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Abgract

The traditional method of reading colorimetric pH test strips by eyesis characteristic of low efficiency and large error. This paper presents arapid
detection and quantitative analysis method by using machine vision. In thismethod the strip images were captured and collected by the USB camera
based on Video for Window. Median filter to the original imagefor preprocessing, the number of test stripsand their locationinformationin animage
can beindentified with the gradient algorithm by scanning theimage from up to down and | ft to right. When the cal cul ated gradient islarger than that
of black background, it can be thought to be the boundary point of test strip. All the points compose the boundary of test strip. The number of test
stripsand position information of each image can thereby be recognized according to theleft and right boundaries. A window isdesigned with the size
of 30x52 and dliding it from up to down in up-down boundary of strip, the RGB sum of all pixelsis continuously calculated in the window. The
window of minimum RGB sumisdiscoloration areain astrip. The color distance means the distance between two kinds of color in RGB color space
which shows the similarity degree of them. The pH value of the discoloration area can be quantitatively detected by calculating the color distance
between the quantified test strip and the standard color card. Multiple pH test strips can be quantitatively detected at the same time by establishing
an effective software system with atest error in (-0.095, 0.015) pH unit.
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Introduction

Colorimetric test strip iswidely used asatool for pH test in various
fidds such as food, water quaity, medicine etc. When using the
colorimetric test strip to judge the pH value, it hasto be compared
withthestandard color card. Thetraditiond visua quditativeanaysis
or half-quantitative analysis method, which depends on the naked-
eyeto read data, has disadvantages of low efficiency, big error as
well aspoor rdligbility. Thus, seeking ascientific and practica pH test
strip quantitative detection method is particularly important.

With the continuous devel opment of bio-test strip reader and
detection instrument, there correspondingly appearsavariety of
measurement result analyzers matched to them. Some scholars
have made research on the detection of test strip. In order to
realize the rapid quantitative detection of sulfite and trace
formaldehyde in the food, the test strips can be combined with
optical reflector sensor by utilizing specific light source, basing
on the dipsticks color difference and different absorption ability
of specia wavelength +4. By employing theimage sensor to obtain
biological test strip images and furthermore interpreting them by
specid test strip analysisinstrument, the visual recognition can
be applied to analyze the clenbuterol test strip category °. Anti-
HCV can be detected by using the vision technology to analyze
the pixel quantity fluctuation under the condition of positiveand
negative®. On the basisof vision technology and artificial neural
network, AFP (o-fetoprotein) test can berealized’.

Thecharacteristic of colorimetric test stripismainly embodied
inthedifference of test strip color. Inthispaper, VFW (Video for
Windows) software devel opment kit was employed with the help
of USB camerato acquireimages of severa colorimetric test strips,
meanwhile making quantification of the color strength of several
colorimetric test stripsand giving rapidly credible and repeatable

pH value. By this way, the qualitative and half-quantitative
detection is converted to accurate quantitative anaysis, therefore,
the measurement error caused by human factors can be avoided.

Materialsand M ethods
Test strip preparation: The solution was prepared with deionized
water to get aqueous solution of different pH vauesof dilute NaOH
and H,SO,. Some colorimetric test strips were taken with the
measuring range between 6.4 and 8.0. A clean and dry glassrod was
used to get two drops of detected agueous solution to drip themon
thetest strip.

I mage system: A machinevision system for image acquisition was
set upasshowninFig. 1, which consisted of aUSB 2.0 port camera
(Utilize CMOS 1.3 Million Pixel True Color), acomputer, alight
source box(enclosed and round ), aLED annular sourceand ablack
stage. The object distance can be regulated by lifting stage.
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1. Computer 2. USB camera 3. LED annular source 4. Light source box 5. Stage

Figure 1. Thevision system.
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Imageacquisition: Thevideo captureprocessillustratedinFig. 2
was followed. A complete test strip image can be obtained by
establishing the video capture on the basis of VFW of Windows
Platform. Several colorimetrictest stripsof different pH valueson
the stage were captured at the same time. The images were stored
as 24-hit true color RGB imagein BMPformat for followingimage

processing.

| Creat video capture window |

v

| Register system callback function |

v

| Connect with video instrument |

v

| Obtain performance and status of driver |

y

| Set capture model |
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| Image capture and preserve |

v

| Break video connection |

v

End

Figure 2. Theflow chart of video capture creating.

