
Robust optimization of a basketball free throw 
 

1 

To demonstrate the capabilities of Robustimizer, 

the basketball free throw example is used. The 

design variables for this problem are the throw 

speed (V) and angle of throw (θ) and we assign 

those inputs using upper and lower bounds 

mentioned in Table 1. 

Table 1. Lower and upper bound for design variables 

Variable 
name 

Lower 
bound 

Upper 
bound 

V (m/s) 6 8 

θ 60 70 

The noise parameters are magnitude of front 

wind (W) and the throw height (y) as shown in 

Figure 1 and they are described using their mean 

and standard deviation as expressed in Table 2. 

Table 2. Mean and standard deviation for noise 
variables 

Variable 
name 

Mean Standard 
deviation 

W (m/s) 3 1 

Y (m) 2.3 0.1 

 

Figure 1. Schematic of the side view of a free throw 

To define an output in this problem that 

determines the success of throw, we use the 

following criterion1: 
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1 O. Nejadseyfi, H.J.M. Geijselaers, A.H. Boogaard, (2019). Robust optimization based on analytical evaluation of uncertainty 
propagation. Engineering Optimization, 51(9), 1581-1603. 

In which: 
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D, r, ��, and � are shown in Figure 2. A higher 

throw results in a higher angle of approach and 

therefor a wider range of success. On the other 

hand, a higher throw increases the effect of the 

wind and therefore results in more scatter of the 

final coordinates. It is expected that a strategy 

can be found that maximizes the number of 

successful throws. The lower the value for p the 

more the success of the throw. The goal is to 

obtain a setting of design parameters in which p 

has minimum value and variation in the windy 

situation and for a variety of throw heights which 

guarantees the highest rate of success. 

 

Figure 2. The success of throw based on the final 
coordinate and angle of approach towards hoop 

 

This problem is formulated as: 

minimze �� + 3��                    (3) 

6 ≤ V ≤  8                     

60 ≤ θ ≤  70                     

W~�(3,1)                     

y~�(2.3,0.1)                     

In the following section, the steps for robust 

optimization using Robustimizer is explained. 

1.1. Sensitivity analysis 
The sensitivity analysis step is an optional step 

to find the magnitude of the effects of each 

parameter on each response. This step can help 
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to eliminate the parameters that do not have 

significant influence on the output.  

The default number of design variables for 

sensitivity analysis is two. Enter the lower and 

upper bound values for each design variable 

using the data in Table 1. It is possible to rename 

the variables as shown in Figure 3. 

 

Figure 3. Defining design variables for sensitivity 
analysis 

As there is no correlation between the 

magnitude of wind and the throw height, choose 

the first option in the button group and keep the 

number of noise variables on two. Then enter the 

mean and standard deviation for each noise 

variable. To modify the names of the variables 

click on the checkbox and enter new names 

(Figure 4). 

 

Figure 4. Defining noise variables for sensitivity analysis 

Under Create sensitivity DOE and blackbox 

evaluation tab, click on Create screening DOE 

button. The DOE will be shown in the table. Save 

this DOE using Save screening DOE button. This 

tab-separated txt file includes the DOE points for 

sensitivity analysis. Use this DOE for evaluating 

the blackbox function. Evaluating the blackbox 

function is performed outside Robustimizer. In 

general it can be the results of finite element 

simulations, analytical models, results of solving 

differential equations, etc and it depends on the 

model made for representing the problem. 

In this problem, the final coordinates at the 

height of the hoop and angle of approach 

towards hoop are calculated on DOE points by 

solving differential equation for projectile 

motion. Then the output is calculated using 

Equation (1) and is written to a txt file.  If more 

than one response is present, each column 

should provide the values for each response. 

Note that the number of rows should be equal to 

the number of DOE points.  

 

Figure 5. Creating screening DOE 

 

Figure 6. Importing blackbox evaluation results 

Under Sensitivity results tab, select a response 

and click on Run sensitivity analysis button as 

shown in Figure 7. The percentage of influence of 

each input variable on the selected response will 

be shown in the results area (Figure 8). As all 

variables have a significant influence on the main 
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response,  all those variables will be included in 

robust optimization. 

