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Peak Fitter
[Peakfit]  [Peakfit examples]  [Peakfit demos]  [findpeaksfit]  [Interactive Peak
Fitter (ipf)]  [Animated demonstration]  [ipf demos]  [ipf instructions]  [Hints
and Tips]   [Execution time]  [Adding a new peak shape]  [Have a question?

Email me]

A Matlab peak fitting program for time-series signals, which uses an unconstrained non-linear optimization algorithm
to decompose a complex, overlapping-peak signal into its component parts. The objective is to determine whether your
signal can be represented as the sum of fundamental underlying peaks shapes. Accepts signals of any length, including
those with non-integer and non-uniform x-values. There are two different versions, (1) a command line version
(peakfit.m) for Matlab or Octave, (2) a keypress operated interactive version (ipf.m) for Matlab only. The difference
between them is that peakfit.m is completely controlled by command-line input arguments and returns its information
via command-line output arguments; ipf.m allows interactive control via keypress commands. For automating the
fitting of large numbers of signals, peakfit.m is better; ipf.m is best for exploring signals to determine the optimum
fitting range, peak shapes, number of peaks, baseline correction mode, etc. Otherwise they have the same curve-fitting
capabilities. The peak shape models available are illustrated in this graphic. See Notes and Hints for more information
and useful suggestions.

1. Command line function: peakfit.m (Version 7.1, April, 2015)  

Peakfit.m is a user-defined command window peak fitting function for Matlab or Octave, usable from a remote
terminal. It is written as a self-contained function in a single m-file. (To view of download, click Peakfit.m). It takes
data in the form of a 2 x n matrix that has the independent variables (X-values) in row 1 and the dependent variables
(Y-values) in row 2, or as a single dependent variable vector. The syntax is [FitResults, GOF, baseline,
coeff, residuals, xi, yi, BootResults]=peakfit(signal, center, window,
NumPeaks, peakshape, extra, NumTrials, start, AUTOZERO, fixedwidth, plots,
bipolar,minwidth,DELTA,clipheight)). Only the first argument, the data matrix, is required. The other
input and output arguments are explained below.

The screen display is shown on the right; the upper
panel shows the data as blue dots, the combined
model as a red line (ideally overlapping the blue
dots), and the model components as green lines. The
dotted magenta lines are the first-guess peak
positions for the last fit. The lower panel shows the
residuals (difference between the data and the
model).

You can download a ZIP file containing peakfit.m,
DemoPeakFit.m, ipf.m, Demoipf.m, some sample
data for testing, and a test script (testpeakfit.m) that
runs all the examples sequentially to test for proper
operation. For a discussion of the accuracy and
precision of peak parameter measurement using
peakfit.m, click here. 
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Version 7 and later support unconstrained variable
shapes that have three iterated variables:
30=variable-alpha Voigt; 31=variable time constant ExpGaussian; 32=variable shape Pearson; 33=variable Gaussian/
Lorentzian blend. These determine the positions, width, and shape factor by iteration. Version history.

Peakfit.m can be called with several optional additional arguments. All input arguments (except the signal itself) can
be replaced by zeros to use their default values.

peakfit(signal);     
  Performs an iterative least-squares fit of a single unconstrained Gaussian peak to the entire data matrix "signal",
which has x values in row 1 and Y values in row 2 (e.g. [x y]) or which may be a single signal vector (in which case
the data points are plotted against their index numbers on the x axis).
 
peakfit(signal,center,window);       
  Fits a single unconstrained Gaussian peak to a portion of the matrix "signal". The portion is centered on the x-value
"center" and has width "window" (in x units). 

In this and in all following examples, set "center" and "window" both to 0 to fit the entire signal. 

peakfit(signal,center,window,NumPeaks);
  "NumPeaks" = number of peaks in the model (default is 1 if not specified). 
  
peakfit(signal,center,window,NumPeaks,peakshape);
   Specifies the peak shape of the model: "peakshape" = 1-23. (1=unconstrained Gaussian, 2=unconstrained Lorentzian,
3=logistic distribution, 4=Pearson, 5=exponentially broadened Gaussian; 6=equal-width Gaussians, 7=equal-width
Lorentzians, 8=exponentially broadened equal-width Gaussians, 9=exponential pulse, 10= up-sigmoid (logistic
function), 11=fixed-width Gaussians, 12=fixed-width Lorentzians, 13=Gaussian/Lorentzian blend; 14=bifurcated
Gaussian, 15=Breit-Wigner-Fano resonance; 16=Fixed-position Gaussians; 17=Fixed-position Lorentzians;
18=exponentially broadened Lorentzian; 19=alpha function; 20=Voigt profile; 21=triangular; 22=multiple shapes;
23=down-sigmoid; 25=lognormal distribution; 26=slope (see Example 28); 28=polynomial (Example 30);
29=articulated linear segmented (see Example 29);  30=independently-variable alpha Voigt; 31=independently-variable
time constant ExpGaussian; 32=independently-variable Pearson; 33=independently-variable Gaussian/Lorentzian
blend. The peakshape can be a vector of different shapes for each peak, e.g. [1 2 1] for three peaks in a Gaussian,
Lorentzian, Gaussian sequence. (The function ShapeDemo demonstrates most of the basic peak shapes graphically,
showing the variable-shape peaks as multiple lines). Note: "unconstrained" simply means that the position, height, and
width of each peak in the model can vary independently of the other peaks, as opposed to the equal-width, fixed-
width, or fixed position variants. Shapes 4, 5, 13, 14, 15, 18, and 20 are constrained to the same shape constant; shapes
30-33 are completely unconstrained in position, width and shape; their shape variables are determined iteratively. 
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peakfit(signal,center,window,NumPeaks,peakshape,extra)
  Specifies the value of 'extra', used in the Pearson, exponentially-broadened Gaussian, Gaussian/Lorentzian blend,
bifurcated Gaussian, and Breit-Wigner-Fano shapes to fine-tune the peak shape. In version 5, 'extra' can be a vector of
different extra values for each peak).
  