Resultsand Discussion
I mage processing: In order to effectively inhibit the background
and other noises, median filter with simple and fast calculation
was used to the original image, which has good ability of noise
reduction for many random noisesand can filter out additivewhite
noise and long-tailed additive noise as well as protect the detail
information of signals.

Test strip number recognition: In order to make quantification of
several test stripsto obtain their pH values, it isfirstly needed to
recognize the test strip number on the stage. According to the
arrangement rule and imaging environment of test strips, thetest
strip number recognition algorithm wasdesigned asFig. 3.

Asthe edgeistherelatively remarkable areaof gray changein
theimage, ahigh valuewill be produced when making differential
of the gray mutation area. Asto the digital image, difference can
be used instead of differential 8.

A fxy)=T(xy)-f(x-1,y) D
A fxy)=txy)-f(xy-1) 2

According to the definition of gradient, the gradient amplitude of
image f(x,y)is

A S )= 1A, ()] +[A, S )] )? ©)

It can besimplified as
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Initializate variable, Row as the median of chosen region,
Col=0;RGB_SUM_TEMP=0; Count=0

| Calculate RGB_SUM of 20 pixels below, Row, Col, initiation

v

RGB_SUM-
RGB_SUM_TEM
D

<Low_Value >Up_Value

RGB SUM TEMP=RGB S RGB_SUM_TEMP=RGB_SUM
- UM: - Taken as the left boundry
' Count + +
Note corresponding position
information

Taken as the right boundry,
Col+=10
Note corresponding position
information

Non-boundry, Col+ +

Col<MaxC

N

End

Figure 3. Thetest strip number recognition algorithm.

GIf(x Y= A+ IAf (X V)] ©)

Thetest strip is set parallel to y-axis, so it can be thought that
A f(x,y) =0, thegradientisA f(x,y), thatis, the difference
between current column and previous column. Theimageis scanned
from up to down and | eft to right. When the calculated gradient is
larger than that of black background, it can be seen asthe boundary
point of test strip. All these points compose the boundary of test
strip. The number of test strips and position of information can
thereby be recognized according to the left and right boundaries.

Test strip discoloration area determination: To get the
corresponding pH value of every test strip discoloration area, the
position of each test strip discoloration area must first be found.
Then quantification of itscolor feature can be madein accordance
with certain calculation. Due to the heterogeneity of test strip
discoloration area, the discoloration area has some randomness.
Furthermore, the quantification error can beinfluenced by thesize
of selected area. In order to get the best region size, two experiments
weremadeintermsof regiona window size and the quantification
error. Theexperimental error curvewasacquired asFig. 4 by changing
respectively the height and width of window. Fig.4a shows the pH
guantization error when keeping invariant the window height and
changing the window width. Fig. 4b showsthe pH quantification
error when keeping invariant the window width and changing the
window height. According to the error curve of Fig. 4, itisknown
that theexperimentd error isthe minimum with thewindow width 30
and height 52.

Through the experiment, average values of the pH and the
corresponding color parameters of test stripswere obtained, and
some experimental dataisshowninTable 1. From Table 1, wecan
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Figure 4. The measuring error curve (a) the window with changing width and (b) the window

with changing height.

Table 1. Average values of standard color comparison card.

m R G B H I S brightness
6.4 172 185 60 114.573 0.545  0.568 146.07
6.7 155 180 58 108.816  0.514  0.557 140.00
7.0 90 150 60 79.107 0.392  0.400 116.40
7.2 50 135 70 16.996 0.333 0411 106.15
7.5 30 112 90 15.021 0.303  0.612 96.38
7.7 20 100 82 12.383 0.264  0.703 85.80
8.0 17 87 100  351.628 0267  0.750 83.20
Over 8.0 8 60 82 343.174  0.196 0.84 60.88

know that the higher the pH of solution, the lower the brightness
of test strip color. That isto say, the RGB sum decreaseswith the
increase of pH. Thus, awindow withthesizeof 30x52 wasdesigned
and slid from up to down in up-down boundary of test strip, the
RGB sum of all pixelsin thewindow was continuoudly cal culated,
thewindow of minimum RGB sum isthe test strip discoloration
area. Theline number of thiswindow was preserved.

