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Bladder cancer is the most common tumor of the urinary tract. On average, about 550,000 cases of bladder
cancer are diagnosed each year, and except for skin tumors, bladder cancer is the ninth most common malignancy
in both sexes [1]. Early detection of bladder cancer can increase the chance of survival among patients, but new
technologies could be time-consuming and expensive. For this reason, image processing techniques integrated
with Artificial Intelligence (AI) tools are widely used in different medical fields and achieve high accuracy [2].

Since dimensions of AI input data tend to be large, it is essential to extract the features that contain the
most discriminatory information in order to achieve robust regression and classification. Furthermore, extracted
features should also reflect the global properties of the input data. This way a small number of features that
represents the original data uniquely is selected. Such a preprocessing approach will reduce the computational
complexity of the AI algorithms which will result in shorter training time. In order to achieve the robustness of
a system, it is important that two main conditions are satisfied. Preprocessing methods must be able to extract
global properties of the data and filter out the variations such as rotation and scaling. Data-preprocessing
techniques used in this research for feature extraction are: Scale-invariant feature transform (SIFT) and Speeded
up robust features (SURF). Scale-Invariant Feature Transform (SIFT) algorithm is used to perform computer
vision tasks, i.e. to find and describe features of an image. The algorithm is quite robust as it shows good results
despite the change of rotation, scaling, partly to variations in illumination and repositioning of the camera.
The algorithm can be divided into four basic phases: Scale-space Extrema Detection, Keypoint Localization,
Orientation Assignment and Keypoint Descriptor [3]. In the first phase, the points of interest are detected.
After discovering keypoints the goal is to identify locations and scales that can be assigned with different views
of the same object. Using a continuous scale function known as scale space, locations that are invariant to
resizing an image can be found by seeking stable features across all possible scales. Each point of interest i.e.
feature must be assigned a descriptive vector (descriptor), where descriptor indicates the environment of that
feature. In order to determine the descriptive vector, it is necessary to calculate the amplitude and angle of
the gradient for each element within the environment of the observed point of interest. The descriptor contains
4x4x8 data for each feature where higher values of the gradient amplitude are renormalized to unit values, and a
128D descriptive vector is obtained. Speeded Up Robust Features (SURF) is a faster version of SIFT algorithm.
It uses a simple approximation of the Hessian matrix and integral image to achieve a faster calculation time.
Two main stages are used to generate a feature set: Feature Extraction and Feature Description [3]. The first
step is to convert the image frame into integral image. The integral image allows a relatively fast calculation
of the convolution of a square type filter. In the second step, the Hessian matrix is created. SURF algorithm
uses the Hessian matrix for good performance in terms of computation time and accuracy. If this matrix is
used, irregular (hump-shaped) structures are detected in areas where the determinant is maximal. The third
step is to normalize the determinant responses on the scale. The largest determinant response is received using
a higher scale because more pixels can pass into the kernel. In the fourth step, the non-maximal suppression
is calculated. It is based on finding the maximum determinant value within 26 nearest neighbours. In the last
step, the response of Haar wavelets is used for the calculation of descriptor. SIFT and SURF are used for feature
extraction while Multilayer Perceptron (MLP) is used as classification technique for bladder cancer classification.
MLP consists of interconnected nodes, i.e. neurons connected to network in a way that the output from an
individual neuron represents the input to one or more adjacent neurons. MLP utilizes activation functions at
each of the calculated layers, some of them are Hyperbolic Tangent (Tanh), Rectified Linear Unit (ReLU),
Linear and Sigmoid. From all AI algorithms, MLP proved to be very efficient when comes to classification or
regression problems.

Dataset used in this research is obtained from Clinical Hospital Center in Rijeka and consists of 1316 image
dataset, where the training set consists of 1200 images (500 images of healthy tissue and 700 images of carcinoma)
while the testing set consists of 116 images (72 images of healthy tissue and 44 images of carcinoma).



The first step is to extract features using the Scale-invariant feature transform and Speeded up robust
features algorithm. To determine correspondence points, features are extracted from a set of reference images
and stored in a dataset. Each feature of the new image is individually compared to the data in the dataset
and the base image is sought. Using the descriptors obtained by the SIFT and SURF algorithm, MLP for
bladder cancer classification is trained and tested. MLP architecture consists of three hidden fully-connected
layers. First layer contains 32 hidden neurons, the second contains 16 while the third layer contains 8 hidden
neurons. Furthermore, ReLU is utilized in all of the aforementioned layers as activation function along with
Softmax activation function in the output layer. The best results are achieved if Adam is used as optimization
algorithm, while accuracy (ACC) is used as a performance measure in this research. The highest ACC value of
99.92% is achieved with integration of SIFT algorithm and MLP (96x128 descriptor size) while with integration
of SURF algorithm and MLP (48x64 descriptor size) maximum ACC value of 97.41% is achieved.

When comparing a computational time required to extract features, the SURF algorithm is twice as fast as
SIFT. But, in the case of feature matching on original and augmented (randomly cropped and rotated) image
SIFT algorithm proved to be better, which is understandable because results showed that more keypoints are
extracted using SIFT algorithm.
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