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Abstract: Nowadays, palmprint recognition has been well developed since plenty of promising
algorithms have emerged. Palmprints have also been applied under various authentication scenarios.
However, these approaches are designed and tested only when the registration images and probe
images are taken under the same illumination condition; thus, a cross-spectral performance degrada-
tion is speculated. Therefore, we test the cross-spectral performance of extended binary orientation
co-occurrence vector (E-BOCV), which is unsatisfactory, illustrating the necessity of a specific algo-
rithm. Trying to achieve the cross-spectral palmprint recognition with image-to-image translation,
we have made efforts in the following two aspects. First, we introduce a scheme to evaluate the
images of different spectra, which is a reliable basis for translation direction determination. Second,
in this paper, we propose a palmprint translation convolutional neural network (PT-net) and the
performance of translation from NIR to blue is tested on the PolyU multispectral dataset, which
achieves a 91% decrease in Top-1 error using E-BOCV as the recognition framework.

Keywords: palmprint recognition; cross-spectral; spectral translation

1. Introduction

Palmprint recognition has been a hot topic for a long time. Compared with fingerprints,
palmprints are much larger in area with more texture features which makes them stable
in recognition. It has been widely applied in many safety-concerned scenarios, such as
identification in hospitals and banks. Specifically, low resolution palmprint images, which
are about 150 dpi, are used in civil applications. Algorithms are proposed to make use of
abundant features, from EigenPalm [1] to the double-orientation code (DOC) approach [2].

In most cases, the palmprint images of registration and recognition are collected with
the same type of equipment, in other words, shot in the same spectrum. The discrepancy is
vast between palm images in different spectra. Images gathered in blue and green light
only contain textures on the surface, while those gathered in near-infrared (NIR) and red
light also show veins underneath. Thus, when the registration and validation images are in
two different domains, the aforementioned performance drop can be speculated. In this
paper, we refer to the task as cross-spectral palmprint recognition.

Recently, researchers have shown interest in the problem, taking advantage of power-
ful convolution neural networks (CNNs). PaImGAN [3] utilized CycleGAN [4] to translate
the palm images and a Deep Hash Network (DHN) for identification. Shao et al. [5] in-
troduced an autoencoder to extract shared features in different domains for verification.
However, these methods have their limitations as they attempt to solve two problems
simultaneously. Both the feature gap between the spectra and the performance of the
recognition algorithm have massive impact on the overall capability.

Zhu et al. [6] proposed a low-rank canonical correlation analysis method to construct
a unified subspace of different spectral images. Instead, we focus on removing the feature
gap of multispectral palmprint images and defining the problem as palmprint image
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translation. The advantage is that it can fit in any palmprint recognition system without
altering the current recognition algorithm. The proposed recognition framework is shown
in Figure 1. For translation, we propose palmprint translation network (PT-net), which is a
convolutional neural network. For recognition, in this paper, we adopt E-BOCV [7], which
is a widely adopted method with high performance. For convenience, we use “A2B” to
simplify the representation of the translation task where the spectrum A images are used
as source and B as target.

Translation

Source Target
Spectrum Spectrum

Figure 1. Proposed cross-spectral recognition process.

Our contributions are described as follows:

(1) We propose a scheme to evaluate the relative relationship between palmprint spectra
to guide choice of the translation direction.

(2) A novel palmprint translation network (PT-net) is proposed. Experiments show that
the improvement of recognition accuracy introduced by PT-net is considerable.

(3) Training details are discussed, including the data alignment method and loss function
hyperparameter setting.

2. Related Work
2.1. Palmprint Recognition

Palmprint recognition algorithms take advantage of various kinds of information of
palmprints [8]. For example, principle line features are used in [9], while subspace features
extracted with principal components analysis (PCA) are used in EigenPalm [1]. In addition,
Morales, Ferrer, and Kumar proposed a method using the scale-invariant feature transform
(SIFT), which is robust to various illumination and rotation [10].

