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Color image multi-scale guided depth image
super-resolution reconstruction

Yu Shuxia®, Hu Liangmei, Zhang Xudong, Fu Xuwen

School of Computer and Information, Hefei University of Technology, Hefei, Anhui 230601, China

Abstract: In order to obtain better super-resolution reconstruction results of depth images, this paper constructs a
multi-scale color image guidance depth image super-resolution reconstruction convolutional neural network. In this
paper, the multi-scale fusion method is used to realize the guidance of high resolution (HR) color image features to
low resolution (LR) depth image features, which is beneficial to the restoration of image details. In the process of
extracting features from LR depth images, a multiple receptive field residual block (MRFRB) is constructed to extract
and fuse the features of different receptive fields, and then connect and fuse the features of each MRFRB output to
obtain global fusion features. Finally, the HR depth image is obtained through sub-pixel convolution layer and global
fusion features. The experimental results show that the super-resolution image obtained by this method alleviates
the edge distortion and artifact problems, and has better visual effects.
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Fig. 5 Qualitative comparison of experimental results on the data set at Middlebury with and without color image guidance.
(a) Truth image; (b) Ref. [6] method; (c) No color image guide; (d) This article method
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Table 1 Quantitative comparison of experimental results on the data set at Middlebury with and without color image guidance

RMSE SSIM
Art Books Moebius Art Books Moebius
Bicubic 3.8564 1.5789 1.4005 0.9683 0.9899 0.9888
Mandal® 2.6869 1.2520 1.1255 0.9854 0.9934 0.9925
Kim(?®! 1.7986 0.7560 0.7657 0.9934 0.9966 0.9962
Without color 1.6267 0.7586 0.7448 0.9949 0.9969 0.9966
Ours 1.6000 0.7484 0.7244 0.9951 0.9969 0.9967
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Table 2 Quantitative analysis of reconstruction results on dataset A of Middlebury by different methods (RMSE)

Art Books Moebius

X2 X4 X8 X2 X4 X8 X2 X4 X8
Bicubic 25837 3.8564 5.5279 1.0319  1.5789 2.2682 0.9303  1.4005  2.0578
Mandal®® 1.7502 2.6869  6.0125 0.6152  1.2520 2.6268 0.7046  1.1255  2.2823
Liut" 2.3406 3.4221  4.6056 11873  1.6225 2.2459 1.0183  1.5159  2.1717
Kiechle!'? 11414 1.8789 2.8130 0.5541  0.8137 1.2378 0.6037  0.8497  1.5094
Lit*! 29834 4.0422 53825 1.2582  1.8400 2.4619 12400  1.7089  2.2352
Park!" 2.9923 4.2771  6.4019 12339  1.8707 2.6495 11248  1.6981  2.5554
Dong® 11330 2.0170  3.8290 0.5230  0.9350 1.7260 0.5370  0.9130  1.5790
Hui?4 0.8130 1.6270  2.7690 0.4170  0.7240 1.0720 0.4130  0.7410  1.1380
Kim!®! 1.0208 17986  3.0044 0.4553  0.7560 1.2075 0.4769  0.7657  1.1854
Lai®! 0.7568 2.0198  3.3320 0.4470  0.8653 1.3639 0.4367  0.8843  1.38M11
Ours 0.6306 1.6000 2.6063 0.4197  0.7484 1.0917 0.3905  0.7244  1.0864

£ 3 AR 47 k£ Middlebury 48 & B L& # 45 R 69 % 047 (RMSE)

Table 3 Quantitative analysis of reconstruction results on dataset B of Middlebury by different methods (RMSE)
Cones Venus Tsukuba
X2 X4 X4 X2 X4
Bicubic 2.5418 3.8659 1.3370 1.9364 5.8185 8.5637
Mandal® 1.9663 3.3027 0.7919 1.3592 4.4127 7.0468
Chen!"” — 3.1742 0.9955 — 6.3472
Liuf"! 2.6181 4.5441 1.1619 1.5082 5.6176 7.9656
Kiechle!'? 1.7212 3.2005 0.6102 0.8758 3.6626 6.1629
Lil*3! 3.6702 5.5222 1.2277 1.7814 6.3763 9.0654
Park!™! 4.1455 6.3944 1.2662 1.8346 6.9523 9.8982
Dong? 1.4840 3.5850 0.4560 0.7890 3.2750 7.9390
Huif?4 1.1000 2.7700 0.2590 0.4220 2.4720 4.9960
Kim(?! 1.3261 2.6033 0.5517 0.8808 3.0955 5.0385
Laif?®! 0.9976 2.7728 0.3855 1.1368 2.0191 5.3103
Ours 0.8688 2.5339 0.2516 0.7055 1.8346 4.5424
6(e)
MRFRB
4 75 B
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Table 4 Quantitative analysis of reconstruction results on data set A of Middlebury by different methods (SSIM)

