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Abstract—Optical Coherence Tomography (OCT) is a popular
non-invasive clinical tool for the diagnosis of ocular diseases that
provides micron-scale images of ocular pathology in vivo and in
real-time. The cross-sectional OCT B-scan of Temporal-Superior-
Nasal-Inferior-Temporal (TSNIT) peripapillary retinal profile is
widely used to diagnose and monitor glaucoma. However, raw
OCT images can be marred by noise and artifacts, especially
vitreoretinal interface opacity: this can lead to segmentation error,
misinterpretation of retinal thickness measurements and possibly
inappropriate glaucoma management. In this study, we designed
and trained a U-Net model on OCT B-scans with artifacts, and
their corresponding ‘artifact-free B-scans’. The U-Net was able to
remove the artifacts successfully with better performance in terms
of PSNR and SSIM values. The SNR of the OCT scans with speckle
noise associated with artifacts has also been improved. To the best
of our knowledge, this is the first study where automated vitreous
opacity artifact removal has been applied to the TSNIT profile.
The performance of the U-net model on measures such as PSNR,
SSIM, MAE, and MSE is compared with the state-of-the-art image
denoising models. It is observed that the proposed U-Net model
performs better as compared to the other models on both
parametric and visual evaluations. In the future, this U-Net model
could be used to solve automatic retinal layer segmentation errors
and assist clinicians in interpreting OCT images in glaucoma
diagnosis and monitoring.

Keywords—deep learning, U-Net, OCT, glaucoma, artifact,
speckle noise

I. INTRODUCTION

Glaucoma is an optic neuropathy characterised by
irreversible damage of the optic nerve which results in vision
loss and can ultimately lead to blindness if left untreated.
Characteristic pathological changes include prominent axonal
degeneration at the optic nerve head (ONH) and loss of the
peripheral retinal ganglion cell layer [1]. This results in changes
in optic nerve morphology together with changes in the
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peripapillary retina, including “peripapillary atrophy”, which
consists of thinning of the neural retina and retinal pigment
epithelium (RPE) around the optic nerve.

OCTs can generate cross-sectional B-scans of the
circumpapillary retinal regions in a circle centred on the ONH.
This facilitates monitoring and measurement of retinal
thickness, commencing (by convention) at the temporal
quadrant in a clockwise direction, referred to as the “temporal-
superior-nasal-inferior-temporal” (TSNIT) retinal layers (Fig.

).

Fig. 1. Circumpapilary OCT scan in a clockwise direction with a
cross-sectional single Spectralis OCT B-scan of TSNIT retinal profile
from 3.5 circle diameter of ONH.

OCT technologies such as SD-OCT imaging systems
including the Cirrus HD-OCT (Carl Zeiss Meditec, Dublin, CA)
and the Spectralis (Heidelberg Engineering, Heidelberg,
Germany) have built-in programs to perform automated
segmentation of retinal layers which can segment inner and
outer retinal boundaries [2]. From the retinal layer boundary
segmentation, the retinal nerve fibre layer (RNFL) thickness can
be measured: this is one of the main OCT structural features
used in glaucoma diagnosis and monitoring. Moreover, the



ganglion cell layer-inner plexiform layer (GCL-IPL) also
measured by OCT platforms and emerging evidence suggests a
strong relationship between thinning of the GCL-IPL and visual
loss in glaucomatous optic neuropathy [3]. However, the
presence of different artifacts such as blink artifacts [4, 5],
motion artifacts [4, 6] and speckle noise [7-9], affect the quality
of OCT scans and can lead to inaccurate quantification/image
analysis, including segmentation errors and incorrect retinal
thickness measurements. Vitreous disorders, including
prominent vitreoretinal interface opacity or posterior vitreous
detachment (PVD) in OCT scans [10, 11] can lead to automated
segmentation errors [11, 12], and incorrect tissue thickness
estimation [13]. For instance, segmentation errors of the RNFL
thickness can lead to over/underestimation, resulting in
misdiagnosis or improper glaucoma management [ 14].

An example of prominent vitreoretinal interface opacity,
causing errors in segmentation of the RNFL thickness in
Spectralis OCT and Cirrus OCT is demonstrated in Fig. 2 (a)
and (b) [10] respectively. The segmentation algorithm of the
OCT instrument aims to segment the internal limiting membrane
(ILM), which represents the inner boundary of the RNFL.
Sometimes, a similarly dense posterior vitreous cortex is
incorrectly segmented as the ILM, causing an incorrect RNFL
measurement.

