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Abstract: This study evaluates the performance of Long Short-Term Memory (LSTM) 

models using Tanh, Sigmoid, ReLU, Swish, and Softmax activation functions over 50 

epochs for time series prediction. Key performance metrics, including Root Mean 

Squared Error (RMSE), Mean Squared Error (MSE), Akaike Information Criterion 

(AIC), Bayesian Information Criterion (BIC), and R-squared (R²), were analyzed to 

assess model accuracy and explanatory power. Results indicate that each activation 

function exhibits varying levels of predictive performance, with the best R² values 

ranging from 0.5942 to 0.7837 across models. The Tanh-activated LSTM achieved its 

highest performance at epoch 45 (R² = 0.7837), the Sigmoid-activated LSTM at epoch 

50 (R² = 0.7794), and the ReLU-activated LSTM showed competitive accuracy in 

selected epochs. These findings highlight the impact of activation functions on LSTM 

model efficiency, guiding optimal selection for time series forecasting applications. 

Keywords: LSTM, Activation Functions, Time Series Prediction, Model Performance 

Metrics. 

 
 للنفايات الصلبة البلدية السلسلة الزمنية  LSTMأداء نموذج  

 
 2نوزاد محمد أحمد  ، أ.د.1جمال محمد  وت ەلک  ەهالباحث: 

 

 العراق ،كلية الإدارة والاقتصاد، السليمانية-جامعة السليمانية-قسم الإحصاء والمعلوماتية 2،1

 
المدى )  المستخلص: المدى قصيرة  الذاكرة طويلة  نماذج  أداء  الدراسة  التنشيط LSTMتقُيمّ هذه  باستخدام دوال   )

Tanh وSigmoid وReLU وSwish وSoftmax  حقبة زمنية للتنبؤ بالسلاسل الزمنية. وقد حُللت   50على مدى

(، ومعيار MSE(، ومتوسط مربع الخطأ ) RMSEمقاييس الأداء الرئيسية، بما في ذلك جذر متوسط مربع الخطأ )

، لتقييم دقة النموذج وقدرتە التفسيرية.  R²(، ومعامل  BIC(، ومعيار المعلومات البايزي )AICمعلومات أكايكي )

قيم   أفضل  تتراوح  التنبئي، حيث  الأداء  تظُهر مستويات متفاوتة من  تنشيط  دالة  أن كل  إلى  النتائج  بين   R²وتشير 

 R²)  45أعلى أداء لە في العصر    Tanhالمُنشَّط بـ    LSTMفي جميع النماذج. حقق نموذج    0.7837و  0.5942

ونموذج  0.7837 =  ،)LSTM    بـ العصر    Sigmoidالمُنشَّط  نموذج R² = 0.7794)  50في  أظهر  بينما   ،)

LSTM    المُنشَّط بـReLU    دقةً تنافسيةً في عصور مختارة. تسُل طّ هذه النتائج الضوء على تأثير دوال التنشيط على

ە الاختيار الأمثل لتطبيقات تنبؤ السلاسل الزمنية.LSTMكفاءة نموذج  ّ  ، مما يوُج 

 دوال التنشيط، تنبؤ السلاسل الزمنية، مقاييس أداء النموذج.  ،LSTM المفتاحية:الكلمات 
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The 

rapid acceleration of MSW generation is driven by global urbanization, population growth, 

of 

municipal waste continues to rise, often outpacing the rate of urbanization itself. Managing 

necessitating 

proper treatment and sustainable management strategies. Inefficient waste handling 

waste in an 

environmentally responsible manner,(Huang et al. 2020). Accurately predicting future 

However, this 

task is complex due to the influence of various demographic, societal, and 

and lacks a clear cause-

and-effect pattern. Waste management systems generally focus on two 

process.Utku, A., & Kaya, S. 

K. (2022). To minimize the adverse effects of MSW, an accurate 

vital to the implementation of 

an optimum MSW management system as a primary tool for MSW 

management process adoption, 

development, and optimization (Cubillos, 2020). Incorrect 

inefficient. Another of the main challenges in 

using prediction models in waste management is 

affected by unpredictable factors such as people's behaviors, 

holidays, and seasonal conditions. 

insufficient and incomplete data will reduce the accuracy of 

the predictions to be made (Ghanbari 

cause severe damage to the environment and population health 

(Huang et al. 2020).To address 

used for waste prediction. Long Short-Term Memory (LSTM) 

networks, a type of recurrent 

sequential data, making them well-suited for time series forecasting. In 

this study, we apply an 

waste data, we aim to improve forecasting accuracy, helping urban planners 

and policymakers 

daily, ineffective MSW management can lead to severe environmental damage and 

public health 

waste management strategies. 

1st: Literature Review 

machine 

learning models to predict garbage volumes in Istanbul. The LSTM model outperforms 

Perceptron, and Gated Recurrent Unit. Extensive and comparative investigations reveal that the 

management in rapidly expanding metropolitan areas. Utku, A., & Kaya, S. K. (2022), The study 

machine learning to enhance post-disaster garbage collection efficiency. It uses a hybrid 

city with 

frequent earthquakes and sensitivity analysis. Results show it performs better than 

combination provides 
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 disaster response teams with a reliable and flexible tool for effective waste 

learning models like 1D 

CNN, LSTM, GRU, and Bi-LSTM for real-time garbage prediction from 

models' performance is 

assessed using MAE, MAPE, R2, and RMSE. The LSTM model 

makes it a useful tool for waste 

management planning. (Ahmed, (S., Mubarak, et al (2022), The 

model for flood waste creation 

using LSTM and SVM. Two datasets are used: one for municipal 

The study divides waste types into 

10 groups, using LSTM and SVM models to predict flood 

disaster management. (Fatovatikhah et al 

(2024). 

2nd: Methodology 

A specific kind of recurrent neural network (RNN) called Long Short-Term Memory (LSTM) is 

dependencies are important. The vanishing gradient problem, which prevents typical RNNs from 

of 

LSTMs, which were created by Sepp Hochreiter and Jürgen Schmidhuber in 1997. 

systems. The information that is added to, removed from, and output from the memory cell is 
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