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SET-UP 

Fraqcel requires Microsoft Excel 2007 or later on Windows.  Fraqcel can be downloaded at fraqcel.weebly.com as a 

compressed ZIP file.  The ZIP file contains the following: 

File and Directories Description 

 

└── optional DLL files directory 

    └── fraqcel directory 

        FraqcelLib260_x64.dll DLL file for 64-bit versions of Excel 

        FraqcelLib260_x86.dll DLL file for 32-bit versions of Excel 

    readme.txt  instructions for installing the DLL files 

    source_code.cs DLL file C# source code 

fraqcel 2.7.1.xlsm the Fraqcel program 

In order to use the optional DLL files, the DLL files must be stored under the C drive in the following location: 

"C:\fraqcel".  Simply copy the "fraqcel" directory to C:\ and do not rename the DLL files or the directory.  In the 

Fraqcel Program Options on the SETTINGS tab, ensure the checkbox "Use DLL file to increase performance" (67) is 

checked. 

To store the DLL to a different path, the declaration in VBA must be changed.  In the VBA editor (Alt + F11) go to 

the "globals" module.  The full path to the DLL file is defined at the top of the module and may be changed.  The 

code is shown below with the full path to the DLL files highlighted. 

 

The code above is shown from the VBA editor in Excel 2007.  The first Declare line above may not be red in newer 

versions of Excel.  Excel 2007 is only available as a 32-bit application and therefore the preprocesser command “#IF 

Win64 Then” prevents the red line from compiling in Excel 2007. 

The file “fraqcel 2.7.1.xlsm” is a decompiled and packed version of the program.  To use the program, Excel’s 

Macro permissions must not be too restrictive otherwise the code cannot run.  Fraqcel runs the smoothest if you 

set “Enable all Macros”.  Using a more restrictive permission will require you to click thru a prompt every time you 

want to use an Excel workbook with VBA code. 

The program is designed for vertical screen resolutions of 768 or greater. 

A video tutorial covering the details of using the program for the first time is available at youtu.be/9QLpNsEfhEE. 

 

  

http://fraqcel.weebly.com/
https://youtu.be/9QLpNsEfhEE
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GENERAL OVERVIEW 

The main user interface is shown below.  Fraqcel is an Excel workbook and uses 4 worksheets as the overall 

graphical user interface.  The 4 worksheets are listed as tabs in section (1) below and are as follows: 

MAIN The main user interface for viewing and exploring fractals (shown below) 
SETTINGS The user interface for changing the color palette and various program options 
PUBLISH Displays custom sized fractal images and stores the data for such images 
VIDEO The user interface for creating a sequence of images 

 

Section (2) is called the navigation image.  The user can select regions or single points within the navigation image 

for various operations (i.e. to zoom in). 

Section (3) is called the control panel and provides common controls for calculating and exploring fractals. 

Section (4) is the Excel status bar.  During use, the status of the fractal calculation is displayed in the status bar. 
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CONTROL PANEL 

The control panel will be covered in 4 separate sections starting from the top and proceeding down. 

 

(10) The Refresh button can be used to update the navigation image when either the maximum number of 

iterations or the color settings have been changed.  Use the Refresh button to avoid unnecessary 

calculations in these cases. 

(11) The Recalculate button performs a complete recalculation of the current fractal image. 

(12) The Reset button navigates the image back to the initial zoomed out view. 

(13) The maximum number of iterations field is used to enter the maximum number of iterations Fraqcel will 

use for a single pixel.  This is like the mathematical resolution of the displayed image.  As you zoom 

further into the boundaries of the plotted fractal, the number of iterations needed to resolve the image 

will increase.  The “+“ button doubles the current value in the field while the “-” button halves the current 

value. 

(14) These 3 buttons are used to increment the color palette offset value (43) and refresh the image in one 

step.  The color palette offset value is changed by half the value in the field for the number of bands 

between key colors (42).  The “-“ and “+” buttons increment the offset value in opposite directions while 

the “R” button resets the offset value to zero. 

