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I. Python Installation Instructions 

 

The ColorScan script is written in Python 3, and relies on the Numpy, Matplotlib, TkInter, PIL 

(pillow), and OpenCV libraries to operate. ColorScan is not compatible with Python 2. We 

recommend Anaconda, a distribution of Python intended for scientific applications, for ColorScan 

users who are new to Python. With the exception of OpenCV, Anaconda comes with all of the 

libraries required to run ColorScan and its package manager, Conda, simplifies the installation of 

additional packages. To get Anaconda, go to www.anaconda.com/download/ and click on the 

download button for the appropriate Python 3 version for your operating system. 

 

 

 

We recommend adding Anaconda to the PATH environment variable during the installation to 

make it your computer’s default Python version. Additionally, we recommend that you do not 

install Microsoft VSCode during the Anaconda installation process, as it is not required to run 

ColorScan. 
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Anaconda does not include OpenCV, so this library must be installed using Terminal (Mac) or 

Command Prompt (Windows). A Terminal window can be accessed from a Spotlight search on 

Mac, and a Command Prompt window can be accessed from searching within the Start Menu on 

Windows. 

 

 

 

To install OpenCV, open a Terminal or Command Prompt window and run the following line:  

 

conda install -c menpo opencv 

 

The line can be run by typing the above text, exactly as written, into the console window and 

pressing the Enter key. If this installation approach fails, or if you are not using Anaconda, 

OpenCV can be installed using Python’s Pip package installer. To install OpenCV using Pip, run 

the following line: 

 

pip install opencv-python 
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Once the requisite packages are installed, the ColorScan script can be run using Python3. Our 

ColorScan script file (“ColorScan.py”) and all of the example images of paper-based devices 

shown in this tutorial are available for download at: 

 

https://github.com/MaceLab/ColorScan 
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II. ColorScan User Guide 

 

Running the Python Script 

 

There are many options for editing and running the Python Script. We prefer IDLE, which is 

included in the Anaconda installation and is specifically designed for use with Python. To open 

IDLE, open a Terminal or Command Prompt window and run: 

idle 

 

Note: If your computer has a previous Python 2 installation, you may need to specify that you 

want to run Python 3 by typing: 

idle3 

 

Running this command should open the Python 3 Shell.  
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From the Shell window, use File > Open… to select the desired Python script. To open ColorScan, 

select “ColorScan.py” from wherever it is saved to your computer. In this demonstration, the 

“ColorScan.py” script file is saved in a folder called “ColorScan” on the Desktop.  
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Using the ColorScan Interface 

 

Device Image: “sampleimage.jpg” (resolution: 300 dpi) 

 

After opening the script file, use Run > Run Module (or press the F5 key) to open the ColorScan 

interface. The interface should appear as a small window, which will expand to fit the image 

selected for analysis. For the ColorScan icon (not shown in this tutorial) to be displayed in the top 

left corner of the user interface windows (on compatible operating systems), the 

“ColorScanIcon.ico” file must be saved to the same location as the “ColorScan.py” script file. 
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Within the interface, clicking the “Select Image” button will open a file browser. Navigate to the 

location where the desired image file (ex. “sampleimage.jpg”) is saved. Select the file and click 

“Open”.  

 

 

 

The image should be displayed within the main ColorScan window. The image we have chosen 

for demonstrating ColorScan shows four multilayered paper-based devices, each comprising six 

radially distributed circular zones filled with solutions of red, green, and blue dyes. Details of 

device fabrication are available in the Materials and Methods document. In the interface window, 

the “Fix Aspect Ratio” box may be checked to maintain the aspect ratio of the original image when 

the interface window is resized. The size and aspect ratio of the displayed image do not affect the 

data contained within the image or any part of the analysis. 
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Clicking on the “Analysis” button will open a separate Analysis Menu window. The buttons, sliders, 

and fields within this window are arranged from top to bottom to follow the sequence in which the 

analysis steps should be performed. The features of this window that correspond to the later steps 

of the analysis process are not clickable when the window is first opened, but later become 

accessible in a stepwise manner to ensure that they are used in the correct order.  
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The first step in the analysis process is to mask the image using the Value (i.e., the Value 

component of the HSV color space) and Saturation Thresholds. Clicking the “Masked Image” 

button will display the masked image as these values are adjusted. Each threshold can be 

changed using its slider, the keyboard arrows, or by typing a specific value into its text field. The 

Value Threshold should be increased until the hydrophobic borders of the device geometry are 

clearly defined, and then the Saturation Threshold can be increased until the white areas of the 

binarized image approximately indicate areas of colorimetric signal within the device. Using the 

“Original Image” button, the user may switch back to viewing the original image to ensure accurate 

selection of device output zones.  

