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2 Findclouds Software 
	
The Findclouds software evaluates images of the sky and calculates the cloudiness. Especially it 

was designed for the Total Sky Camera J1006 using a fisheye lens for whole-sky images. 

Evaluations of the total sky images by the analysis software may be done online on automatic 

mode or afterwards for campaign based data sets. This new software allows classifying the clear 

sky, the total hemispheric cloud cover, optically thick and thin clouds, the cloud cover of the free 

horizon or the cloud cover above an artificial horizon. In addition the presence of the direct sun is 

detected. If the natural horizon is not yet known, the software calculates it by drag-and-drop. All 

analysed data are stored as ASCII data including pictures for additional investigations. 

The cloudiness tells, how much the sky is covered with clouds, using a number from 0.00 for 

cloudless sky to 1.00 for completely clouded sky. Normally the cloudiness is estimated by a 

meteorologist - the Findclouds software reduces the necessary individual manpower for analysis of 

the cloudiness. 

The camera can operate in a high dynamic intensity range to be able to analyse the sky area near 

the sun. 

Using a high dynamic intensity range out of the combination from a normal exposed and an 

underexposed image, the software is able to analyse the area near the sun and to tell, whether 

there was the sun visible or not. Nevertheless also when analysing a single image the software 

provides algorithms to tell about cloudiness and sun visibility. 

In example these are pictures of normal and underexposed sky. The final evaluation with equalised 

range shows thin clouds, thick clouds and red marker on sun position. 
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2.1 System Requirements 

2.1.1 Hardware Requirements 

The software uses less than 10 MB hard disk space. 

2.1.1.1 Operating-System-Requirements 

MS-Windows-Version: Windows 2000, Windows XP, Windows Vista, Win7, Win8. 

 

Linux-Version tested for current distributions of CentOS, Fedora, Debian, Ubuntu. Using other 

distributions, it might be necessary, to install missing libraries, or to start software using distributed 

libraries. There is no source code delivered, just the binary files. 

 

Also there is no Linux installation software, only a Linux directory on install CD, including required 

Linux files and a "readme" file. 

	

2.1.1.2 General Requirements 

For view of PDF manual there must be a pdf-viewer installed and the file extension ".pdf" should 

be assigned to this viewer. 

	

2.1.1.3 Program Files 

"Program files" are permanent files, that won't be changed after 

installation, except of an update. So these files can be installed by the 

administrator in a protected read only directory. 

 

The recommended name of the installation directory is "findclouds" 

and inside of this directory there is a subdirectory "prg" for program 

core files. This is a standard structure for CMS software and often beside from "prg" there are 

other directories. 

	
Program core files are: 
clouddir.sys - link file to the associated data directory, it contains simply the path 

findclouds.exe - the executable software 

Manual_findclouds.pdf  - the manual 

 

That's all, the software doesn't need additional dll-files and doesn't use the registry, all installation 

is done inside of "findclouds" directory and no windows system is affected. 
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2.1.1.4 Data Files 

The program utilizes the images of the Total Sky Camera 

and managed by Cloudcam Control software. 

The format of filenames is defined 

"YYYYMMDDHHMMSS_ext.jpg". "YYYYMMDD" means 

date of photo (Year, Month, Day) and "HHMMSS" means 

time of photo (Hour, Minute, Second) specified in UTC 

time. "ext" is additional information about image type and 

the software only recognises and evaluates JPEG files 

with extension ".jpg". 

The software works with a predefined directory structure: 

The screenshot on right side shows a typical Cloudcam 

data directory. It contains directories for the Cloudcams, 

like "ccam_01051, ccam_01183,..." and the directory 

"system" for Cloudcam Control configuration, which now 

is also in use for Findclouds configuration 

"findclouds.cfg". 

Every Cloudcam directory contains directories for the 

days and again a "system" directory, containing log files 

of the Cloudcam and the Cloudcam configuration file 

(e.g. ccam_01000.cfg") created by software Findclouds. 

