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 Business exceptions interrupt robotic process automation (RPA) workflows 

and oblige costly human intervention. This paper explores the application of 

machine learning (ML) time series forecasting techniques to predict business 

exceptions in RPA. Using RPA robot logs from a financial service company, 

we employ ARIMA, SARIMAX, and Prophet statistical models, comparing 

their performance with ML models such as XGBoost and LightGBM. 

Furthermore, we explore hybrid approaches that combine the strengths of 

statistical models with ML techniques, specifically integrating Prophet with 

XGBoost and LightGBM. Our findings reveal that a hybrid LightGBM 

model substantially outperforms traditional methods, achieving a 40% 

reduction in the weighted absolute percentage error (WAPE) when 

compared to the top-performing statistical model. These results suggest the 

potential of ML forecasting in optimizing RPA operations through the 

analysis of log-generated data. 
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1. INTRODUCTION 

In today’s competitive business environment, robotic process automation (RPA) has emerged as a 

key technology, employing software robots to mimic human interactions with computer systems, and 

automate repetitive, rule-based tasks [1]. Its impact on cost reduction and productivity gains has driven 

increasing adoption in companies [2], [3]. However, effective RPA implementation often requires seamless 

human-robot collaboration, especially when encountering business exceptions situations where bots cannot 

process transactions due to predefined limitations, needing human intervention [4]–[6]. These exceptions 

impact RPA automation by reducing productivity and increasing maintenance costs [7], [8]. Effectively 

managing bot-human interaction when exceptions occur represents a significant challenge in the post-

implementation governance of RPA [9]. The current exception handling mechanism is heavily dependent on 

human operators, presenting an opportunity in automation and efficiency [10]. 

While existing research demonstrates the application of specific artificial intelligence (AI) 

techniques for data recognition, extraction, and classification [11], there remains a significant gap concerning 

the application of AI functionalities to improve process efficiency within RPA [12], [13]. AI particularly 

through time series forecasting techniques, offers a promising solution by predicting potential business 

exceptions based on historical data trends [14]–[16]. 

The primary question of this research is to determine whether the modern time series machine 

learning (ML) techniques can provide a more accurate and reliable forecast of RPA business exceptions than 

established statistical models. Therefore, this study contributes to existing literature by addressing the gap in 
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understanding how AI can improve RPA process efficiency, by proposing the application of ML time series 

forecasting techniques to predict business process exceptions within RPA workflows. It is worth noting that 

other studies have also explored the synergy between ML and RPA, such as Patrício et al. [17] who 

investigated the use of combined ML and RPA for proactive maintenance in an industrial context, and 

Bavaresco et al. [18] who explored employees’ perceptions of implementing such a combined solution. As 

far as we are aware, despite some RPA providers like UiPath [19] integrating ARIMA models into their 

platforms, the application of ML specifically for business exception prediction remains unexplored, 

presenting a significant opportunity for enhancing RPA productivity [20]. 

Specifically, we compare the performance of traditional statistical models (ARIMA, SARIMAX), 

ML models (XGBoost, LightGBM), and hybrid models (Prophet-XGBoost, Prophet-LightGBM) when 

applied to business exception logs from real-world RPA implementation. ARIMA is a well-established 

statistical method widely applied in time series forecasting due to its ability to capture linear relationships 

within data. However, its inability to model nonlinear patterns has led to the development of extensions such 

as Seasonal ARIMA (SARIMA) and SARIMAX, which incorporate seasonal components and exogenous 

variables respectively [21].  

ML techniques offer robust alternatives by effectively identifying nonlinear relationships and 

managing large, complex datasets [22]. Tree-based algorithms, particularly gradient boosting methods like 

XGBoost and LightGBM, have gained popularity due to their superior performance in various forecasting 

tasks [23]–[25]. Furthermore, hybrid models that combine statistical and ML approaches, such as Prophet 

integrated with XGBoost or LightGBM, have shown enhanced ability to handle both linear and nonlinear 

patterns by decomposing time series data into trend, seasonal, and residual components [26]. 