peakfit(signal,center,window,NumPeaks,peakshape, extra, NumTrials);
  Restarts the fitting process "NumTrials" times and selects the best one (with lowest fitting error). NumTrials can be
any positive integer (default is 1). In may cases, NumTrials=1 will be sufficient, but if that does not give consistent
results, increase NumTrials until the result are stable.  
 
peakfit(signal,center,window,NumPeaks,peakshape,extra, NumTrials, start)
  Specifies the first guesses vector "firstguess" for the peak positions and widths, e.g. start=[position1 width1 position2
width2 ...]

peakfit(signal,center,window,NumPeaks,peakshape,extra, NumTrials, start,
autozero)
As above, but "autozero" sets the baseline correction mode in the last argument: autozero=0 (default) does not
subtract baseline from data segment;. autozero=1 interpolates a linear baseline from the edges of the data segment
and subtracts it from the signal (assumes that the peak returns to the baseline at the edges of the signal); autozero=2, 
like mode 1 except that it computes a quadratic curved baseline; autozero=3 compensates for a flat baseline without
reference to the signal itself (does not require that the signal return to the baseline at the edges of the signal, as does
modes 1 and 2). Coefficients of the polynomial baselines are returned in the third output argument "baseline".

peakfit(signal,0,0,0,0,0,0,0,2)
  Use zeros as placeholders to use the default values of input arguments.  In this case, autozero is set to 2, but all
others are the default values.
peakfit(signal,center,window,NumPeaks,peakshape, extra, NumTrials, start,
autozero, fixedparameters)
 'fixedparameters' (10th input argument) specifies fixed values for widths (shapes 10, 11) or positions (shapes 16, 17)
  
peakfit(signal,center,window,NumPeaks,peakshape,extra, NumTrials, start,
autozero, fixedparameters, plots)
 'plots' (11th input argument) controls graphic plotting: 0=no plot; 1=plots draw as usual (default)
  
peakfit(signal,center,window,NumPeaks,peakshape,extra,NumTrials, start,
autozero, fixedparameters, plots, bipolar)
 (12th input argument) 'bipolar' = 0 constrain peaks heights to be positions; 'bipolar' = 1 allows positive and negative
peak heights.
 
peakfit(signal,center,window,NumPeaks,peakshape,extra,NumTrials, start,
autozero, fixedparameters, plots, bipolar, minwidth)
  'minwidth' (13th input argument) sets the minimum allowed peak width. The default if not specified is equal to the x-
axis interval. Must be a vector of minimum  widths, one value for each peak, if the multiple peak shape is chosen.

peakfit(signal,center,window,NumPeaks,peakshape,extra, NumTrials, start,
autozero, fixedparameters, plots, bipolar, minwidth, DELTA)
 'DELTA' (14th input argument) controls the restart variance when NumTrials>1. Default value is 1.0. Larger values
give more variance. Version 5.8 and later only. 

[FitResults,FitError]= peakfit(signal,center,window...);
Returns the FitResults vector in the order peak number, peak position, peak height, peak width, and peak area), and the
FitError (the percent RMS difference between the data and the model in the selected segment of that data) of the best
fit. 

To display column labels for the FitResults table, execute the following statements after calling peakfit(...);:
disp('      Peak number  Position      Height      Width       Peak
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area');disp(FitResults)

[FitResults, LowestError, baseline, residuals, xi, yi, BootstrapErrors] =
peakfit([x;y],0,0,2,6,0,1,0,0,0);
Displays parameter error estimates; See DemoPeakfitBootstrap for a self-contained demo of this function.

Optional output parameters:

1.   FitResults: a table of model peak parameters, one row for each peak, listing peak number, peak position,
height, width, and area (or, for shape 28, the polynomial coefficients, and for shape 29, the x-axis breakpoints).

2.  GOF (Goodness of Fit), a 2-element vector containing the RMS fitting error of the best trial fit and the R-
squared (coefficient of determination).

3.   baseline: returns the polynomial coefficients of  the interpolated baseline in linear and quadratic baseline
modes (1 and 2) or the value of the constant baseline in flat baseline mode.

4.   coeff: Coefficients for the polynomial fit (shape 28 only; for other shapes, coeff=0)
5.   residual: the difference between the data and the best fit.
6.   xi: vector containing 600 interpolated x-values for the model peaks.
7.   yi: matrix containing the y values of model peaks at each xi. Type plot(xi,yi(1,:)) to plot peak 1 or plot(xi,yi) to

plot all the peaks
8.   BootstrapErrors: a matrix containing bootstrap standard deviations and interquartile ranges for each peak

parameter of each peak in the fit.

Examples:
Note: test script testpeakfit.m runs all the following examples automatically; just press Enter to continue to the next
one.

Example 1.  Fits computed x vs y data with a single unconstrained Gaussian peak model. 
  > x=[0:.1:10];y=exp(-(x-5).^2);peakfit([x' y'])
  ans =
         Peak number  Position   Height     Width      Peak area

http://terpconnect.umd.edu/~toh/spectrum/testpeakfit.m
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