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1. Why observe? 

Astronomical observations belong to the simplest and least expensive forms of 

examining and admiring the laws of nature. Unlike many other branches of physics, 

astronomy is a field where scientifically valuable observations may be carried out by 

amateurs. Beginners will surely focus on admiring their own photographs of planets, 

comets and stars; more advanced observers will find it even more rewarding to 

record the variability of stars, discovering new comets and following planetoids in a 

systematic way. 

 Our observations will be of much greater value if we manage to register them. 

The easiest way of registration is taking photographs. This method, however, is not 

w ithout its drawbacks. In amateur conditions it is not possible to take many 

photographs in a short time – this usually requires a long time of exposure to achieve 

good quality. A lso their further processing and comparison is rather difficult. The 

properties of photographic film make it easy to under- or overexpose the photo, since 

in a certain range of brightness the degree of optical density is not proportional to the 

light intensity. Most of these obstacles can be overcome by using the CCD webcam as 

a tool for registering the images. The following manual explains how to choose a 

camera, describes its structure and properties, and also gives examples of software 

helpful in processing the registered information. 

2. CCD Observatory – What are we going to need? 

In order to carry out the observations we are going to need: a webcam with a CCD 

sensor, a photographic lens or a telescope, and a computer with appropriate 

software. Let us look at these elements. 

2.1. CCD Webcam – how it works 

In order to be able to judge properly the advantages and disadvantages of 

particular kinds of webcams we are going to need some basic knowledge about the 

structure of CCDs. The principal part of a CCD (Charge Coupled Device) consists of 

a board of photosensitive elements which form a matrix. The number of these 

elements – pixels on the board – determines the resolution of the system. The 

matrices used in amateur webcams vary from 320 x 240 pixels to 640 x 480 pixels. 
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Before the exposure, i.e. the process of registration, each pixel on the CCD is 

positively charged. The photons that hit it, gradually reduce this initial charge. The 

loss of charge is proportional to the number of photons that hit a given pixel. When 

the exposure is over, the charges remaining in individual pixels are transmitted to an 

amplifier and then to an analog-to-digital converter. The digital representation of an 

image produced in this way may be further processed and stored in an electronic 

form. The range of sensitivity of CCD elements is comparable to that of the human 

eye but CCD also registers frequencies very close to infrared. Typically pixels are 

between 5 and 25 � m large. 

 When light falls on a CCD board, its intensity for each photosensitive element 

is measured. In this way we are given 

information about the brightness of the 

registered image.  

Fig. 1. Webcam's sensor is covered with a 

filter in order to provide information about the 

light's colour. To each of the pixels this filter 

transmits light in one of three colours: red (R), 

green (G) or blue (B). During the image 

processing the intensity of light in these three 

basic colours is measured. The true colour of a pixel is achieved by interpolation of 

the neighbouring pixels. The components of the colour for each pixel are calculated 

on the basis of the colour components in the neighbouring elements. 

Here is an example showing how a CCD webcam works. 

 

 

 

 

 

Fig. 2. presents the registered and the processed image. 

 

CCD Sensor
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2.1. How to choose a webcam 

Professional CCD webcams are very expensive – their cost is rarely below €1300. 

However, valuable observations can be made with Internet cameras – webcams. A 

typical webcam usually costs about €25 and after slight adjustments it can be used 

for very interesting observations. What criteria should be then taken into account 

while choosing a particular model? 

The most important parameter in a webcam is the type of sensor used in it. 

A lthough we can choose between cameras with CCD and CMOS sensors, the former 

are definitely better (more sensitive). If possible, it is better to choose a camera with a 

resolution of 640 x 480 pixels, although even 320 x 240 pixels is enough for making 

quite interesting observations. The possibility of setting a very long time of exposure 

(up to half a minute) is a huge advantage of a webcam. Even though most webcams 

available on the market do not fulfil this standard, it is possible to modify some of 

them so that they permit longer times of exposure than those preset by the producer. 

For more information about webcam distributors and companies that can modify 

them readers are referred to section 10 of this document. 