Grounded in this context, our contributions are as follows: i) to the best of our knowledge, we are 

the first to apply ML time series forecasting an AI-driven approach, to enhance efficiency in handling RPA 

business exceptions; and ii) we provide evidence that ML models outperform traditional statistical methods 

within this specific RPA context. This article is structured in the following way: it starts with an overview of 

the research methods employed, followed by a discussion of the results. Finally, it presents the overall 

conclusions. 

 

 

2. RESEARCH METHOD 

This research uses a dataset from a financial services company with extensive RPA experience, 

comprising daily business exception logs collected over two years by the RPA orchestrator. The underlying 

automated processes serve as a crucial bridge, fundamentally connecting data originating from diverse 

external platforms with the company’s established legacy IT systems and office applications. Before 

automation, these processes were meticulously validated by an in-house team of RPA specialists to ensure 

they exhibited ideal characteristics, including high transaction volumes, clearly defined rules, and significant 

manual effort. Ultimately, the final selection of processes for automation was strategically guided by the 

anticipated full-time equivalent (FTE) savings they promised.  

From this set of automated processes, we identified 10 with more than 500 recorded days, a criterion 

established to ensure sufficient data for robust model training. As shown in Figure 1, our subsequent analysis 

focused on the automated verification of payments, a single, critical process. This process represents a 

substantial 58% of all business exceptions recorded, information detailed in Table 1. 

The original dataset was enriched with exogenous data such as time features (year, month, day, and 

weekday), as well as a holiday dummy variable. Figure 2 reveals that the time series exhibits seasonal peaks 

in exceptions during June and December, a consistent weekday pattern with reduced activity on weekends, 

and sporadic anomalies in specific weeks throughout the year. 

Figure 3 illustrates how the dataset was divided into training, validation, and test samples using the 

Skforecast [27] time series forecasting python library. The objective was to predict the number of exceptions 

that would occur over the next 30 days. This 30-day horizon was defined by the financial service company, to 

support their requirement for a monthly follow-up and review of business exceptions. Training sample 

included 382 days, followed by 240 days for back testing validation and a 30-day horizon test sample. 

In this study, a comprehensive approach to time series forecasting was undertaken by employing a 

suite of algorithms representing different paradigms: statistical models (ARIMA, SARIMAX and Prophet), 

tree-based machine learning methods (XGBoost and LightGBM), and a hybrid combination (Prophet-

XGBoost and Prophet-LightGBM. ARIMA and SARIMAX models have been widely used for forecasting in 

diverse fields such as road traffic accidents [28], profit prediction [29] and logistics [30]. Similarly, Prophet 

has been applied for forecasting business event attendance [31] and sales forecasting [32]. 
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Figure 1. Verification of payments process 
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Table 1. 10 processes with over 500 days of data 
Process Description Days Exceptions Distribution Exceptions/Day Exceptions Accumulative 
Verification of 
payments 

Verification of bank 
payment documents 

723 19,199 ██████████ 26.55 58.07% 58.07% 

Policy 

monitoring 
Verification and 

monitoring of 
insurance policy 

722 7,780 ████ 9.94 21.72% 79.79% 

Listing of 

insurance 
processors 

Creating updated lists 

of insurance 
processors 

722 1,886 █ 2.61 5.52% 85.31% 

Insurance 

cancellation 
Cancellation process 

of one type of 
insurance 

717 1,339 █ 1.87 4.05% 89.36% 

Certified letters Tracking and control 

of certified letters 
722 768 | 1.06 2.32% 91.68% 

Portfolio 

cleaning 
Customer portfolio 

cleaning 
20 721 | 24.86 2.18% 93.86% 

Verification of 

incomes 
Verification of bank 

income documents 
115 690 | 6.00 2.09% 95.95% 

Insurance 

cancellation for 
non-payment 

Insurance cancellation 

for non-payment 
48 644 | 13.42 1.96% 97.90% 

Insurance 
registration 

Registration process of 
one type of insurance 

718 386  0.54 1.17% 99.07% 

Returned 

transfers 
Verification and control 

of returned transfers 
650 307  0.47 0.93% 100.00% 

 

 

 
 

Figure 2. Time series distribution 
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Figure 3. Train, validation, and test samples 

 

 

Complementing the statistical methods, tree-based ML algorithms, specifically XGBoost and 

LightGBM, were incorporated. These models are recognized for their ability to effectively model complex, 

non-linear relationships and interactions within data, which traditional linear models may struggle with [33]. 