Inside of the "days" directories the Findclouds software 

creates an additional directory "evaluations" for the processed images and the text file of evaluated 

cloudiness. The processed images take filename of original file, but there are additional extensions 

to specify kind of evaluation: 

_BRBG is an evaluation using the blue/red and blue/green ratio of the image 

_CDOC is an evaluation using the cloud detection and opacity classification algorithm 

_NE is the projection of the normal exposed image, first step of evaluations 

_UE is the projection of the underexposed image 
 

The path to the root directory "cloudcam" is defined by file "clouddir.sys" inside of the Findclouds 

program directory "findclouds/prg". 
 

When there is no such directory structure provided, the software is able to use custom defined 

directories: When the software doesn't find "ccam" directories by using the "clouddir" root directory, 

it tries to find "days" directories and shows them. So when there is a customer specific named 

directory containing sky images, it is possible to start the software with this directory by entering it 

to "clouddir.sys". Anyway, when there is not a know directory structure, the configuration file won't 

be saved in an additional "system" directory, but inside of the given "days" root and it will be 
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named just "ccam.cfg", because there is no camera number known. 
 

In addition to add several custom defined directories by use of main menu "Add Custom Image 

Folder". These directories won't be saved to "clouddir.sys", but the software saves them inside of 

the user-interface configuration "findclouds.cfg". The number of the custom directories is restricted 

by lowest number of Cloudcam, so normally it is possible to define up to 1000 custom directories. 

2.1.1.5 Evaluation files 

	
The table of evaluations, shown by the main window, also can be written as evaluation file. The 

title of these files is "cloudiness_" and the date of evaluation, e.g. "cloudiness_20150911.txt". The 

title doesn't contain the Cloudcam number, because it already is assigned to a Cloudcam by 

directory. 

 

The columns are: 

	

date	the	date	of	the	evaluation.		This	column	is	not	necessary,	but	results	from	the	possibility,	to	show	

evaluations	of	several	days	in	the	main	window	table.	

time	the	time	the	evaluated	photos	were	shot.	

Ext	the	merged	extensions	of	the	evaluated	photos.	When	the	evaluation	results	from	one	photo	with	

extension	"0"	this	results	to	"0",	when	the	evaluation	results	from	two	photos	with	extension	"0"	and	"02",	

this	results	to	"002".	

BRBG	the	total	cloudiness	evaluated	with	BRBG	algorithm.	

CDOC	the	total	cloudiness	evaluated	with	CDOC	algorithm.	

thick	the	cloudiness	caused	by	thick	clouds	evaluated	with	CDOC	algorithm.	

thin	the	cloudiness	caused	by	thin	clouds	evaluated	with	CDOC	algorithm.	

sun	is	a	number	that	shows	visibility	of	the	sun.		These	numbers	are	listed	at	the	end	of	chapter	"sunpixel	

evaluation"	

	

%[yyyymmdd]	 [HHMMSS]	 	Relative	Cloudiness	

%date	 	 time	 	 Ext	 BRBG	 CDOC	 thick	 thin	 sun	

20150911	 085000	002	 0.27	 0.67	 0.30	 0.37	 0	

20150911	 090000	002	 0.48	 0.71	 0.58	 0.13	 0	

20150911	 091000	002	 0.46	 0.77	 0.69	 0.08	 0	

20150911	 092000	002	 0.75	 0.92	 0.92	 0.00	 0	

20150911	 093000	002	 0.89	 0.93	 0.93	 0.00	 0	

20150911	 094000	002	 0.73	 0.82	 0.77	 0.05	 0	

20150911	 095000	002	 0.33	 0.67	 0.32	 0.35	 0	

20150911	 100000	002	 0.10	 0.62	 0.03	 0.59	 0	
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20150911 101000 002 0.07 0.53 0.01 0.52 1 

20150911 102000 002 0.08 0.79 0.00 0.79 0 

20150911 103000 002 0.08 0.68 0.00 0.68 0 

20150911 104000 002 0.07 0.69 0.00 0.69 1 

20150911 105000 002 0.09 0.70 0.00 0.70 0 

	
	
2.2 Software Installation 

	
Installation software for installing the Findclouds Software to MS-Windows. This window appears, 

when you insert the install CD to your computer and press [Install]. 
 

