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ABSTRACT

Diabetic Macular Edema (DME) is defined as the
accumulation of extracellular fluids in the macular
region of the eye, caused by Diabetic Retinopathy (DR)
that will lead to irreversible vision loss if left untreated.
This paper presents the use of a pre-trained
Convolutional Neural Network (CNN) based model for
the classification of Spectral Domain Optical Coherence
Tomography (SD- OCT) images of Diabetic Macular
Edema (DME) with feature reduction using Principal
Component Analysis (PCA) and Bag of Words (BoW).
The model is trained using SD-OCT dataset retrieved
from the Singapore Eye Research Institute (SERI) and
is evaluated using an 8-fold cross validation at the slide
level and two patient leave out at the volume level. For
the volume level, an accuracy of 96.88% is obtained for
data that was preprocessed.

Index Terms— CNNs, Dimension reduction, SD-
OCT, Diabetic Macular Edema

1. INTRODUCTION

The Macula of the eye is the part of the retina
that controls our most detailed vision. Diabetic Macular
Edema (DME) is defined as an abnormal collection of
extracellular fluid that increases the retinal thickness due
to leakage of blood vessels in the retina caused by
the Diabetic Retinopathy (DR) — a disease that damages
the blood vessels in the retina [1]. It is a leading
cause of irreversible blindness among diabetic patients,
especially Type II diabetes if DME is left untreated, A
report from the Obesity Prevention Council president,
Jong Koi Chong states that in 2006, 8.6% of the
working- Malaysians had diabetes mellitus and within
5 years, it increased to 15.2% and the number is still
expected to rise. In 2013, Malaysia has become the
country in Asia having the highest number of diabetic
patients with a total of 3.6 million [2].

Fundus photography has been the most common
tool for assessing the retina or macula; indeed, fundus
images can easily reveal micro-aneurisms [3], exudates
[4] that are the most common signs among patients
suffering from

DR. On the other hand, DME signs are harder to
visualize through a 2D projection of the retina, as the
swelling is set to diminish with the perspective effect
and ophthalmologists prefer to use Spectral Domain
Optical Coherence Tomography (SD-OCT) [5]. SD-
OCT is able to probe through the retina depth and can
image the retinal layers at a higher resolution and thus
providing better quality imaging for diagnosis [6].
While the imaging part is still improving, the
Computer Aided Diagnosis community started to
embrace deep learning architectures  especially
Convolutional Neural Networks (CNNs) [7, 8].
Recently, Burlina et al. [9] used transfer learning to
classify  patients  with  Age-related  Macular
Degeneration (AMD) while Karri et al. [10] use
GoogLeNet on both DME and AMD SD-OCT data.
In the first case, the features extracted with Overfeat
[11] fed to a linear SVM led to an accuracy between
92% and 95% whilst for the second case, the authors
obtained an accuracy of 96% with a linear SVM
classifier. Both datasets undergo image preprocessing:
Burlina et al. — cropping and segmentation; Karri et al.
— BM3D filtering, retinal flattening cropping and
image pyramid construction.

Prior to recent deep architectures, a review was
conducted to compare state of the art research methods
on classifying DME and normal patients using SD-
OCT volumes [12]. The survey reviewed six recent
papers: Venhuizen et al. [13], Srinivasan et al. [14],
Lemaitre et al. [15], Alsaih et al. [16], Liu et al. [17]
and Sankar et al. [18]. It is highlighted that all
researchers except Srinivasan et al. use PCA for feature
reduction while Veinhuizen et al., Lemaitre et al. and
Liu et al. use BoW to reduce the number of
dimensions. All approaches go through pre-
processing, feature extraction, mapping, feature
reduction and finally classification. The research with
the highest sensitivity (Lemaitre et al. [15]) of 87.5%
undergoes image denoising using Non Local Means
(NLM), extracts Texton features, PCA and BoW
feature reduction and finally classifies using Random
Forests (RF). The approach with the highest
specificity (Liu et al. [17]) of 93.8% undergoes image
flattening and alignment, extracting the edges uses
Local Binary Patterns



(LBP) for computation, PCA and BoW for feature
space reduction and finally an SVM as the classifier.

More recently, on the same dataset, Chan et al. [19]
introduced deep learning through transfer learning using
the AlexNet model [20], evaluated within slice level
and achieved a very high accuracy of 96%. On the other
hand, Awais et al. [21] use VGGNet to classify the
SD-OCT images within volume level using the same
dataset and has achieved 87% accuracy. Extending the
previous work [19], this paper further investigates the
effect of deep features associated with feature reduction
using Principal Component Analysis (PCA) and Bag of
Words (BoW) on image classification performance.

The remainder of this paper is organized as follows:
In Section II we present the methodology of the
proposed algorithm. Section III shows the results and
discusses the results. The paper is concluded in section
Iv.

2. METHODOLGY

The proposed system consists of two preprocessing
steps detailed in [19]: noise removal with BM3D (Fig.
1) and image size reduction via cropping (after having
detected the retina layers, see Fig 2), feature extraction,
feature space reduction and classification.

N
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Fig 1. BM3D Filtering, (a) noisy images, (b) BM3D
Filtered

(@) (b)
Fig 2. BM3D Filtering, (a) BM3D Filtered, (b) Cropped
image once retinal layers are detected

2.1. Features extraction

The data set used is from the Singapore Eye Research
Institute (SERI) [15]. It consists of 32 SD-OCT volumes
including 16 normal and 16 DME volumes with
128x1024x512. The images are resized to 227x227x3
before being presented to AlexNet for feature extraction.
The architecture of AlexNet [20], consists of five
convolutional layers and three fully connected layers
(FC). The Features are extracted at the three last FCN
layers (FC6, FC7 and FC8).