XGBoost and LightGBM have demonstrated strong performance in various prediction tasks, such as stock 

price prediction [34], fuel consumption [35] and energy load prediction [36]. 

Furthermore, to potentially improve forecasting accuracy by combining the strengths of different 

modeling paradigms, a hybrid approach integrating Prophet with either XGBoost or LightGBM was 

investigated. Hybrid methods are increasingly utilized in time series forecasting as they can capture both 

linear/seasonal components (addressed by Prophet) and non-linear patterns or residuals (modeled by tree-

based methods) [37]. Hybrid approaches combining Prophet and ML models have been successfully applied 

in heating load forecasting [38] and Strain prediction for historical timber buildings [39]. 

The forecasting process began with establishing an ARIMA model as the baseline. The ARIMA 

model was fitted using pmdarima library, enabling automatic selection of the optimal order and seasonal 

components based on the training and validation data. To refine predictions, a SARIMAX was implemented, 

incorporating previously calculated exogenous variables into the model. Parameter tuning for the SARIMAX 

model involved a grid search strategy on the combined training and validation data. Backtesting with refitting 

was then applied using the best-performing SARIMAX configuration. Additionally, concerning the Prophet 

model, it was configured with Spanish holiday information and fitted to the prepared dataset. 

Complementing the statistical approaches, XGBoost and LightGBM forecasters were explored and 

refined by using the Skforecast library’s tools. Lag features were created incorporating values from the 

previous 1 through 7 steps.  Rolling statistics were also calculated, including moving average and standard 

deviation over a window of 3 and 5 time steps.  Hyperparameter tuning of estimators, depth and learning 

rates were optimized with Optuna engine [40] The final stage involved a hybrid approach, where Prophet’s 

seasonal and trend insights were fed as features into the ML algorithms, creating Prophet-XGBoost and 

Prophet-LightGBM models. 

 

 

3. RESULTS AND DISCUSSION 

The performance of each forecasting model was evaluated by the following metrics: mean square 

error (MSE), root mean square error (RMSE), mean absolute error (MAE) and weighted absolute percentage 

error (WAPE). We first compared the real values contained in the test dataset with each model’s predictions, 

as shown in Figure 4. 

This comparison allowed us to calculate the established metrics, resulting in a ranking of the 

forecasters’ accuracy based on the outlier-resilient and zero-sensitive WAPE metric, as detailed in Table 2. 

Our findings revealed that ML models exhibit superior performance compared to statistical models.  Prophet-

LightGBM hybrid forecaster achieved the highest accuracy with a WAPE of 24.45 and an RMSE of 13.83. In 

contrast, SARIMAX emerged as the best statistical model with a WAPE of 40.91 and an RMSE of 20.85. A 

comparison between the best ML and statistical models revealed a 40.25% improvement in the WAPE metric 
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in favor of the former. Furthermore, the remaining ML models also outperformed SARIMAX and ARIMA. 

The superior performance of ML models compared to statistical ones aligns with findings in other research 

fields, such as customer demand forecasting [41] and rice production prediction [42]. 

 

 

 
 

 
 

 
 

 
 

Figure 4. Test sample vs prediction 

 

 

Table 2. Model performance evaluation 
Model name MAE WAPE MSE RMSE 

Prophet-LightGBM 9.933332 24.446264 19.126524 13.829868 

XGBoost 10.243320 25.209156 22.769136 15.089445 

LightGBM 12.130286 29.853041 28.837858 16.981713 

Prophet-XGBoost 15.017549 36.958694 39.918686 19.979661 
SARIMAX 16.624254 40.912848 43.477065 20.851155 

Prophet 18.667381 45.941053 51.182795 22.623615 
ARIMA 24.525257 60.357483 73.465716 27.104560 

 

 

The practical implementation of a more accurate business exception predictive model integrated in 

an automated data pipeline from the RPA orchestrator’s logs, serves a dual purpose. For planning, the 

forecast allows managers to anticipate high exception periods, improving operational efficiency and cost. For 

monitoring, the forecasting tool proactively triggers automation maintenance. 
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4. CONCLUSION 

Our study contributes to the adoption of ML time series forecasting for predicting business 

exceptions in RPA. By enabling proactive exception management, this approach contributes to cost reduction 

and productivity improvement in RPA. Furthermore, the proposed methods are broadly applicable to any 

scenario involving time series forecasting derived from activity logs within the field of business process 

automation. 

