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WorkflowWorkflow

• Matlab is great for data analysis, but…Matlab is great for data analysis, but…
• First have to get data IN to Matlab!First have to get data IN to Matlab!

• Have to get data OUTHave to get data OUT
• Either as figure or analyzed dataEither as figure or analyzed data

• Sometimes need other applications to do Sometimes need other applications to do 
our workour work



Data FormatsData Formats

• Matlab nativeMatlab native
• Proprietary *.mat filesProprietary *.mat files
• Mostly incompatible with other programsMostly incompatible with other programs

• Can save figures/plots as jpg, but sometimes Can save figures/plots as jpg, but sometimes 
this is not enoughthis is not enough



Data FormatsData Formats

• Trick #1Trick #1
• Export figures as *.emf or *.ai/*.epsExport figures as *.emf or *.ai/*.eps

• Enhanced Metafile for MS applications like PPTEnhanced Metafile for MS applications like PPT
• Adobe Illustrator or Encapsulated Postscript format Adobe Illustrator or Encapsulated Postscript format 

for anything elsefor anything else

• These are VECTOR formatsThese are VECTOR formats
• Much higher resolution, lower filesizeMuch higher resolution, lower filesize
• Better colors (Matlab is a poor JPG renderer)Better colors (Matlab is a poor JPG renderer)
• Editable in Word/IllustratorEditable in Word/Illustrator
• Use PNG/TIFF if you absolutely need a raster imageUse PNG/TIFF if you absolutely need a raster image



Data FormatsData Formats

• ASCII DataASCII Data
• Application stores data in a text fileApplication stores data in a text file
• Regardless of extension, you can view in WordpadRegardless of extension, you can view in Wordpad

• CSVCSV
• Num1, num2, num3 etcNum1, num2, num3 etc

• TABTAB
• Num1Num1 num2num2 num3 etcnum3 etc

• And other formatsAnd other formats



Data FormatsData Formats

• ASCII DataASCII Data
• Most of these can be directly imported through Most of these can be directly imported through 

the workspacethe workspace
• Also see Also see importdata, textreadimportdata, textread, and help , and help 

for ‘File Formats’ for ‘File Formats’ 



Data FormatsData Formats

• Failsafe way to get data into Matlab:Failsafe way to get data into Matlab:
• Copy into Excel spreadsheetCopy into Excel spreadsheet
• Read spreadsheet in Matlab with Read spreadsheet in Matlab with xlsreadxlsread



Data FormatsData Formats

• ASCII Data – Some MAJOR problemsASCII Data – Some MAJOR problems
• Data is much larger on disk than it needs to beData is much larger on disk than it needs to be

• Can be ~10x larger, at least, than an optimized Can be ~10x larger, at least, than an optimized 
formatformat

• 1 byte/char = 255 values, but we use < 100 of them1 byte/char = 255 values, but we use < 100 of them
• 0-9 for numeric, A-Z,a-z for chars, never !@#$%*)# etc0-9 for numeric, A-Z,a-z for chars, never !@#$%*)# etc

• Sometimes 2 bytes/char ~ 65000 unused values!Sometimes 2 bytes/char ~ 65000 unused values!

• Only good for chars or simple sets of matrices – Only good for chars or simple sets of matrices – 
not always appropriatenot always appropriate

• Sometimes you just can’t get it from your Sometimes you just can’t get it from your 
program!program!



Data FormatsData Formats

• Binary DataBinary Data
• Optimized file useOptimized file use

• Much smaller – data described exactly with bits, Much smaller – data described exactly with bits, 
instead of in text stringsinstead of in text strings

• Application can write its own formatApplication can write its own format
• Files almost always natively binaryFiles almost always natively binary

• Can’t be viewed with Wordpad, so we have to Can’t be viewed with Wordpad, so we have to 
translate it into Matlabtranslate it into Matlab



Data FormatsData Formats

• Binary DataBinary Data
• Sometimes format is proprietarySometimes format is proprietary

• Company may provide a reading utility/SDK, ie a Company may provide a reading utility/SDK, ie a 
dll, which can be sourced in Matlab or otherdll, which can be sourced in Matlab or other

• Not every proprietary format is possible to read into Not every proprietary format is possible to read into 
Matlab, unless you hack itMatlab, unless you hack it



Data FormatsData Formats

• Binary DataBinary Data
• Many applications will use an open source or Many applications will use an open source or 

published format to store datapublished format to store data

• All we need to do is find the source All we need to do is find the source 
documentation, and we can write a Matlab documentation, and we can write a Matlab 
function to read in the data file!function to read in the data file!