(15) These 3 buttons are used to increment the divide iteration value (44) and refresh the image in one step.  

The “+“ button doubles the current divide iteration value while the “-” button halves the current value.  

The “R” button resets the divide iteration value to one. 

(16) This button is used to refresh the image with a new color palette consisting of random key colors. 
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The 4 buttons in this section of the control panel require the user to select either a point or range within the 

navigation image before using. 

 

(17) The Zoom In button is one of the most commonly used buttons and will zoom the navigation image to the 

selected range.  The navigation image is square.  If the user selects a rectangular range, the scale of the 

image is determined by the longer side of the selected region.  If one pixel is selected, then the amount to 

zoom is determined by the value in the Zoom factor field (23). 

(18) The Zoom Out button behaves identically to the Zoom In button except zooms in the opposite direction. 

(19) The Center button centers the navigation image to the center of the selected range. 

(20) The Recalc button behaves differently if a range of pixels is selected verse a single pixel. 

If a range is selected, Recalc will recalculate the selected region using the arbitrary precision math 

routines without any approximation techniques.  This is useful at deep zooms for investigating if a region 

is rendered incorrectly due to approximation. 

If a single pixel is selected, Recalc will use perturbation theory with the selected pixel as a manually 

defined initial reference point.  With the exception of zooming into (-2,0) the default initial reference 

point is the center of the image.  This feature is useful at deep zooms when areas of high iteration count 

are off center and may not be rendered correctly. 

 

As of version 2.2, right-clicking while on the MAIN tab displays a menu with shortcuts to buttons (17), (18), and 

(19).  After selecting a range right-click within the selected range to display the menu shown below.  A single point 

may be selected by immediately right-clicking in the navigation image. 
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(21) The 3 fields in this region serve as both input and output fields.  The Re and Im fields display the real and 

imaginary coordinates, respectively, of the image on the complex plane.  The Plot scale field displays the 

width (or height) of the navigation image. 

(22) The Go button is used to navigate to the location present in the 3 fields of section (21). 

(23) The In and Out buttons will zoom into or out of the current position using the value in the Zoom factor 

field to control the degree at which to zoom.  This is useful for zooming into or out of a fixed position.  The 

value in the Zoom factor field is also used to control the behavior of Zoom In (17) and Zoom Out (18) 

buttons when a single pixel is selected. 

(24) The drop down box in this region provides 20 slots to save location data.  Location data consists of the 

three values in section (21), the fractal type, and the maximum number of iterations.  When a location is 

saved by clicking the Save button, the slot number in the list will be appended with “ – x” where “x” is a 

single character used to denote the saved fractal type.  When a location is loaded by clicking the Load 

button, the fractal type is changed and the saved location and maximum number of iterations are entered 

into fields (13) and (21).  The user needs to press the Go button (22) after pressing Load to start the 

calculation and navigate to the stored location.  The Clear button simply frees a slot with saved data and 

removes the “ – x” from the slot number to indicate that no data is stored at that slot. 
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(25) Displays quick start instructions.  The displayed dialog box also contains another button that displays 

some general background on what this program is plotting. 

(26) Displays acknowledgements and gives author contact information. 

(27) Displays the open source license for this program.  The BSD 2-Clause license is used. 

(28) Clears the publication image and data on the PUBLISH tab.  Larger publication image can significantly 

increase the size of the Fractal workbook and increase workbook open/close durations. 

(29) Display of the last calculation and output duration in seconds 

(30) Displays a dialog box that gives information on the current navigation image and the last calculation 

(31) Exports the current fractal type, location, and color data to a text file. 

(32) Imports data from an exported text file created by button (31).  This button only inputs the data from the 

text file into the corresponding input fields of the program.  The Create Color Palette button (49) on the 

SETTINGS tab needs to be pressed to create the imported color palette.  Next the Go button (22) needs to 

be pressed to navigate to the imported location. 