(2)
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Fig. 2. Vitreoretinal interface opacity artifacts in OCT B-scans (a)
Segmentation error of the RNFL is seen on the B-scan of Spectralis
OCT (white arrow), which causes an increase in the RNFL thickness
(b) Patient’s left eye shows a significant thickening of RNFL thickness
in Cirrus OCT due to errors in segmenting the ILM due to prominent
vitreous opacity (white arrow) at 1-month interval visit [10].

Several studies have explored OCT segmentation
localisation and image classification using deep learning
techniques; however, artifact recognition and removal in OCT
has been largely overlooked. The authors in [15] developed a
deep learning algorithm to remove Gaussian noise from OCT B-
scans to obtain high-quality B-scans. Overall, the image quality
metrics studied were improved in the reconstructed images, but
the model was unable to train from the original machine-
generated speckle noise. The model has limitations in denoising
poor-quality OCT scans in over-smoothening tissue textures in
the denoised B-scans. Very few studies have been done on
automated removal of projection artifacts [16-18] and the
correction of motion artifacts in OCT [19-23] for both axial and
transverse motion. To the best of our knowledge, no study exists
of vitreous opacity artifact removal from OCT images. Accurate
diagnosis based upon automated analysis of OCT images
requires accurate summary statistics: therefore, separation of
artifacts and noise from actual data is crucial. Consequently,
automated artifact removal using deep learning techniques could
be an effective and rapid solution to diagnostic inaccuracy which
obviates manual segmentation. In this study, we proposed an
adopted U-Net architecture to remove the vitreoretinal interface
opacity artifacts and associated speckle noise from OCT B-
scans.

II. DATA AND METHODS

A. Data

The raw ONH circumpapillary (cp) TSNIT Spectralis OCT
B-scans (Heidelberg Engineering, Germany) from the de-
identified data of 157 patients, including 50 glaucoma and 107
normal patients from the Centre for Eye Health (CFEH), UNSW
Sydney were used for artifact removal and image denoising. The
study was approved by the relevant Institutional Ethics
Committee. For artifact removal, we used raw OCT scans (with
vitreous opacity and speckle noise) and their corresponding
ground truth scans. We used 100 images in each category of
input and corresponding ground truth labelling. The unseen 57
raw images were used as test images to obtain artifact and noise-
free OCT B-scans.

B. Pre-processing

The TSNIT B-scan was cropped from the original machine’s
cpRNFL scans and resized to 256x256 pixels. The low contrast
image’s brightness and contrast have been adjusted. Finally, a
sharpness filter has been applied to all images to ensure that the
retinal contours and local details could be restored in the
reconstructed images if any blurry effect degraded the image
quality. To prepare the ground truth images, we manually
removed the vitreous opacity artifacts and speckle noise (top
part of the retinal layers only) using the polygon selection and
cut tools of the commercially available software, Fiji: ImageJ
(https://fiji.sc/).

C. Artifacts removal using U-Net

In this study, we adopted the U-Net architecture in Fig. 3,
with U-Net version 1 in [24] and the original U-Net [25]. The
U-Net consists of a contracting or convolution part (left side)
and an expansive or deconvolution with concatenating part
(right side). The contracting part is a simple CNN to extract
more advanced features from the images and reduces the size of
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Fig. 3. U-Net architecture for vitreoretinal interface opacity artifacts with speckle noise removal from OCT B-scans.

the feature maps at the end. It started with two repeated 3x3
convolution layers with the same padding, each followed by a
Leaky ReLU (LReLU) activation function, a modified rectified
linear unit (ReLU) and a 2x2 max-pooling layer with stride 2 for
downsampling. We increased the number of convolution filters
in multiples of 2 of the previous layers and added a pooling
layer. This resulted in an increasing number of feature maps and
an increase in the number of abstraction levels by reducing the
number of features. The contracting part has four such blocks.
The expansive part commenced with a deconvolution layer to
upsize the image to its original input size. It consists of an up-
sampling 2x2 matrix and a concatenate layer. The output of the
deconvolution layer is concatenated with the same kernel size
convolution layer output of the contracting part, to combine the
features from the previous layers to obtain a more precise
reconstruction. Every deconvolution was followed by two
convolutions plus LReLU layers. At the final layer, a
convolution layer with kernel size one and a ‘sigmoid’ activation
function was used with LReLU function to have the same size
output reconstructed image of input. In total, the network has 19
convolutional layers, and for every LReLU, the alpha value was
0.3.