"Program Directory" shows the target of installation and "Data Directory" shows the directory, 

that will be used for configuration files and where existing Cloudcam images are saved. 

 

"Info" list shows progress of installation and when it is finished, you can close this window and 

start Findclouds software by desktop link or start menu. 

	

2.2.1 Install schemes 

For customized installations, there are three basic installations schemes "Install Scheme": 
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2.2.1.1 Install scheme standard 

The program directory will be created in the standard program directory and the data directory will 

be created in the standard data directory. It is possible to choose between user specific installation 

and common installation, which provides the software for all users. You can choose this also on 

right-hand side by "User scope". 

The program directory and the data directory are placed in different locations and the 

administration of access rights is considered automatically. The user doesn't need to be 

administrator, because all of the files and directories, that will be changed or created new, are in 

scope of users access rights. 

2.2.1.2 Install scheme all in one 

The program directory and the data directories will be in a common installation directory 

"Findclouds". This is the most easy way to handle software and data e.g. for backups, but it is 

necessary to set user privileges for access of data directory or login as administrator. It is possible 

to choose another target directory than suggested, but the final installation directory is hard coded 

for "Findclouds". So it's a choice of basic directory, e.g. "c:\" for installation of "c:\Findclouds" or 

"d:\CMS" for installation of "d:\CMS\Findclouds". 

2.2.1.3 Install scheme custom 

The program directory and the data directory can be chosen before installation. The user must be 

administrator or access rights for users must be set by the administrator. 

2.2.1.4 Links 

Before installation it is possible to configure the links to be created: 

Default is to use the Start menu to create a new entry [Start] -> [Programme] -> [Findclouds] 

which contains links to the software and documentation. 

Also there is a Desktop link default, for quick start of software by double click on Desktop icon. 

The Autostart link can be activated to start the software automatically when the operation system 

starts. 

 

The install software will appear like this, when there was an existing version of the software found. 

By using the buttons it is possible to [Update] the existing software, or to uninstall it. Also it is 

possible to set the Install Scheme from "Uninstall" to an installation scheme for installing the new 

version besides the existing version. But this is not recommended, because it can cause problems 

regarding to double links and uninstall information. 
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in cloudiness. 
 

When thinking about these problems, it took our attention, that there are characteristic patterns of 

sunpixel, which change with amount of cloudiness or atmospheric opacity. Especially sunpixel of 

cloud-covered sun often contain gaps resulting out of covered parts of sun. So a simple pattern 

recognition was implemented to improve evaluation of sun. 

 

"Sun Objects", "Cloud Objects":  The algorithm analyses the sunpixel. It determines connected 

areas of sunpixel (called "Sun Objects") and of skypixel that are included by sunpixel (called 

"Cloud Objects"). Than it counts the number of pixel they consist of.   

More than one Sun Objects is evidence of a cloud covered sun. Because of sparks, the number of 

Sun Objects often is not sufficient to make a reliable statement. 

(    Sun Object  >1  →  sun cloud covered ) 

( Cloud Object >2  →  sun cloud covered ) 

 

Example:    20130928120000_0 

 

This is an example of an image, which is  difficult to analyse. 

At first glance there seems to be a visible sun. When taking a closer look, a small cloud in front of 

the sun is detected. This highly enlightened cloud gets part of the sunpixel and changes the 

pattern like an unclouded sun would produce. Also the cloudiness results in a large area of 

brightness. 
 

Sun Objects:   11749  98  28  9  9  8  6  6  5  5  5  3  3  3  2  2  2  2  1  1  1  1  1 

The algorithm finds 23 Sun Objects, one of them containing most of the sunpixel 

and some "sparks". 
 

Cloud Objects:  50  19  11  5  1 

The algorithm finds 5 Cloud Objects. At least two of them contain a considerable number of 

skypixel. This is strong evidence of a cloud covered sun. 

