
Abstract--This paper presents a Deep Learning segmentation 
approach for hand segmentation in gray level images with 
cluttered backgrounds where standard techniques cannot be 
used. Two networks were trained with a database of hand images 
derived from widely used palmprint image databases, Hong 
Kong Polytechnic University (HKPU) and Chinese Academy of 
Science (CASIA). The image dataset is augmented with complex 
patterns and used to train and test the Neural Networks, 
providing promising results. 

I. INTRODUCTION 
There are many applications which require the correct 

extraction of hands from the background. Biometrics, which 
aims at improving security using the user’s behavioral or 
physiological traits, is one of the most relevant. Within the 
category of physiological biometrics of the hand, among hand 
contour or hand geometry [1], palmprint biometrics has seen 
recent advancements and its transition to the consumer 
electronics devices [2]. The main advantage presented by 
palmprints on smartphones is the use of the rear camera and 
sufficient processing power to deliver quick and efficient 
authentication. The fact that it does not require extra hardware 
provides a further advantage, making it suitable for 
deployment on older devices. 

This paper presents a novel approach of hand segmentation 
which in turn allows the successful extraction of palmprints in 
cluttered backgrounds, which define the consumer electronics’ 
environment. Two different deep learning networks are 
presented. These networks accept hand images as input and 
generate the segmentation map at output. The results for both 
networks are presented. 

II. LITERATURE REVIEW 
The main approaches used for extracting hands to be used 

for palmprint recognition fall into 2 categories - thresholding 
against a black background [3], [4], typical for grayscale 
images, and using a predefined or adaptive model for skin 
segmentation [5], [6]. While the former category imposes 
significant constraints on the user, the latter does not take into 
consideration the fact that pixels’ values irrespective of the 
color space used, cannot guarantee the accurate detection of 
skin in complex backgrounds [7]. 

III. IMAGE DATASET AND AUGMENTATION OF DATA 
Throughout the training and testing of the segmentation 
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with DL, 2 standard databases of palmprint grayscale images 
from the Chinese Academy of Science (CASIA) [4] and Hong 
Kong Polytechnic University (HKPU) [8] were employed. The 
total number of palmprint images amounts to 12,980. 
Augmentation of these images included the replacing of the 
simple background with complex images with various texture 
properties from the Describable Textures Dataset (DTD) [9]. 
The complete augmentation flow is organized as follows: 
1. Resize palmprint images to 135x180 pixels. This resizing 

is required from the initial size of CASIA images 
(640x480 pixels) and HKPU images (384x284 pixels) 
because DL is using low resolution images. 

2. Threshold the palmprint images to remove the black 
background (>30 for CASIA and >15 for HKPU). 

3. Determine the biggest blob and extract it. This will count 
as the ground truth (GT) of the hand. 

4. Introduce backgrounds behind the biggest blob, which is 
the hand: 
a. Using 100 possible backgrounds, choose 4 random 

images. 
b. Combine the hand region with each background. 
c. Determine a boundary of the hand and dilate it with 

a spherical structuring element of radius 1. 
d. Define a Gaussian filter of size 5x5 and σ = 1. 
e. Apply the Gaussian filter on the region defined in 

4.c) in the images obtained at 4.b). 
After augmentation the number of available images (with 
ground truths) increased to 77,880. A number of backgrounds 
used for augmentation are presented in Fig. 1, whereas Fig. 2 
contains the final augmented images of a palmprint from 
CASIA database.  
 
 

IV. DEEP NEURAL NETWORK FOR HAND SEGMENTATION 

A. Network Design 
Two different neural networks are designed for the hand 

segmentation, as described below: 
 
1) U shaped network 

 
The network has 13 layers and the starting kernel size for 

the input is 3x3pixels, its size being further increased until the 
center of the network, where the kernel size is 15x15 pixels. 
From the center towards the end of the network the kernels are 
gradually getting smaller back to 3x3 pixels for the output 
layer. The number of channels is set in such a way that the 
network has the same number of parameters as a SegNet basic 
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network. 
2) SegNet basic  

This network is described in [10]. It is an auto encoder 
shaped model. Four layers in encode and four layers in 
decoder part. In the encoder, each layer is followed by a max-
pooling layer and the decoder contains an un-pooling layer 
after convolutions, wherein the location of the indices for un-
pooling is taken from the encoder network. 

In any of these two networks the input of the network is the 
hand image with the random background and the output is 
forced to generate the segmentation map. 

B. Training 
The training procedure was same for both networks. 70% of 

the input data was used for training, 20% for validation and 
10% for testing. The “Mean Binary Cross-Entropy” function 
was used to define the loss for each batch. The Nestrov 
Momentum method was used in order to minimize the loss 
function. Learning rate was set to 0.01 and momentum to 0.9. 
Batch normalization technique was used after each 
convolution layer and ReLU non linearity was used in every 
layer except the last layer which was taking advantage of 
sigmoid function. 

V. RESULTS AND DISCUSSION 
Both networks have been trained and tested on the same 

database described in section III. The results on the test set for 
these networks are shown table I. The U shaped network gives 
slightly better results than the SegNet basic. 

The simulations show promising results in using the deep 
learning technique for hand segmentation task in non-
constraint conditions. 

More discussions on the network architecture, training and 
different measures will be presented in the extended version of 
the paper. 
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TABLE I 
SEGMENTATION RESULTS FOR TWO DIFFERENT NETWORKS 

Measure\Network U shaped network SegNet basic 
Accuracy 99.7% 99.51% 
Sensitivity 99.72% 99.55% 
Specificity 99.65% 99.42% 
Precision 99.72% 99.54% 
Negative Prediction 
Value 99.66% 99.43% 

F1 Score 99.72% 99.55% 
Matthew Correlation 
Coefficient 99.38% 98.98% 

Informedness 0.9937 0.9898 
Markedness 0.9938 0.9898 
False Positive Rate 0.34% 0.57% 
False Negative Rate 0.27% 0.44% 
False discovery Rate 0.27% 0.45% 

     
a) b) c) d) e) f) 

   
g) h) i) j) k) l) 

Fig. 1. Process flow for the database augmentation step: a) original image from CASIA, b) ground truth mask; c) boundary of the ground truth; d) dilation of the 
boundary; e), g), i) and k) backgrounds used for the database augmentation; f), h), j) and l) combine the information from (a) with the randomly selected 
backgrounds and smoothen the surface defined in (d) with a Gaussian filter. 

Authorized licensed use limited to: NATIONAL UNIVERSITY OF IRELAND GALWAY. Downloaded on March 28,2021 at 18:55:01 UTC from IEEE Xplore.  Restrictions apply. 

Peter Corcoran
         

Peter Corcoran
         



<<
  /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