The U-Net is popular for medical image segmentation
because its training strategy relies on the strong use of data
augmentation and requires a low number of annotated sample
images [25]. For data augmentation, we have used the
ImageDataGenerator class from the Keras library with five
arguments:  rotation range=0.2,  width_shift range=0.05,
zoom_range=0.05, horizontal flip, and fill mode='nearest' to
increase the training data size with input and their corresponding
mask images. Finally, the model generated a total of 4,044
images with 256x256-pixel size for training samples with batch
size 2. To improve the image quality and reduce the training
loss, the number of steps per epoch was monitored. We used the
‘Adam’ optimiser with a learning rate of 1x10** and pixel-wise
Mean Square Error (MSE) loss function as shown in Equation

1, which calculates the average of the squared differences
between the ground truth (x; ;) and reconstructed (y; ;) images.

Nil Z;y=1 (xi,j_yi,j)2 (1)

To evaluate the quality of the reconstructed images, we used
three metrics: 1. mean absolute error (MAE), the average over
the images of the absolute differences between ground truth and
reconstructed images (see Equation 2). 2. Peak Signal-to-Noise
Ratio (PSNR) and 3. Structural Similarity (SSIM) index. The
PSNR (Equation 3) computes the peak signal-to-noise ratio, in
decibels, between the ground truth and reconstructed image.

1
MSE loss (xi, yi,;) = 3~

1 2
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In our cases, maximum image intensity (MAX;) = 255. A
higher PSNR (dB) suggests a high quality of the reconstructed
image [26]. SSIM is a perceptual metric that quantifies image
quality degradation from the three aspects of brightness, contrast
and structure, respectively [27]. The general formula of the
SSIM index is expressed as

SSIM(x,y) = [10x, )1 [e (%, 0)F1. [r (%, )7 | “4)

Where /(x,y) index is the luminance differences, c(x,y) is
contrast differences, and r(x,y) is structure variations between x
and y; a, B, and y are parameters that define the relative
importance of each factor. SSIM ranges from 0 (dissimilar) to 1
(indistinguishable). Moreover, the signal to noise ratio (SNR)
has been calculated using Equation 5 and compared with raw
test images (z) to assess the reduction of speckle noise in the
reconstructed (Z) images. The

SNR(Z,ZA) = 10 loglo
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Later, the performance of the U-Net model is evaluated and
compared with the four image denoising neural network models:
WINS5-RB [28], Autoencoder [29], DnCNN [30], and Dense-
UNet [31] based on image quality metrics and visual
assessment. The models were implemented using Python 3.7.9
on NVIDIA GeForce 940MX, and all hyperparameters were
kept the same as mentioned in the study.

II1.

We obtained the best output results when the U-Net model
completed 1000 training iterations in one epoch with the batch
size 2. The U-Net model was able to remove the artifacts from
all of the OCT B-scans successfully, and it was also able to
remove the speckle noise with artifacts from the OCT B-scans.
The high values of average PSNR (29.79) and SSIM (0.90) of
our proposed U-Net in Table 1 indicated the model effectively
reconstructed the images and all the metrics have been improved
compared to the state-of-the- art models. We have also evaluated
and compared the metrics PSNR, SSIM and SNR for the
reconstructed images in speckle denoising in Table 2. For
speckle denoising the SNR 1.6 folds improved with high PSNR
(30.59) and SSIM (0.91), comparatively better than other
models.

RESULTS AND DISCUSSION

TABLE 1: AVERAGE (AVG) PSNR, SSIM, MAE AND MSE
CALCULATED FOR THE RECONSTRUCTED IMAGES IN
VITREOUS OPACITY ARTIFACT REMOVAL

