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ENVIRONMENTAL MONITORING USING ATMEL
MICROCONTROLLER

ALEXANDRA (STANIMIRESCU) SOICA'

Abstract: The purpose of this paper is to establish the maximum speed of
microcontroller (from a Arduino uno board) when used with different environmental
monitoring sensors, compared to the rated maximum frequency stated in the datasheet (16
MHz).
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1. INTRODUCTION

As I am living in the age of speed and everything is moving faster around us it
only seem natural that I am concern if our projects are good enough and achieve
maxim speed.

In other projects [1][2] I have made various environmental measurements an
now | have to find out the real speed of measurement versus the rated speed. Air
quality monitoring is very important in nowadays and it is an established science that
began in the 1980s [2].

Due to many industrial activities and various pollutants released in the
environment it is highly recommended to track the evolution of the environment
quality and intervene when necessary.

The environment affects all human health and plays a major role in quality of
life, years of healthy life lived, and health issues. Poor air quality can cause premature
death, cancer, and other long-term damage to respiratory and cardiovascular systems.

The most efficient way to prevent environmental hazard is to permanently
measure all quality indicators and based on those measurements take all necessary
actions to prevent environmental degradation
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2. METHODOLOGY AND RESULTS

The materials used in order to establish the maximum real speed of the Atmel

ATMEGAZ328P are the following:

- Arduino uno board

- Siglent SDS 1202X-E Oscilloscope

- Arduino IDE open-source software

- EasyScopeX software

In order to measure the maximum real speed I have tried a few approaches as
described in the following lines.

The first attempt was using the included “ready to use” functions of the
Arduino IDE software and I have used the included “Blink” code with minimum delay:

void setup ()
{
pinMode (13, OUTPUT) ;

}
void loop ()

{
digitalWrite (13, HIGH);
delay(1l);
digitalWrite (13, LOW);
delay(1l);

}

The next step was to reduce the delay even more using replacing the delay
function with delay Microseconds () function. I went further and removed the
delay function completely.

These included functions and codes from Arduino IDE were not enough and
made us go further and explore better option to achieve maximum speed. In our
opinion, the best way to this is by manipulation the microcontrollers registers directly
instead of digital write () function. For this purpose I wrote the following program
versions :

Table 1 The first version of the program

Minimal delay (miliseconds) Microseconds delay
void setup () void setup ()
{ {
pinMode (13, OUTPUT) ; pinMode (13, OUTPUT) ;
} }
void loop () void loop ()
{ {
PORTB = B00100000; PORTB = B00100000;
delay(1l); delayMicroseconds (1) ;
PORTB = B00000000; PORTB = B00000000;
delay (1) ; delayMicroseconds (1) ;
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Table 2-The secund version of the program

No delay Full memory
void setup () void setup ()
{ {
pinMode (13, OUTPUT) ; pinMode (13, OUTPUT) ;
} }
void loop () { void loop () {
PORTB = B00100000; PORTB = B00100000;
PORTB = B00000000; PORTB = B00000000;
} //.. (repeat until the
ATMEGA328P
memory is full)
PORTB = B00100000;
PORTB = B00000000;
}

After developing the software part of the microcontroller I connected digital
pin 13 to the oscilloscope and obtained the frequency and waveform for each software
version me made.

Figure no. 1 describes the characteristic of the signal generated with Blink
code and minimum delay. This is the slowest frequency obtain ( 495,518 Hz).

The following figures show the characteristics of each signal generated by the
different software codes presented earlier.

Fig. 1 Blink code with minimum delay
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Fig. 3 Blink code without delay



Environmental Monitoring Using AMTEL Microcontroller 119

Fig. 4 Port manipulation with minimal delay

Fig. S Port manipulation with delayMicroseconds() function
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6 Port manipulation without delay
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Fig.7 Full memory write with Arduino IDE
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Fig. 8 Full memory write results

I also did the same measurements on a Atmel Atmega2560 microcontroller an
obtained similar results. The Atmega 2560 is also a 16Mhz rated microcontroller but
offers more programing space, larger SRAM memory and many more programmable
I/O lines

3. CONCLUSIONS

As shown previously the lowest speed obtained was 495,518 Hz and the fastest
speed was 7,94 MHz, while the microcontroller is rated 16 MHz. This means that using
the built-in functions of Arduino IDE will result in a very slow sensor readings, due the
low frequency that can be achieved. A frequency of 495 Hz can be translated as one
sensor reading at each 2 ms period, but this reading, also, need to be processed thus,
adding additional delay to the period between each sensor reading.

The rated speed of 16Mhz is basically impossible to obtain since each
instruction can last from 1 clock to 4 clocks. The rated speed will actually give us the
maximum clock frequency and the maximum speed for sensor readings, impulse
sending, or other purposes.

In conclusion if we need maximum frequency for our reads or writes we’ll
have integrate port and registry manipulation in our code or use assembly language to
optimize the code and eliminate any unwanted delay in the program. For those whom
speed is not an issue the Arduino Ide is a sufficient and effective platform.



122 Soica (Stanimirescu), A.

REFERENCES

[1.] Stanimirescu, A., Egri, A, Soica, F.F., Radu, S.M. Measuring the change of air
temperature with 8 LM75A4 sensors in mining area (MATEC Web of Conferences, 2020)

[2.] Stanimirescu, A., Egri, A. The quality of the environment in the city of petrosani in the
opinion of citizens. Annals of the University of Petrosani Mechanical Engineering. 2019,.
Vol. 21, pp. 83-87.

[3.] Stanimirescu, A., Radu, S.M. Measurement of air quality in the Jiu Valley with the help
of RNMCA stations. Annals of the University of Petrosani Mechanical Engineering. 2019,.
Vol. 21, pp. 89-94.

[4.] Stanimirescu, A., Radu, S.M., Soica F.F., Measurements made using dsm501a sensors
versus measurements made by national air quality monitoring network. Annals of the
University of Petrosani Mechanical Engineering. 2020,. Vol. 22, pp. 49-54.

[5.] ATmega328P User Guide. Available on https://alldatasheet.com




<<

  /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