(33) These two fields display the current resolution and fractal type.  To the right of each field is a little 

shortcut button that toggles thru the values of each setting.  The current resolution and fractal type can 

also be changed in the program options, see (60) and (61). 

(34) Creates an image of custom size on the PUBLISH tab.  This image is called the publication image.  The size 

is specified in the program options (64). 

(35) Exports the publication image, see (34) above, to a bitmap file.  The color settings used for the exported 

file are the current values which may be different than that used on the image displayed on the PUBLISH 

tab. 

(36) Exports the navigation image to a bitmap file.  The color settings used for the exported file are the current 

values which may be different than that used on the displayed navigation image. 
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COLOR PALETTE SETTINGS 

The left side of the SETTINGS worksheet allows the user to control the color palette. 

 

(40) Column A displays a complete preview of the current color palette. 

(41) The cells in column D are used to specify the key colors that form the color palette. 

Palette Creation Option (item (42)) requires that the color palette be recreated using the Create Color Palette 

button (49) for changes to this option to be realized. 

(42) Used to enter the number of colors to blend between each key color.  When this value is changed, the 

color palette must be recreated using the Create Color Palette button (49). 

Palette Application Options (items (43), (44), (45), (46)) are applied at runtime.  Changes to these options do not 

require recreating the color palette. 
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(43) The color palette is a circular list that wraps back on itself.  The palette offset option defines the number 

of colors into the palette to start.  This basically shifts all the colors by the specified number. 

(44) The number of iterations is divided by this value before mapping the iteration number to the palette. 

(45) The color of the set is the color used when the maximum iteration count is reached. 

(46) The reverse color palette check box reverses the order of the key colors at runtime. 

(47) This section allows access to 6 predefined color palettes and provides 5 slots for the user to save custom 

color palettes.  A given color palette consists of the key colors (41), the number of bands between key 

colors (42), and the color of the set (45).  When the Load is used, the saved data is entered into the 

appropriate fields.  The user needs to click the Create Color Palette button (49) to create the color palette 

from the data. 

(48) Enables continuous smooth coloring.  Changing this option requires the image to be recalculated for 

changes to take effect. 

Continuous coloring produces floating point iteration values at each point using the normalized iteration 

count method.  When this option is unchecked, discrete iteration values are calculated using the escape 

time algorithm. 

Use of this option is not compatible with the program option to plot images by formatting cells (68). 

(49) The Create Color Palette button creates the color palette from the entered data.  The current color 

palette the program will use at any given time is displayed in column A. 

(50) This button provides basic instructions on using color palettes. 

(51) This button creates the color palette (49), activates the MAIN tab, and refreshes (10) the navigation image 

in one step. 

(52) This button moves a single selected key color up or down the key color list. 

(53) The Add / Edit Selected Cell Color button is used to enter key colors (41) and the color of the set (45) 

without having to access the Excel ribbon. 

(54) The Clear button clears one or more key colors (41).  The Remove button removes one key color (41) from 

the list such that no gaps exist. 

(55) The Copy and Paste buttons are used to duplicate one or more selected key colors (41) in column D. 

(56) The 3 buttons in this section apply random colors to the key color list.  The Add button appends a random 

key color to the end of the list.  The Replace button replaces the last key color in the list with a random 

value.  The All button replaces all the key colors with random values. 
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Under item (56) are the following additional color palette features added in version 2.7.0. 

 

(57) Enables bump mapping.  Bump mapping uses lighting calculations to give the image the appearance of 

depth producing a 3-D effect.  Like color palette changes, changes to this option or its parameters (58) 

require a refresh to take effect.  Button (51) is convenient for this purpose.  An example is given below 

with continuous coloring (48) enabled. 

Use of this option is not compatible with the program option to plot images by formatting cells (68). 