Test strip color quantification: The pH quantification of

discoloration areacan berealized by calculating the color distance
between the quantified test strip and standard color card. The
color distance means the distance between two kinds of color in
RGB color space which shows their similarity degree "2, It is
expressed asfollows:

ooy =N(r=R)* + (g~ G)* + (b~ B)’

©)

whered_,  isthedifference between color (r, g, b) and color (R, G
B). Firstly the RGB vaue of test strip discoloration areaisextracted
and then it is compared with 8 standard color strips of standard
color card builtin system, their color distancesare calculated one
by one, and the standard color strip is preserved with minimum
distance and proximate color to thetest strip discoloration areain
themin-1 variable. With the same cal cul ation method, the standard
color strip min-2 which issecondly proximateto it can be searched.
Thereference pH value of quantified test strip can be calculated
by making an interpolation operation between pH values of
corresponding standard color cards of min-1 and min-2 %2,

Quantification software system and test: An effective software
system was designed, which can realizerapidly pH quantification
of several test stripsand auto-detect their pH values. Fig. 5 shows
the operation flow chart of software. The software interface is
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Figure 5. The operation flow chart of the software.

illustratedin Fig. 6.

To verify the effectiveness of detection algorithm, we take
solutions of different pH values for detection and recognition.
Some recognition results are shown in Table 2. In Table 2, the
mean error is-0.04, the error standard deviation is0.055, the error
between detection result and expected value is -0.04+0.055 pH
unit, which can be accepted by users. The error ismainly caused
by the standard color card and the interpolation operation.
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Table2. Recognization results.

Standard pH 6.4 6.7 7.0 7.2 7.5 7.7 8.0
Recognized pH 6.38 6.68 7.0 7.18 7.48 7.6 7.9
Error -0.02 -0.02 0 -0.02 -0.02 -0.1 -0.1

Standard Deviation +0.055

Figure 6. The softwareinterface.

Conclusions
1. By utilizingthe USB camerabased on VFWPH valueof multiple
test strips can beread at the sametime.
2.The detection method with test strip number recognition
algorithm and color quantification a gorithm hasthe advantages
of high accuracy, repeatability, ssmple operation, low cost, rapid
field detection and quantification.

Acknowledgements
Thiswork was supported by the Fundamental Research Funds
for the Central Universities (Program No. 2009JC001 and
2010JC007).

References

Fang, Y. J.,,Wang, H. Y., Zhou, H. Y. and Gao, Z. X. 2005. Using the test
strip and optical reflector sensor for the detection of trace formal dehyde.
Chinese Journal of AnalysisLaborator 24(2):1-4 (in Chinese).

2Fang, X.Y., Gao, Z. X. and Fang, Y. J. 2005. Using the paper strip and
optical reflector sensor for the determination of sulfitein food. Modem
Preventive Medicine 32(11):1532-1534 (in Chinese).

3Guo, Y. 2006. Vision Based Method in Biologic Strip Analyze System.
Jilin University (in Chinese).

4Zhao, Y., Yang, C., Chen, F. and Xiao, S. 2009. Development of anovel
portable color analytical reader for colloidal metalaxyl gold test strips.
Chinese Journd of Scientific Instrument 30:2175-2179 (in Chinese).

5Lin, C.-S.,,Wu, C.-Y., Hsu, H.-C,, Li, K. M.-C. and Lin, L. 2004. Rapid
bio-test strips reader with image processing technology.Optic-
International Journal for Light and Electron Optics 115:363-369.

5Chuang, L., Hwang, J.-Y., Chang, H.-C.,Chang, F.-M. and Shiang-Bin
Jong, S.-B. 2004. Rapid and simple quantitative measurement of o-
fetoprotein by combining immunochromato graphic strip test and
artificial neural network image analysissystem. Clinical Chemical Acta
348(8):87-93.

"Health, M., Sarkar, S., Sanocki, T. and Bowyer, K.W. 1998. Comparison
of edge detectors: Amethodology and initial study. Comput VisImage
Understanding 69(1):38-54.

80nyango, C. M. and Marchant, J. A. 2001. Physics-based colour image
segmentation for scenes containing vegetation and soil. Image Vision
Comput. 19:523-538.

9Sharma, G. and Trussell, J. H. 1997. Digital color imaging. IEEE
Transactionson Imaging Processing 6(7):901-932.

Journal of Food, Agriculture & Environment, VVol.9 (3&4), July-October 2011

©Venkateswarlu, N. B. and Raju, P. S. V.S. K. 1992. Fast ISODATA
clustering algorithms. Pattern Recognition 25(3):335-342.

839




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