Fig. 3 Illustration of the AlexNet Architecture using a CNN along
with the filter bans value at each layer. Adapted from “ImageNet
Classification with Deep Convolutional Neural Networks” by
Krizhevsky A.etal. (2012) [20].

2.2. Feature space reduction

For feature space reduction PCA [22] and BoW
are investigated [23]. For PCA, 60 to 110
eigenvalues, representing 85 to 99% of the signal
energy, depending on the feature vector size FC6
(4096), FC7 (4096) or FC8 (1000) were tested while
varying the preprocessing (denoising or not, cropping
or not). The dictionary size was also changed from 60
to 110 for the BoW.

2.3. Training and testing

Two strategies were investigated. In both cases a
linear SVM was used as the classifier. For the
classification of SD-OCT images, an 8-fold cross-
validation was used. For volume classification, the
leave two out strategy was used; i.e. out of 32 volumes,
30 volumes are used in training while the remaining
2 volumes (one DME one normal) are used in testing;
the final score being taken as a majority vote.

3. RESULTS

Nearly 500 experiments were run with varying
parameters. The table below only reports some of the
best performing approaches. Overall, PCA associated
with deep features shows very good performance with
sensitivity of 93.75% specificity of 100.00% and
accuracy of 96.8% at the volume level for the best
performance. These results outperform the previously
published results on the same dataset by Awais et al.
[21] which reported an accuracy of 87% but with a
lower sensitivity (between 75% and 87% depending
on the configuration) and comfort the fact that
preprocessing and data reduction are useful in the case
of noisy images and a sparse feature space. At the
image level, the highest performance is with a
sensitivity of 84.03%, a specificity of 89.26% and an
accuracy of 86.65% which is slightly lower than
previous reported results [19] where the authors used
a linear SVM in a high dimensional feature space with
few data points filling the space and subject to a
questioning about generalization. Overall, BoWs
showed poor performance and a maximum accuracy
of only 81.25% at the volume level for non-processed
images while at the same time, the classification at the
image level was very poor, highlighting the fact that
some randomness still exists after the BoW.



Table 1: summary of the best results obtained for PCA data reduction

l.’re-processing Fully Feature | Energy : Evaluation (%)
Noise Image Connected Size (%) Slice Volume
Removal Cropping Layer SE SP | ACC | SE SP ACC
60 91.31 | 69.34 | 81.01 | 75.17 | 87.50 | 100.00 | 93.75
FC6 70 92.32 | 70.07 | 81.54 | 75.81 | 87.50 | 100.00 | 93.75
80 93.13 | 69.92 | 80.96 | 75.44 | 87.50 | 93.75 | 90.63
No No 90 96.56 | 68.36 | 80.03 | 74.19 | 87.50 | 100.00 | 93.75
FC7 100 96.94 | 69.58 | 80.66 | 75.12 | 87.50 | 100.00 | 93.75
110 97.25 | 70.46 | 81.74 | 76.10 | 81.25 | 100.00 | 92.71
FC8 100 99.20 | 70.95 | 78.56 | 74.76 | 81.25 | 93.75 | 87.50
110 99.31 | 69.19 | 78.22 | 73.71 | 81.25 | 93.75 | 87.50
90 92.24 | 72.71 | 86.08 | 79.39 | 81.25 | 100.00 | 90.63
FC6 100 92.90 | 70.75 | 85.55 | 78.15 | 81.25 | 100.00 | 90.63
110 93.46 | 71.88 | 84.33 | 78.10 | 81.25 | 100.00 | 90.63
Yes No FCT 60 94.78 | 67.14 | 82.42 | 74.78 | 81.25 | 100.00 | 90.63
70 95.48 | 69.92 | 86.04 | 77.98 | 81.25 | 100.00 | 90.63
o8 100 98.97 | 72.56 | 85.94 | 79.25 | 87.50 | 100.00 | 93.75
110 99.10 | 70.80 | 85.89 | 78.34 | 81.25 | 100.00 | 90.63
100 92.53 | 67.14 | 71.19 | 69.17 | 75.00 | 87.50 | 81.25
FC6
110 93.13 | 68.31 | 71.44 | 69.87 | 75.00 | 87.50 | 81.25
No Yes 60 93.68 | 70.90 | 76.51 | 73.71 | 75.00 | 87.50 | 81.25
FC7 70 94.59 | 67.77 | 75.73 | 71.75 | 75.00 | 87.50 | 81.25
110 99.24 | 66.94 | 73.44 | 70.19 | 81.25 | 87.50 | 84.38
60 85.81 | 84.03 | 89.26 | 86.65 | 93.75 | 100.00 | 96.88
FCo6
70 87.29 | 79.88 | 87.26 | 83.57 | 93.75 | 100.00 | 96.88
60 9227 | 80.57 | 87.11 | 83.84 | 93.75 | 100.00 | 96.88
Yes Yes e 70 93.34 | 80.13 | 86.57 | 83.35 | 93.75 | 100.00 | 96.88
60 97.09 | 79.8 | 89.26 | 84.55 | 93.75 | 100.00 | 96.88
FC8 70 97.63 | 78.47 | 87.55 | 83.01 | 93.75 | 100.00 | 96.88
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