Data FormatsData Formats

• Finding format documentationFinding format documentation
• Sometimes a help file describes the binary Sometimes a help file describes the binary 

format of dataformat of data

• Usually, with programs written in C (most are), Usually, with programs written in C (most are), 
a a structure definitionstructure definition is provided in a  is provided in a header header 
filefile



Data FormatsData Formats

• Finding format documentationFinding format documentation
• Structure definitionStructure definition

• Structures in C are like structures in Matlab – contain a set of Structures in C are like structures in Matlab – contain a set of 
related data – but they are usually scalar, not structure matricesrelated data – but they are usually scalar, not structure matrices

• In C, a structure must be defined (because of static memory In C, a structure must be defined (because of static memory 
allocation) and this is usually done in a ‘header file’ with a allocation) and this is usually done in a ‘header file’ with a 
name like ‘dat.h’, dat being the extension of the data file name like ‘dat.h’, dat being the extension of the data file 
createdcreated

• Usually a datafile is nothing but this structure written to disk, Usually a datafile is nothing but this structure written to disk, 
exactly how the structure is definedexactly how the structure is defined



Data FormatsData Formats

• Finding format documentationFinding format documentation
• Often, for common data formats, you will just Often, for common data formats, you will just 

be provided with the header file!be provided with the header file!
• Or your program may list the header file in an Or your program may list the header file in an 

appendix, even if it is not open sourceappendix, even if it is not open source

• NIfTI is a common format for MRI volume NIfTI is a common format for MRI volume 
data, http://nifti.nimh.nih.gov/data, http://nifti.nimh.nih.gov/



Nii ExampleNii Example

• NIfTI - *.nii files for fMRINIfTI - *.nii files for fMRI
• Format is documented in nifti1.h, provided on Stellar Format is documented in nifti1.h, provided on Stellar 

site and distributed by NIMHsite and distributed by NIMH

• Let’s walk through this example to see how to read a Let’s walk through this example to see how to read a 
custom data format…custom data format…

• *.h files are text, but Matlab can color keywords just *.h files are text, but Matlab can color keywords just 
like in m-fileslike in m-files

• File -> Preferences -> Editor/Debugger -> LanguagesFile -> Preferences -> Editor/Debugger -> Languages
• Select C/C++ and ensure that .h is included in File ExtensionsSelect C/C++ and ensure that .h is included in File Extensions



Nii ExampleNii Example

• Much of the header is C code we can ignoreMuch of the header is C code we can ignore
• Green is documentation, commented with // or /Green is documentation, commented with // or /

* …. */ for block comments* …. */ for block comments



Nii ExampleNii Example

• Reading the documentation, we discover Reading the documentation, we discover 
that a *.nii file contains the following, in that a *.nii file contains the following, in 
order:order:
• A ‘header’ describing the dataA ‘header’ describing the data
• Any number of optional ‘extensions’Any number of optional ‘extensions’
• Raw binary dataRaw binary data



Nii ExampleNii Example



Nii ExampleNii Example

• So, we must:So, we must:
• Read the headerRead the header
• Interpret parts of the header, such as size of the imageInterpret parts of the header, such as size of the image
• Find and read image data, and assemble according to Find and read image data, and assemble according to 

headerheader

• Not all formats will be so well documentedNot all formats will be so well documented
• Generally, a file will just be one structure or one N-Generally, a file will just be one structure or one N-

dimensional matrix and will be easier to interpretdimensional matrix and will be easier to interpret



Nii ExampleNii Example

• Nii Header:Nii Header:
• structstruct keyword followed by a list of data  keyword followed by a list of data 

types and their namestypes and their names



Data FormatsData Formats

• Reading a binary fileReading a binary file
• fid = fopen(filename, permission_tmode, fid = fopen(filename, permission_tmode, 
machineformat)machineformat)

