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Abstract—Smartphone application for measuring lighting
conditions has been developed, however none of them involving
decision support to help user to adjust the lighting condition as
needed. This research project, developed a light meter on
android device with decision support system. This application has
the ability to tell the user whether the lighting condition is good
or not according to the room usage, and furthermore the user is
expected to be able to save energy on lighting. Since the
measurement method did not need high accuracy, the ambient
light sensor embedded in the device was used. The result of the
research gave adequate measurement and able to give
information to the user as needed.
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I. INTRODUCTION

Mobile applications have been rapidly developed in the last
decade. Smartphone form factor and low price are some of the
consideration for programmers to switch to smartphone
application. Smartphones are equipped with light sensor and
camera, these features can be used to develop light meter
application for many usage. A smartphone application has
developed to detect low light bioluminescence, using
smartphone camera [1]. An application has also been made
using smartphone to measure light intensity by Sarun et.al [2].
Sarun’s work also used the built-in camera, and was developed
using Java. A recent study was done to compare three methods
for light measurement using smartphone light sensor, built-in
camera and external light sensor device connected to
smartphone. The research concluded that all methods gave
adequate accuracy [3].

Many research have been made on the smartphone to
measure light intensity, however none of the research involving
an information system that could give decision for the user.
Smartphone light meter gives a reading of the ambient light,
this information/data is useful for people who know how to use
the information/data. This research project was made to
provide information to smartphone user on the ambient light,
when they wanted to have proper lighting. Therefore, a precise
sensor reading was not necessary, instead the application could
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give information whether the ambient light were too high or
too low, and could give a suggestion accordingly. To make the
produced device simple, the built in Ambient Light Sensor
(ALS) in the device was used.

II. MATERIALS AND METHODS

A research by Gina in 2013, concluded that lighting affect
work performance [5]. Other research was also done in a
library to calculate the effectiveness of reading environment
with lighting conditions, also indicated that lighting situation
was one of factor that affect the work [6]. The purpose of the
research was designing an application for mobile smartphone
to give a measurement on a room lighting condition.
Furthermore, based on the reading the application will give
information whether the lighting was sufficient, too dark or too
bright. Prior to do that, the user had to define what room he
was measuring to give correct information. Room with
different usage needs different lighting condition. Government
regulation no. 38/2012, has determined lighting condition for
different purposes, such as housing, hotel, office, education
institution and many more [7]. This research took information
for housing, although different lighting regulation can be easily
put in the database, as follows:

Table 1. Room Type and lighting condition
Room Max illumination (W/m?)

Terace 3

Living Room

Dining Room

Work

Bedroom

Bathroom

Kitchen

[P AN ENEENEENEENE N

Garage

The scenario for measurement mentioned earlier can be
demonstrated in figure 1.
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Fig. 1. Application Flowchart

Based on the information provided by the application, the
user can take further action, whether to leave it as it is or
change the bulb to correct the lighting condition. Furthermore,
this action will also give impact on the energy usage.

The project used android v4 based smartphone device for
the implementation and the embedded ambient light sensor was
used as measurement device. Built in ALS in smartphone gives
linear reading and converted to digital output [8], therefore it
gave easier way for the calibration procedure.

Calibration must be done for every measurement device.
Calibration was meant to convert a measurement done by one
device and compared to match the measurement with the
standard device. Linear interpolation was done to determine the
linear path of measured and converted values, for instance x
and y. With two coordinate values (x1, y1) and (x2, y2) the
calculation was done with the following equation:

G-y _ (=x1)
2-y1) ~ (2-x1)

(1)

The x component was taken by using calibrated light meter
measurement while y component was taken by smartphone
measurement. Therefore, two coordinate values were sampled,
one coordinate as low point value, the other as high point
value, the linear regretion was used to determine the values in
between the two points. The calibration point relied on generic
lux meter with factory calibration. Low point measurements
were done 30 times and calculated the average, the same
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procedure was also done for the high point. Figure 2 was
calculated using linear interpolation with data taken from lux
meter reading 50 lux as low value point and 300 lux as high
value point.
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Fig. 2. Calibration Result

The linear equation result was put in the application
program, and can be represented as:

y=4.68x +15.8 @)

III. RESULT

The application was developed using Android Studio,
figure 4 indicated the graphical user interface of the
application.

put this device in table
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Fig. 3. Graphical User Interface

After calibration, several data point were tested and
resulted. Measurement comparison between application and
luxmeter demonstrated as follows:
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Fig. 4. Measurement Comparison

Table 2 indicated the standard deviation when several data

samples.
Table 2. Device reading comparison
No Lighting (Lux) App Luxmeter
Standard Standard
Deviation Deviation
1 50 0.152 0
2 100 049 0
3 150 0.504 0.504
4 200 0.678 0.629
5 250 0.718 0.629
6 300 0.98 0.794

Most of the problem encountered when measuring the
device was the light scatter. ALS in the smartphone did not
have filter that prevent reflected light from entering the sensor.
While in the lux meter, the sensor was covered with white
dome to prevent reflection. This resulted in the high standard
deviation in the high lux measurement.

