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A few important points

• The Spectral Imaging Toolbox is designed for batch processing. 
Simply select an input folder with multiple spectral images of a single 
fluorescent probe and all the images will be processed.

• Many users we spoke to are interested in spectral analysis of an ROI 
in the image (ie: for intracellular vesicles). This can be achieved by 
lasso-segmentation. Choose ‘objects’ or ‘objects and membranes’ to 
use lasso-segmentation.

• The ‘spherical objects’ segmentation mode is often less effective 
than the ‘objects and membranes’ segmentation mode for spherical 
vesicles. We recommend trying both modes on a few representative 
spectral images before processing a larger data set.



Getting started

1. Download the Spectral Imaging Toolbox .zip folder from the 

MATLAB file exchange

2. Add it and its subfolders to your MATLAB path

3. Run spectralImagingToolbox.m

• This launches the Input Graphical User Interface (GUI)



Input GUI



Input GUI: Segmentation mode

Select the segmentation mode from the following:
1. Objects and membranes

• Objects are individually cropped using thresholding, connected-component labelling, 
and watershed or lasso segmentation methods

• Membranes are then segmented from the cropped objects

2. Objects only

• Objects are individually cropped using thresholding, connected-component labelling, 
and watershed or lasso segmentation methods

3. Spherical objects

• Objects are segmented using a circle-finding algorithm

4. No segmentation

• No segmentation is performed



Input GUI: Segmentation mode



Input GUI: GP histogram fitting

To enable fitting of GP histograms with two-term Gaussians in 

addition to single peak Gaussians check the associated 

checkbox. If checked, the better fit will be determined on the 

basis of the lowest root-mean squared error (RMSE). If 

unchecked, only single peak Gaussians will be used for fitting GP 

histograms. 



Input GUI: GP histogram fitting



Input GUI: GP correction factor, G

If a GP correction factor, G, is required, enter the GP of the 

reference solution as measured by a fluorometer. Then enter the 

full path (or browse by clicking ‘load reference image’) to an 

image of the same reference solution taken with the microscope 

gain and filter settings used for experiments. If G is not needed 

for GP calculations, leave these fields blank.



Input GUI: GP correction factor, G



Input GUI: Wavelengths

Specify low and high wavelengths for Generalized Polarization 

(GP) calculations



Input GUI: Input and output directories

Specify input and output directories by clicking the buttons to browse 

your computer or by manually entering full paths

• The input directory must contain only images in ome-compatible formats 

and no other files (subdirectories are ignored)

• Inputs must be spectral images (stacks of images acquired at multiple 

detection wavelengths)

• 4D spectral z-stacks and 4D time-series spectral stacks work as well



Input GUI: Input and output directories



Object separator

• In “objects and membrane” and “objects only” segmentation modes the “Object Separator” is called

• The Spectral Imaging Toolbox segments/crops connected-components (objects) from the images in 

the input folder automatically

• The “Object Separator” is used to verify this automatic segmentation and to further segment as 

necessary

• There are three panels to be aware of:

1. Input panel (left window)

2. Current image panel (middle window)

• Navigate through the images using the left and right arrows on the keyboard

3. Overview panel (right window)

• This panel displays a gallery of the segmented/cropped objects

• When satisfied with the images in the overview panel, click “submit” in the input panel



Input panel Current image panel Overview panel

Object separator



Object separator: Watershed segmentation

• If two or more objects are touching they will not be automatically 

separated. The first option is based on the Watershed 

transform. 

• First enter an integer number of objects to be separated

• Then click “automatically separate” to perform Watershed-

based segmentation on the current image

• This will launch a preview panel where you can accept or reject 

the Watershed-based segmentation attempt



Object separator: Watershed segmentation
Initializing Watershed-based segmentation



Object separator: Watershed segmentation

Preview panel



Object separator: Lasso segmentation

• For various reasons the Watershed-based segmentation will not 

always work for separating objects. The manual alternative is 

lasso segmentation.

• Lasso segmentation can also be used to specify any ROI for 

analysis such as intracellular vesicles

• Click “manually separate” to initialize lasso segmentation on the 

current image



Object separator: Lasso segmentation
Initializing lasso segmentation



Object separator: Lasso segmentation

• After clicking “manually separate” in the input panel of the 
Object Separator, two new panels are launched

1. GUI (left)

2. Lasso segmentation panel (center)

• Use the mouse to draw a border around the object to be 
separated in the Lasso segmentation panel (center)

• When you let go of the mouse the region drawn will be closed 

• The Lasso segmentation panel will then display a preview of the results

• Accept or cancel the resulting segmented images by clicking 
“accept” or “cancel”, both of which return to the Object Separator



Object separator: Lasso segmentation

Outline the region to segment



Object separator: Lasso segmentation

Preview and accept or cancel the segmentation



Object separator: Removing images

• To remove the current image from the analysis click “remove 
current image”

• The image will be removed and this change will be reflected in 
the overview panel



