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Layout of the software is shown in Figure 2. This software can be used in “DEFAULT” mode and in manual mode. A user needs to add all the machine generated data in text(.txt) format and HDF5 (.hdf) format into a folder. Thereafter, press the “FOLDER button”. Here the user needs to provide the address/location of the folder in the pop-up window and then press “OK”. This will open the folder and the user must confirm that they are in the correct folder and press “OK”. Thereafter, a user can refer to Column 1 if they want to work with DEFAULT setting. For manual setting, refer to Column 2 for AFM imaging and Column 3 for Indentation depth prediction and plotting load-displacement curve. For instructions, a user needs to hover the cursor through a “Mouse/Touchpad” over a push button.
A user can refer to Column 1 if they want to work with DEFAULT setting. For manual setting, refer to Column 2 for AFM imaging and Column 3 for Indentation depth prediction and plotting load-displacement curve. A user needs to hover the cursor through “Mouse/Touchpad” over a push button for instructions. Detailed instructions on the function of various push-button shown in the software (GUI/APP) layout are provided in the supplementary file. In the following text, we have described the working of push-button in “DEFAULT MODE” in column 1.

Column 1: DEFAULT MODE
In the following text, we will describe all the buttons in column 1:
· FOLDER: A user needs to add all the machine generated data in (.txt) format and (.hdf) format into a folder. Thereafter, press the “FOLDER button”. Here the user needs to provide the address/ location of the folder in the pop up window and then press “OK”. This will open the folder and the user must confirm that they are in the correct folder and press “OK”.
· ANN DEFAULT: This is the default mode for developing ANN models for indentation “depth”. We fixed number of neurons in hidden layer at 15 and mean square error (MSE) below 3. In case a user comes across a dataset which is too noisy, the user can refer to column 3 and try changing the architecture of the ANN. 
· In case study (2.2.1.), we used 15 neurons in the hidden layer, and through trials, we were able to develop a model with acceptable accuracy with mean square error (MSE) around 4. Thus, for “DEFAULT” mode, we fixed number of neurons in hidden layer at 15 and mean square error (MSE) below 3. In case a user comes across a dataset which is too noisy, the user can refer to column 3 and try changing the architecture of the ANN.
· AUTO MODE: This is the default mode for developing models for indent imaging (AFM). Since, the calculations take time, about 30-40 minutes for model development and about 3–4 min for predicting an indent, thus we added this mode for automatic calculation. Here the user can add all of the HDF files in a folder, along with an excel sheet named, “PREDICT_FROM_TABLE.xlsx” and press the button. After pressing this button, the user has 3 options, “1”, “2”, and “3”. User can select one of these options based on the type of files in the folder to predict indents through the developed models. After the calculations are performed, the user can proceed towards plotting (Column 2).
· Check Exp_file DEPTH: We have added this button to plot load-displacement curve of any text file generated by the machine. This can be helpful for the purpose of checking the load-displacement curve in case an experimentalist has doubts over the experiment just performed and wants to do the test again. We have added a similar button for AFM imaging, which will be described in the imaging part. This button is just for the purpose of checking the nature of the load - displacement curve. After pressing this button, a user will get a pop-up window, “FULL File name of the file to be compared (.txt)”. User needs to select ONE file with the extension (.txt) to extract data and plot load-displacement curve for that case. 
Check Exp.: We have added this button to plot AFM image of any HDF file generated by the machine corresponding to an indent. Figure 3 was generated using this button. This can be helpful for the purpose of checking the indent in case an experimentalist has doubts over the experiment just performed and wants to do the test again. This button is just for the purpose of checking the nature of indent image. After pressing this button, the user has 3 options, “1”, “2”, and “3”. In case a user selects “1”, they will get a pop-up window “FULL File name (GF), FULL File name (TF)”. User needs to enter the full file name with the extensions GF.HDF and TF.HDF. For option “2”: “FULL File name (GR)”, “FULL File name (TR)”, and for option “3”, “FULL File name (GF), FULL File name (TF)”, “FULL File name (GR)”, “FULL File name (TR)”. User needs to select the options and enter the file names with HDF extensions in each case.

Column 2: AFM IMAGING
Place all the HDF files generated by the machine in a folder. Thereafter, direct the software to the folder in which data is stored by pressing the “Folder” button to select that folder.