 

Value Threshold: 
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Saturation Threshold:  
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During the masking process, the white areas of the binarized image may be slightly enlarged or 

reduced using the “Dilate” and “Erode” buttons, respectively. Because this adjustment can change 

the appearance of the masked image if the buttons are overused, a “Reset” button is included for 

convenience.  

 

 

 

 

 

The “Dilate” button can be used to enlarge white areas of the mask that correspond to device 

output zones, while the “Erode” button can be used to diminish or remove features that were 

included in the mask but do not need to be analyzed. In the above images, the “Erode” button 

was used to reduce the size of the white rings that surround the wax barriers of the output zones 

in the masked image. These undesired features do not need to be removed completely, because 
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only selected zones are analyzed after contour detection. After this step, the mask is ready for 

blurring, which reduces the jaggedness of the masked zone edges before contour detection.  

 

 

Note: The “Threshold mode” radio buttons can be used to adjust the masking protocol. The Value 

Threshold and Saturation Threshold options each create a mask that excludes pixels below the 

set threshold. The AND mode requires a pixel to be above both thresholds to be included during 

the masking step, while the OR mode allows pixels above only one threshold, and both thresholds, 

to be included. The OR option may be useful for images that do not mask well using the AND 

option, such as images that contain both very dark, saturated zones and very pale, light zones. 
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When the “Blurred Mask” button is pressed, the displayed image will update as the blur value is 

adjusted. Like the Value and Saturation Thresholds, the blur value can be adjusted using its slider, 

the arrow keys, or by direct text entry. Sufficient blurring should smooth the edges of each masked 

output zone area so that the contour detection step can correctly recognize the design geometry 

of the paper-based device.  
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Within ColorScan, masking settings can be saved as named presets to streamline analysis and 

ensure consistent treatment across multiple images of replicate devices.  Once satisfactory 

masking settings have been identified, click “Save New Preset” to store them as a preset. A small 

window will open where the preset name can be changed from “Default” to a user-defined name 

(e.g., “circles1”). Clicking the “Done” button will save the preset, which can be accessed from the 

drop-down “Preset” menu.  
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Next, clicking the “Find Contours” button will highlight all of the contours that bound white 

elements of the masked image. The number of detected contours will be displayed beneath the 

“Find Contours” button, and the magenta boundary markers may be turned off by unchecking the 

“Draw Contours” box if masking conditions need to be adjusted.  
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After all of the contours in the image have been identified, contours will turn green when the cursor 

passes over them. Clicking on a contour that surrounds a device output zone will highlight that 

contour in yellow. A selected contour can be used as a reference contour by clicking the “Find 

Similar Contours” button, which becomes available once the reference contour has been selected.  
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After clicking the “Find Similar Contours” button, contours that meet the Size Tolerance and 

Shape Tolerance criteria shown beneath the button will be highlighted in light blue. These values 

can be adjusted using their sliders or text fields, and the included contours will be updated on the 

masked image as they are adjusted. By default, the Shape Tolerance is set to 20% and the Size 

Tolerance is set to 1, which should serve as good starting points for including desired contours. 

 

 
 

 

The number of similar contours will be displayed next to the number of total contours and should 

match the number of output zones to be measured. Once the contours of all of the desired output 

zones, and only those contours, have been highlighted, the Refine Zones tool will facilitate 

selection of the exact geometry to be analyzed within each output zone.  
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If any undesired contours are selected using the “Find Similar Contours” button and are unable 

to be eliminated with the threshold sliders, they can be deselected by holding the Shift key and 

clicking on their light blue outlines. This will turn the outlines red, indicating that the areas within 

these contours will be excluded from the remainder of the analysis process. Similarly, magenta 

contours that have not been selected for similarity to the reference contour may be added to the 

analysis set by the same approach. Added contours will turn a dark blue color, indicating that they 

will be included in the remainder of the analysis process. The total numbers of added and 

excluded contours will be displayed next to the number of similar contours in the Analysis Menu 

window with plus and minus signs, respectively. 

 

 

 

Note: Named presets can be modified or updated to include additional information at any point. 

In this example, we can update the preset “circles1” to include the Size Tolerance and Shape 

Tolerance values used for contour selection.  
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After selecting all of the desired contours for analysis, clicking the “Refine Zones” button will open 

a window containing an image of the original reference contour and display a modifiable analysis 

geometry on the device output zone.  
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Because our example image has only circular output zones, we are using the “circle” option within 

the Refine Zones tool. When the Refine Zone window opens, the analysis geometry should be 

approximately centered on the output zone within the image, but its exact position can be adjusted 

by using the X Displacement and Y Displacement sliders and fields. Additionally, the Radius slider 

and field can be used to adjust the exact area of the analysis circle, which is displayed in the 

Refine Zone window as it is adjusted. This feature allows for the exact analysis area to be easily 

controlled across multiple analyses of assay replicates or device batches.  