Method PSNR (avg) SSIM (avg) MAE MSE
WINS5-RB [28] 22.70 0.56 0.25 0.14
Autoencoder [29] 24.82 0.61 0.07 0.009
DnCNN [30] 26.54 0.58 0.04 0.005
Dense-UNet [31] 29.20 0.77 0.02 0.2
Proposed U-Net 29.79 0.90 0.03 0.005

i

(c) Corresponding reconstructed images

TABLE 2: (AVG) PSNR, SSIM AND SNR CALCULATED FOR THE
RECONSTRUCTED IMAGES IN SPECKLE DENOISING

Method PSNR (avg) SSIM (avg) SNR increase
(folds)
WIN5-RB [28] 22.31 0.56 14
Autoencoder [29] 23.77 0.65 1.6
DnCNN [30] 27.25 0.62 1.5
Dense-UNet [31] 22.31 0.56 1.4
Proposed U-Net 30.59 0.91 1.6

L Wl .H“m |H ,I

Fig. 4. (a) The input raw OCT B-scans, (b) corresponding ground truth and (c) reconstructed images from proposed U-Net model
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Fig. 5. The speckle noise images and corresponding reconstructed test images from proposed U-Net. The white arrow indicates the
disappearance/reduction of speckle noise from reconstructed images
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Fig. 6. Visual evaluation of artifact removal and speckle denoising on unseen test images

The visual assessment of Fig. 5 demonstrates that speckle
noise is completely removed from the background but not the
body, as we did not apply any denoising filter to reduce the noise
from the whole body of the ground truth images. But, on
average, we observed a 1.6-folds increase in SNR on 26 tested
images of speckle denoising. The U-Net model also exhibits
promising results for removing artifacts with speckle noise from
57 unseen test images. The two reconstructed test images are
shown in Fig. 5. The MAE 0.03 and MSE 0.005 in Table 1,
which also indicates that our U-Net model successfully
reconstructed all the images having lower pixel-value difference
with ground truth images. In Fig. 6, one original test image and
its corresponding reconstructed image obtained from our
proposed U-Net model and the other four models have been
illustrated. The quality of the reconstructed images obtained
from others model has slightly degraded (white mask in
Autoencoder, low contrast in DnCNN, WIN5-RB and Dense-
UNet), while our proposed model exhibited the best quality
image.

However, Dense-UNet (PSNR: 29.20, SSIM: 0.77, MAE:
0.02 and MSE: 0.2) and our proposed U-Net (PSNR: 29.79,
SSIM: 0.90, MAE: 0.03 and MSE: 0.005) performed equally
well for artifact removal, but the U-Net model performed better
on the removing artifacts from the retinal boundaries and the
average SSIM (0.90) is higher than Dense-UNet SSIM (0.77).
In speckle denoising, Autoencoder and DnCNN model
performed well, but Autoencoder create white mask on the
retinal profile and DnCNN failed to preserve the actual contrast
of the image, which is crucial to accurately segment and measure
the thickness of the retinal layer. Having observed all the quality
metrics and visual assessment, the proposed U-Net model is
promising for both artifacts removal and speckle denoising.

In this study, we did not add any artificial noise or artifacts
to the images, and we suggest our model could be employed in
the OCT systems themselves for automated vitreous opacity
artifact removal and speckle denoising. The image annotation
was performed manually for only 100 images and increased the



data size (4,044) with image augmentation to minimise the error
during the manual artifact removal. We would like to add that
the quality of the reconstructed images (contrast, sharpness,
blur) depends on the pre-processing, as mentioned above.
Secondly, we removed the artifacts and speckle noise from the
top black background only; thus, our model removed the
artifacts completely but was unable to remove the speckle noise
from the body completely. In the future, we will attempt to
remove all the noise/artifacts from whole images so that the
overall image quality can be improved.

IV. CONCLUSION

In conclusion, we successfully removed vitreous opacity
artifacts using the proposed U-Net model from Heidelberg
Spectralis single OCT B-scans. Our U-Net model can take
multiple artifacts-noisy OCT images and generate denoised
artifacts and noise-free images in a few seconds, preserving
image contours and avoiding blurriness. The model we
developed has potential use in automated artifact removal with
speckle noise and facilitates precise retinal layer segmentation.
This U-Net model could also be used to remove vitreous opacity
artifacts, and speckle noise from OCT scans obtained from
different machines and different areas of the retina. Finally, we
believe that our proposed U-Net model could be merged with an
existing segmentation algorithm for accurate segmentation and
may ultimately improve image interpretation for glaucoma and
other retinal diseases.