Load Data: In Case study2.2.1., we had 18 sets of files (4 HDF) corresponding to each of the 18 cases for which we have the image files for Heat treated sample. We kept 17 sets of files (4 HDF) for developing models. We saved one set of 4 HDF files corresponding to Load: 2000, Holding Time: 30 s, for testing in the later step. After pressing this button, the user has 3 options, “1”, “2”, and “3”. User can select one of these options based on the type of files in the folder to extract data from these files.
Build Model: Pressing this button will build a model. After pressing this button, the user has 3 options, “1”, “2”, and “3”. User can select one of these options based on the type of files in the folder to build models from the data extracted from the files in the folder. If a user presses “1” or ”2”, it will take about 15–20 min to build the models. If a user press “3”, it will take about 30–40 min to build the models. The user must look at the command prompt for the displayed message. 
Predict (1 Indent only): Pressing this button will predict ONLY one indent. After pressing this button, the user has 3 options, “1”, “2”, and “3”. User can select one of these options based on the type of files in the folder to predict indents through the models developed in the previous step. On selecting “1”, “2”, and “3”, they will get a pop-up window, “Load”, “Time”. The user must enter the “Maximum applied load” and “Holding time” and press OK. If a user presses “1” or ”2”, it will take about 2–3 min to predict the indent. If a user press “3”, it will take about 3–4 min to predict the indent. The user must wait till the figures appear. 
Predict (from Table): Since each indent prediction may take 3–4 min, it is advised that the user must create an excel sheet named, “PREDICT_FROM_TABLE.xlsx”, where column headers are Serial Number “Sl_No”, Maximum applied load “LOAD”	and Holding time “TIME”. A user must wait and look for a message on the command prompt based on the number of indents a user wants to predict. After pressing this button, the user has 3 options, “1”, “2”, and “3”. User can select one of these options based on the type of files in the folder to predict indents through the models developed in the previous step. After the calculations are performed, the user can proceed towards plotting, that will be described in the following text.
TEST: This mode will be helpful in checking the nature of predicted indent. We saved one set of 4 HDF files. In this module, these HDF files can be used to compare the predicted AFM image through our software with the image generated using the HDF files corresponding to an AFM image (4 saved files). After pressing this button, the user has 3 options, “1”, “2”, and “3”. In case a user selects “1”, they will get a pop-up window “FULL File name (GF), FULL File name (TF)”. User needs to enter the full file name with the extensions GF.HDF and TF.HDF. For option “2”: “FULL File name (GR)”, “FULL File name (TR)”, and for option “3”, “FULL File name (GF), FULL File name (TF)”, “FULL File name (GR)”, “FULL File name (TR)”. User needs to select the options and enter the file names with HDF extensions in each case. Average execution time is between 3–4 min. Figure 4c,d and Figure 5 were plotted using this button.
Plotting of AFM image/ indent: We can perform calculations through “Predict (from Table)” and “AUTO MODE” for a large number of indents. Thus, for plotting, we have provided 4 types of options: “2D Indent Plot”, “Mesh Plot”, “Surf Plot”, and “Contour Plot”. After pressing this button, the user has 3 options, “1”, “2”, and “3”. User can select one of these options based on the type of files in the folder to extract data from these files. On selecting “1”, “2”, and “3”, it will open a pop-up window “Serial Number from provided table”. Here the user must refer to the excel sheet named, “PREDICT_FROM_TABLE.xlsx”, and provide the serial number for the Load and Holding time they want to view the plot. Figures are plotted instantaneously. Figure 6 was plotted using this button.
Column 3: DEPTH PREDICTION
Load Data from 1 file; for checking ANN: In Case study 2.2.1., we had 24 files for Maximum Applied Load, and Holding Time. We used 23 of them to develop our model. We saved ONE set of files for later comparison. During development of model, we have assigned 70% for training the model, 15% for validation and 15% for testing. So, the developed ANN model will not be exposed to 15% of our dataset. We want to remove this one file to be sure that the developed ANN model has no idea about at least ONE set of tests. This will be helpful for an experimentalist to check if the developed model can mimic the pattern/trendlines of load-displacement curve for completely new dataset. Thus, it is advised that pick one text file, extract data using this button by entering the name of the file in the pop up window when this button is clicked, press OK to extract data for later use. Thereafter, REMOVE this text file from this folder. After pressing this button, a user will get a pop up window, “FULL File name (.txt) of the file to be used for checking the ANN model. Remove this (.txt) file from folder after extracting data.”. User needs to select ONE file with the extension .txt to extract data from this file.
Load ALL Data for Training ANN: After extracting data from one of the user selected files, and removing that text file, we are left with 23 text files (Case study 1.b.i.). Pressing this button will extract data from all the text files in that folder, in a format so that it can be used for development of the ANN model for depth.