Fig. 5. Measurement test

218

Tabel 3 below demonstrates the reading of smartphone

application in the designated room.

Room lux o

Type meter application Error Accuracy
Living 30 24.4 56 81.34%
Room
Kitchen 14 13.6 0.4 97.15%
Bathroom 16 14.38 1.62 89.88%
Work 12 10.44 1.56 87.00%
Dining

10 9.21 0.79 92.10%

Room
Bedroom 7 5.8 1.2 82.86%
Terace 5 5.39 0.39 92.20%
Garage 8 8.89 0.89 88.88%

The following figures demonstrated application result and

information when several lighting conditions.

Change kight bubb between 7 - 20 watt

Fig. 6. Measurement for working area, indicating bad lighting conditions, the

software advice to change the correct light bulb.
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TERRACE

BAD LIGHTING

Change light bub between 4 - 7 watt

Fig. 7. Measurement for terrace, indicating bad lighting conditions, the
software advice to change the correct light bulb.

Application in the device determined several conditions

¢ Bad lighting condition when the ambient light was lower or
higher than the standard conditions according to SNI, the
application will recommend to change the light bulb

e Good lighting conditions when the ambient light was the
same as the standard conditions according to SNI, the
application will not give any recommendation

IV. CONCLUSION

The research project resulted in several conclusions;
application measurement resulted in accuracy between 81.24%
to 97.15%. Measurement accuracy was very much affected by
calibration method and environment conditions. Application
was also able to determine good lighting or bad lighting and
give recommendation as expected. Problems encountered
during the design was that light scatter would affect the
smartphone sensor reading, when compared to luxmeter that
had filter to prevent light scatter from entering the sensor.
Smartphone design improvement is needed to give beter
accuracy on light meter measurement.

REFERENCES
[11 Kim, H. et al. “Smartphone-based low light detection for
bioluminescence  application”.  Sci. Rep. 7, 40203; doi:

10.1038/srep40203 (2017).

Sarun Sumriddetchkajorn, Armote Somboonkaew, "Low-cost cell-
phone-based digital lux meter”, Proc. SPIE 7853, Advanced Sensor
Systems and Applications IV, 78530L (9 November 2010); doi:
10.1117/12.870176; http://dx.doi.org/10.1117/12.870176

Jose-Maria Gutierrez-Martinez, Ana Castillo-Martinez *, Jose-Amelio
Medina-Merodio, Juan Aguado-Delgado and Jose-Javier Martinez-
Herraiz, “Smartphones as a Light Measurement Tool: Case of Study”
Department of Computer Sciences, Polytechnic School, University of
Alcala, 28871 Alcala de Henares, Spain; josem.gutierrez@uah.es (J.-

(2]

(3]

219

(4]

(3]

(6]

(7]
(8]
[9]

M.G.-M.); josea.medina@uah.es (J.-A.M.-M.); j.aguado @edu.uah.es
(J.A.-D.); josej.martinez@uah.es (J.-JM.-H.)O*
Correspondence:ana.castillo@uah.es;Tel.: +34-918856650 Academic
Editor: Christos Bouras[/Received: 25 April 2017; Accepted: 7 June
2017; Published: 14 June 2017

Kim, H. et al. Smartphone-based low light detection for
bioluminescence application. Sci. Rep. 7, 40203; doi: 10.1038/srep40203
(2017).

Gina Peck , Paulette Hebert, Robert Scott Frazier, Mihyun Kang,

“Measuring Light with Useful Tools”, Journal of Extension, vol 51
number 5, Oct 2013

G. Thangarajl , S. Suresh Balaji, “A STUDY ON INFLUENCES OF
LIGHTING ON RESOURCE USAGE IN AN INSTITUTION
LIBRARY”, International Journal of Research in Engineering and
Technology eISSN: 2319-1163, pISSN: 2321-7308. Volume: 03 Special
Issue: 11, NCAMESHE - 2014, Jun-2014

Pemerintah Provinsi DKI Jakarta, “Panduan Pengguna Bangunan
Gedung Hljau Jakarta” Ssitem Pencahayaan, Vol 3,2012

Semiconductor Components Industries, LLC “Optical Sensors[lin Smart
Mobile Devices” Technical Note, January 2014.

Liz Prichard, “Preparation of Calibration Curves, A Guide to Best
Practice”, Valid Analitical Measurement, 2003




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