Art Books Moebius
X2 X4 X8 X2 X4 X8 X2 X4 X8
Bicubic 0.9870 0.9683 0.9438 0.9956 0.9899 0.9833 0.9950 0.9888 0.9812
Mandal™® 0.9943 0.9854 0.9407 0.9980 0.9934 0.9830 0.9969 0.9925 0.9788
Liut"™ 0.9902 0.9810 0.9706 0.9939 0.9910 0.9868 0.9942 0.9897 0.9834
Kiechle!'? 0.9971 0.9931 0.9863 0.9980 0.9965 0.9938 0.9975 0.9955 0.9920
L3 0.9842 0.9742 0.9653 0.9936 0.9897 0.9870 0.9924 0.9884 0.9851
Park!™ 0.9847 0.9704 0.9546 0.9944 0.9895 0.9857 0.9937 0.9884 0.9836
Kim®! 0.9974 0.9934 0.9833 0.9984 0.9966 0.9931 0.9983 0.9962 0.9921
Lai?® 0.9984 0.9918 0.9795 0.9986 0.9962 0.9926 0.9986 0.9955 0.9909
Ours 0.9988 0.9951 0.9881 0.9985 0.9969 0.9944 0.9988 0.9967 0.9938

A5 RRE 7 kA Middlebury 4048 & B £ 1245 R 492 FH41(SSIM)

Table 5 Quantitative analysis of reconstruction results on dataset B of Middlebury by different methods (SSIM)

Cones Venus Tsukuba
X2 X4 X2 X4 X2 X4
Bicubic 0.9814 0.9585 0.9935 0.9861 0.9700 0.9295
Mandal® 0.9877 0.9713 0.9979 0.9934 0.9829 0.9553
Chenl™ — 0.9711 — 0.9897 — 0.9599
Liyt™ 0.9761 0.9473 0.9941 0.9919 0.9665 0.9461
Kiechle!'? 0.9904 0.9757 0.9983 0.9970 0.9904 0.9733
L3 0.9633 0.9331 0.9951 0.9919 0.9618 0.9341
Park!™! 0.9633 0.9300 0.9943 0.9893 0.9589 0.9177
Kim!2! 0.9935 0.9826 0.9980 0.9963 0.9931 0.9781
Lail?® 0.9952 0.9803 0.9988 0.9947 0.9956 0.9749
Ours 0.9960 0.9834 0.9993 0.9973 0.9970 0.9834

B 6 F7ikAE Middebury #45% LeyR 5 HE TR,
(a) AMEEME; (b) L#k[11]73%; (c) XaK[13]753%; (d) #K[25]7 i%; (e) ALk
Fig. 6 Super-resolution reconstruction results on the Middlebury dataset by different methods.
(a) Truth image; (b) Ref. [11] method; (c) Ref. [13] method; (d) Ref. [25] method; (e) This article method
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Overview: In recent years, as the demand for depth information in the field of computer vision has expanded, the ac-
quisition of high-resolution depth images has become crucial. However, due to the limitations of hardware conditions
such as sensors, the depth image resolution obtained by the depth camera is generally not high, and it is difficult to meet
the practical application requirements. For example, the PMD Camcube camera has a resolution of only 200x200, and
Microsoft's Kinect camera has a resolution of only 640x480. If the resolution of the depth image is increased by im-
proving the hardware facilities, the cost will increase, and there are some technical problems that are difficult to over-
come, so the depth image resolution is usually improved by a software processing method. In order to obtain better su-
per-resolution reconstruction results of depth images, this paper constructs a multi-scale color image guidance depth
image super-resolution reconstruction convolutional neural network. The network consists of three branches: a color
image branch, a depth image branch, and an image reconstruction branch. The relationship between high resolution
(HR) color image and low resolution (LR) depth image of the same scene is corresponding. Super-resolution recon-
struction of LR depth image guided by HR color image of the same scene is conducive to restoring high-frequency in-
formation of LR depth image. So the LR depth image super-resolution reconstruction can be guided by the same scene
HR color image to obtain more excellent reconstruction results. Because different structural information in the image
has different scales, so the multi-scale fusion method is used to realize the guidance of HR color image features to LR
depth image features, which is beneficial to the restoration of image details. For the depth image super-resolution re-
construction problem, the input LR depth image is highly correlated with the output HR depth image, so if the features
of the LR depth image can be fully extracted, a better reconstruction result will be obtained. Thus in the process of ex-
tracting features from LR depth images, this paper constructs a multi-receptive residual block to extract and fuse the
features of different receptive fields, and then connect and fuse the features of each multiple receptive field residual
block output to obtain global fusion features. Finally, the HR depth image is obtained through sub-pixel convolution
layer and global fusion features. The experimental results on different data sets show that the super-resolution image
obtained by this algorithm can alleviate the problem of edge distortion and artifacts, and has better visual effect.

Citation: Yu S X, Hu L M, Zhang X D, et al. Color image multi-scale guided depth image super-resolution reconstruc-
tion[]J]. Opto-Electronic Engineering, 2020, 47(4): 190260

Supported by National Natural Science Foundation of China (61876057)
* E-mail: ysx123@mail hfut.edu.cn

190260-10




<<
  /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