The following part of this manual w ill describe how to work with Philips Vesta 

(PCVC 675K) webcams and newer ToUcam PRO II (PCVC 840K). Philips cameras are 

equipped with a CCD sensor with the diagonal of 1/ 4 inch and resolution of 

640x480 pixels (pixel size 5,6 x 5,6 micrometre). The maximum time of exposure 

preset by the producer is equal 1/ 5 second. However, the webcam may be adapted 

in such a way as to make it possible to set unlimited times of exposure. Adaptation 

consists in installing inside the camera an electronic system that w ill take over the 

control of exposure time, and attaching an additional cable that w ill be plugged in to 

the printer port in the computer. 

Philips ToUcam PRO II webcams, which allow long times of exposure, are 

distributed as part of the project Hands On Universe – Europe (international website: 

ht t p: / / www. eu- hou. net , Polish website: ht t p: / / www. cf t . edu. pl / ast r o/ ).  

2.2. Adaptation of  the camera 

A lthough a webcam itself is equipped with a lens, this lens is practically useless – 

apart from observations of meteorites – due to its small aperture and short focal 
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length (a few millimetres). The wide field of view of the webcam, which is about 40 x 

30 degrees, enables us to take photos of a large part of the sky all night long with 

exposure times of about 10 – 20 seconds. The resultant film may be analysed off-line 

or one may attempt automatic recognition of the changes in subsequent frames so as 

to register only those images where something interesting is happening. 

 However, a different lens will be needed for other purposes. The set sold with 

the webcam should therefore include a photo adapter which will enable us to fix the 

webcam in the focuser (we should make sure of that when we order the camera. 

Otherwise the adapter can be bought separately, for instance at 

ht t p: / / www. ast r okr ak. pl ). 

A typical solution is attaching a lens (with focal length of 30 – 35 mm, which will 

allow us to make observations of a visual field with the side of a few degrees) to the 

webcam, or placing the CCD in the focus of a small telescope. Both of these solutions 

have their advantages. 

2.3. The lens of  the camera 

Replacing the original tiny lens of the webcam with a photographic lens from a 35 

mm reflex camera can give very good results at a moderate cost. Because the CCD 

sensor is much smaller than a film frame, the view field of a webcam with a 

photographic lens is much smaller than the view field of a camera equipped with the 

same lens. To describe this effect in numbers, we introduce the notion of an 

equivalent focal length. It is as many times greater than the real focal length of the 

lens, as many times the diagonal of the CCD sensor is smaller than a 35 mm film 

frame. For Philips webcams with a sensor of the type ¼’’, whose photosensitive field 

has the diagonal of 4,8 mm, this ratio equals 9. This means that a webcam equipped 

with a standard lens with a focal length of 50 mm, has the same view field as a 

camera with a large telephoto lens with a focal length of 450 mm! Thanks to this fact, 

we can use the most popular lens, whose focal lengths are between 35 and 200 mm, 

to take the same photos as with photographic cameras equipped with telephoto lens 

whose focal lengths would be between 300 and 1800 mm!  

 The lens produced for reflex cameras have many types of fastenings but for 

the purposes of astrophotography the most suitable are those with a M42x1 thread. 

The lens that are fastened in this way are designed for analog cameras Zenit and 
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Praktica. Thanks to the threaded fastening these lens can be easily attached to a 

webcam with the use of a simple adapter, and their serious advantage is good 

availability and low price. Russian lens (Mir, Wolna, Zenitar, Helios, Jupiter) are 

particularly popular and cheap, although German lens (Sonnar, Pentacon, Practicar) 

have better quality.  

The most typical focal lengths of lens with a M42x1 fastening are 35 mm, 50-

58 mm, 135 mm and 200 mm, as well as 300 mm, 500 mm and 1000 mm. Lens with 28 

mm, 85 mm, 100 mm and 180 mm are less popular. Camera lens with focal lengths of 

up to 500 mm are built of lens; camera lens with focal lengths of 500 mm can be built 

using either a lens or a mirror, whereas camera lens with focal length of 1000 mm are 

built on the basis of a mirror (similar to the astronomical telescope in Maksutov 

system).  