 

Figure 7. Performing sensitivity analysis 

 

 

Figure 8. Results of sensitivity analysis 

 

1.2. Defining input and output 
The definition of robust optimization problem 

starts from this section. Change the number of 

design variables to two, the table will 

automatically resize to fit the new data. Enter the 

lower and upper bound values for each variable. 

It is possible to rename the variables as shown in 

Figure 9. 

 

Figure 9. Entering number of design variables , their 
bound and names 

As there is no correlation between the 

magnitude of wind and the throw height, choose 

the first option in the button group and modify 

the number of noise variables. Then enter the 

mean and standard deviation for each noise 

variable in the table. To modify the names of the 

variables click on the checkbox and enter new 

names. 

 

Figure 10. Entering number of noise variables , their 
statistics and names 

1.3. Creating DOE and 

importing the blackbox function 

analysis 
Enter the number of DOE points in the DOE 

Size field (Figure 11). The default method to 

make a DOE is LHS and the user can choose to 

combine the factorial design and LHS by clicking 

on the checkbox. After clicking on Create DOE 

button, the DOE is made and is displayed in the 

table as shown in Figure 12. Save the DOE as 

shown in Figure 13 as a txt file which includes the 

DOE points in a tab-separated format. Use this 

DOE for evaluating the blackbox function. 

Evaluating the blackbox function is performed 

outside Robustimizer. In general it can be the 

results of finite element simulations, analytical 

models, results of solving differential equations, 

etc and it depends on the model made for the 

problem. 

 

Figure 11. Creating DOE 

 

Figure 12. Displayed DOE in the table 
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Figure 13. Saving DOE 

 

 

Figure 14. Saved DOE 

In this problem the final coordinate at the 

height of the hoop and angle of approach 

towards hoop on DOE points are calculated by 

solving differential equation for projectile 

motion considering initial velocity, angle of 

throw, throw height and air resistance due to 

wind. This step happens outside Robustimizer. It 

is possible to introduce a script to Robustimizer 

that automatically generates and imports the 

results. This topic is explained in another 

example.  

The results of the black-box simulations are 

displayed in Figure 15. Then the output is 

calculated using Equation (1) and is written to a 

txt file as shown in Figure 16.  If more than one 

response is present, each column should provide 

the values for each response. Note that the 

number of rows should be equal to the number 

of DOE points. The results of any simulation is 

obtained outside Robustimizer. 

 

Figure 15. Results of blackbox function evaluation 

 

Figure 16. The output as a txt file 

To import the results file to Robustimizer, 

select Import from file and then click on Read 

results file button. A new window appears to 

select the file (Figure 18). After choosing the file, 

the results will appear in the table as shown in 

Figure 19. As explained earlier, the user is 

capable of introducing a script file and 

Robustimizer can automatically run the script 

and import the results.  

 

Figure 17. Options for importing the results 
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Figure 18. Importing results of blackbox evaluation 

 

Figure 19. The results of blackbox evaluation after 
importing 

1.4. Fitting, validating and 

visualizing the metamodel 
In this tab choose a metamodel type and click 

on Fit metamodel button. If fitting is successful a 

message will appear (Figure 20). To perform 

cross validation, use Perform cross validation 

button. For a large DOE this can be a time-

consuming process and the progress can be 

followed using a wait bar shown in Figure 21. The 

user can view different results for cross 

validation for different responses using drop-

down lists as shown in Figure 22. 

To visualize the metamodel, use the Plot 

metamodel panel. It must be noted that the 

response is plotted versus two inputs at a time 

(3D plot). Therefore, if the total number of input 

parameters is more than two, the other 

parameters will be set on a nominal value. The 

nominal value for those variables that are out of 

X and Y axes, can be adjusted using the sliders 

next to the plot (Figure 23). The user can select 

the inputs on the X and Y axes and the output on 

Z axis using drop-down lists. Subsequently, the 

sliders of those inputs on X and Y axis will be 

disabled and the other sliders will be enabled to 

assign the nominal values of other parameters. 

