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ABSTRACT 

Everywhere one looks in the aerospace industry, MATLAB® surfaces as the accepted 

programming language for engineering analysis. With the speed at which an algorithm 

can be translated into a functioning MATLAB script, the wide palate of display options 

and the large array of discipline-specific toolboxes available for MATLAB, it is not 

difficult to understand the dominance it enjoys. MATLAB is a commercial product, and 

there are costs associated with the use of this tool:  

(i) Periodic licensing costs and time spent to administer licenses 

(ii) Code base maintenance (necessary recoding due to changes in the 

MATLAB environment and interfaces)  

(iii) Supporting a deployed MATLAB application for multiple users and 

operating systems (perhaps the greatest cost) 

There is a great deal of investment in MATLAB scripts in the flight test community. The 

inertia associated with this investment makes consideration of moving to another 

language nontrivial. If MATLAB costs increase, or if changes require rework of legacy 

scripts, we are often forced to absorb the cost simply because the move to an 

alternative is even more costly. Python should be considered as a cost-effective 

alternative to MATLAB for the Flight Test Community due to its capable associated 

libraries and wide acceptance and support. 

 

ACRONYMS 

OS - Operation System 
DLL - Dynamic Link Library 
GUI - Graphical User Interface 
HPD - Half-Power Damping 
IDE - Integrated Development Environment 
MCR - MATLAB Compiler Runtime 
PSD - Power Spectral Density 
VI - Virtual Instrument (LabVIEW®) 
VM - Virtual Machine 



 
 

INTRODUCTION 

This paper will attempt to chronicle the highlights of the IADS development group’s 

journey to the adoption of the Python programming language and its associated 

scientific computing libraries NumPy, SciPy and Matplotlib as a replacement for 

MATLAB. This paper will also briefly describe some of the other scientific computing 

packages evaluated and explain why they fell short. Several candidates for this 

replacement have been evaluated by the group over the last 10 years, and all of them 

have been rejected for one reason or another. Several improvements have been made 

to these packages since they were evaluated, so there is some interest in reevaluation if 

time permits. This paper will also describe the group’s motivations for replacing 

MATLAB and how those motivations added up to tip the scales in Python’s favor. 

MATLAB is a commercial software application that allows engineers and scientists to go 

from ideas to working programs by safely handling the details of linear algebra, matrix 

manipulation, memory management and GUIs. There are several discipline-specific 

toolboxes available to enhance the utility of the product. 

The Flight Test Community uses MATLAB extensively for data processing and 

reduction, analysis, visualization and report generation. Academia uses MATLAB as an 

engineering teaching tool1 because educational licenses are free or inexpensive. 

Therefore, many young engineers come into the workforce with a good working 

knowledge of how to write MATLAB scripts. Example code provided with textbooks and 

research papers is often written in MATLAB. Developing, testing and refining the IADS 

software essentially requires a MATLAB license in order to be compatible with the 

industry. 

There are costs associated with outfitting a workforce with MATLAB that, until recently, 

were seen as unavoidable. Many MATLAB-based tools have been developed 

throughout this industry which need to be maintained and updated, so organizations are 

motivated to keep “biting the budget bullet” to avoid the cost of a learning curve and 

rewriting programs in a new language. 

Issues with portability, licensing, administrative hurdles, proprietary functions, changes 

in Windows OS, and changes in MATLAB Compiler options motivated the IADS group 

to search for an alternate software application. This search spanned many years. The 

growing momentum of Python as a scientific computing resource2, along with very 

similar syntax and function libraries, motivated the IADS group to try Python by porting a 

couple of MATLAB test scripts and running them against a MATLAB benchmark. 

Results so far have been encouraging. For our purposes, we have found Python to be a 

good replacement for MATLAB. 

 

  



 
 

MAIN BODY 

The First MATLAB Use Case in IADS 

In 2003, sample MATLAB code was found on the internet that showed how to fit a 

modal model to an array of frequency response data. The analytical model allowed 

extraction of frequency and damping for multiple modes in real-time, eclipsing the 

existing IADS HPD algorithm in accuracy and usability. After getting a working MATLAB 

script, the code was translated into C++ for use in IADS. MATLAB was used to verify 

the results and is used for verification testing for every new release. 