 

"Sun Object Ratio": Is a characteristic value to determine the state of the sun. It is determined by 

dividing the pixel number of largest Sun Object through pixel number of all Sun Objects. Normally 

a Sun Object Ratio larger than 0.9 points to an uncovered sun. (  >0.9  →  SunOnClearSky ) 
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Example:  Sun Object Ratio = 11950/11749 = 0.983 

     In the example the cloud coverage was only recognised by "Cloud Objects" and "Sun 

Circle Ratio" 
 

 
"Sun Circle Ratio": Is another characteristic value to determine state of sun. It deals with the 

special problem to determine between sun on clear sky and sun behind continuous cloud coverage 

producing a spot. 

(  <level → SunOnClearSky ) 

A sun on clear sky causes rays by the optic and the sun object will appear jagged. A sun shining 

through clouds is smoothed and appears circular. 

 

The "Sun Circle Ratio" tells, how good the sunpixel match to a circle. In the images on the right 

hand side it is obvious, that the sun is much more "circle like" than the jagged clear sky sun. 

 

Ratio Brightpix/Sunpix: Tells about haze or thin clouds in front of the sun. On clear sky the ratio 

is less than 2 and rises with amount of haze or thin clouds. 

( <2 → SunOnClearSky ) 

 

Brief overview of level inputs: 
 

"Level Sun Pixel": If the value of the pixel of the intensity image is higher than this level, it is 

classified as sun pixel. For badly underexposed images it might be necessary to reduce this value. 

"Min. Object Size": ''Sun Objects'' & ''Cloud Objects'' that contain less number of pixel will be 

discarded. 

"Level Sun Object Ratio":  If  ''Sun Object Ratio'' is > Level → SunOnClearSky. 

"Level Sun Circle Ratio":    If  ''Sun Circle Ratio''  is  < Level →  SunOnClearSky. 

"Level Ratio Brightpix/Sunpix":  If "Ratio Brightpix / Sunpix" is > Level → SunBehindClouds (& 

value exists). 
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Remark: 

This kind of evaluation is more sophisticated than the simple sun pixel evaluation. 

Because of rays and sparks the pattern of 'Sun on clear sky' also can include Cloud Objects. In 

difference to real Cloud Objects they normally contain only a few pixel. By option "Min. Object 

Size" it is possible to exclude them and improve the evaluation. Also it is clear, that the evaluation 

depends on resolution of the image and the options must be adjusted, when images are calculated 

with less resolution. 

	

	

Table:	sunflag	numbers	

New	number	 Old	number	 Description	

0	 0	 Sun	not	visible	

1	 1	 Sun	on	clear	sky	

3	 0	 Parts	of	sun	cloud	covered	

5	 0	 Sun	behind	clouds,	but	a	bright	dot	is	visible	

8	 9	 Sun	outside	view,	either	because	of	zenith	angle,	or		sun	is	hidden	by	horizon	

9	 9	 No	Sunflag	evaluation	was	made	
	

 

 

  



Findclouds	Manual			35	

3 Appendix 
	
3.1 Geometry of fisheye projection 

	
This text takes attention to a fisheye lens, which maps a hemispherical view field conformal to an 

image plane and produces a circular image. The radius of the image relates to the opening angle 

(zenith angle). The following image shows the path of rays inside of a fisheye lens. 

For an ideal fisheye lens the image radius relates linear to the view angle and the whole field of 

view will be mapped to concentric circles. A real fisheye lens will produce some distortions, 

especially for larger angles. There will be aberrations from linear ratio of view angle and image 

radius. But for the moment we assume a linear, not distorted mapping. 

 

A cloud cover can be seen like a two dimensional plane at a specific height in the sky, but when 

using a fisheye lens for cloud monitoring, it maps a hemispherical view field to the image and not 

the original plane. 

The first part of the chart shows that for mapping of a plane in constant height h to an angular 

dependent fisheye lens image, the distance d depends on the tangent of viewing angle. For zenith 
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angles approaching 90° this distance will approach infinity. So the angular dependent concentric 

circles of the fisheye lens image for small angles φ maps the correspondent circle of the sky plane 

almost 1:1. For larger angles the mapped area will rise fast, until it even correspondents to infinity 

when approaching 90°. 