Camera lens of focal lengths shorter than 200 mm are the most common in 

astrophotography with the use of a webcam. The chart below shows the view fields 

of these lens and their typical applications.  

 
 

Focal  length V iew f ield Appl ication 
35 mm 4,6° ´  6,3° 
50 mm 3,2° ´  4,4° 

observations of variable stars, photography of star 
fields in the Milky Way 

135 mm 1,2° ´  1,6° photography of large open clusters (Pleiades, M44 
Praesepe), large galaxies (M31, M33) 

200 mm 0,8° ´  1,1° photography of small globular clusters, small open 
clusters, galaxies, the Moon and Sun 

 

Camera lens with focal lengths of 500 mm and longer are practically telescopes 

and their use together with a webcam requires a significant effort – a very small 

visual field of such a lens makes it necessary to fix it in an equatorial mount with 

slow-motion controls in order to find the object we want to photograph and be able 

to hold it in our view field even for a few seconds. Still, they might be useful if we 

want to photograph the Moon and Sun. 

Lens with a M42x1 thread can be bought at photography markets, and even 

better on the online auction website A llegro (ht t p: / / www. al l egr o. pl ), where there is 

a wide choice at a reasonable price. When buying a camera lens, you should pay 

attention to its brightness and optical quality.  
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The former parameter is always given in the lens’ specification, e.g. a lens with the 

specification 135/ 2,8 (or 2,8/ 135) has the focal length of 135 mm and the maximum 

shutter opening of 2,8. It means that the aperture (the effective diameter of the lens is 

2,8 times smaller than its focal length. Because in astrophotography we should 

always strive to get the greatest possible amount of light to the lens, the larger the 

lens’ diameter (or the smaller the number signifying the maximum shutter opening), 

the better. Unfortunately, the greater the brightness, the more a lens costs. Camera 

lens with longer focal lengths are also darker as a rule, because their diameter has to 

be larger in order to keep high brightness when the focal length is longer, which 

makes them much more expensive to produce. The following lens are a good 

compromise between price and brightness: 35/ 2, 50/ 1,8, 135/ 2,8, 200/ 4. It is not 

recommended to use lens 50/ 2,8 and 135/ 3,5, because their brighter counterparts 

come at a similar price. 

The optical quality of a lens is not given in its specification and you should 

rely on your intuition while choosing one. However, if it is possible to get more 

detailed information, what you should pay attention to is the resolving power in the 

middle of the field, which is given as a number of lines in 1 mm, which in the picture 

are visible separately. For typical camera lens this number varies between 30 and 50 

lines per 1 mm. The resolving power of a lens influences significantly the resolution 

of images registered by the webcam because, w ith a resolution of 30 lines/ mm we 

can expect that the image of a star – theoretically a point – will have the diameter of 

about 30 � m, which equals 5 pixels in Philips webcams. It means that the actual 

resolution of the image we get is a few times smaller than the resolution of the 

webcam! 

Regarding brightness and optical quality, it is not recommended to use zoom 

lens. They are darker and have poorer resolution than the lens whose focal length 

cannot be changed. At the same time, zoom lens are more expensive, and in 

astrophotography there is never a need for a smooth change of the focal length.  

Camera lens for newer models of Praktica and Zenit have a so-called 

automatic shutter, i.e. the shutter is closed only after you press a pusher situated at 

the back of the lens. In a camera this allows us  to compose the picture at a maximum 

aperture, irrelevant what aperture we actually want to use. When we attach the lens 
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to a webcam, however, it means that this lens will always have a maximum aperture. 

This is not a problem when we want to photograph weaker objects because in this 

case we have to use the lens’ full brightness anyway. If, however, we want to 

photograph the Moon, we might want to make the aperture smaller, especially that 

in this way we improve the resolution of the lens. In this case we may block the 

pusher (e.g. by gluing it w ith a drop of epoxy glue), but a much better solution is to 

buy a lens with a switch that w ill allow us to change aperture independently of the 

pusher. Unfortunately, these switches (signed as Auto-Manual, A-M) can be found 

only in lens with focal lengths 135 mm and greater. If possible, it is recommended to 

buy a lens with such a switch.  