This study aimed to enhance business exceptions predictions by comparing traditional statistical 

models, such as ARIMA and SARIMAX, with advanced ML models like XGBoost and LightGBM, as well 

as hybrid approaches combining them with Prophet. Our findings demonstrate that ML models significantly 

outperform traditional statistical models. Specifically, the Prophet-LightGBM hybrid model achieved the 

highest accuracy, with a 40% improvement over the best statistical model. 

As this research adopts a case study approach, it is important to explicitly acknowledge limitations 

concerning validation. Regarding internal validity, the reliance on one primary RPA process from a single 

firm requires careful interpretation, as observed patterns might not universally apply. Concerning external 

validity, the specific context of a homogeneous group of RPA robots within the financial services sector 

necessitates that future research prioritize replication in diverse RPA environments with similar log structures 

to establish broader generalizability of these results. Additionally, future research should explore integrating 

advanced AI techniques to enhance the accuracy of the presented ML models. 

 

 

FUNDING INFORMATION 

This research was funded by the Bikaintek 2022 Basque Government program, under Grant [015-

B2/2022]. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration. 

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Igor Sáez ✓ ✓ ✓  ✓ ✓  ✓ ✓ ✓ ✓    

Sara Segura ✓ ✓  ✓ ✓ ✓  ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Mónica Gago ✓ ✓  ✓   ✓   ✓  ✓ ✓  

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT 

Authors state no conflict of interest. 

 

 

DATA AVAILABILITY 

The data that supports the findings of this study is available from the corresponding author, upon 

reasonable request. 

 

 

REFERENCES 
[1] R. Plattfaut, V. Borghoff, M. Godefroid, J. Koch, M. Trampler, and A. Coners, “The critical success factors for robotic process 

automation,” Computers in Industry, vol. 138, Jun. 2022, doi: 10.1016/j.compind.2022.103646. 

[2] B. Axmann and H. Harmoko, “The five dimensions of digital technology assessment with the focus on robotic process automation 

(RPA),” Tehnički Glasnik, vol. 15, no. 2, pp. 267–274, 2021, doi: 10.31803/tg-20210429105337. 
[3] D. Fernandez, O. Dastane, H. Omar Zaki, and A. Aman, “Robotic process automation: bibliometric reflection and future 

opportunities,” European Journal of Innovation Management, May 2023, doi: 10.1108/EJIM-10-2022-0570. 

[4] R. C. Ruiz, A. J. Ramírez, M. J. E. Cuaresma, and J. G. Enríquez, “Hybridizing humans and robots: An RPA horizon envisaged 
from the trenches,” Computers in Industry, vol. 138, p. 103615, Jun. 2022, doi: 10.1016/j.compind.2022.103615. 

[5] O. Levina, “The human side of RPA – contextualizing process actors and RPA implementation,” in Proceedings of ICDS 2024, 

The Eighteenth International Conference on Digital Society, May 2024, pp. 7–12. 



IAES Int J Rob & Autom ISSN: 2722-2586  

 

 Forecasting business exceptions in robotic process automation with machine learning (Igor Sáez) 

609 

[6] V. Yakovyna and N. Shakhovska, “Software failure time series prediction with RBF, GRNN, and LSTM neural networks,” 
Procedia Computer Science, vol. 207, pp. 837–847, 2022, doi: 10.1016/j.procs.2022.09.139. 

[7] E. Hartikainen, V. Hotti, and M. Tukiainen, “Improving software robot maintenance in large-scale environments–is center of 

excellence a solution?,” IEEE Access, vol. 10, pp. 96760–96773, 2022, doi: 10.1109/ACCESS.2022.3205420. 
[8] I. Oshri and A. Plugge, “Introducing RPA and automation in the financial sector: Lessons from KAS Bank,” Journal of 

Information Technology Teaching Cases, vol. 12, no. 1, pp. 88–95, 2022, doi: 10.1177/2043886921994828. 

