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Matrix Design Development using python package for Latin Hyper-Cube Sampling 

DOE (Design of Experiments) Method: 

 

Latin Hypercube Sampling (LHS) is a way of generating random samples of parameter values. It is widely 

used as it can drastically reduce the number of runs necessary to achieve a reasonably accurate result. 

LHS is based on the Latin square design, which has a single sample in each row and column. A 

“hypercube” is a cube with more than three dimensions; the Latin square is extended to sample from 

multiple dimensions and multiple hyperplanes. 

 

 

 

 

 

Fig. Latin Square 

• Method Behind Latin Hypercube Sampling: 

1-D Latin hypercube sampling involves dividing your cumulative density function (cdf) into ‘n’ equal 

stratification and then choosing a random data point in each stratification.  

For example, let’s say we need a random sample with 100 data points. First, divide the cdf into 100 

equal intervals. If your distribution starts at 0 and ends with k, your first data point would be selected 

from the interval between (0, k/100). The second data point would be from the interval (k/100, 2k/100), 

your third from (2k/100, 3k/100), and so on. In each interval you would randomly select one point, 

giving you 100 different points.  

2-D Latin hypercube sampling is done by considering two variables, for example, x1 and x2 are 

independent variables, you follow the 1-D method to come up with one dimensional sample for x1 and 

x2 separately. Once you have two lists of samples, you combine them, randomly, into two-dimensional 

pairs. 

Similarly, for n-dimensional Latin hypercube sampling the same method is used. 

Packages used for deriving the LHS points: 

Pandas 

NumPy 

Doepy 

Matplotlib 

Shapely 

https://academy.gannetsolutions.com/courses/modeling-and-optimization-of-ic-engines-using-python/www.gannetsolutions.com
https://www.statisticshowto.datasciencecentral.com/latin-square-design/
https://www.statisticshowto.datasciencecentral.com/cumulative-distribution-function/
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• PLOT: 

1. Generation of LHS points from the Engine Performance Curve (using Engine Speed and Engine 

Torque values): 

 

The CSV file is taken as an input  ----details of CSV-----which contains Engine Speed and Engine 

Torque data. The script contains a space filling LHS function which is extracted from the “doepy” 

package.  

 

2. Generation of a polygon: 

 

https://academy.gannetsolutions.com/courses/modeling-and-optimization-of-ic-engines-using-python/www.gannetsolutions.com


GANNET ACADEMY 

Copyright ©2020 Gannet Engineering. All Rights Reserved. 

A polygon was obtained using the Engine Performance data. Extra point (min. speed, min. torque) 

was added to complete the polygon. The polygon is created to obtain the LHS points which lays 

inside the curve.  

 

3. Implementing the points inside the curve: 

 

Each LHS point was checked for the condition (i.e.) whether they lie within the polygon. The points 

lying inside the polygon were taken and the ones lying outside were discarded. Also, the range of 

the check was till the Max. Power obtained in the curve (depicted by green line). 

• Generation of Dataframe containing Engine speed, Engine torque and the parameters 

corresponding to the Engine: 

 

https://academy.gannetsolutions.com/courses/modeling-and-optimization-of-ic-engines-using-python/www.gannetsolutions.com
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The input prompt is generated where the CSV file containing Engine speed and Engine torque, is to be 

entered. Here, LHS is applied on the parameters which generates specified number of random points 

between the specified intervals. The dataframe consisting of the generated parameter points is mapped 

with Engine speed and torque points from the CSV file entered. This generates a fresh mapped 

dataframe with engine speed, engine torque and the parameters listed. 

For example, 

To the prompt “Data.csv” file was passed through. 

This data had 20 speed vs torque points. The number of LHS points generated were 100, out of which 85 

points were considered as they were inside the curve polygon. 

Therefore, total no. of points = 85 + 20 = 105 

 LHS was applied on the parameters and 25 points were generated. 

Each point (i.e.) those 105 points were mapped with 25 LHS parameter points, which resulted in 105*25 

= 2625 rows.  

https://academy.gannetsolutions.com/courses/modeling-and-optimization-of-ic-engines-using-python/www.gannetsolutions.com