Features with orientation are testified promising in the following studies. Palmcode,
proposed by Zhang et al. [11], applied a normalized Gabor filter to the palmprint image and
encoded the filtered image for verification. Competitive code [12] adopted six Gabor filters
with different orientations and angular matching for fast verification. Binary Orientation
Co-occurrence Vector (BOCV) proposed by Guo et al. [13] preserved all the information in
the features extracted by six Gabor filters which were encoded binarily afterward. BOCV is
robust to slight rotation and relatively fast due to the binary operations. Fragile bits were
masked out in E-BOCV [7], making it a more robust approach.

In recent years, convolution neural network (CNN) has achieved great success in
computer vision tasks, such as classification and object detection. Palmprint recognition
approaches using CNN are emerging rapidly. Minaee and Wang [14] used predefined
convolution filters to extract features and a trained support vector machine (SVM) to match
the palmprints. A CNN-based method was proposed by Liu and Sun [15], which adopts
the Alex-Net structure for feature extracting and the Hausdorff distance for matching.

Limited by the amount of data in one dataset, it becomes unapplicable to train a palm
translation network and a recognition CNN with exclusive training sets. Therefore, for the
convenience of experiments, we choose E-BOCYV, a training-free recognition method with
high performance, as our recognition method in the framework.
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(a) Palm

2.2. Image-to-Image Translation

In recent years, image-to-image translation has been widespread, thanks to the rise of
deep learning and generative adversarial network (GAN). Pix2Pix [16] has been demon-
strated effective in various image-to-image translation tasks, such as synthesizing photos
from label maps and objects from edge maps. However, it still needs paired ground truth
correspondingly. Afterward, Zhu et al. proposed CycleGAN [4] which retains high-quality
translation with no need of paired training data. Derived from Coupled GAN, an unsu-
pervised image translation framework was proposed by Liu [17], where the shared latent
space assumption was made.

Faces are another biometric feature widely used for identification. Matching face
images taken under different light circumstances is challenging. In order to match NIR
and visible light (VIS) face images, Xu et al. developed a method to reconstruct VIS images
in the NIR domain and vice versa [18]. A system was reported in [19], which is capable
of heterogenous cross-spectral and cross-distance face matching, where high-quality face
images are restored from degraded probe images. He et al. introduced an inpainting
component and a warping procedure to synthesise VIS faces for recognition [20].

Compared with face recognition, texture is relatively more important for palmprint
recognition. Therefore, methods for cross-spectral face recognition may not be suitable for
palmprints.

2.3. Multispectral Palmprint Dataset

PolyU multispectral dataset is a commonly employed database [21]. It is made of
6000 images taken from 250 people under 4 different illuminations. The pictures are shot
in two sessions with a time interval around 9 days. The four spectra involved are blue,
green, red, and NIR. As region of interest (ROI) extraction is commonly included in the
preprocessing, the extracted ROI images using the algorithm described in [11] are also
released. An example of the dataset is shown in Figure 2.

(b) Blue (470 nm) (c) Green (525 nm) (d) NIR (880 nm) (e) Red (660 nm)

Figure 2. Example of PolyU multispectral palmprint dataset: (a) is a whole palm example, (b—e) are
the region of interest (ROI) figures in different spectra.

CASIA-MS-PalmprintV1 [22] is a multispectral palmprint database built by the Chi-
nese Academy of Sciences’ Institute of Automation (CASIA). It contains 7200 palm images
of 100 people taken under 6 spectrum illuminations. Since there are no pegs on the collec-
tion device, palm postures and positions are not restricted. Similarly, images taken under
different illuminations in the same session of the same palm are not aligned.

There are also other multispectral datasets, such as the semi-uncontrolled palmprint
database and the uncontrolled palmprint database established by Shao et al. [3]. Because of
the different modalities of the datasets and space limitations, in this paper, we conduct all
the experiments on the PolyU multispectral dataset.

3. Method

In this section, the importance of palmprint translation is illustrated firstly. Then,
to determine in which spectrum the palmprint images should be chosen as the source, a
comparison method utilizing Star-GAN, a successful framework in domain adaptation, is
proposed. Last, we present the PT-net designed for palmprint translation.
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3.1. Necessity of Palmprint Translation

E-BOCYV [7] has been a successful method for palmprint recognition, in which Gabor
filters along six orientations are adopted to extract features, and fragile bits are eliminated,
making E-BOCV both robust and accurate. While it performs well using palmprint images
in the same spectrum, its performance is questionable when the registration palm image
and the verification one are shot in different spectra, in other words, in the cross-spectral
task. Therefore, we make a test to find out if palm image translation is necessary.