 

 

 

 

Note: The “rectangle” and “polygon” modes of the Refine Zone window can be used to analyze 

other zone geometries, which we demonstrate later in this tutorial.  
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Checking the “Mask Zone” option will change the display to show only the analysis area on a 

black background. Checking the “Histogram” option will display another window containing a 

histogram of RGB channel intensities within the analysis area. Within this window, each RGB 

channel can be turned on or off using a check box, and the intersections between channels can 

be highlighted using an additional check box. The displayed histogram will automatically update 

as the analysis zone is scaled or moved within the Refine Zone window, making this tool useful 

for identifying areas of color localization within the image or determining whether to output 

histograms during the final analysis step.  
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Once the analysis geometry adequately captures the signal contained by the device output zone 

and does not contain any of the surrounding hydrophobic barrier, click the “Done Refining” button. 

When the Refine Zone window closes, the device image displayed within the main ColorScan 

window will show red outlines of the analysis area drawn on each output zone.    
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Additionally, checking the “Mask Zones” box within the Analysis Menu window will show all of the 

regions of the original image that have been selected for measurement. This view can be useful 

for verifying that each analysis area is satisfactory before completing the analysis.  
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Before clicking the “Analyze” button to automatically complete color intensity measurements for 

all selected zones, the “Output Colorspaces” check boxes can be used to select the color spaces 

in which measurements will be performed. The configuration below directs ColorScan to provide 

mean intensity measurements and their standard deviations in the RGB, HSV, and CIELAB color 

spaces. After the “Analyze” button is pressed, numbered labels will be displayed next to each 

analyzed zone. These numbers correspond to the results in the exported .csv file that contains all 

of the measured values, as well as the exported cropped images of the analyzed zones.  
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When the total number of analysis zones in the image matches the number of “spots” labeled as 

“analyzed” within the Python Shell window, analysis is complete. All Python and ColorScan 

interface windows can then be closed, or additional analyses may be performed on the same 

image. 
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ColorScan Analysis Results 

 
The .csv file of measured values will be exported to a new folder named after the original 

image with “_analysis” appended (e.g.,“sampleimage_analysis”). This folder will be stored in the 

same directory as the original image. Subsequent analyses of the same image will produce 

sequentially numbered output folders (e.g., “sampleimage_analysis_1”, “_2”, etc.) Additionally, a 

file called “presets.npy” will appear in the same directory as the “ColorScan.py” file after analysis. 

This file contains information from any masking and contour finding settings that were saved as 

presets during the analysis process and must be stored in the same directory as the 

“ColorScan.py” file for saved presets to work within the interface. 

 

 

Before analysis:  

 
 

After analysis: 
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The “_analysis” folder contains four items: a folder called “crops”, a “_colors.csv” file containing 

measured color intensity values (e.g., “sampleimage_colors.csv”), a “_labeled.jpg” version of the 

original image with numerical labels corresponding to the measured values (e.g., 

“sampleimage_labeled.jpg”), and a “_mask.jpg” image of the mask that was applied to facilitate 

contour identification during analysis (e.g., “sampleimage_mask.jpg”).  
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Within the “crops” folder, there is a subfolder called “drawn” and 1 cropped image of each 

analyzed output zone, named with a number corresponding to the label assigned to it during the 

analysis process (e.g., “sampleimage_crop_1.jpg”). Each image contains some of the 

hydrophobic barrier surrounding the output zone to ensure that the entire area of the zone is 

displayed. 
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The “drawn” folder contains the same images shown in the “crops” folder, but with the contour of 

the analysis area drawn on each image in red (e.g., “sampleimage_crop_draw_1.jpg”). 
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The “_colors.csv” file (e.g., “sampleimage_colors.csv”) is a comma-delimited file that contains the 

measured color intensity values, organized by the labels assigned in the “_labeled.jpg” (e.g., 

“samplimage_labeled.jpg”) image. When the file is viewed as a spreadsheet, the numbers in the 

“id” column correspond to the label assigned to each output zone. For the demonstrated analysis, 

in which we selected the RGB, HSV, and CIELAB color spaces, the file contains: 

 

(i) RGB and greyscale values for each device output zone 

   

(ii) HSV values for each device output zone 
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(iii) CIELAB values for each device output zone 

 

and (iv), the pixel area of each analyzed zone 
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Histogram Analysis 

 
Device Image: “sampleimage1.jpg” (resolution: 800 dpi) 

 

In addition to the color intensity measurements shown above, checking the “Histograms” box in 

the Analysis Menu window will provide histogram data for each analyzed zone. To demonstrate 

this function, we are using an image of a multilayered device comprising six circular zones 

containing red, green, and blue dyes. The Analysis Menu settings used to analyze this image are 

shown below. Details of device fabrication are available in the Materials and Methods document.  
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When the Histograms option is selected, an additional folder called “histograms” will be created 

in the “_analysis” folder.  