[9] F. Altarazi, D. Santos, and E. Wong, “Robotic process automation (RPA) implementation challenges: a literature review,” Jun. 
2024, doi: 10.46254/NA09.2024.0054. 

[10] K. Kurowski, A. Martínez-Rojas, and H. A. Reijers, “Control and monitoring of software robots: What can academia and industry 

learn from each other?,” in Research Challenges in Information Science, J. Araújo, J. L. de la Vara, M. Y. Santos, and S. Assar, 
Eds. Cham: Springer Nature Switzerland, 2024, pp. 56–64. 

[11] P. William, S. Choubey, A. Choubey, and G. S. Chhabra, “Evolutionary survey on robotic process automation and artificial 

intelligence,” in Robotic Process Automation, John Wiley \& Sons, Ltd, 2023, pp. 315–327. 
[12] D. S. Costa, H. Mamede, and M. M. da Silva, “Robotic process automation (RPA) adoption: A systematic literature review,” 

Engineering Management in Production and Services, vol. 14, pp. 1–12, 2022, doi: 10.2478/emj-2022-0012. 

[13] J. Siderska, L. Aunimo, T. Süße, J. V Stamm, D. Kedziora, and S. N. B. M. Aini, “Towards intelligent automation (IA): Literature 
review on the evolution of robotic process automation (RPA), its challenges, and future trends,” Engineering Management in 

Production and Services, vol. 15, no. 4, pp. 90–103, Dec. 2023, doi: 10.2478/emj-2023-0030. 

[14] J. Brás, R. Pereira, and S. Moro, “Intelligent process automation and business continuity: Areas for future research,” Information, 
vol. 14, no. 2, p. 122, Feb. 2023, doi: 10.3390/info14020122. 

[15] D. Kedziora and S. Hyrynsalmi, “Turning robotic process automation onto intelligent automation with machine learning,” in The 

11th International Conference on Communities and Technologies (C\&T), May 2023, pp. 1–5, doi: 10.1145/3593743.3593746. 
[16] K. K. H. Ng, C.-H. Chen, C. K. M. Lee, J. (Roger) Jiao, and Z.-X. Yang, “A systematic literature review on intelligent 

automation: Aligning concepts from theory, practice, and future perspectives,” Advanced Engineering Informatics, vol. 47, p. 

101246, Jan. 2021, doi: 10.1016/j.aei.2021.101246. 
[17] L. Patrício, L. Varela, and Z. Silveira, “Proposal for a sustainable model for integrating robotic process automation and machine 

learning in failure prediction and operational efficiency in predictive maintenance,” Applied Sciences, vol. 15, no. 2, Jan. 2025, 

doi: 10.3390/app15020854. 
[18] R. S. Bavaresco and others, “Machine learning-based automation of accounting services: An exploratory case study,” 

International Journal of Accounting Information Systems, vol. 49, p. 100618, Jun. 2023, doi: 10.1016/j.accinf.2023.100618. 

[19] UiPath, “Forecasting,” 2024. Accessed: Oct. 28, 2024. [Online]. Available: 
https://docs.uipath.com/insights/standalone/2023.10/user-guide/forecasting. 

[20] R. Plattfaut, J.-R. Rehse, C. Jans, M. Schulte, and J. van Wendel de Joode, “Robotic process automation -- research impulses from 

the BPM 2023 panel discussion,” Process Science, vol. 1, no. 1, p. 5, Nov. 2024, doi: 10.1007/s44311-024-00005-1. 
[21] S. Devra, D. Patel, M. Shitap, and S. Raj, “Time series forecasting of price for oilseed crops by combining ARIMA and ANN,” 

International Journal of Statistics and Applied Mathematics, vol. 8, no. 4, pp. 40–54, 2023, doi: 

10.22271/maths.2023.v8.i4a.1098. 
[22] N. Huang and Y. Qi, “China’s inflation forecasting in a data-rich environment: based on machine learning algorithms,” Applied 

Economics, 2024, doi: 10.1080/00036846.2024.2322572. 