In this test, images of all the 500 palms in the PolyU multispectral dataset [21] are
used. Following [11], the ROIs are extracted. The first one of the first session is used
for registration, while all the images of the second session are used as probe images.
Corresponding Top-1 error is listed in Table 1. As the table shows, the Top-1 errors
of cross-spectral recognition are always higher than single-spectral recognition, which
is intuitive because the palmprint recognition algorithm is designed for one spectrum
situation. For convenience, we denoted the Top-1 error tested with registration spectrum
A and verification spectrum B as “Error-A2B”. Specifically, the Error-Blue2Green and
Error-Green2Blue are 1.00 and 0.83%, which is relatively low compared with others. The
results make sense because the images taken under the blue and green spectrum look
similar and reveal similar surface texture features of the palms. On the contrary, Error-
NIR2Blue, Error-NIR2Green, Error-Green2NIR, and Error-Blue2NIR are all above 20%,
which is unacceptably high, indicating the huge feature gap between these spectrum pairs.
It is interesting to find out the Top-1 errors involving the red spectrum are neither too high,
which can be attributed to the shared information of texture and vein.

As the domain gap between NIR and blue is big, we choose the NIR and blue spectrum
pair as our primary objective translation pair.

Table 1. Top-1 error results of cross-spectral E-BOCV without palmprint translation. RegSpec denotes
the spectrum used in registration, while RecSpec in recognition.

RegSpec RecSpec Top-1 Error
Blue 0.67%
Blue Green 1.00%
Red 1.83%
NIR 23.00%
Blue 0.83%
Green Green 0.50%
Red 2.33%
NIR 18.17%
Blue 3.34%
Green 3.50%
Red Red 0.83%
NIR 3.17%
Blue 27.17%
Green 25.50%
NIR Red 3.33%
NIR 1.33%

3.2. Translation Direction

As mentioned in the Introduction, another problem is to determine the translation
direction. In order to achieve a better verification performance, it is intuitive to choose a
translation direction where the image translation performs better.

The key point of choosing the translation direction is that the images of the source
domain are supposed to retain more information in the target domain after translation.
Taking PolyUDataset as an example, we have images from four domains, which make six
spectrum pairs. In order to make a fair assessment of the spectrum pairs, here, we propose
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an evaluation framework based on one translation model, StarGAN [23]. StarGAN is a
generative adversarial neural network for multi-domain image transfer, which has been
verified to be satisfactory for face attribute modification and other tasks. After training with
the multispectral palmprint images, a comparison of translation quality between different
spectrum pairs is made. In this process, the structural similarity index (SSIM) [24] of the
translated images and their counterparts in the target spectrum is used as the evaluation
metric. SSIM is independent of brightness and contrast, making it suitable for evaluating
the translation quality where texture or other structural information reconstruction is the
most valued aspect. For cross-spectral recognition, the performance of StarGAN, as shown
in the experiment described in Section 4.1, is unsatisfactory. Thus, it is adopted only in
translation direction determination.

3.3. Palmprint Translation Network

Unlike the existing methods [3,5], as the problem is defined differently, CNN is adopted
instead of GAN. The palmprint translation network (PT-net) proposed by us applied a U-
net [25] like structure, which is similar to [16]. The difference is that fewer layers and
filters are used. Our PT-net is much shallower with fewer parameters. The overall network
structure is shown in Figure 3.

ierf

= Convolution Layer === Transpose Convolution Layer === Concatenate

Figure 3. PT-net struction.

In the proposed network, leaky ReLU and batch normalization are adopted after each
convolutional layer. In addition, the input data are normalized to the range of —1 to 1, and
tanh operation is applied to the output of the network to maintain the same data range.

In the following, the loss function is introduced. First, same as other image manipula-
tion methods, L1 loss is adopted, which is shown in Equation (1).

