will be filled with simulated value from sensor at 1Hz
sampling interval. The use of conventional PIC16F877A is easily available and
affordable. The utilization of EEPROM feature will enable secure data protection
for data logging activity. The transformation would reduce cost, however the
limited size of EEPROM could impair long term data recording. The use of
external data storage device would be highly favorable for future development.
Remote data collection through wireless communication could be advantageous
succeeding current prototype.

REFERENCES

[1] Mahendra O, Syamsi D, Ramdan A, Astrid M. (2015). Design and
implementation of data storage system using USB flash drive in a
microcontroller based data logger. International Conference on Automation,
Cognitive Science, Optics, Micro Electro-Mechanical System, and
Information Technology (ICACOMIT), 58-62.

[2] Hadiatna F, Hindersah H, Yolanda D, Muhammad Agus T. (2016). Design
and implementation of data logger using lossless data compression method
for Internet of Things. 2016 6th International Conference on System
Engineering and Technology (ICSET),105-8.

[3] Microchip, PIC16F87XA Data Sheet, 2003.

[4] Mazidi, M.A., R.D. McKinlay & D. Causey. (2008). PIC Microcontroller
and Embedded Systems: Using Assembly and C for PIC18. Pearson Prentice
Hall. Timers.

92



Journal of Engineering Research and Education
Vol. 9 (2017) 87-94

[5] Verle, M. (2009). PIC Microcontrollers Programming in C: A Complete
Guide to Pic Microcontrollers. Mikroelektronika. EEPROM Memory.

93







<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