Press update plot to apply changes in sliders. 

 

Figure 20. Fitting a metamodel 

 

Figure 21. progress bar for validating a metamodel 

 

Figure 22. validating a metamodel 

 

Figure 23. Visualization of metamodel 
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1.5. Optimization settings 
The user can proceed with the robust 

optimization without changing the default values 

in this tab. However, to have more control over 

the optimization procedure there are multiple 

options to choose from (Figure 24). Under 

Optimization method panel the user can choose 

SQP or Interior point method which are gradient-

based methods of optimization. In addition, 

Genetic algorithm (GA) method can be used in 

which gradients are not evaluated. If GA is 

selected, the populations size and generation 

size must be chosen to perform optimization. 

Usually SQP is the fastest method to find the 

optimum. 

Noise propagation can be performed using 

analytical method or Monte Carlo analysis. For 

Monte Carlo, a sample is required to perform 

noise propagation during robust optimization. 

This sample can be generated using random 

sampling from a Gaussian distribution. As this 

sample is random and each time the Create MC 

sample button is pushed a new sample is 

generated, the user can save and load the MC 

sample to obtain a consistent result. It is also 

possible to create MC sample using a different 

criterion (e.g. Real Data, non-normal data, 

skewed distribution, etc) outside Robustimizer 

and import a tailor-made MC Sample as a txt file 

(Figure 25). 

 

Figure 24. Optimization method panel 

 

Figure 25. Noise propagation panel 

Objective function for the main response can 

be modified in Objective function panel. Several 

criteria exist to choose from. A target value is 

required for specific objectives. The user can 

choose to enhance the search for robust 

optimum design by accounting for the skewness 

of the response by clicking in the tick box (Figure 

26). 

If constraints are present in the problem, the 

settings for each constraint can be changed in 

Constraints panel. As there are no constraints in 

this problem, this panel is not editable. 

 

Figure 26. Objective function definition panel 

 

Figure 27. Constraints definition panel 

1.6. Robust optimization  
Click on Perform optimization button to start 

the optimization procedure. The required time 

for optimization varies depending on the size of 

the problem, size of the DOE and the options 

chosen under the Optimization settings tab. 

After optimization is done and an optimum is 

found, the results are displayed in the textbox as 

shown in Figure 28. To view the scatter around 

the robust optimum design, click on Perform 

Monte Carlo analysis on optimum button shown 

in Figure 29. 
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Figure 28. Results of robust optimization 

 

Figure 29. Scatter around the optimum 

1.7. Sequential improvement of 

the metamodel 
Choose a method to add an infill point to the 

current DOE. As mentioned earlier, adding new 

DOE point can be done either manually or 

automatically. Since no script is introduced under 

the DOE and blackbox evaluation tab, only 

manual option is applicable. For this purpose, 

click on Recommended an infill point for manual 

blackbox evaluation button. A wait bar will show 

the progress of adding the infill point as shown in 

Figure 30. The recommended infill point will be 

written in the text area Figure 31. Then select, 

copy and paste the new infill point at the end of 

the DOE txt file and import the updated DOE in 

the DOE and blackbox evaluation tab. 

Alternatively, click on Save old output and add 

new infill point to existing DOE button. This will 

automatically add the infill point to the DOE table 

(Figure 32) and save the existing output as a txt 

file in the selected folder.  

It is then required to perform the blackbox 

evaluation on the new infill point, add the results 

to the end of the results txt file and import it in 

the DOE and blackbox evaluation tab. The size of 

new DOE and new results file increases by one 

row. 

After updating the DOE and importing the 

results, repeat the process of robust optimization 

from fitting a  metamodel, and perform the 

robust optimization again. 

 

Figure 30. progress of search for the best infill point 

 

Figure 31. The recommended infill point 

 

Figure 32. New infill point added at the end of the 
existing DOE  

To validate the obtained robust optimum, 

the blackbox function can be evaluated on the 

obtained design setting multiple times to check 

the validity of the results. 


