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A. GENERAL INFORMATION 

1.1 Introduction 
 
This Quick User Guide (“QUG”) provides the information necessary for Test Engineers and Data Analysts to 
effectively use the Matlab® Image Analysis Routine (v1.0 • November 2018). 
This Matlab® routine (“MR”) has been written in a top-down perspective, following the teaching of Object Oriented 
programming philosophy, typical of Java® ambient programs. This choice comes from the necessity to keep Matlab® 
Image Analysis Routine (“MIAR”) user interface as simple as possible for immediate use but, at the same time, to 
furnish an easy access to the code to programmers for further corrections. Indeed, it results very easy to reach the 
single function of interest and to add the required corrections. 
Every function has a specific purpose and many of them are nested in one another, to reach a fine level of 
computational complexity and capability to deal with as much cases as possible. At the same time, these function are 
designed to limit the knowledge of the program to the simple input pondering, without necessarily get into the 
program code itself (if not for specific programming refinement purposes). Further improvements will be always 
necessary, to fit the data analysis request, so this approach is strongly encouraged. Meanwhile, the necessity for a 
working program has been accomplished and will represent a useful instrument for Test Engineers who need a quick 
real-time data comparison during test sessions. 
It is due to underline how much realistic results are strongly bounded to experimental data coming from sensors 
during test sessions. Matching these two philosophies, is the best way to accomplish a more and more realistic 
modeling by this Matlab® routine. 
 

1.2 Acknowledgment 
 
Special thanks go to Eng. Difficile and Eng. Laera, whose work on Image Import, Image Processing and 
Chemiluminescence Tecnique previous versions has been pivotal to the accomplishment of the actual version of the 
MIAR. Special acknowledgment also goes to all Lehrstuhl für Turbomaschinen und Flugantriebe - Fakultät für 
Maschinenwesen - Technische Universität München (TUM), which members have always involved themselves in the 
project in first place, letting ideas spread besides the many first unsuccessful attempts, strongly driven by trust in 
people and their determination. 
 

1.3 Program Overview 
 
Architecture and functionalities of MIAR will follow in this section. Minimum requirements for the computing working 
machine will be explained. 
 

 Software system based on Windows 10 machine (Apple and Linux compatible). 

 Software based on Matlab® 1017a (Image Processing Toolbox™ compatibility is required). 

 Minimum requirements for a proper execution on Windows 10 are 8GB RAM (at least) and a 3.2Ghz processor 
(at least). Best performance are achieved on 16GB RAM and 4.2Ghz processor machine. 

 This software is not optimized for Parallel Computing Toolbox™ and will not take any advantage from using 
a multi-core machine with lower computational frequency. 

 Be sure that every folder (and subfolder) contained in the program main folder has been added to path. 

 Program name or title: MATLABImageAnalysisROUTINEv1_0.m 

https://www.ltf.mw.tum.de/index.php?id=5
http://www.mw.tum.de/
http://www.mw.tum.de/
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 Program architecture: 

 Main Function:  user main platform to perform Image Import, Image Processing, Schlieren Analysis 
and Chemiluminescence Analysis. Common user do not need to work with other function but this 
one. Every other function will run from this relatively to the specific function the user wants the 
program to excute.  

 Major Functions:  each major function performs clearly defined sub-functions to attempt a specific 
operation on data. These include: Images_Import.m, Images_Processing.m, 
Chemiluminescence_Tecnique.m, Schlieren_Tecnique.m. 

 Minor functions:  every minor function finds its application in one or more major functions. 

 Operational input: 

 Test Folder: program needs to read all the files it needs from a specific folder that has to be included 
in TestList as a ‘char’ element. User can add more than a single folder to run a series of test. In this 
case, be sure that the last lines in SCHLIEREN ANALYSIS or CHEMILUMINESCENCE ANALYSIS 
have been uncommented. 

 Input Files: each test folder must contain two specific input files: test_data, schlieren_data. 

 

1.4 Document References 
 
References that were used in preparation of this document in order of importance for the end user. 
 
https://it.mathworks.com/help/matlab/index.html  
 
 

1.5 Authorized Use Permission (Terms of Use) 
 
The Lehrstuhl für Turbomaschinen und Flugantriebe - Fakultät für Maschinenwesen - TUM provides the end user with 
this QUG to help him through the most common issues that could occur while using this MR. This document and any 
resource relative to the MIAR must be shared under specific authorization by Lehrstuhl für Turbomaschinen und 
Flugantriebe - Fakultät für Maschinenwesen - TUM and for specific research purposes only. Any other purpose will 
violate the authorship paternity and the TUM policies. Any software material, including developer tools and sample 
code (collectively “Software”), are subject to this specific Terms of Use (“TOU”), unless we have provided those items 
to you under more specific terms, in which case, those more specific terms will apply to the relevant item. 
 
