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Critical Analysis of Machine Learning and Deep 

Learning Models for Predicting Medical Equipment 

Demand in Hospitals 
 

Raghul Sureshbabu 
 

x23377755  
 
 

1 Introduction 
 

Accurate demand forecasting is a major challenge in hospital management. This manual 

document the process of configuration and implementation of the thesis "Critical Analysis of 

Machine Learning and Deep Learning Models to Predict Medical Equipment Demand in 

Hospitals". The system predicts utilisation of Medicare Durable Medical Equipment (DME) 

using historical CMS data and uses machine learning and deep learning algorithms to assist 

in data-driven planning. SARIMAX, XGBoost, LSTM, GRU, and N-BEATS models are 

used to learn patterns in equipment usage, and SHAP is used to interpret the key drivers of 

the predictions. 

This manual is presented in such a format that it will enable the readers to get a complete 

understanding on how to replicate the system. The Experimental Set up outlines the hardware 

and software as well as data source requirements. The Implementation section gives stepwise 

instructions on how to prepare the data, train and test the model. 

 

2 Experimental Setup 
 

2.1 Hardware and operating system 
 

The experiments were conducted on a standard personal laptop to make sure that the setup is 

reproducible without any special equipment. The development and testing machine is 

powered by a 12th Gen Intel Core i5-1235U multi-core processor with 16 GB of RAM, 

which was sufficient to handle the multiyear CMS DME datasets, preprocess the data and 

train all forecasting models. The project was implemented on Windows 11, 64-bit version. 

The experiments did not require a dedicated GPU, although it can be used to shorten the 

training time of the deep-learning models LSTM, GRU and N-BEATS. 

 

   Figure 1: Device specifications                                                            Figure 2: Windows specifications 

 



 
 

https://data.cms.gov/provider-summary-by-type-of-service/medicare-durable-medical-

equipment-devices-supplies/medicare-durable-medical-equipment-devices-supplies-by-

geography-and-service 

2 

2.2 Software Environment 
 

• Python (3.11.0): This was the programming language in which the entire project was 

implemented and it was installed from the official Python distribution. 

• Jupyter Notebook: This environment was used to execute the code for data pre-

processing, model training, evaluation and explainability. 

• Dataset source: The data used in this project was obtained from the Medicare Durable 

Medical Equipment, Devices and Supplies by Geography and Service dataset, which was 

offered publicly by Centres for Medicare and Medicaid Services (CMS). The CMS data 

portal provides the data at the following location: 

 

  

Figure 3: Environment Version 
 

 

3 Implementation 
 

3.1 Libraries 
 

All python libraries required for processing, modelling and visualisation of data are installed 

using pip in the command line before running the experiments. 

 

 
 
Figure 4: Libraries imports 

 

3.2 Loading the Dataset 
 

• The CMS DME annual flat files (2014–2023) are stored locally in a designated data 

folder. 

• Using the glob module and pandas. read_csv(), the notebook automatically locates all 

yearly CSV files, loads them into DataFrames and concatenates them into a single 

combined dataset 

https://data.cms.gov/provider-summary-by-type-of-service/medicare-durable-medical-equipment-devices-supplies/medicare-durable-medical-equipment-devices-supplies-by-geography-and-service
https://data.cms.gov/provider-summary-by-type-of-service/medicare-durable-medical-equipment-devices-supplies/medicare-durable-medical-equipment-devices-supplies-by-geography-and-service
https://data.cms.gov/provider-summary-by-type-of-service/medicare-durable-medical-equipment-devices-supplies/medicare-durable-medical-equipment-devices-supplies-by-geography-and-service
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Figure 5: Data loading                                                                                    Figure 6: Merging CSV  files 

 

3.3 Data Preprocessing 
 

The merged data is then filtered to remove national-level records in order to make sure only 

state-level observations will remain. The geographic columns are then renamed into shorter, 

more descriptive names (e.g. GeoLevel, StateCode, State) to make it easier for processing. 

 

 
Figure 7: Data Preprocessing 

 

3.4 Feature Engineering and Train/Test Split 
 

The target variable (TotSuplrClms) and a series of structural characteristics (provider, 

supplier, beneficiary counts and average charge/payment amounts) are selected and combined 

together with year, state and HCPCS code to create the final training dataset (train_ready) 

which is used for all models. 

 

 
 

Figure 8: Target and Feature selection 
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3.5 Model Training 
 

3.5.1 SARIMAX 
 

In the SARIMAX baseline, the data is initially aggregated by year to calculate yearly totals 

(in the forms of claims, providers, suppliers, beneficiaries and services) and yearly averages 

(in the form of charge and payment amounts) and then stored in yearly_data before the model 

fitting. 

 
 

 
 

Figure 9: SARIMAX model training 

 

3.5.2 XGBoost 
 

The XGBoost regression model is configured, with optimised hyperparameters (number of 

trees, learning rate, depth and subsampling settings) and trained on the ready feature set with 

the help of xgbmodel.fit(Xtrain, y_train). 

 
 

 
 

Figure 10: XGBoost model training 
 

 

3.5.3 LSTM 
 

The scaled sequence data is then provided to a custom PyTorch LSTM model (DME_LSTM) 

with two LSTM layers and a final linear layer and trained using the Adam optimiser and 

mean squared error loss to predict DME utilisation. 



5 
 

 

 
Figure 11: LSTM  model training 

 

3.5.4 GRU 
 

GRU model (DME_GRU) is initialised and trained over 30 epochs with the Adam optimiser 

and the mean squared error loss on the data in the size of mini-batches with data loader, 

learning to predict DME utilisation. 

 

 
 

Figure 12: GRU model training 
 

3.5.5 N-BEATS 
 

A custom N-BEATS architecture was created using PyTorch by specifying N-BEATS block 

and classes that utilise fully connected layers and backcast/forecast output to predict the time 

series and train it on the sequence data that was prepared. 
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Figure 13: N-Beats model training 
 

3.6 Explainability (SHAP) 

 
XGBoost 
 

SHAP explainability of the XGBoost model is calculated with shap.TreeExplainer which 

calculates SHAP values on the test set in order to measure how each feature contributes to the 

model predictions. 

 

N-BEATS 
 

In the N-BEATS model, a prediction wrapper is defined and passed to shap.KernelExplainer, 

which applies sampled prediction background set to approximate SHAP values on smaller 

values of inputs and give feature-level attributions over time 

 Figure 14 : SHAP (XGBoost)                                                                Figure 15: SHAP (N-Beats) 

 

3.7 Extended Experiment 

In the extended experiment, a new output folder is generated and all the raw files of 2014-

2022 as well as the individual 2023 file are combined into a single list of inputs, preparing 

the data into a state to be processed and retrained on the entire 2014-2023 period 
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Figure 16: Dataset loading (Analysis 2)                                            Figure 17: Data Processing (Analysis 2) 

 

3.8 Extended Experiment Results 
 

The results of the extended experiment are summed up in a small results table, indicating that 

both XGBoost and N-BEATS retrained on the 2014-2023 dataset have high accuracy, with 

XGBoost slightly better in RMSE, MAE and R2. 

 

 

Figure 18: Analysis 2 Results 
 

3.9 Analysis 1 and Analysis 2 Comparison Results: 
 

The comparison table is created comparing the original (2014-2022) and extended (2014-2023) results 

of XGBoost and N-BEATS, in which both models are highly accurate when the most recent year 

(2023) is added, with XGBoost having a slight advantage in RMSE, MAE and R2. 

 

 
 

Figure 19: Comparison Results 
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