This arrangement worked well for a long time, but it prompted the group to look for an 

open-source application (GNU Octave) that would allow developers complete visibility 

into source code (for the mathematics, which is actually in the public domain). This 

access is necessary to fully understand and optimize the algorithm. Unfortunately, the 

Octave user interface was prohibitive enough to discourage familiarization efforts after a 

short time. Having a working curve fit DLL was good enough, but from this point on, 

IADS was dependent upon MATLAB. Figure 1 shows the curve fit results as a purple 

overlay between the two red frequency limit indicators. 

 

 

Figure 1 – RFP Curve Fit Developed in MATLAB 

 

  



 
 

Further Steps toward MATLAB Dependence 

In order to facilitate post-test processing for users, two DLLs (iadsread and iadswrite) 

were created to enable direct file reading and writing of IADS data files from within the 

MATLAB Desktop. There are also options to export data slices to MATLAB from IADS 

during flight test. All of these things depend on the MATLAB API. Since MATLAB 

changes their API periodically, every new version of MATLAB must be tested. This 

requires at least one active license at all times with multiple versions installed. 

Early permutations of the IADS PSD and Autospectrum in the Frequency Plot drew 

scrutiny from users3 of the way IADS display results were scaled. There was a need for 

comparison with industry standards like LabVIEW and MATLAB in order to demonstrate 

that the scaling issues had been corrected. Even though MATLAB didn’t offer locked-in 

standard scalings, there were enough examples on the Mathworks file exchange that 

test scripts for both spectrum types could be developed for all IADS windows. The 

advent of Windows 7 and a lapsed LabVIEW license forced use of an XP Mode VM to 

run the LabVIEW test VIs, so the MATLAB test scripts could be the only method 

routinely used during a release test cycle at some point. 

Nearly all proposed new IADS analysis routines are developed and tested in MATLAB 

before translation into C simply because it doesn’t disturb the core code until it is 

working. When looking for new algorithms, code examples in textbooks, papers and 

webpages are often written in MATLAB, so it is convenient to run the example scripts to 

evaluate whether results will be of value. The IADS group has developed a substantial 

dependence on MATLAB. 

 

Difficulties Securing a MATLAB License 

MATLAB is an outstanding engineering analysis tool, but it is expensive. The IADS 

group is fortunate enough to have an administrative body that supplies software tools to 

enable our development efforts. During well-funded years, a simple request and maybe 

a short justification were all that was necessary to renew licenses for the entire group. 

The licenses were also good for multiple machine MAC addresses, so they could be 

moved around to whomever needed them. 

Recent budget constraints have made securing an active license challenging. For 

approximately the last 5 years, convincing the administrative body to allow renewal of 

the MATLAB licenses that are used for test and prototyping has been increasingly 

difficult. At present, the renewal process requires about 3 months of repeated requests 

and coordination. By the time the license is renewed, schedule pressures usually force 

an alternate solution to be used. In addition, the one license the IADS group is currently 

allowed is locked to one MAC address, so access to the license requires use of remote 

desktop at times. This unfortunate situation is a motivation to look for another answer. 

  



 
 

 

Figure 2 – Python, the Holy Grail? 

 

Replacement Requirements 

For the purposes of the IADS development group, any replacement of MATLAB must 

have (as a minimum) functional replacements for the MATLAB functions that are used 

in IADS test scripts (pwelch() and msspectrum()).The ability to step through code for 

debugging purposes is mandatory, and therefore so is a modern IDE. MATLAB 

functions that are used in the curve fit are also important (residue(), polyval(), roots(), 

invfreqs() and poly()). Since the group is already committed to maintaining at least one 

MATLAB license for the interfaces (an acceptable burden), complete replacement is not 

necessary. Popularity within the industry will also be factored into the decision. 

 

Discussion of Candidates 

A Google search for “MATLAB Clone” returns the names Octave, SciLab and SciPy 

(Python library) along with discussions of strengths and weaknesses of each one4. 