Li(I, Igt) = [T — Igt]]x 1)

where [ is the output of the network and I¢ stands for the ground truth target image.
Line and orientation features are critical in palmprint recognition algorithms [8]. In-
spired by the excellent feature extraction performance gained by Gabor filters with different
orientations, Gabor loss is introduced in [26], which minimizes the gap between orientation
features of target images and translated ones. As verified, Gabor loss effectively maintains
the texture and orientation features during translation. The Gabor loss can be expressed

as follows: s
1
Lapor (1, Igt) = X M XN I1£i(1) — fiIge) 1 )
i—0

in which f; denotes the convolution result using Gabor filter with the orientation of i % [11],
M and N denote the height and width of the images correspondingly. So, the total loss is

Ltotul(I/ Igt) - Ll(I/ Igt) + "‘LGabor(I/ Igl‘) (3)

where « is a hyperparameter controlling the trade-off between the overall and line recon-
struction.
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4. Experiments
4.1. Comparison of Spectral Pairs

As described in Section 3.2, the spectra are treated as different attributes regarding
StarGAN [23]. In the palmprint translation task, we randomly split the 500 palms in the
PolyU dataset into 400 for training and 100 for testing. The original implementation is used.
Figure 4 show the example translation results.

(b) (9 (d) (e)

Figure 4. Star-GAN results example: (a) is the NIR input palmprint image, (b—e) are the translated
results to blue, green, NIR, and red spectrum.

Then, SSIM numbers of the translated ROI and the ground truth are listed in Table 2.
Higher SSIM means higher feasibility of the translation, which makes it a referable guideline
for choosing the translation direction. For example, given images in blue and NIR spectra,
we should choose the NIR to be the source domain and blue the target one since the SSIM
of NIR to blue is higher.

This experiment also supports our analysis in Section 3.1. Blue and green spectra
contain similar information, resulting in similar translation quality. NIR performs best as
the source, which may be attributed to both texture and vein features. The red spectrum is
a mediocre one that can outperform green and blue but cannot beat NIR.

Table 2. SSIM results in the evaluation of spectrum pairs using StarGAN. The higher one is shown
in bold.

Spec. A Spec. B AtoB Bto A
Blue Green 0.801 0.812
Blue NIR 0.635 0.859
Blue Red 0.728 0.862
Green NIR 0.673 0.864
Green Red 0.765 0.870
NIR Red 0.907 0.858

As shown in Figure 4, given a NIR palmprint image, which contains information of the
subcutaneous vein, even though the altered images are quite similar to the target spectrum,
the model performance is still dissatisfying as the vein can still be observed in the visible
spectral counterparts. As a generic translation network, Star-GAN does not utilize aligned
image pairs. It is possible to obtain more accurate translation with alignment.

We also test the recognition performance of StarGAN after applying “NIR2Blue” trans-
lation. Evaluation details are as follows. For registration, images of all the 500 palms are
used, to be more specific, the first ROI image in the first session of the target spectrum is
used. For recognition, we only use images of the source spectrum in the test set, which
contains images of 100 palms. In details, all the six palmprints taken in the second session
are used as probe images. Not surprisingly, the Top-1 error is 15.29%, which shows the
effectiveness of image translation by StarGAN. It further validates that palmprint translation
needs a specific designed network.
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4.2. Recognition after Translation

In this work, we focus on the “NIR2Blue” translation task, which is challenging
because of the huge domain gap described above, which causes poor performance in plain
recognition (see Table 1).

The split of training and test data is the same as in Section 4.1. Data augmentation
includes random crop with size of 64, random flip horizontally and vertically. The whole
training scheme is written in TensorFlow [27]. The PT-net is trained for 400 epochs with
Adam optimizer and linear learning rate scheduler whose initial learning rate is set to
1 x 10~%. As explained above, Top-1 error of the translated test set is tested.

Because our focus on the cross-spectral recognition issue is different from the one of [3], it
is not easy to compare our methods fairly. Palm-GAN also includes a deep hashing network to
re-identify palms, while we pay our main attention to spectrum translation. So, for comparison,
we reimplement the translation part of Palm-GAN, which is CycleGAN [4]. Sample translation
results are shown in Figure 5. Recognition results are shown in Table 3. The recognition Top-1
error is 3.33%, 16.7% better than CycleGAN, relatively, with fewer parameters and easier
training scheme.