  

https://it.mathworks.com/help/matlab/index.html
https://www.ltf.mw.tum.de/index.php?id=5
http://www.mw.tum.de/
https://www.ltf.mw.tum.de/index.php?id=5
https://www.ltf.mw.tum.de/index.php?id=5
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1.6 Points of Contact 

Technische Universität München 
Boltzmannstraße 15 
85748 Garching 
Deutschland  

Tel.: 089/ 289 – 16165  Fax: 089/ 289 – 16166 
 

1.7 Organization of the Manual 
 
Quick User Guide v1.0. 
 

1.8 Acronyms and Abbreviations 
 
List of the acronyms and abbreviations used in this document and the meaning of each. 
 
 

QUG: Quick User Guide 
TUM: Technische Universität München 
MIAR: Matlab® Image Analysis Routine 
MR: Matlab® Routine 
TOU: Terms of Use 
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B. PROGRAM SUMMARY 

2.1 Routine Configuration 
 
The Matlab® Image Analysis Routine (v1.0) provides a complex image analysis on a set of images to the user. These 
pictures usually are captured during a chemiluminescence and/or schlieren test campaign. This MR will provide the 
user with many pictures and diagrams of interest, resulting from the data analysis. To properly work, this MR will need 
specific data input, provided by the end user (many samples are included in samples folder). All routine results will be 
visible on screen during the routine execution and will be stored in the relative test folder, except for 3-D models and 
contour 2-D models. 
To properly configure the program, it is due to set files test_data (for Import, Processing and Chemiluminescence 
Analysis) and schlieren_data (for Shlieren Analysis) to fit as close to the experimental configuration as possible. This 
means to characterize the fluid properties, boundary conditions, setup sizing, etc. 
In test_data the end user can specify region of interest from the images session, rotate them and select a temporal 
interval of evaluation. He can also set an FPS ratio for video output. 
In schlieren_data many different inputs have to be furnished to the program to properly run. They vary from gas, air, 
setup and light beam properties to program lower and upper sensitivity and last, but not least, inputs for differential 
equations resolutive algorithm like boundary conditions, geometrical modelization and integration direction along 
geometrical axes. All these data must fit at their best the real counterpart to gain realistic results. Program results 
fidelity strongly relies on deep understanding of program inputs. In this case, end user’s role is pivotal. 
 

2.2 Data Flows 
 
Program outputs will be stored in the previously selected folder, in format “.mat” for data collection through matrices 
(for easy access to numerical results and for import them between routines), format “.fig” and “.png” for graphics and 
pictures and then “.avi” for video outputs. All graphical results from the routine will be printed in a file counterpart inside 
of the specified folder, except for 3-D models and contour 2-D models (this will have to be printed manually in case of 
need). In case of further investigation through the program routines, it will result easy to access the code of interest 
and add the lines needed. The programmer’s attempt is to match at his best the end user’s necessities. 
 

2.3 User Access Levels 
 
End users have fully access to the code and can apply changes to fit their purposes at the best. In case of 
inconsistencies occurring while modifying the program, they could always go back to a previous version by saving it in 
a backup copy. By building the code in a top-down perspective, it is possible to intervene on the specific function it is 
due to modify, without altering the rest of the code, which is pivotal for further improvements in the MR. These changes 
could be also implemented in future releases of the program after a strict verify by project supervisor. Any correction, 
performance increasing and adding to the code is well accepted and encouraged, coherently with an academic open-
source cooperative environment.  
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C. GETTING STARTED 

3.1 Installation Folder 
 

Default installation folder is “C:\Program Files”. To install the program, just copy the whole 
“MATLABImageAnalysisROUTINEv1.0” folder inside installation folder and make sure to add to Path (with relative 
subfolders) inside of Matlab®. In case you need to install the program on a different folder, or you do not have 
administrator privileges on “C:\Program Files”, or you need to run it from a portable device, make sure to update 
every address yet present on the INPUT section (even samples if necessary). 

3.2 User Interface 
 
At program startup, the first section you will see is INPUT, which is necessary to launch before any program run to 
specify the folder (or folders) that contain the picture sequence and relative files to analyze. Every address is written 
as element of an n x 1 cell array, where n is the number of different test cases that you are actually dealing with. 