• Filename is a string, name of your data fileFilename is a string, name of your data file
• Permission also a string, and should be ‘r’ for Permission also a string, and should be ‘r’ for 

reading (defaults in binary mode)reading (defaults in binary mode)
• Machineformat is critical: refers to Big Endian Machineformat is critical: refers to Big Endian 

or Little Endian or Little Endian 
• ‘‘b’ for Big, ‘l’ for Littleb’ for Big, ‘l’ for Little



Data FormatsData Formats

• EndiannessEndianness
• Refers to whether digits get big L->R or R->LRefers to whether digits get big L->R or R->L

• For binary string 0101:For binary string 0101:
• Little Endian: Little Endian: [0 1 0 1] * 2^[0 1 2 3]’ = 10[0 1 0 1] * 2^[0 1 2 3]’ = 10
• Big Endian: Big Endian: [0 1 0 1] * 2^[3 2 1 0]’ = 5[0 1 0 1] * 2^[3 2 1 0]’ = 5

• PC’s are typically LE, Macs may be BEPC’s are typically LE, Macs may be BE
• Make sure to specify according to your data, otherwise Make sure to specify according to your data, otherwise 

it may be wrong!it may be wrong!
• Easy to try both ways in debuggingEasy to try both ways in debugging



Data FormatsData Formats

• We have opened a ‘filestream,’ now we can We have opened a ‘filestream,’ now we can 
read each data item into a structure fieldread each data item into a structure field
• Fread, fscanf,Fread, fscanf, etc etc

• C syntax is different than M syntaxC syntax is different than M syntax
•   int, char, single, etc – look up their equivalents int, char, single, etc – look up their equivalents 

in help for freadin help for fread



Nii ExampleNii Example

• For instance,For instance,
• Load_nifti_hdr from Load_nifti_hdr from 

Freesurfer analysis package, Freesurfer analysis package, 
posted onlineposted online

Notice the use of arrays



Data FormatsData Formats

• Tip #1Tip #1
• Using a command like Using a command like freadfread may return a  may return a 

double, even if you have read an integer or chardouble, even if you have read an integer or char
• You can ‘typecast’ by calling You can ‘typecast’ by calling 
char(readData),char(readData), etc etc



Data FormatsData Formats

• Tip #2Tip #2
• A data item may be another structure.  This will A data item may be another structure.  This will 

probably also be defined in the same .h fileprobably also be defined in the same .h file
• In nifti1.h, the nii header is followed by two In nifti1.h, the nii header is followed by two 

structures:structures:



Data FormatsData Formats

• Reiteration:Reiteration:
• A structure in C is just the collection of native data A structure in C is just the collection of native data 

variables written to disk, in the order they are definedvariables written to disk, in the order they are defined

• You do not read the structure from the file, but create You do not read the structure from the file, but create 
an identical structure in matlab by assembling each data an identical structure in matlab by assembling each data 
itemitem

• There may be no ‘binary space’ between relevant data There may be no ‘binary space’ between relevant data 
items – every bit of the file gets mapped into one of the items – every bit of the file gets mapped into one of the 
data fieldsdata fields



Data FormatsData Formats

• Notes on C syntaxNotes on C syntax
• Arrays are declared by size, with []Arrays are declared by size, with []

• The ‘*’ means a pointerThe ‘*’ means a pointer
• This may be useless, or the file may contain the This may be useless, or the file may contain the 

dereferenced datadereferenced data
• Here, edata is actually stored as a character array of Here, edata is actually stored as a character array of 

size esize, so we can read it (this is a common way size esize, so we can read it (this is a common way 
to store strings in C)to store strings in C)



Data FormatsData Formats

• Tip #3Tip #3
• If you don’t need every data item, you can use If you don’t need every data item, you can use 
fseekfseek to jump to the location you need to jump to the location you need

• When you read, your location in the file progresses When you read, your location in the file progresses 
from the beginning of the variable to the endfrom the beginning of the variable to the end

• You travel count*nbytes per read, nbytes = 4 for int, You travel count*nbytes per read, nbytes = 4 for int, 
1 for int8, 8 for double, etc (see fread)1 for int8, 8 for double, etc (see fread)



Data FormatsData Formats

• Tip #3Tip #3
• Example positions:Example positions:

00

4 = 0 + 44 = 0 + 4

14 = 4 + 10*114 = 4 + 10*1

32 = 14 + 18*132 = 14 + 18*1

36 = 32 + 1*436 = 32 + 1*4

38 = 36 + 1*238 = 36 + 1*2

39 = 38 + 1*139 = 38 + 1*1



Data FormatsData Formats

• Tip #4Tip #4
• Writing a file is just the opposite: fwriteWriting a file is just the opposite: fwrite
• Just write out, in order, all the relevant fields Just write out, in order, all the relevant fields 

and your program will be able to open the fileand your program will be able to open the file

• Tip #5Tip #5
• Write a class!!Write a class!!