ACKNOWLEDGMENTS

We would like to thank the clinicians at the CFEH, UNSW,
Sydney for their clinical input and in assisting data collection.
Clinical services at the CFEH are funded by Guide Dogs
NSW/ACT. Guide Dogs NSW/ACT had no role in study design,
data collection and analysis, decision to publish, or preparation
of the manuscript. We would also like to thank Sirichai
Sasataradol, assistant researcher at Chulabhorn Satellite
Receiving Station in Kasetsart University, Thailand, for his
valuable suggestions in regard to the image denoising method.

REFERENCES

[ B. M. Davis, L. Crawley, M. Pahlitzsch, F. Javaid, and M. F.
Cordeiro, "Glaucoma: the retina and beyond," (in eng), Acta
Neuropathol, vol. 132, no. 6, pp. 807-826, 2016,

[2] A. Aojula et al., "Segmentation error in spectral domain optical
coherence tomography measures of the retinal nerve fibre layer
thickness in idiopathic intracranial hypertension," BMC
Ophthalmology, vol. 17, no. 1, p. 257, 2018/01/04 2018

[3] A. Baghaie, Z. Yu, and R. M. D'Souza, "State-of-the-art in retinal
optical coherence tomography image analysis," (in eng), Quant
Imaging Med Surg, vol. 5, no. 4, pp. 603-17, Aug 2015.

[4] J. S. Hardin, G. Taibbi, S. C. Nelson, D. Chao, and G. Vizzeri,
"Factors Affecting Cirrus-HD OCT Optic Disc Scan Quality: A
Review with Case Examples," (in eng), J Ophthalmol, vol. 2015, p.
746150, 2015

[5] K. Mansouri, F. A. Medeiros, A. J. Tatham, N. Marchase, and R. N.
Weinreb, "Evaluation of retinal and choroidal thickness by swept-
source optical coherence tomography: repeatability and assessment
of artifacts," (in eng), Am J Ophthalmol, vol. 157, no. 5, pp. 1022-
32, May 2014

[6] S. Asrani, L. Essaid, B. D. Alder, and C. Santiago-Turla, "Artifacts
in spectral-domain optical coherence tomography measurements in
glaucoma," (in eng), JAMA Ophthalmol, vol. 132, no. 4, pp. 396-
402, Apr 1 2014.

(71

(8]

[
[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21

[22]

(23]

[24]

(23]

M. Bashkansky and J. Reintjes, "Statistics and reduction of speckle
in optical coherence tomography," Opt. Lett., vol. 25, no. 8, pp.
545-547,2000/04/15 2000.

Y. Du, G. Liu, G. Feng, and Z. Chen, "Speckle reduction in optical
coherence tomography images based on wave atoms," (in eng), J
Biomed Opt, vol. 19, no. 5, p. 056009, May 2014.

J. Schmitt, S. Xiang, and K. Yung, "Speckle in optical coherence
tomography," Journal of Biomedical Optics, vol. 4, no. 1, 1999.

J. J. Chen and R. H. Kardon, "Avoiding Clinical Misinterpretation
and Artifacts of Optical Coherence Tomography Analysis of the
Optic Nerve, Retinal Nerve Fiber Layer, and Ganglion Cell Layer,'
(in eng), J Neuroophthalmol, vol. 36, no. 4, pp. 417-438, Dec 2016.
Y. C. Kim, M. Harasawa, F. S. Siringo, and H. Quiroz-Mercado,
"Assessment of posterior vitreous detachment on enhanced high
density line optical coherence tomography," (in eng), Int J
Ophthalmol, vol. 10, no. 1, pp. 165-167,2017.

Y. Liu et al., "Patient characteristics associated with artifacts in
Spectralis optical coherence tomography imaging of the retinal
nerve fiber layer in glaucoma," (in eng), Am J Ophthalmol, vol.
159, no. 3, pp. 565-76.e2, Mar 2015.

M. Balasubramanian, C. Bowd, G. Vizzeri, R. N. Weinreb, and L.
M. Zangwill, "Effect of image quality on tissue thickness
measurements obtained with spectral domain-optical coherence
tomography," (in eng), Opt Express, vol. 17, no. 5, pp. 4019-4036,
2009.

S. L. Mansberger, S. A. Menda, B. A. Fortune, S. K. Gardiner, and
S. Demirel, "Automated Segmentation Errors When Using Optical
Coherence Tomography to Measure Retinal Nerve Fiber Layer
Thickness in Glaucoma," (in eng), Am J Ophthalmol, vol. 174, pp.
1-8, Feb 2017.

