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Abstract- Real-world data stream classification remains a fundamental challenge in machine learning due to
the simultaneous occurrence of concept drift, class imbalance, and the limited availability of labeled data.
Existing semi-supervised learning methods typically address only one of these challenges. In this study, a semi-
supervised active learning framework based on a Radial Basis Function Neural Network (RBFNN) is proposed
for data stream classification under simultaneous concept drift and class imbalance. In the proposed framework,
a sliding window mechanism is employed to retain newly arrived samples while gradually discarding outdated
data, enabling the model to remain consistent with the current data distribution. Subsequently, an active
learning strategy based on the combination of uncertainty and density criteria selects the most informative
samples for labeling, thereby reducing labeling costs while improving training quality. Furthermore, a smooth
pseudo-labeling mechanism based on feature-space similarity is adopted to effectively exploit unlabeled data.

In the modeling stage, the RBFNN architecture is enhanced with an adaptive center adjustment mechanism and
dynamic updating to cope with concept drift. The initial RBF centers are initialized using an improved K-
means++ algorithm and are subsequently updated online according to incoming data. In addition, to address
class imbalance, a synthetic sample generation method based on weighted combinations of minority-class
samples and the Logistic Map chaotic sequence is proposed, increasing the diversity of generated samples.
Moreover, a weighted Focal Loss function is employed to improve the model's sensitivity to difficult samples
while dynamically adjusting class weights. The network parameters are optimized using the Adam algorithm.

Experimental results demonstrate that the integration of active learning, adaptive RBF center adjustment, semi-
supervised pseudo-labeling, and mechanisms for handling concept drift and class imbalance significantly
improves the performance of data stream classification. Compared with state-of-the-art methods, including
SSALD, SSALE-EIS, AACE-DI, LEPID, and CBAL, the proposed method achieves superior performance,
with average improvements of 4% in F1-score, 3% in G-Mean, and 2.5% in Specificity. These results confirm
the effectiveness and robustness of the proposed framework for real-world data stream classification under
concept drift and class imbalance.
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Step Algorithm
data_window, label_window, label_index, window_size,
Input - L= - -
label_budget, sigma
Output  label_index, labeled_data, labeled_data_y
Calculate labeling limit: num = window_size x
1 —
label_budget
2 Calculate labeling probability:
label_probability < 1 - sum(label_index) / num
Calculate uncertainty:
3 margin[i] < | pre[i] - 0.5 |
uncertainty[i] « -margin[i]
4 Calculate density viaEqg. (3-5)
Calculate selection_score:
5 selection_score[i] < uncertainty weight x uncertainty[i]
+ (1 — uncertainty weight) x density[i]
6 Ignore labeled samples:
if label index[i] == 1 THEN selection_score[i] = —o
7 Select top 5 samples with highest score.
8 Randomly pick one from them.
9 Mark it as labeled:
Label_index[chosen] = 1
10 Update label_index, labeled_data, labeled_data_y
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Step

Algorithm

Input data_window, centers, window_size, sigma, num_centers
Output  Update centers
1 Calculate representativeness with Eq. (3-11)
2 Find center with minimum representativeness:
min_index = argmin(representative)
3 While representative[min_index] < 0.5 and round <
num_centers:
4 For each data point i in data_window:
5 Compute kernel similarity with all centers:
rep_ci=kernel fun(data window([i], centers, c)
representative[i] = 1—max(rep_ci)
6 Compute kernel similarity with all data points:
eff_ci = kernel_fun(data_window[i],data_window,o)
Average similarity: eff_ci = mean(eff_ci)
Add to representativeness: representative[i]+=eff_ci
7 Find data point with maximum representativeness:
max_index=argmax(representative)
8 Replace least representative center with that data point:
centers[min_index]=data_window[max_index]
9 Update centers
Jols pue b alilio :(Y-Y) pi 5651
Step Algorithm
INPUt  jabeled_data, labeled_data_y, labeled_weight
Output  ypdate labeled_data, labeled_data_y, updated weight
1 Separate samples into minority and majority classes based on
labels.
2 Check imbalance:
If the minority class has fewer samples than the majority class:
N_synthetic=|Majority|—|Minority|
3 Generate synthetic samples:
x_synthetic =wOx0+w1x1+w2x2+e
4

Update labeled_data, labeled_data_y, labeled_weight
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