InteractionInteraction

• Data file passing is good, but sometimes we want Data file passing is good, but sometimes we want 
interactivity interactivity between applicationsbetween applications

• ‘‘External Interfaces’ in helpExternal Interfaces’ in help
• DLL’s: code libraries written in C to control hardware, DLL’s: code libraries written in C to control hardware, 

etc, can often be called in Matlabetc, can often be called in Matlab
• See See loadlibraryloadlibrary

• Custom C/Java code to interact with XCustom C/Java code to interact with X

• COM and ActiveX: Windows native communication COM and ActiveX: Windows native communication 
protocolprotocol



InteractionInteraction

• Active XActive X
• Allows programs to control other programs in Allows programs to control other programs in 

WindowsWindows
• Client: calling programClient: calling program
• Server: program started to run a specific task Server: program started to run a specific task 

(slave)(slave)



InteractionInteraction

• Active XActive X
• MANY examplesMANY examples

• Each program works differently, have to read docs Each program works differently, have to read docs 
to use correctlyto use correctly

• Most extensively used are MS programs like Excel, Most extensively used are MS programs like Excel, 
Word, PPTWord, PPT



ActiveX ExampleActiveX Example

• Matlab Automation ServerMatlab Automation Server
• 22ndnd lecture lecture

• Ie,Ie,
for i = 1:ncoresfor i = 1:ncores

  h{i} = actxserver('matlab.application')h{i} = actxserver('matlab.application')

  h{i}.Execute('t = timer(''TimerFcn'', ''batchData(...)''); start(t)');h{i}.Execute('t = timer(''TimerFcn'', ''batchData(...)''); start(t)');

NB: double ', not “



ActiveX ExampleActiveX Example

• PowerPoint Slide GeneratorPowerPoint Slide Generator
• Posted onlinePosted online



ActiveX ExampleActiveX Example

• PowerPoint Slide GeneratorPowerPoint Slide Generator
• ppt = actxserver('PowerPoint.Application');

• ppt.Activate();

• Creates Creates ppt, ppt, a COM object, and uses it to launch a COM object, and uses it to launch 
PowerPointPowerPoint

• Then, does a lot of fancy stuff – see online for detailsThen, does a lot of fancy stuff – see online for details



COM ObjectsCOM Objects

• Working with COMWorking with COM

Symbol for 
‘object,’ and 
here is passed by 
reference

Object type



COM ObjectsCOM Objects

• Working with COMWorking with COM
• Server application may have help on COM Server application may have help on COM 

usage, but may notusage, but may not

• Usually have to play/hack/try, but this isn’t too Usually have to play/hack/try, but this isn’t too 
hardhard



COM ObjectsCOM Objects

• Working with COMWorking with COM
• Again, like with any object, we can:Again, like with any object, we can:

• fields(obj)fields(obj)
• methods(obj)methods(obj)
• methodsview(obj)methodsview(obj)

• Because these objects are designed for external Because these objects are designed for external 
use, the methods are easy to understand and useuse, the methods are easy to understand and use



COM ObjectsCOM Objects

• Execute(handle, string) Execute(handle, string) 

Is the same asIs the same as
• h.Execute(string)h.Execute(string)



COM ObjectsCOM Objects

• Working with COMWorking with COM
• Dot notation (also with Java objects)Dot notation (also with Java objects)

• Activate(obj)Activate(obj) is the same as  is the same as obj.Activate()obj.Activate()

• Philosophically betterPhilosophically better
• Represents object doing something, or a method Represents object doing something, or a method 

specific to an objectspecific to an object

• Will only use dot notation when we write Will only use dot notation when we write 
Java/C (Matlab is the oddball)Java/C (Matlab is the oddball)



FridayFriday

• JavalabJavalab
• Extending Matlab, for power and speedExtending Matlab, for power and speed
• Native use and disuseNative use and disuse
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