The second part of the chart shows, how an existing fisheye lens image can be used to create a 

reproduction of the original sky plane by rear projection. Now the path of rays starts from the 

fisheye lens image and crosses an image plane in height a. The image plane covers the viewing 

angle ω. Dependent on ω and a, an image radius of Rω results. The crossing point of image plane 

and angle φ results in height a and distance b and fulfils equations h / d = a / b = tan(α). It is 

obvious to see, that path of rays produces a projected image ("Projection") that shows original sky 

plane true to scale. 

 

In practice a constant viewing angle will be assigned to a constant image radius Rω, whereby a 

constant distance a will result for all angles φ: 
 

 a / b = tan(α);  α = 90° - φ  →  a = b * tan(90° - φ) 

 

By use of the specified values for ω and Rω the constant a can be calculated: 

 

 a = Rω * tan(90° - ω) 
 

Using this it can be calculated, which distance b results out of a projection angle φ. So every 

radius of the fisheye lens image results in a radius of the plane image. Rω sets the unit of 

measurement and it is most simple to use the unit "pixel". This way a pixel of the fisheye lens 

image can be moved to correspondent position on sky plane: 

	
 b = a / tan(90° - φ)  =  a / tan(90° - 90° * r/R) 
 

 with r equal to current radius and R equal to whole radius of fisheye lens image. 

 

By using tan(α) = cot(90° - α), cot(α) = 1/tan(α) and keeping periodicity of tangent in mind it is 

possible to simply the equation: 

	
 f(r) = a * tan(90° * r/R) 
 

 ("forward calculation": Fisheye lens pixel to image plane) 

	
This "forward calculation" doesn't include, that size of pixel raises in dependency from the angle, 

so projecting pixel one to one causes rising gaps between the pixel. A simple solution to avoid this 

problem is to calculate the pixel of the image plane backward to fisheye lens image and taking 
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over one pixel for several times, when necessary: 

	
 f(r)-1 = R / 90° * atan(b / a) 

	
("backward calculation": plane image pixel with distance b to fisheye lens pixel with radius r) 

 

This way a complete image will be created, but because of aliasing for large zenith angles there 

will result an aberration from the original sky plane. The pixel not only were enlarged,  also a jitter 

appears, because the fisheye lens pixel won't match to an even number of plane image pixel. For 

plane pixel located on borderline of two fisheye lens pixel an interpolation should be used to 

reduce aberration. 

 

3.2 Limits of useful graphical representation 

	
 

To appraise the effect of rising zenith angle and size of aberration it makes sense to look at the 

underlying tangent function. Especially the derivation of the tangent shows directly the difference 

between original fisheye lens pixel and resulting plane image pixel. 

f(r) = a * tan(90° * r/R)  results in an angle range from 0° to 90°, because the ratio r/R covers the 

range from 0 to 1. 

This plot shows the dependency of the plane image radius (y-axis) on zenith angle in degrees (x-

axis). For angles less than 50° it is plain to see, that the radius rises almost linear with the angle, 

so the middle part of the image will project the original sky plane almost unaltered. In range from 

50° to about 80° the projection will get more and more stretched until for angles larger than 80° the 

radius steeply rises to infinity. Also the derivation shows accordant factor of projection for range 

from 0° to 50° by 1:1 or 1:2 and fast rising for larger angles. 
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The following example shows some "forward projections" containing gaps to demonstrate effect of 

rising angles and loss of image content.  

 

 

To make the images more demonstrative not a sky image was used, but an image of laboratory 

window. 

First image is original fisheye lens image, second is projection of 60°, third of 80° and forth of 85°. 
 

These images demonstrate how the image content evolves with zenith angle.  

 

 

 

For 60° projection there are only small gaps that need to be filled. For 80° it is clear to see that 

from half the image radius on, large areas must be interpolated from small pixel informations. For 

85° angle the image content is restricted to a small region in the middle and most of the image 

must be interpolated. 
 

In praxis the zenith angle should be restricted to values <80°. For opacity classification (CDOC 

algorithm) the scientists recommended not to exceed 70° of zenith angle (Field Of View < 140°). 
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