(58) These three parameters are used to adjust the bump mapping characteristics.  The values are changed 

using the scroll bars next to each value. 

 Direction of light: Sets the azimuth angle of the light source 

 Elevation of light: Sets the elevation angle of the light source.  Negative angles will darken the image while 

positive values will brighten it. 

 Strength of effect: Allows adjustment of the degree of depth appearance 

 

 

    
Example illustrating the effect of bump mapping 

(Beetle Fractal,   Re = -1.10196030642923,   Im = -3.88504186679915E-05,   Width = 5.266E-07) 

 

  

Without bump mapping With bump mapping 
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PROGRAM OPTIONS 

The right side of the SETTINGS worksheet allows the user to change various program options. 

 

(60) Allows changing the resolution of the navigation image (2).  Decreasing the resolution will greatly 

decrease calculation durations.  Note the publication image is always calculated at 100% resolution. 

(61) Allows changing the fractal type.  The following 7 fractal types are available: Mandelbrot, Burning Ship, 

Buffalo, Celtic, Rotation Family, Beetle, and Perpendicular Burning Ship. 

The Rotation Family fractal type is parameterized in terms of a user defined value.  When the Rotation 

Family fractal type is selected a field appears to enter the parameter value.  A parameter value of 1 

reduces the fractal equation to the Mandelbrot set while a value of 2 results in the Beetle fractal. 

(62) Allows changing the size of the navigation image.  The figures in this manual illustrate a navigation image 

size of 800 x 800 pixels.  When 596 x 596 is selected, the layout of the lowermost section of the control 

panel will change to accommodate less vertical real estate on the screen. 

(63) Minimizes the Excel ribbon.  This can also be achieved using Ctrl+F1.  Minimizing the ribbon is important 

for proper display at lower screen resolutions. 



Fraqcel 2.7.1 User Guide 
13 

(64) The dimensions of the publication image.  The publication image only plots at 100% resolution.  To quickly 

preview the publication image at a given aspect ratio it’s recommended to scale the image down to a 

smaller size. 

(65) Allows the user to control which publication image dimension (width or height) to apply the plot scale 

over.  This doesn’t apply to the navigation image because it is square. 

(66) Allows anti-aliasing via supersampling.  Publication images may be calculated using 1, 4, 9, 16, or 25 

samples per pixel.  Note this causes the calculation time to increase by a factor matching the number of 

samples per pixel.  For example, using 4 samples per pixel increases the calculation time 4 times over 1 

sample per pixel. 

If more than half the samples within a pixel are in the set, the entire pixel is assumed to be in the set, 

otherwise, the samples within a pixel not in the set are averaged to determine a representative value for 

the pixel. 

 

    
Example illustrating the effect of supersampling 

(Burning Ship Fractal,   Re = -1.86005077080662,   Im = 4.88287086291522E-03,   Width = 2.534E-08) 

 

(67) Option to enable or disable the optional DLL file.  The “?” button provide basic information on using the 

DLL files.  Use of the DLL file speeds up the calculations by approximately ten times the number of 

physical processors (not logical processors) available to the program. 

 Calculations using the DLL file cannot be canceled from Excel.  To cancel a calculation running from a DLL, 

use the Windows Task Manager (Ctrl + Shift + Esc). 

The option to limit the degree of parallelism sets the max degree of parallelism in the DLL routines to the 

number of logical processors minus 1 if the number of logical processors is greater than 1.  This helps keep 

the system more responsive when calculating CPU intensive images.  The max degree of parallelism can 

be reduced further by changing the global constant “numReservedProcessors” in the VBA "globals" 

module to a larger value. 

(68) By default, Fractal will plot images by writing a temporary bitmap file to the same directory as the Fraqcel 

workbook and then using that file as a background to the Excel worksheet.  The option allows the user to 

revert to the slower method of plotting employed in version 1.x where each pixel is a colored cell. 