 
Default folder should be “C:\Program Files”, but you can run analysis from every folder inside your computer by simply 
copying as text the folder address from the explorer address bar. 
 

 
Then, to include this folder into the program routine, just add a new line in TestList cell array, filled with the folder 
address as char variable (written between ‘…’ symbols). To exclude a case, just comment the line. 

Figure C-1 

Figure C-2 
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3.2 Functions Menu 
 
Every major function from the program can run on a standalone case of study, for collecting specific output and data 
analysis from a specific folder, or can run in sequence with all the other folders, in order to launch a long test session 
that will end after that all the cases have been explored. 
In the first case, make sure to have commented all the cases in TestList that you want to ignore, and then you can just 
go in Editor from Matlab® toolstrips and launch Run Section (or equivalently Run and Advance). 

Otherwise, if you wish to run a long session dealing with all the cases specified in TestList, just uncomment all the 
cases you want to deal with and then launch Run Section (or equivalently Run and Advance). 
 
Do not launch the program with Run mode, otherwise the program will not distinguish between a chemiluminescence 
test campaign and a schlieren test campaign, and will consequently conduct both analysis on the specified folder, with 
obvious bad results in a case or the other. 

Make sure if you really want to deal with chemiluminescence analysis or schlieren analysis, because in both cases you 
will have to run the relative function to conduct a proper image analysis. 

3.2.1  INPUT (section) 

 
This section constitutes a necessary step for every further program launch, because it declares the specific folders in 
which the program has to seek for images and data. Remember to launch this section at any Matlab® restart. You can 
easily verify if the program is ready to run if TestList cell array appears in Matlab® Workspace. 
 

3.2.2  IMAGE IMPORT (section) 

 
This section is meant to collect all data from a set of images previously taken and collected in a specific folder. This 
also prints on screen the images as raw, rotated or windowed and rotated versions, and stores a video file from the 
whole test session. Nevertheless, the IMAGE IMPORT section will export the “Images_Windowed.mat” and 
“map.mat” outputs, which are fundamental for further program execution in schlieren and chemiluminescence 
analysis. Once that these two “.mat” files have been generated, a subsequent execution of this section is no more 
necessary. 

Figure C-3 

Figure C-4 
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3.2.3  SCHLIEREN ANALYSIS (section) 

 
This section, as its counterpart for chemiluminescence, is constituted by two separate major functions, which are (in 
this case): 
 

- Images_Processing: this function is meant to extract a sequence of images in a specific temporal interval 
on “Images_Windowed.mat” (contained in test folder) and removes video noise by subtracting a reference 
image (wind-off image) to enhance contrast; 

- Schlieren_Tecnique: this function prints on screen the sequence of pictures, their difference with the 
reference image and the relative contrasted images. Then evaluates density gradient along a specific axis, 
integrates this gradient through differencial equation valid for density and temperature behavior, prints on 
screen these results and saves them in the test folder. Its output are “Contrast.mat” (along the entire 
sequence), “Density.mat” and “Temperature.mat” (both for average values). It also saves the spatial resolution 
with “X-Axis.mat” and “Y-Axis.mat”. All these files are then readable outside of routine execution, such as the 
graphics (except for 2-D contours and 3-D models); 

 
Once the user runs this section, if the “schlieren_data.m” input file has been properly set, this will conduct to a full 
schlieren analysis on all the folders previously included. 
 
 

3.2.4  CHEMILUMINESCENCE ANALYSIS (section) 

 
This section, as the previous, is constituted by two separate major functions, which are (in this case): 
 

- Images_Processing; 
- Chemiluminescence_Tecnique: this function conducts chemiluminescence analysis on already processed 

images; 
 
Once the user runs this section, this will conduct to a full chemiluminescence analysis on all the folders previously 
included. 
 

3.3 Matlab® Search Path 
 

Before any execution, be always sure that all the program folders (and subfolders) and test folders have been 
properly added to Matlab® search path. Otherwise, Matlab® will not be able to look for the function that the program 
will recall during its executions, and will not be able to find the test_data and schlieren_data into the test folders. 
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3.4 Program Pause 
 
CHEMILUMINESCENCE ANALYSIS and SCHLIEREN ANALYSIS are designed to work with no interruption until every 
folder specified in TestList has been investigated. Although, it is possible to ask the program to stop at the and of any 
folder inspection to visualize onscreen results time by time, and then restart manually the execution by pressing any 
button into Matlab® Command Window. 