ANN Training (Users familiar with ANN): For model development, we have added this option for users who are familiar with MATLAB toolbox for ANN development. After pressing this button, a user will get a pop-up window, “Hidden Layer Size (Try ~15, or between 10 to 20), Training (%): Try ~70, Validation (%): Try ~15, Testing (%): Try ~15”. Enter the suggested values, or the user can select these parameters based on their own experience to develop the model. Average calculation time varies between 1 to 10 min. A user must wait for the figures to appear, where the last figure will be the comparison between the load-displacement curves predicted through the ANN model and the one of the experiments (ONE file that we extracted data and removed from the folder in step 1). At this point, we want the experimentalist to check if they are satisfied with the nature of the predicted load-displacement curve, whether if the ANN model predicted curve is able to catch the pattern / trendlines of the experimentally generated load-displacement curve. In case they are not satisfied, they can train the model again. It is advised that the user must look at the performance values printed on the command prompt for Training, Validation and Testing sets. These values correspond to the Mean Square Error (MSE). A user should try to keep it low. In case study 2.2.1., we can observe that we were able to get a decent load-displacement curve through the ANN model with performance metrics less than 5.0. 
ANN Training (Better model, Longer Time): This mode is beneficial for users who are familiar with ANN in MATLAB, as well as users who want a perfect model without getting into details of ANN. After pressing this button, a user will get a pop up window, “Hidden Layer Size (Try ~15), Training (%): Try ~70, Validation (%): Try ~15, Testing (%): Try ~15, # of Iterations (Try ~100), Validation performance (Try ~3.0), Training performance (Try ~3.0), Testing performance (Try ~3.0)”. A user can enter these suggested values. Here, we can observe that we have suggested to set a value for performance metrics for Training, Validation and Testing sets, that is mean square error at 3.0. Prior to that is the number of iterations, that corresponds to the number of times this software will go in a loop to develop a model that satisfies our performance metrics and develops an ANN model with mean square error less than 3.0. So, a user can set the number of iterations and wait till they get the final figure, comparison between the load-displacement curves predicted through ANN model and the one from the experiments (ONE file that we extracted data and removed from the folder). 
ANN Training (ALL model, LONGEST Time): This tab is different in a way that ANN models will be developed and stored till the end of the loop set by the user by “# of iterations”. After pressing this button, a user needs to select option “1” to build the ANN models. On pressing “1”, user will get a pop up window, “Hidden Layer Size (Try ~15), Training (%): Try ~70, Validation (%): Try ~15, Testing (%): Try ~15, # of Iterations (Try ~100), Validation performance (Try ~3.0), Training performance (Try ~3.0), Testing performance (Try ~3.0)”. Hence, the user can set the desired accuracy, and let the program run. 
ANN Test: In case a user performs a new experiment for a different set of parameters, this button will be useful. User can select “1”, “2” or “3”. After selecting 1, 2 or 3, a user can use the models developed through the 3 methods reported above. After pressing “1”, and “2”, a user will get a pop-up window, “FULL File name of the file to be compared (. txt)”. Here the user must enter the name of the new text file with the (.txt) extension and press OK. This will generate a figure comparing the load-displacement curve generated by the ANN model and the new experimental data file. This way, if the user is not satisfied, they can develop the model again and try this test. After pressing “3”, a user will get a pop-up window, “FULL File name of the file to be compared (. txt)”, “Index of Artificial Neural Network for checking the ANN performance. Here the user must select the exact text file (.txt) and the index of the ANN model the user wants to evaluate.
ANN Prediction (Given Loading Rate): We have added this button in case a user wants to test the load-displacement curve for a new loading rate. To use this option, a user needs to provide a Loading Curve data, variation of Load and Time in an excel sheet named “GIVEN_LOADING_RATE.xlsx”, where the first column is LOAD and the second column is TIME. User can select “1”, “2” or “3”. After selecting 1, 2 or 3, a user can use the models developed through the 3 methods reported above. After pressing “1”, and “2”, a user will get a pop-up window, “Maximum Applied Load (Peak Load), Holding Time”, where the user needs to enter the numerical value for Maximum applied load and Holding time and press OK. This will generate the load-displacement curve through the developed ANN model. After pressing “3”, a user will get a pop-up window, “Maximum Applied Load (Peak Load), Holding Time and Index of Artificial Neural Network for checking the ANN performance”. Here the user must enter the index of the ANN model the user wants to evaluate.
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