(a) Input (b) Ground truth (c) CycleGAN (d) PT-Net

Figure 5. Translation results of CycleGAN and PT-net.
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Table 3. Results of NIR2Blue recognition. PT-net, refers to PT-net trained with aligned data, intro-
duced in Section 4.3.

Method Top-1 Error
Plain 20.67%
StarGAN 15.29%
CycleGAN 4.00%
PT-net 3.33%
PT-net, 1.83%

4.3. Data Alignment

In addition, we find that even though the data in different spectra are collected within
a short time, images may not be well aligned because of the little time interval, leading to
minor palm morph or displacement. Since PT-net is trained under pixel-wise supervision,
data misalignment lead to blurry translation. To alleviate the problem, DIS optical flow [28]
alignment is adopted to warp the training data in target domain, in other words, blue
spectrum. Due to the huge domain gap between the images captured in the NIR and blue
spectra, aligning the training pairs directly is impossible. Thus, we train a PT-net with the
original data first, and then align the images in the blue spectrum to its counterpart, the
output of trained PT-net. Afterward, a new PT-net is trained with the aligned data. After
the distortion, some areas around the border are filled with invalid black pixels (see in
Figure 4), which should be masked out during the training process. Eventually, the loss
function is:
Lmasked(ll Igt/ M) = Ltotal (I OM, Igt © M) 4)

where M is the mask filled with zeros and ones, ® denotes the Hadamard multiplication.
An example of mask generated is shown in Figure 6.

As shown in row 5, Table 3, the error rate is reduced by 1.5% after applying data
alignment. To further investigate the effect of the data misalignment and the alignment
method, we compare the performance of different models when the displacement problem
is more severe. We apply affine transformations to the training data, which are random
rotation in the range of —5 to 5 degree and random translation in a 3 pixel range. Without
image alignment, the performance of CycleGAN and PT-net drops dramatically, with
the Top-1 error rate of 17 and 21.5%. The degradation of CycleGAN may be due to the
increased uncertainty of translation, while the degradation of PT-net is simply attributed to
false labels. After aligning the jittered data, the error rate of PT-net drops to 6.83%, which
illustrates the effectiveness of image alignment. Related numbers are shown in Table 4. It is
worth mentioning that CycleGAN does not need paired aligned data; thus, data alignment
is not applied in its training.

(a) original (b) template (c) aligned (d) mask

Figure 6. Example of data alignment. The template is the output of PT-net trained with original
PolyU dataset. (a) original; (b) template; (c) aligned; (d) mask. In (d), areas of ones are filled with
green pixels, while a red pixel represents a zero. When the two images are severely misaligned, our
method can effectively align the data.
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Table 4. Results of different models trained with jittered data.

Model Re-Aligned Top-1 Error
CycleGAN X 17.0%
PT-net X 21.5%
PT-net, v 6.83%

4.4. Gabor Loss

To confirm that the Gabor loss is effective in PT-net training, we also present the result
of models trained with different « in Equation (3) in Table 5. In these experiments, aligned
data is used. As we can see, the recognition performance is the best with « setting to 0.5,
reaching 1.83% Top-1 error rate, reducing the errors relatively by 91% compared to original
E-BOCV.

Table 5. Comparison of different #; 0 means no Gabor loss.

1% Top-1 Error
4.67%
0.2 3.17%
0.5 1.83%
0.8 2.67%

4.5. Failure Cases

Figure 7 shows one of the failure cases. As we can see, the input NIR image is shot
with fewer textures than others, which may be caused by an illumination glitch, leading to
a blurry translation result.

(a) input (b) GT (c) output

Figure 7. Failure case example. GT denotes the ground truth image in blue spectrum.

5. Conclusions

In this paper, we break down the cross-spectral palmprint recognition problem into
palmprint image-to-image translation and recognition parts. Thus, we propose a framework
involving translation direction determination, palmprint translation using PT-net. Based
on StarGAN, we propose a method to evaluate the pros and cons of the two directions in
order to reduce the difficulty of translation. As for palmprint translation, we introduce
PT-net with Gabor loss. Experiments show that our framework performs well in the NIR to
blue translation, reducing the Top-1 error rate by 91% relatively.
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