1 sample per pixel (no supersampling) 16 samples per pixel 
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The lower right side of the SETTINGS worksheet allows the user to change the more technical program options. 

 

(70) Used to easily test multi-precision routines 

(71) When the distance of a single pixel drops below this value the multi-precision routines are used. 

(72) The number of digits used in the multi-precision routines is a function of the distance of a single pixel.  

This parameter allows adjustment of the number of digits used.  Negative numbers will remove digits. 

(73) It is recommended to leave this option checked.  When unchecked, every pixel in the image is calculated 

using multi-precision arithmetic which is relatively slow.  By checking this option, a select number of pixels 

(reference points) are calculated using multi-precision arithmetic and the remaining pixels are calculated 

using double precision floating point in a manner that leverages information at a given reference point.  

At deep zooms the increase in calculation speed is dramatic. 

(74) This parameter is applicable only when using perturbation theory.  When the magnitude of the difference 

between the reference orbit and the point of interest exceeds this value, the perturbation calculations 

exit and the remaining iterations are performed in standard double precision. 

(75) This parameter is applicable only when using perturbation theory.  This value is used to adjust the 

sensitivity of the criteria used to flag points that might not be captured accurately using perturbation 

theory.  These flagged points are recalculated using additional closer reference points.  A larger value 

results in more aggressive flagging of points. 
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(76) This parameter is applicable only when using perturbation theory.  This value sets the maximum number 

of reference points that will be used in the perturbation algorithms. 

(77) Expressed as a factor of the number of iterations at the current reference point.  When the number of 

iterations exceeds this factor times the number of reference point iterations, the current point is flagged 

as a glitch.  Lower values result in a more aggressive flagging of points.  The minimum allowable nonzero 

value is 1 and the maximum is 100.  A value of zero disables this check. 

 As of version 2.6.1, the default value is zero thus disabling the check.  If using this option to address a 

glitch not corrected by the default parameter values, an initial value of 1.5 is recommended. 

(78) Used to test values of the reference orbit glitch detect criteria.  The “Dark Rainbow” color palette present 

works well with this option. 

(79) This option is applicable only when using perturbation theory.  By checking this option, extra reference 

point data is stored in order to skip a certain number of initial iterations.  This feature is only applicable to 

the non-ABS fractal types, that is, fractal equations that do not contain absolute value terms.  These 

include the following fractal types: Mandelbrot, Rotation Family, and Beetle. 

(80) This parameter is applicable only when using series approximation.  In order to determine how many 

iterations to skip, the orbit without series approximation is compared to the orbit with series 

approximation at select locations.  This value is used to control the maximum allowable difference 

between the two solutions.  Smaller values result in less allowable difference and hence less skipped 

iterations. 

(81) This program automatically determines whether to use a 3rd or 5th order series approximation for each 

reference point.  This option forces either a 3rd or 5th order approximation for the entire calculation. 

(82) This button resets the Multi-Precision Calculation Options to the default values. 

(83) This button displays information about each of the Multi-Precision Calculation Options. 

(84) It is recommended to leave this option checked.  When unchecked, the program bypasses writing the 

iteration values to the navigation image.  This decreases program functionality but increases navigation 

speed.  The increase in navigation speed is minimal (typically a fraction of a second). 

(85) This button resets all the program defaults and prepares the worksheet for distribution.  Any saved 

location data (24) and color palette presets (47) are not cleared. 

(86) This button toggles the visibility of all the group boxes on the SETTINGS worksheet.  Form control option 

buttons require a group box around grouped buttons.  The group boxes are hidden by default. 
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VIDEO TAB 

The VIDEO tab contains the user interface for creating a sequence of bitmap images.  Specifically this is useful for 

creating videos.  Fraqcel does not create video files directly.  A third party program will be required to convert the 

output images into a video.  An internet search for “image sequence to video” will highlight a sample of available 

tools, some of which are free. 