Octave and SciLab were evaluated years ago by the group (as mentioned above). Both 

were rejected because: 

1. The Windows OS installations were confusing and/or incomplete 

2. The IDE provided wasn’t as user-friendly as the MATLAB environment 

3. MATLAB was not difficult to obtain at the time 

For the purposes of this paper, recent versions of Octave and SciLab were installed in 

order to provide a modern comparison basis. Some effort was also expended to ensure 

that libraries or modules could be obtained that are roughly equivalent to the MATLAB 

toolboxes that are frequently used by the IADS group. 



 
 

a) GNU Octave 

 

Figure 3 – View of Octave’s IDE (Version 4.0.0) 

 

GNU Octave is an open-source application that has a direct function equivalent for 

everything needed (invfreqs() is even there). However, the functions themselves require 

some data type manipulation and library loading (the signal processing toolbox 

equivalent has to be installed and referenced in the code) to get a MATLAB script to run 

properly, so Octave isn’t a complete clone. Octave 4.0.0 has an IDE that is similar to 

MATLAB’s desktop, so getting a script running was not difficult. Figure 3 shows a 

screenshot of this environment with familiar workspace and command history windows. 

Had this IDE been available when the group needed it, Octave may have been chosen 

to replace MATLAB 10 years ago. Octave appears to require the least translation of 

code – one review called MATLAB and Octave “dialects” of the same language: 

“It is perfectly possible to use GNU Octave within the context of 

computationally-intensive tasks… For example, it is possible to use it for 

large scale environmental modelling. This also means that data-

parallelism could be exploited with a disciplined programming style (i.e. by 

taking seriously array programming so that the low-level numerical 

libraries on which GNU Octave relies are efficiently used). 

GNU Octave has the advantage, over other free software tools, of 

providing very high compatibility with the MATLAB language. Actually, the 

Octave language and the MATLAB language may be considered as 



 
 

dialects with differences which generally do not prevent scripts and 

libraries to run in both GNU Octave and MATLAB…” 

GNU Octave does not offer a Simulink substitute yet, but many people are asking for it. 

 

b) SciLab 

 

Figure 4 – View of SciLab’s IDE (Version 5.5.2) 

SciLab is another open-source application with some direct function equivalents for 

everything needed (frfit() may be substituted for invfreqs()). The first glance at SciLab 

presents an unfamiliar beast that might take a few hours to master. Figure 4 shows the 

SciLab application with a variable browser (like Spyder) and a console that appears to 

function lime MATLAB’s command window. The author did not manage to get a script 

running in SciLab, so it is not clear whether plots appear in the console or as 

independent windows. The word “console” is the same term used by the Spyder IDE. 

Unlike Octave, SciLab cannot simply run a MATLAB M file that is dropped into the 

editor. A line-by-line manual code translation is required, and even the symbol to 

represent a comment is different. There is a MATLAB-to-SciLab file converter tool in the 

IDE that may help one get up and running, but a developer working to port the MATLAB 

code over would most certainly need some sort of code examples to start with. 

 



 
 

  

 

Figure 5 – View of Xcos Thermostat System Example 

 

SciLab offers a Simulink substitute called Xcos (formerly Scicos), and there are 

demonstrations of system modeling capability built into the IDE. There are many 

Blocksets or Modules available (including an Aerospace Blockset) that may be useful 

for porting from Simulink to Xcos. As this topic is wide enough for a separate paper, it is 

left to the reader to research the topic further if desired. Figure 5 shows a thermostat 

system simulation model in Xcos along with a time-domain input/output signal trace. 



 
 

c) SciPy (Python) 

 

Figure 6 – View of Spyder IDE 

 

Python (https://www.python.org/) by itself doesn’t look anything like MATLAB. A few 

research sessions into Python as a curiosity yielded very little reason to suggest that 

Python would be a candidate for MATLAB replacement. Python is a general purpose 

language (https://www.python.org/about/apps/) with many different established uses, 

and MATLAB, Octave and SciLab are numerical computation packages. There are 

books available like “Learn Python the Hard Way” and “Python for Dummies” that give 

the impression that Python is just another programming language with a time-

consuming learning curve and a command line compiler reminiscent of the days before 

Visual Studio. Bare bones Python editors are available, but it is assumed that anyone in 

this industry looking to replace MATLAB is also looking for an IDE that functions the 

same as the MATLAB desktop. The syntax of Python is similar to the syntax of 

MATLAB, but there are enough differences that one cannot simply drop a MATLAB 

script in Python and run. 