If you are buying a lens with only astrophotography in mind, you may look 

for a lens without an automated shutter – for older models of cameras. The usage of 

such a lens will be easier. 

The lens is attached to the camera with an adapter. One end of the adapter is 

fixed to the webcam in place of the original lens, and the new lens is fastened to the 

other end of the adapter. This sort of adapter is available e.g. in Astrokrak 

(http:/ / www.astrokrak.pl). Adapters come in two types: older and simpler is just a 

tube threaded at both ends, so a webcam with a lens is fastened to the mount by 

driving a screw in the thread situated in the body of the webcam. It means that the 

whole weight of the lens rests on a delicate thread in the camera and on its equally 

delicate body, shortening the lifetime of the webcam significantly and making it 

impossible to use heavier lens. The new version of the adapter is made of more solid 

duralumin and it has a threaded opening that makes it possible to fasten the adapter 

straight to the mount. In this configuration the weight of the camera lens is passed to 

the mount via a solid metal element, so it is not a problem if we use even heavy 

camera lens with a focal length of 200 mm. Only this type of adapter can be used 

with Philips ToUcam webcams, which do not have a mounting thread built in in 

their body. 
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Philips ToUcam PRO II webcam with a Domiplan 2.8/ 50 lens 
attached with the use of a new version of adapter. The handle of 
the mount is situated at the front; otherwise it would make it 
difficult to observe objects situated high above the horizon. 

 

 

 
Philips ToUcam PRO II webcam with a Helios 2,8/ 135 telephoto lens 

 

In astrophotography with the use of a webcam we can use teleconverters. 

These are elements fastened between the webcam and the camera lens that lengthen 

the effective focal length, usually by a factor of 2. They allow us to take pictures of a 

smaller view field when we don’t have a lens with a sufficient focal length at our 

disposal. Unfortunately, the use of a teleconverter is connected with significant losses 

– the brightness of the lens becomes twice smaller and its resolving power 
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deteriorates. We should therefore avoid situations when it is necessary to use a 

teleconverter. It is much better to buy an additional camera lens with a long focal 

length, whose price will be similar to that of a teleconverter.  

The simplest way of photographing the sky with the webcam + camera lens 

set is to place it on a mount and take pictures with a static camera. Simplicity is an 

advantage of this method but in this way we can only take pictures with limited 

exposure times. If the exposure is too long, the stars (and all other objects on the sky) 

w ill be registered as smudges, reflecting the floating of these objects across the sky. 

The maximum time of exposure depends on the focal length of the lens (the greater it 

is, the shorter the picture can be exposed) and the declination of the area of the sky 

we want to photograph (the greater the declination, the longer the acceptable 

exposure time). We can find this value, provided that the shape of the image of a star 

we can accept w ill be elongated not more than for instance 1.5 its diameter. Let us 

use a formula that relates the exposure time t (given in seconds) to the length of the 

trace L (in millimetres) of a star w ith a declination d photographed with a lens of a 

focal length f  (in millimetres): 

13713
cos
L

t
f d

=  

Let us find the maximum exposure time, provided that we have a good 

camera lens and we want to have circular traces of even weak stars. If it is not 

overexposed, an image of a star in these conditions appears on not more than 3 pixels 

of a webcam, so let us assume that its movement on the CCD sensor should not 

exceed 10 mm (two pixels). Setting L = 10 mm to the formula, we receive the following 

values of the maximum exposure time (in seconds) for different declinations and 

focal lengths: 

 

dddd        f 35 mm 50 mm 135 mm 200 mm 

0° 4 3 1 1 

30° 5 3 1 1 

60° 9 6 2 1.5 

70° 13 9 3 2 

80° 25 17 6 4 
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Using this formula we can find the maximum time also in other situations, e.g. 

for camera lens with a different focal length or for very bright stars whose image in 

the picture is strongly overexposed. In the latter situation the image of the star is 

much larger than the 3 pixels we assumed and its movement may be greater w ithout 

causing visible distortions.  