 

(90) Using data in cells (99) loops thru requested frames and create images.  Fraqcel will calculate an image for 

each frame number entered in column A proceeding down the rows until a blank is reached.  The first 

frame calculated is specified by the row entered in field (98).  Each frame is output as a bitmap file in the 

output directory entered in field (95) using the publication image settings (64), (65), (66). 

(91) Opens a dialog box to select the output directory.  The selected directory is entered into field (95). 

(92) This button uses the data in fields (96) and populates the scale values in column B for a zoom sequence.  

The output values start in the row given in field (98). 

(93) This button provides basic instructions on using this interface. 

(94) This button clears all entered data in cells (99). 

(95) Used to specify the output directory.  Button (91) can also be used to select the output directory. 

(96) Used with button (92) to populate the scale values in column B for a zoom sequence. 

(97) The value in this field is the start of the output file name of each bitmap file.  The remainder of the file 

name is the number in column A with leading zeros added to ensure a 6 character number. 

(98) When using button (90) the first frame calculated is specified by the row entered in this field.  When using 

button (92) the output values start in the row given in this field. 

(99) The cells where data is entered prior to using button (90).  Frame numbers between 0 and 999999 are 

entered for each desired frame in column A.  The program is flexible and allows for any combination of 

data in columns B thru E for each frame.  Column D is only used with the Rotation Family fractal type. The 

first frame calculated is specified by the row entered in field (98). 
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PERFORMACE EXAMPLE 

The saved location “20 – m” is in the downloaded version in section (24) and will be used as an example here.  The 

location is the following: 

 Mandelbrot Set 

 Re: -1.99909517044828534214814164792614097 

 Im: 6.16911258817465896937280471817351021E-7 

 Plot Scale: 8.81751911989855E-32 
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Additional background information is as follows: 

 Hardware = Intel Core i7-4790k CPU @ 4.00 GHz, hyperthreading on, 8 logical processors 

 Excel Version = Excel 2007 SP3 

 800 x 800 pixels at 100% resolution 

 Color palette preset = “Pseudorandom Chromaticity”, palette offset = 30 

 All program options not noted are at the default values 

Perturbation theory (73) is always applied.  All the multi-precision routines are implemented in VBA.  Performing 

all the iterations using these only multi-precision routines would be much slower than any of the test cases below. 

 

DLL file 
used? 

Series 
Approximation? 

Plot by cell 
formatting? 

Elapsed Time 
(sec) 

No No No 96.5 

No Yes No 33.1 

Yes No No 4.10 

Yes Yes Yes 4.89 

Yes Yes No 2.63 

The following statistics apply to the solutions: 
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ADDITIONAL INFORMATION 

In certain specific instances the fractal image may display horizontal bands of distortion when using the DLL files.  

An example occurs in the Rotation Family fractal for a parameter value of 1.0001 and a maximum iteration value of 

1200 or greater.  This is shown in the image below. 

This type of distortion is caused by the precision of the double-precision floating point calculations differing slightly 

between different threads.  The position of the distortion will often change upon recalculation due to the non-

deterministic nature of the multithreaded calculations.  This is not a bug but rather a result of the double-precision 

floating point being not adequate for the location of interest. 

To accurately resolve the fractal in the presence of these distortions requires multi-precision calculations.  At 

locations such as the one shown below, perturbation theory does not help because the distance to the reference 

point is not small.  Calculating the entire image using only multi-precision is slow and not recommended in Fraqcel; 

all the multi-precision routines are executed in VBA.  Although the overall accuracy may still be inadequate, the 

bands themselves can be removed using the following methods: 

 Disable the use of the DLL file (67).  The VBA calculations use only one thread. 

 Limit degree of parallelism to one logical processor using the variable “numReservedProcessors”, see (67) 

 Compile the DLL using the Debug configuration (instead of Release).  Although slower, this was observed 

to keep the precision between threads consistent. 

 

 