[23] D. D. Chuwang, W. Chen, and M. Zhong, “Short-term urban rail transit passenger flow forecasting based on fusion model 
methods using univariate time series,” Applied Soft Computing, vol. 147, p. 110740, Nov. 2023, doi: 10.1016/j.asoc.2023.110740. 

[24] S. Lv and others, “Estimating carbon sequestration potential and optimizing management strategies for Moso bamboo 

(Phyllostachys pubescens) forests using machine learning,” Frontiers in Forests and Global Change, vol. 7, Apr. 2024, doi: 
10.3389/ffgc.2024.1338795. 

[25] C. Poza and M. Monge, “Forecasting Spanish economic activity in times of COVID-19 by means of the RT-LEI and machine 

learning techniques,” Applied Economics Letters, vol. 30, no. 4, pp. 472–477, Feb. 2023, doi: 10.1080/13504851.2021.1994122. 
[26] J. Wang, X. Du, and X. Qi, “Strain prediction for historical timber buildings with a hybrid Prophet-XGBoost model,” Mechanical 

Systems and Signal Processing, vol. 179, p. 109316, Nov. 2022, doi: 10.1016/j.ymssp.2022.109316. 
[27] J. A. Rodrigo and J. E. Ortiz, “Skforecast.” DataCite Commons, May 2024, doi: 10.5281/zenodo.11115670. 

[28] E. F. Agyemang, J. A. Mensah, E. Ocran, E. Opoku, and E. N. N. Nortey, “Time series based road traffic accidents forecasting via 

SARIMA and Facebook Prophet model with potential changepoints,” Heliyon, vol. 9, no. 12, p. e22544, Dec. 2023, doi: 
10.1016/j.heliyon.2023.e22544. 

[29] U. M. Sirisha, M. C. Belavagi, and G. Attigeri, “Profit prediction using ARIMA, SARIMA and LSTM models in time series 

forecasting: A comparison,” IEEE Access, vol. 10, pp. 124715–124727, 2022, doi: 10.1109/ACCESS.2022.3224938. 

[30] W. Lee and J.-Y. Bang, “Forecasting container throughput of Singapore port considering various exogenous variables based on 

SARIMAX models,” Forecasting, vol. 6, no. 3, pp. 748–760, 2024, doi: 10.3390/forecast6030038. 

[31] S. Jung, R. Y. Zhang, Y. Chen, and S. Joe, “Optimizing demand forecasting for business events tourism: A comparative analysis 
of cutting-edge models,” Journal of Hospitality and Tourism Insights, vol. 8, no. 1, pp. 370–390, May 2024, doi: 10.1108/JHTI-

12-2023-0960. 

[32] E. Žunić, K. Korjenić, K. Hodžić, and D. DJonko, “Application of Facebook’s prophet algorithm for successful sales forecasting 
based on real-world data,” International Journal of Computer Science and Information Technology, vol. 12, no. 2, pp. 23–36, 

Apr. 2020, doi: 10.5121/ijcsit.2020.12203. 

[33] V. I. Kontopoulou, A. D. Panagopoulos, I. Kakkos, and G. K. Matsopoulos, “A review of ARIMA vs. machine learning 
approaches for time series forecasting in data driven networks,” Future Internet, vol. 15, no. 8, Aug. 2023, doi: 

10.3390/fi15080255. 

[34] O. Guennioui, D. Chiadmi, and M. Amghar, “Machine learning-driven stock price prediction for enhanced investment strategy,” 
International Journal of Electrical and Computer Engineering, vol. 14, no. 5, pp. 5884–5893, 2024, doi: 

10.11591/ijece.v14i5.pp5884-5893. 

[35] E. A. Siqueira-Filho, M. F. A. Lira, A. Converti, H. V Siqueira, and C. J. A. Bastos-Filho, “Predicting thermoelectric power plants 
diesel/heavy fuel oil engine fuel consumption using univariate forecasting and XGBoost machine learning models,” Energies, vol. 

16, no. 7, 2023, doi: 10.3390/en16072942. 