Recently (July 2015), another book, “Python for Data Science For Dummies”2, was 

published that suggests that there is indeed wide industry support for Python that can 

facilitate flight test data analysis. By the time this book was published, the IADS group 

had already committed to programming in Python. 

Tom Irvine’s Contribution 

Until a suggestion that Python tools could do the same analysis and plotting as 

MATLAB from a structural analysis webinar series hosted by Tom Irvine, Python wasn’t 

https://www.python.org/
https://www.python.org/about/apps/


 
 

really on the author’s radar. Mr. Irvine teaches a series of vibration analysis webinar 

classes periodically (http://www.vibrationdata.com/) in which the author participates to 

discover techniques used for structural analysis and vibration. The class has an 

accompanying signal analysis package that is written in MATLAB, and a typical session 

will demonstrate how the package can be used to solve a problem or analyze a certain 

structural phenomenon. Recently, Tom started teaching the same series of classes 

using Python scripts instead of MATLAB in parallel with the MATLAB class. The author 

saw this as an opportunity to compare the syntax of the two scripting languages and 

pick up some tips on which Python install would be the most painless to use. The 

Vibration Data GUI for Python that Tom offers on his web page provides working 

examples of how to create and populate a basic, working dialog. The classes are taught 

for structures and vibration, but they also serve as an effective scientific programming 

guide. 

 

Brief History of Python Familiarization 

   

Figure 7 – Comparison of Python and MATLAB for the PSD Test 

 

The author chose the Anaconda Package install from Continuum Analytics® and just 

pushed forward with it. Anaconda was chosen because it was one of several packages 

recommended by Mr. Irvine. The installation was free of charge, and the included 

Spyder IDE (see Figure 6) resembled MATLAB’s desktop. A MATLAB script for testing 

the IADS PSD was copied into Spyder, and one line at a time was debugged until the 

script worked (see Figure 7). The syntax of Python was different enough from MATLAB 

that an entire learning process about how arrays, matrices and lists are handled and 

defined was necessary. Also, functionality that normally would be found in a MATLAB 

Toolkit needed to be found by hunting and pecking in the NumPy/SciPy documentation. 

After a few iterations of this translation process, it became clear that Python really isn’t a 

MATLAB replacement, but the libraries written in Python called NumPy, SciPy, 

Matplotlib, tKinter and others are a MATLAB replacement when seen together with 

Spyder as a whole numerical analysis environment. 

http://www.vibrationdata.com/


 
 

   

Figure 8 – Comparison of the Python Curve Fit with IADS RFP Curve Fit 

NumPy (http://www.numpy.org/) is a package for scientific computing with Python. It is 

contained within SciPy (http://www.scipy.org/) along with Matplotlib. The way these 

libraries are bundled together in one neat installation package, one doesn’t need to be a 

Python programming expert in order to use Python and the libraries for engineering 

analysis. The SciPy website shows equivalent functions for almost everything needed 

by the IADS group to replace all MATLAB work; SciPy.signal.welch() provides both 

power spectrum and power spectral density, and SciPy also provides all functions 

needed for the curve fit except invfreqs(). A short Google search showed that invfreqs() 

was indeed missing from SciPy, but a young grad student in Europe had recently 

developed one and contributed it to a file exchange. The invfreqs.py file was obtained, 

and the curve fit worked (Figure 8). The Matplotlib plot of the results and the variable 

viewer in the IDE were sufficient to confirm accuracy, and the plot looked better than 

anything produced by Octave or SciLab. 

 

 

Figure 9 – Comparison of Python and IADS Bessel Filter Response 

http://www.numpy.org/
http://www.scipy.org/


 
 

With momentum from the successes above, SciPy was used by the development group 

to facilitate the addition of a Bessel filter into IADS. Earlier attempts to accomplish this 

addition using MATLAB were thwarted by MATLAB itself not actually allowing a discrete 

Bessel filter function. Since SciPy has this function, the IADS group was able to confirm 

that running analog Bessel filter coefficients through the bilinear transform matched the 

output of the SciPy discrete Bessel filter (Figure 9). This was the first instance of the 

addition of a new analysis capability without MATLAB since MATLAB was first acquired.  