A lthough the exposure time is seriously limited when we use a static camera, 

we can venture to photograph weaker objects by taking multiple pictures, each with 

an exposure time short enough for the image to appear almost as a point. Then, by 

shifting these pictures until the images of the stars overlap, and adding them 

together, we can receive a picture whose effective exposure time will be equal to the 

total exposure time of all the pictures.  This will significantly enlarge the stellar range 

of the resultant picture as compared to a single exposure. However, it is not possible 

to photograph unlimitedly weak objects by adding a greater number of pictures, as a 

very weak object photographed with a short exposure time will not reach the 

threshold of sensitivity of the webcam, so it w ill not appear in the picture even if you 

add a great number of frames. 

To photograph weak nebular objects, it is necessary to follow the apparent 

movement of the sky with the webcam.  You don’t need to follow this movement 

perfectly because the method of adding many short exposures will allow you to 

photograph weak nebular objects even if exposure times below one minute will 

cause errors to occur. The easiest way to obtain a driving mechanism for your 

webcam + camera lens set is to fix it to a telescope (e.g. parallel to the optical tube) on 

an equatorial mount with an automatic driving mechanism. The telescope is then 

used only as a mount and its optics allow you to monitor and possibly correct the 

driving. You can also try to use a telescope on an equatorial mount without electric 

drive. The telescope is then driven manually w ith slow-motion controls, so as to keep 

the image of a chosen star in the centre of the telescope’s view field (the star doesn’t 

have to be one in the field we are photographing). For this method to be effective, 

however, the telescope’s mount has to be very stable because otherwise the 

vibrations caused by our hand touching the slow-motion controls will be transmitted 

to the webcam and will destroy the effect.  
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Telescopes with altazimuth mounts with a computer-controlled driving 

mechanism are becoming more and more popular. They allow you to keep a chosen 

object in the centre of the visual field but the image in such a telescope revolves 

around its centre! Therefore, although perfect for visual observations, this type of 

telescope is not suitable as a mount with a driving mechanism for astrophotography. 

It is true that you can add the pictures taken with the help of such a telescope 

(rotating them in a computer application) but their processing is more complicated 

than that of photographs taken with a driving mechanism on an equatorial mount. 

Some such telescopes can be configured to work in the equatorial system (e.g.  

Meade ETX series) so it is worth to take advantage of this fact. If additionally such a 

telescope has the feature of aiming automatically on an object selected from the 

catalogue, it becomes an outstanding mount for a webcam with a camera lens. We 

get rid of the problem of tedious searching with a webcam in order to take a picture, 

provided of course that we previously mount it on the telescope in such a way that 

the centre of the view field of the telescope overlaps with that of the webcam. Then 

we use the computer-controlled driving mechanism to aim the set at a given object, 

and we can additionally check with the telescope if the object we are interested in is 

in the view field, if it is too weak to be visible on a single exposure without computer 

processing. 

2.4. Amateur telescope 

When the webcam is attached to an amateur telescope with focal length of about 

1000 – 2000 mm and aperture of 10 – 25 cm, we will be able to attempt taking photos 

of  the craters on the moon, 

planets and (after applying an 

appropriate filter, of course) the 

solar spots. If we want to look 

into the more distant Universe 

and take photos of Messier 

objects, our camera has to be 

adapted in such a way as to support long times of exposure. We will also need a 

telescope whose lens will have a focal length of f = 300-500 mm and aperture of 5-10 

cm. It w ill also be necessary to have an automatic driving mechanism for the 
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telescope, which will allow us to follow the observed object constantly, while 

photographing it. An ordinary telescope, often found in schools – usually forgotten 

and seldom used, can be revived with the use of a webcam. It can be easily adapted 

for observation with the use of an attached CCD camera. The most common type of 

telescope is the so called Newtonian telescope. If you have not used this type so far, 

have a closer look. 