Membrane segmentation: Review

• If in “objects and membranes” segmentation mode, the membranes are auto-

segmented from the cropped images submitted in the Object Separator

• The segmented membranes are then displayed for review in a similar 3 panel 

GUI as follows:

1. Input panel (left window)

2. Current image panel (middle window)

• Navigate through the segmented membranes using the left and right arrows on the keyboard

3. Overview panel (right window)

• This panel displays a gallery of the segmented membranes

• When satisfied, click “submit” to continue analysis of the segmented membranes 

shown in the overview panel



Membrane segmentation: Review
Input panel Current image panel Overview panel



Membrane segmentation: Removing images

• As in the Object Separator, to remove the current image from 

the analysis click “remove current image”

• The image will be removed and this change will be reflected in 

the overview panel



Spherical object mode

• If “spherical objects” is chosen for the segmentation mode, objects are segmented using a 

circle finding algorithm

• This algorithm requires a lower and upper bound radius in pixels

• For each image the image is shown in the center panel and a GUI for setting these upper 

and lower bounds in the left panel

• Click “update preview” to overlay the detected circles on the image in the center panel

• Adjust the upper and lower bounds and “update preview” until satisfied with the 

performance of the algorithm

• Click “submit for this image” to submit the upper and lower bounds for the current image

• To apply these upper and lower bounds to all images being processed, click “submit for all 

images”



Spherical object mode



Output: File trees

No segmentation
1. GP

• GP data* (.mat)
• GP maps (.fig)
• 3D GP maps** (.fig)

2. GP Histograms
• GP histogram data (.mat)
• GP histograms (.fig)

3. Spectra
• Spectra data (.mat)
• Spectra plots (.fig)

* “GP data” includes Generalized Polarization (GP) map values, mean, standard deviation, median, and pixel count
** 3D reconstruction of GP data is performed automatically for z-stacks
*** See regionprops in MATLAB
**** See viscircles in MATLAB

Objects
1. GP

• GP data* (.mat)
• GP maps (.fig)

2. GP Histograms
• GP histogram data (.mat)
• GP histograms (.fig)

3. Spectra
• Spectra data (.mat)
• Spectra plots (.fig)

4. Object properties
• Region properties*** (.mat)

Membranes
1. GP

• GP data* (.mat)
• GP maps (.fig)

2. GP Histograms
• GP histogram data (.mat)
• GP histograms (.fig)

3. Spectra
• Spectra data (.mat)
• Spectra plots (.fig)

Spherical objects
1. GP

• GP data* (.mat)
• GP maps (.fig)

2. GP Histograms
• GP histogram data (.mat)
• GP histograms (.fig)

3. Spectra
• Spectra data (.mat)
• Spectra plots (.fig)

4. Size distribution
• Diameters (.mat)
• Size histogram data (.mat)
• Size histogram (.fig)

5. Circle detection
• Detected circles**** (.mat)

The Spectral Imaging Toolbox outputs a results folder containing a results summary .xlsx spreadsheet and the following 
subfolders for each segmentation mode:

Objects and membranes mode
1. No segmentation
2. Objects
3. Membranes

Objects mode
1. No segmentation
2. Objects

Spherical objects mode
1. No segmentation
2. Spherical objects

No segmentation mode
1. No segmentation

Contents of each subfolder:



Output: Summary spreadsheets

• Results are summarized in .xlsx speadsheets for convenient 
access in OpenOffice, Excel, or Google Docs spreadsheets



Output: GP maps

• Pseudo-coloured GP maps are generated using the ‘jet’ 
colormap with the range of colors from GP values of -1 to 1

• NaN-valued pixels are black 

No segmentation Object segmentation Membrane segmentation



Output: 3D GP maps

3D GP maps are automatically reconstructed from GP data calculated for 
each slice of a z-stack and using pixel-to-micron conversions in the meta-data 



Output: GP data

GP data includes .mat files containing:
• Matrices of GP values in the same form as the GP maps for each for each image/object/membrane

• The mean of the GP values for each image/object/membrane

• The median of the GP values for each image/object/membrane

• The standard deviation of the GP values for each image/object/membrane

• The number of pixels used to calculate GP values in each image/object/membrane

These .mat files can be readily loaded in MATLAB and used to generate 
summary figures, plots, or comparisons etc. 



Output: GP histograms

• GP distributions are plotted as 
shown to the right

• They are fitted with a one or two 
term Gaussian chosen by the 
lowest RMSE

• Information about the fit, bins, 
counts etc. are included in the 
associated “*histogramData.mat” 
file



Output: Spectra

• Each point is the mean of the 
signal-pixel intensities for 
each wavelength image in the 
spectral image 

• Spectra for segmented objects 
or membranes are calculated 
using the segmented signal-
pixel intensities



Output: Size distributions and circle detection

• In spherical object mode the output includes a size distribution of the detected objects 
used in the analysis

• The circle detection performance can be easily visualized in the circle detection images 
where the circles are overlaid on the GP map of the pre-segmentation image


