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Abstract  

 

Bladder cancer is one of the most common malignancies of the urinary tract. It is characterized by 

high metastatic potential and a high recurrence rate, which significantly complicates diagnosis and 

treatment. In order to increase the accuracy of the diagnostic procedure, algorithms based on 

artificial intelligence are introduced. This paper presents the principle of selection of convolutional 

neural network (CNN) models based on a multi-objective approach that maximizes classification 

and generalization performance. Model selection is performed on two standard CNN architectures, 

AlexNet and VGG-16. Classification performances are measured by using ROC analysis and the 

resulting AUC value. On the other hand, generalization performances are evaluated by using a 5-

fold cross-validation procedure. By using these two metrics, a multi-objective fitness function, used 

in meta-heuristic algorithms, is designed. The multi-objective search was performed using a 

Genetic algorithm (GA) and a Discrete Particle Swarm (D-PS) algorithm.  From obtained results, 

it can be noticed that such an approach has resulted in CNN models that are defined with high 

classification and generalization performances. When a GA-based approach is used, fitness values 

up to 0.97 are achieved. On the other hand, by using the D-PS approach, fitness values up to 0.99 

are achieved pointing towards the conclusion that such an approach has provided models with 

higher classification and generalization performances. 
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1. Introduction  

 

Bladder cancer is one of the most common malignancies of the urinary tract [1]. It is characterized 

by high metastatic potential and a high recurrence rate, which significantly complicates diagnosis 

and treatment [2]. In order to increase the accuracy of the diagnostic procedure, algorithms based 

on artificial intelligence are introduced [3-6]. In all papers presented, an emphasis is given on the 

aim of increasing the classification performances, without the increase in generalization 

performances. This paper presents the principle of selection of convolutional neural network (CNN) 

models based on a multi-objective approach that maximizes both classification and generalization 

performances.  
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2. Methodology 

 

2.1 Data set 

 

The data set used in this research consists of 2525 images of urinary bladder mucosa obtained with 

confocal endomicroscopy during cystoscopy. Images are divided into four classes: healthy mucosa, 

low-grade cancer, high-grade cancer, and carcinoma in-situ (CIS). 

 

2.2 Description of GA and D-PS 

 

GA represents one of the standard meta-heuristic algorithms, that is used for solving a variety of 

problems in science and engineering [7,8]. For the purposes of this research, a GA that consists of 

three different crossover methods and one mutation method is utilized. A detailed description of 

this algorithm is provided in [9]. GA is executed with populations of 5, 10, and 20 chromosomes 

 

D-PS algorithm used in this research is based on a discretized version of a standard particle swarm 

optimization algorithm.  Such an algorithm is based on particle movement through generations. 

Each particle is defined as: 

 

𝑃 = {𝒗, 𝐹, 𝒑𝒙, 𝒈𝒙, 𝒗𝒙} (1) 
 

where v represents a vector of hyper-parameters, F represents a fitness value achieved with these 

hyper-parameters contained in x, px represents the vector of hyper-parameters of the particle that 

has achieved the highest fitness value, gx represents the vector of hyper-parameters that has 

achieved the highest fitness value in the swarm and vx represents the velocity of a particle that can 

be calculated as: 

 

𝒗𝒙𝟐 = 𝒗𝒙𝟏 + 2𝑎(𝒑𝒙 − 𝒙) + 2𝑏(𝒈𝒙 − 𝒙), (2) 
 

where a and b represent random floats between 0 and 1. The new vector of hyper-paramaters is 

calculated as: 

𝒙𝟐 = 𝒙𝟏 + 𝒗𝒙. (3) 
 

D-PS is executed with swarms of 5, 10, and 20 particles. 

 

2.4 Multi-objective fitness function 

                             

As stated in the introduction, the aim of this research is to increase both classification and 

generalization performances of CNNs for urinary bladder cancer diagnosis. For this reason, a 

fitness function based on information obtained with a 5-fold cross-validation procedure is 

introduced. This fitness function can be defined as:  

𝑃(𝑚) = Ψ̅(𝑚)|1 − 𝜎(Ψ(𝑚))|, (4) 

where Ψ̅(𝑚) represents the mean AUC value achieved with the model with the hyper-parameter 

vector m, while 𝜎(Ψ(𝑚)) represents the standard deviation of AUC values achieved with the 

model with the hyper-parameter vector m. 
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3. Results 

 

For the case of both algorithms and CNN architectures, the highest performances are achieved by 

using populations or swarms of 20 chromosomes or particles. The models that are achieving the 

highest performances are presented in Table 1, for the case of each algorithm and CNN architecture. 

 
Table 1. Models with the highest classification and generalization performances for each algorithm and 

CNN architecture 

 

Algorithm CNN Epochs 
Batch 

size 
Solver 

Learning 

rate 

Decay  

rate 

Decay 

steps 

Averag

e AUC 

STD 

(AUC) 

GA 
AlexNet 10 2 RMSp 0.01 0.86 1000 0.97 0.005 

VGG-16 16 8 Adam 0.001 0.90 10000 0.96 0.05 

D-PS 
AlexNet 13 4 Nadam 1e-05 0.96 10000 0.99 0.0005 

VGG-16 14 16 AdaΔ 1e-o5 0.98 10000 0.99 0.001 

 

When the change of fitness value through generations is observed, it can be noticed that by using 

D-PS algorithm, higher fitness values are achieved. Furthermore, it can be noticed that by using D-

PS algorithm, fitness values are achieving higher fitness values in earlier generations, as presented 

in Figure 1. Such a property is pointing to the conclusion that by using D-PS approach to model 

selection, faster convergence is achieved. 

 

 
Figure 1: Change of fitness value through generations 

 

4. Conclusions 

 

From the presented results, it can be noticed that by using a meta-heuristic multi-objective 

approach, high classification and generalization performances of CNNs for urinary bladder cancer 

diagnosis are achieved. Higher performances are achieved when the D-PS approach is utilized. In 

this case, AUC values up to 0.99 are achieved, while by using the GA-based approach, AUC values 

do not exceed 0.98. When generalization performances are observed, it can be noticed that by using 

D-PS, higher generalization performances are achieved. This conclusion could be derived from the 

fact that in the case of D-PS, lower standard deviations in AUC values are present. 
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