 

 

 

This folder contains .csv files of the histogram data, as well as images of histogram plots labeled 

as the original image name with “_histogram” and the zone label number appended (e.g., 

“sampleimage1_histogram_1.csv”).  
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Histogram data are exported as whole number RGB values. When the .csv file is viewed as a 

spreadsheet, the leftmost column is labeled as “bin”. This column contains all possible RGB 

intensities, and the Red Channel, Green Channel, and Blue Channel counts for each intensity are 

organized in the following columns to facilitate further analysis or graphical representation of the 

data.  

 
 

 

 

Histogram images, plotted in the same format as the histograms displayed using the Refine Zones 

tool, are provided as .jpg images.  
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Modes of the “Refine Zones” Tool 

 
Device Images: “refinezones.jpg” (resolution: 800 dpi) 

                          “lateralflowstrip.jpg” (resolution: 800 dpi) 

 

As demonstrated previously, the X Displacement, Y Displacement, and Radius can be adjusted 

within the “Refine Zone” window for analysis of circular output zones. 
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Non-circular zone geometries can be analyzed from the Refine Zone window using the “rectangle” 

and “polygon” modes. The “rectangle” mode provides familiar X Displacement and Y 

Displacement options, but instead of a Radius option, it allows the Width and Height of the 

analysis rectangle to be adjusted. This tool was designed for analysis of lateral flow strips and is 

useful for images in which a signal-containing line is arranged parallel the sides or top and bottom 

of the image. In this mode, the analysis rectangle cannot be rotated. Example images of a lateral 

flow strip signal, scaled for visualization, and how it can be selected using the “rectangle” mode 

of the Refine Zone window are show below.  
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The “polygon” mode allows the user to create a regular polygon to match the geometry of the 

output zone contained within the reference contour. When this mode is selected, the # Sides slider 

or field is used to define the shape of the polygon. We limited range of this feature to 6, as 

symmetrical shapes with more than 6 sides begin to lose resolution and appear rounded when 

patterned in paper by wax printing and secondary melting. In this mode, the Radius value is used 

to adjust the size of the analysis area and the Angle value can be used to adjust the rotation of 

its shape to match the rotation of the output zone within the image. Like the “circle” and “rectangle” 

modes, the “polygon” mode displays the analysis area within the Refine Zone window to facilitate 

consist measurement across many devices.  

 

     

 

 

Descriptions of the multilayered paper-based device and the commercial lateral flow test strip 

used to generate the example images shown above are available in the Materials and Methods 

document. 
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Analyzing Output Zones at the Ends of Paper Channels 

 

Device Images: “channelends.jpg” (resolution: 800 dpi) 

 

In some paper-based devices, colorimetric indicators are stored at the end of a paper channel. 

These channels may be used to distribute sample from a proximal sample addition zone or 

complete a mixing step before a solution is delivered to the device output zones. In ColorScan, 

the Refine Zones tool can be used to select and analyze the colored regions at the ends of these 

channels.  
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In this example, the Value Threshold can be used to mask the wax-patterned areas of the devices. 
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Next, the Saturation Threshold can be used to mask the white areas of the device geometry that 

do not contain color. For this image, the “Erode” button was also used to minimize granular white 

features after thresholding. In the resulting masked image, some low color intensity portions of 

the output zones are excluded from the white regions that will be used for contour detection. 

These areas can be selected for analysis later using the Refine Zones tool.   
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After blurring, the “Find Contours” button identifies closed contours at the ends of each of the 

radially distributed channels in the image.  

 

 

 

 
 

For this demonstration, we will select all of the square zones in the original image for analysis. 

Clicking on a desired reference contour highlights it in yellow.  
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Next, the “Find Similar Contours” button can be used with the Size Tolerance and Shape 

Tolerance values to select all of the square contours of the device for analysis. 
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After the desired contours have been selected, the “Refine Zones” tool can be used to specify the 

size, position, and rotation of the analysis region. Checking the “Mask Zone” box will show only 

the analysis region. 
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As previously demonstrated, checking the “Histogram” box within the “Refine Zone” window will 

display a separate window containing a histogram of the analysis region.  

 

 
 

 
 

After the “Done Refining” button is pressed within the Refine Zone window, red outlines of the 

analysis region will be drawn on each selected output zone within the main ColorScan window. 
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Checking the “Mask Zones” box within the Analysis Menu window will display the regions of the 

original image that have been selected for analysis.  

 

 
 

 

 

Once the desired analysis regions have been selected, the “Analyze” button can be pressed to 

complete the measurement process as demonstrated previously.  

 