SciPy also provides safe access to low level BLAS and LAPACK functions: 

1. (http://docs.scipy.org/doc/scipy/reference/linalg.blas.html)  

2. http://docs.scipy.org/doc/scipy/reference/linalg.lapack.html 

This facilitates manual translation into C code if necessary and contributes to the overall 

understanding of what the code is actually doing. Since source code is available for all 

libraries, there isn’t any difficulty drilling down to the actual mathematics. This may 

make optimization easier than it was in MATLAB. 

The author has only a brief experience with using Matplotlib. Figure 9 was plotted using 

this library, and little difficulty was experienced getting the library to mimic the 

functionality needed to prove that plotting tasks are well-supported. Again, syntax is 

very similar to MATLAB. Similarly, the author only tinkered with the tKinter library 

enough to make a basic dialog and establish that dialogs can effectively be created 

using Python. 

 

LESSONS LEARNED 

Python is not without its drawbacks. In 2008, Python 3.0 was released, and it was not 

100% backwards-compatible with Python 2.0. This requires extra version-dependent 

code in some circumstances. Unless the IADS group decides to deploy Python code in 

a release of IADS, this should not present a problem, but it does require a little extra 

debugging to get older example scripts to run (the group uses 3.X). Since MATLAB 

routinely does this as well, there isn’t really any loss. 

IADS cannot completely uncouple from MATLAB. In order to maintain the various 

MATLAB interfaces and functionality in IADS, the group is still compelled to maintain 

one active MATLAB license. This license can also be used for collaboration with 

industry professionals and research, debugging and troubleshooting. Perhaps the 

MATLAB representatives will someday provide this one license gratis for the help it 

provides to their users, but it seems unlikely. 

MATLAB Representatives have been very kind to this group over the years. If an 

expired license prevented the group from solving a time-sensitive problem, temporary 

licenses were always granted. They seem to understand the hassle involved with 

reaching for a trusted tool and finding the toolbox locked. 

http://docs.scipy.org/doc/scipy/reference/linalg.blas.html
http://docs.scipy.org/doc/scipy/reference/linalg.lapack.html


 
 

Since there is at present no Simulink equivalent written in Python, Simulink users 

cannot make the switch yet. This does not affect the IADS group at present, but many 

IADS users also use Simulink to model control systems and even aircraft, so until there 

is a Python Simulink clone, those users will probably prefer continued support of the 

MATLAB interfaces. Readers interested in a Simulink substitute should evaluate SciLab 

and Xcos. 

 

CONCLUSIONS AND FUTURE DIRECTIONS 

The cost of maintaining a MATLAB license has increased steadily to the point where 

many professional organizations are in search of a replacement. Python/SciPy is 

enjoying broad industry acceptance and by many accounts is poised to overtake 

MATLAB soon. A huge database of programming examples in Scientific Python exists 

out on the web. For these reasons and others, the porting of MATLAB projects to 

Python is gaining traction in the aerospace industry at large. 

A blogger, writing a comparison of MATLAB and Python, wrote the following: 

“If you have legacy code in MATLAB, then it may make sense to just 

continue using it. If it works, don’t fix it. However, if your MATLAB code 

keeps causing you pain, Python might be a solution.” 

The IADS group tolerated the licensing difficulties and the complexity of dragging 

around MATLAB DLLs for many years because it worked. Once the group determined 

that Python and NumPy/SciPy covered the one “magic” function needed to port the 

curve fit over, the decision was made to go forward and translate everything to Python. 

Yes – we can and should migrate our MATLAB test and analysis routines to Python. 

The required support exists within the Python community and the open-source nature of 

Python (price) makes it attractive for use in future software development efforts. Since 

Python allows easy collaboration with people who don’t have access to MATLAB, the 

IADS development group will benefit in the long term by its adoption. 

Learning to code in Python by translating MATLAB scripts has an advantage – since it 

is a general purpose programming language, software developers can leverage the 

experience gained from MATLAB emulation and start developing other applications in 

Python. All analysis routines in the core code of IADS can easily be translated to Python 

for development of application-specific tools. With the recent release of “Python Tools 

for Visual Studio”, who can say how far Python will go? 
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