 
 In case you need to pause the program during its execution, be sure to uncomment the lines relative to pause 
command (see (1) in figure). Otherwise, for a continuous execution, just comment those lines (see (2) in figure).  
 

3.5 Useful Tips & Troubleshooting 

3.5.1  Preliminary Short Test 

 

Before any first execution on a new test campaign, it is always due to run a preliminary short test session, which is a 
single campaign test on a short temporal interval (5-10 pics) to correctly evaluate windowed image dimensions, 
rotation, input coherency, output results and graphical rendering. This good habit will save a huge amount of time, 
keeping in mind that a short test session with 10 pics can take up to 5 minutes execution (depending on machine 
hardware), while a full test session with more than 500 pics can take from 30 minutes up to an hour. Beside this, 
another advantage is that identify incoherencies in data input and output will become very much easier than explore 
all the results directly from the test folders. 

3.5.2  Measurements Feedback (Schlieren) 

 
Another good tip consists in keeping as close to real numerical results as possible . The program give its best when 
matched with experimental sensors like thermocouples and manometers, in order to have always a feedback on 
measurements. This is necessary in case that numerical results do not match with obvious experimental results; in 
that case it is due to revision the flow modeling, giving special attention to the flow depth along optical axis (which is 
a pivotal parameter for differential equations resolution). A good habit could be to try different solutions, until 
numerical results close to the experimental ones are achieved. This is an ordinary procedure and basically consists 
in a program calibration, which is necessary to gain a realistic modeling of the phenomena you are dealing with. 
 
 
 

Figure C-5 
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3.5.3  Closed Domains (Schlieren on Combustion Chambers) 

 
Keeping as close to real numerical results as possible is also necessary in case you are working with closed domains 
(like combustion chambers!), where boundary conditions are no more uniform and/or atmospheric, but will change 
along the section in terms of density, temperature and pressure (no more constant, in this case). That means that 
input data in schlieren_data need to change in a vector of measures along the chamber sections, which needs to be 
interpolated for any pixel along this section evaluated in the images. This advanced procedure has not been yet 
implemented because of lack of experimental cases during program development, but it is yet possible to run tests 
on closed domains by assuming a plausible uniform value that leads to know density and temperature values on the 
flame. Further developments of the code by programmers are strongly recommended to deal with this issue, in order 
to reach a deeper level of understanding of the phenomena. 
 

3.5.4  Onscreen Warnings 

 
Another important step consist in following the onscreen warnings that could appear in Matlab® Command Window, 
in case that the program could not work with the selected input. These warnings could appear in two different 
situations:  

- in case that an input is not compatible with the selected case (i.e. selected windowed area resulting outside 
of the images resolution);  

- in case that the differential resolutive algorithm crashes after few iteractions during SCHLIEREN ANALYSIS 
function execution. 

 
In this last specific case, the reason for crashing is attributable to small iteration steps, which means that a different 
flow modeling is due. In that case, go to schlieren_data (into test specific folder) and change the flow modeling 
options. 

You can deal with fluid modeling in many different ways. The best is by understanding how it behaves, where bigger 
changes in fluid are focused, where it is confined (in case of closed domains) and how to model it in a realistic way, 
in order to achieve good results on numerical measures. 
  

Figure C-6 
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3.5.4  Enter the Program 

 

Never fear to look for answers about the program behavior and its specific functions. In case of doubt, open the “.m” 
files related to the function you want to explore and read all the comments and descriptions you will find. 
 

 
Figure C-7 

These comments are both meant to guide the end user into understanding the program behavior and to encourage 
programmers in getting into this program philosophy in order to add improvements and functions to help Matlab® 
Image Analysis Routine grow as a useful instrument for everyone who needs to work with it. 
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A. APPENDIX (A) 
 
Typical INPUT function output on Matlab® Command Window: 

 
 
Typical SCHLIEREN ANALYSIS function output on Matlab® Command Window: 

 
 
Typical CHEMILUMINESCENCE ANALYSIS function output on Matlab® Command Window: 

  

Figure APPENDIX A-1 

Figure APPENDIX A-2 

Figure APPENDIX A-3 
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B. APPENDIX (B) 
 
 Example of “test_data.m”: 

Example of “schlieren_data.m” (1 of 2): 
Figure APPENDIX B-1 

Figure APPENDIX B-2 
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Examples of “schlieren_data.m” (2 of 2): 

 
Figure APPENDIX B-3 

 
Figure APPENDIX B-4 