S. K. Devalla et al., "A Deep Learning Approach to Denoise
Optical Coherence Tomography Images of the Optic Nerve Head,"
Scientific Reports, vol. 9, no. 1, p. 14454, 2019/10/08 2019.

S. Mei, Z. Mao, Z. Wang, and K. Chan, "Deep-learning-based
Projection Artifact Removal in Optical Coherence Tomography
Angiography Volumes," Investigative Ophthalmology & Visual
Science, vol. 61, no. 7, pp. 4577-4577, 2020.

A. Zhang, Q. Zhang, and R. K. Wang, "Minimizing projection
artifacts for accurate presentation of choroidal neovascularization in
OCT micro-angiography," (in eng), Biomed Opt Express, vol. 6, no.
10, pp. 4130-4143, 2015.

Q. Zhang et al., "Projection artifact removal improves visualization
and quantitation of macular neovascularization imaged by optical
coherence tomography angiography," (in eng), Ophthalmol Retina,
vol. 1, no. 2, pp. 124-136, Mar-Apr 2017.

B. Antony et al., "Automated 3-D method for the correction of axial
artifacts in spectral-domain optical coherence tomography images,"
(in eng), Biomed Opt Express, vol. 2, no. 8, pp. 2403-16, Aug 1
2011.

B. Braaf et al., "Real-time eye motion correction in phase-resolved
OCT angiography with tracking SLO," (in eng), Biomed Opt
Express, vol. 4, no. 1, pp. 51-65, 2013.

M. F. Kraus ef al., "Quantitative 3D-OCT motion correction with
tilt and illumination correction, robust similarity measure and
regularization," Biomed Opt Express, vol. 5, no. 8, pp. 2591-2613,
2014/08/01 2014.

M. F. Kraus et al., "Motion correction in optical coherence
tomography volumes on a per A-scan basis using orthogonal scan
patterns,” (in eng), Biomed Opt Express, vol. 3, no. 6, pp. 1182-99,
Jun 12012.

S. Ricco, M. Chen, H. Ishikawa, G. Wollstein, and J. Schuman,
"Correcting motion artifacts in retinal spectral domain optical
coherence tomography via image registration," (in eng), Med Image
Comput Comput Assist Interv, vol. 12, no. Pt 1, pp. 100-7, 2009.
Unet-Image-Denoise. (2018). GitHub, Inc. [Online]. Available:
https://github.com/ijackyang/Unet-Image-
Denoise/blob/master/UNET_Denoise.py

O. Ronneberger, P. Fischer, and T. Brox, "U-Net: Convolutional
Networks for Biomedical Image Segmentation," in Medical Image
Computing and Computer-Assisted Intervention — MICCAI 2015,
Cham, N. Navab, J. Hornegger, W. M. Wells, and A. F. Frangi,
Eds., 2015// 2015: Springer International Publishing, pp. 234-241.

"



(28]
[29]

[30]

[31]

T. MathWorks, "PSNR," ed.

Z. Wang, A. Bovik, H. Sheikh, and E. Simoncelli, "Image Quality
Assessment: From Error Visibility to Structural Similarity," Image
Processing, IEEE Transactions on, vol. 13, pp. 600-612, 05/01 2004.
L. Peng and F. Ruogu, "Wide Inference Network for Image
Denoising," arXiv preprint arXiv:1707.09135, 2017.
ImageDenoisingAutoencdoer. (2019). GitHub, Inc. [Online].
Available: https://github.com/nsarang/ImageDenoisingAutoencdoer
K. Zhang, W. Zuo, Y. Chen, D. Meng and L. Zhang, "Beyond a
Gaussian Denoiser: Residual Learning of Deep CNN for Image
Denoising," in /IEEE Transactions on Image Processing, vol. 26,

no. 7, pp. 3142-3155, July 2017.

S. Cai, Y. Tian, H. Lui, H. Zeng, Y. Wu and G. Chen, "Dense-UNet:
anovel multiphoton in vivo cellular image segmentation model based
on a convolutional neural network," (in eng), Quantitative imaging
in medicine and surgery, vol. 10, no. 6 pp: 1275-1285, 2020.



	20xx IEEE
	fe718b32-a2ea-4272-877c-250e829c707a


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.7
  /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 true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