[36] W. Cao, Y. Liu, H. Mei, H. Shang, and Y. Yu, “Short-term district power load self-prediction based on improved XGBoost 
model,” Engineering Applications of Artificial Intelligence, vol. 126, p. 106826, Nov. 2023, doi: 

10.1016/j.engappai.2023.106826. 

[37] L. B. Sina, C. A. Secco, M. Blazevic, and K. Nazemi, “Hybrid forecasting methods---a systematic review,” Electronics, vol. 12, 



                ISSN: 2722-2586 

IAES Int J Rob & Autom, Vol. 14, No. 4, December 2025: 602-610 

610 

no. 9, 2023, doi: 10.3390/electronics12092019. 

[38] A. Shakeel, D. Chong, and J. Wang, “District heating load forecasting with a hybrid model based on LightGBM and FB-prophet,” 
Journal of Cleaner Production, vol. 409, p. 137130, Jul. 2023, doi: 10.1016/j.jclepro.2023.137130. 

[39] Z. Hajirahimi and M. Khashei, “Hybridization of hybrid structures for time series forecasting: a review,” Artificial Intelligence 

Review, vol. 56, no. 2, pp. 1201–1261, Feb. 2023, doi: 10.1007/s10462-022-10199-0. 
[40] J.-P. Lai, Y.-L. Lin, H.-C. Lin, C.-Y. Shih, Y.-P. Wang, and P.-F. Pai, “Tree-based machine learning models with Optuna in 

predicting impedance values for circuit analysis,” Micromachines, vol. 14, no. 2, p. 265, Jan. 2023, doi: 10.3390/mi14020265. 

[41] M. Elorza, E. Castellano, and S. Segura, “Prediction of customer demand for perishable products in retail inventory management, 
using the hybrid prophet-XGBoost model during the post-COVID-19 period,” Applied Economics Letters, 2024, doi: 

10.1080/13504851.2024.2333995. 

[42] M. Noorunnahar, A. H. Chowdhury, and F. A. Mila, “A tree based eXtreme Gradient Boosting (XGBoost) machine learning 
model to forecast the annual rice production in Bangladesh,” PLOS ONE, vol. 18, no. 3, p. e0283452, Mar. 2023, doi: 

10.1371/journal.pone.0283452. 

 

 

BIOGRAPHIES OF AUTHORS 
 

 

Igor Sáez      is a PhD student at Mondragon Unibertsitatea, specializing in Robotic 

Process Automation (RPA) and the automation of administrative workflows. With 25 years of 

professional experience in financial department roles, he brings extensive practical experience 

to the study of automation technologies. Their research interests focus on the application of 

machine learning, deep learning, and generative artificial intelligence to enhance the efficiency 

and intelligence of business processes. He can be contacted at isaez@mondragon.edu. 

  

 

Sara Segura     is a lecturer and researcher at Mondragon Unibertsitatea in the 

Faculty of Business Studies, working in Data and Innovation area. She obtained her PhD at 

Universidad de Zaragoza, specializing in the field of Accounting and Finance. Her research 

focuses on data analytics in the retail and talent sectors. She has published addressing topics 

including demand prediction for perishable goods and the evaluation of companies’ 

contributions to the Sustainable Development Goals. She can be contacted at 

spsegura@mondragon.edu. 

  

 

Mónica Gago     is a lecturer and researcher at Mondragon Unibertsitatea, in the 

Faculty of Business Studies, focusing on the field of People in Cooperation. Her research 

explores topics related to financial structures, labor-managed firms, internal communication in 

cooperatives, and the relationship between high-involvement work practices and employee 

well-being. She can be contacted at mgago@mondragon.edu. 

 

 

 

http://orcid.org/0000-0001-9839-7242
https://scholar.google.com/citations?user=oQ285PkAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/HKW-2949-2023
http://orcid.org/0000-0002-5854-1024
https://scholar.google.com/citations?hl=en&user=TbUAg-sAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=59099859900
https://www.webofscience.com/wos/author/record/DSF-8582-2022
http://orcid.org/0000-0002-2193-1221
https://scholar.google.com/citations?hl=en&user=J_Q-BEIAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=26023077000
https://www.webofscience.com/wos/author/record/AHE-8727-2022

