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Improvement of Bit Recognition Rate for Color QR Codes
By Multiplexing Color and Pattern Information

Jin-Soo Kim'

ABSTRACT

Currently, since the black-white QR (Quick Response) codes have limited storage capacity, color QR
codes have been actively being studied. By multiplexing 3 colors, the color QR codes can allow the code

capacity to be increased by three times, however, the color multiplexing brings about the possibility of

crosstalk and noises in the acquisition process of the final image, incurring the decrease of bit-recognition
rate. In order to improve the bit recognition rate, while keeping the storage capacity high, this paper
proposes a new type of color QR code which uses the pattern information as well as the color information,
and then analyzes how to increase the bit recognition rate. For this aim, the paper presents an efficient

system which extracts embedded information from color QR code and then, through practical experiments,

it is shown that the proposed color QR codes improves the bit recognition rate and are useful for
commercial applications, compared to the conventional color codes.
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Fig. 1. Color QR Code Generation, (a) Multiplexing of Red, Green, Blue QR Code and (b) 8 Colors Palette of Multiplexed

Color QR Code[3].
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Fig. 5. Different Snapshots of Color QR Codes[4,5].
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Fig. 6. Basic Bits—block Representation, (a) Conventional (8 Colors) and (b) Proposed (4 Colors & 2 patterns),
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Fig. 7. An Example of 8X8X3 Bits Information, (a)
Conventional (8 Colors) and (b) Proposed (4
Colors & 2 patterns).
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Fig. 9. An Example of Color QR Codes with Printing&
Scanning. (a) Original (b) 1st Printing&Scan—
ning, (c) 2nd Printing&Scanning, and (d) 3rd
Printing&Scanning.
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Fig. 11. Block Recognition Rate for Basic Bits—block. (a)
Conventional (8 Colors) and (b) Proposed (4
Colors & 2 patterns),

Qo 7R B8 2718 AA FOEA O B
ABE AYSHE Zlo] ZPsaRITh B E=RAE )
AR G| 371E 16 x 16, 32 x 32, 64 x 64, 128 x
1288 P, MAA BB PARE 7R B
& BT 5UAW WL 27 QRISE WE Fof
P&SE 18] A galel nE 214 Ade FaAsar

Fig. 128 WA 99| 27]0) WE vE A4E

& veideh A2 TH2 128 A 09 44
3 HE QNE ZRAA FHOoE S5 4
8210}, 2} WA e TS HEel
=9 =277} ol a5 Al

Ol[’

i
i
1o,
o
1>
i
rlo
v
™
oy
P
_?1:‘

Ir

ut
o,
o
f
ro,
v
o
P

rlo
N
e
e
il
fo
IM
N
N
»
S
N
=2
R
kg
B
r
ol
%
to

Bit Recognition Rate (%)

104
102
100 [cE—— &
_________________ L S

98 Y I

o x * ¥

94

92

90

16x16 32x32 64x64 128x128

Message Block Size

Fig. 12. Bit Recognition Rate for Message Block Size.

Fol o) 214 E2] Astol BT 425k (3)S
Hg3p] Aol AU T AT P4 540
2 7449 %S st AEHOE AT 5
e Aoz wewD

J

58 B

9] QREEY} 2 AW A% 59E A
gkel A AR E TEsels 22 QRE= U#
A7) ol WyH o} go}, o ds| A4 7 A
o= Qe HE AAE FAE 2T Ak olelF
BAE AN 8 B =RolAE A} ey
BE OEslehs 2e QRAEE ALHOZH A
A% 8L ZUHAA B0 NE A4 5L A
NFE ke AbElT) , 71Ee] 84 Al WA
2] TAelAE Al zbe] At vl AT 191 W
o, Ak AL A 7} A Bl Ao Vo
2§45, A4 7o) HEARE A Fo 2K
BA0) 4] AR e EYSA FAHE Fobe 5
AT T <12

244
712 el vl BE ANE

o
L
A

g 2R 2 0ol v RIS ATFoR
N AdE&Hew AHGE F UeE AFSHAT

Yo FHHo R BT £ 8-S A
E =FoA A¥e nE B5 Hih ¢ E HE EF
< 47 A% A ExE 9 Y A, 28
HIE 2212 tf-g3l7] oz B vlES] 4 W}t
o tigt A& FIPL devt o

REFERENCE

[1] J. Kim, “Recognition Performance Improvement
of QR and Color Codes Posted on Curved
Surfaces,” Journal of the Korea Institute of
Information and Communication Engineering
(JKIICE), Vol. 23, No. 3, pp. 267-275, 2019.

[21 P. Andre and R. Ferreria, “Colour Multiplexing
of Quick-Response (QR) Codes,” Electronics
Letters (IET), Vol. 50, No. 24, pp. 1828-1830,
2014.

[3]1 M. Querini and G. Italiano, “Reliability and
Data Density in High Capacity Color Barc—
odes,” Computer Science and Information



AH

=

Pl
=l
[

Systems, Vol. 11, No. 4, pp. 1595-1615, 2014.

[4] F. You, Q. Zhang, and B. Welt, “Research on
Color Matching Model for Color QR Code,”
Journal of Applied Packaging Research, pp.
57-68, 2019.

[5] D. Choi and J. Kim, “A Code Authentication
System of Counterfeit Printed Image Using
Multiple Comparison Measures,” Journal of
the Korea Industrial Information Systems
Research, Vol. 23, No. 4, pp. 1-12, 2018.

[6]1 D. Choi and J. Kim, “An Authentic Certification
System of a Printed Color QR Code based on
Convolutional Neural Network,” Journal of
the Korea Industrial Information Systems
Research, Vol. 25, No. 3, pp. 21-30, 2020.

[7] J. Kim, “An Embedded Information Extraction
of Color QR Code for Offline Applications,”
Journal of the Korea Institute of Information
and Communication Engineering (JKIICE),
Vol. 24, No. 9, pp. 1123-1131, 2020.

St 22t QRAEC HIE QAE M 1019

[8] J. Ryu and J. Kim, “A Stabilization of MC~
BCS-Scheme for Distributed Compressed
Video Sensing,” Journal of Korea Multimedia
Society, Vol. 20, No. 5, pp. 731-739, 2017.

[9] Z. Liao, T. Huang, R. Wang, and X. Zhou, “A
Method of Image Analysis for QR Code
Recognition,” 2010 International Conference
on Intelligent Computing and Integrated Sys—
tems, Guilin, China, 2010.

AL
23 %

1998 KAIST 7] 2 HA-53h
3} gepaap

19954 ~20008 44 14 M)
74

20004 ~ A7) FeThetE YRE

&8st g

2003 ~2006d FEHdAFAATE 2RI
2008Lﬂ 2009 €A F=Hosta (UT ) wEu
2ok ZIASE, AFENIA, AeAT, 94




<<
  /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