The thick pipe which constitutes the main body of the telescope is called an optical 

tube. However, the most important part is the primary mirror. It is the size and 

shape of this parabolic mirror that are decisive for the telescope's resolution and its 

capability of registering even very weak objects. The next important part of the 

telescope is its secondary mirror, which directs the light coming from the primary 

mirror towards the focuser. In the focuser, which is usually placed at the side of the 

optical tube, we place an eyepiece. It allows us to control the image sharpness. It is 

also there that we are going to install the webcam. The most common diameter of an 

eyepiece is 1.25 inch (the bigger the diameter, the wider the visual field.) With this 

typical diameter it is very easy to install the webcam; if the eyepiece has a different 

diameter (a rare occurrence), we have to take it into consideration while ordering the 

adapter. The eyepiece joined to the focuser is a system of lenses through which a 

beam of light passes, focused by the mirrors. It is due to this beam  that we can have 

a sharp and magnified image. Sometimes we will have to attach a Barlow lens to the 

focuser before an ordinary eyepiece. It expands the focal length of a telescope (x2, x3, 

x4...) In this way the magnification will be better,  unfortunately at the expense of 

brightness. 

Newtonian telescopes are usually characterised by a large focal ratio (the ratio 

between the diameter of the mirror and its focal length), which makes them perfect 

instruments for observing weaker objects. Because of their simple construction they 

are also those reflecting telescopes that are most often constructed by amateurs. As in 

any other reflecting telescope, the secondary mirror is situated in the way of the light 

beam, which causes a certain amount of light to be lost but this is usually just a few 

percent of the area of the main mirror and it should not cause any worries. The size 

of a telescope of this sort depends of course on the diameter of the mirror and its 

focal length, and the length of the optical tube is usually close to the focal length. 



CCD observatory in school  17 
 

 

 

 The visual field of a telescope is rather small and usually, w ith some luck, we 

can see through an eyepiece only the object we have chosen. But how to find it on the 

sky? That is where a finderscope comes handy. A finderscope is a small telescope 

that saves our time and effort while positioning the telescope on the chosen object. It 

should be calibrated in daylight. It requires a lot of effort to find the star or planetoid 

of our choice, even with a finderscope. (Beginners should practise trying to find the 

Moon.) Hence, before starting observations we should buy a map of the sky with the 

region we want to observe and then develop a strategy: from which objects to which 

we are going to proceed. It is always a good idea to start w ith objects that are easier 

to find, and then experiment with more difficult ones. The next problem is setting the 

focus of the telescope. If, after putting the whole thing together, we cannot see the 

celestial objects to which the telescope is directed, it usually means sharpness in our 

focuser is not properly set. The easiest way to do it is first adjust the focus so that 

nearby terrestrial objects are visible (the trees in the horizon, a chimney or an aerial 

on a distant building), and then gradually move it to the chosen celestial object to set 

the ultimate focus. 

 The optical tube is assembled to a mount. A mount can be altazimuth (with 

horizontal and vertical motions) or (better) equatorial, w ith which we can track the 

objects drifting across the sky, guiding the telescope on only one axis. An ordinary 

altazimuth mount can be transformed into a more or less equatorial mount by 

inclining the mount until its vertical axis is inclined to the horizon at an angle equal 

to the latitude of our location, �  (for instance putting a wedge with an angle of 90-�  

under the mount ). Once the telescope is attached to the mount and directed 

properly, we guide it w ith slow-motion controls. If we are planning on a longer 

observation of an object (for instance with an adapted webcam) we are going to need 

an automatic system for guiding the telescope together with the movement of the 

sky; manual control w ill be enough for shorter observations. 

 Sometimes, for better quality of the observations with a webcam, it is even 

recommended to let the object drift across the visual field. 

3. Telescope – how i t works and i ts parameters 
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The Newtonian telescope was the first reflecting telescope to be invented, so it is 

characterised by a very simple optical system. The light reflected b the primary 

mirror is at the end of the focal length directed by an additional (secondary) flat 

mirror to the side of the optical tube, where an eyepiece or another light receiver is 

placed. Usually a parabolic mirror is used as the main mirror, ensuring high quality 

of the image (without distortions). 

 As a rule, telescopes of this type are characterised by high focal ratio (the 

relation of the focal length of the mirror to its diameter), which makes them a perfect 

tool for observation of weaker objects. Due to its simple construction (optical pattern) 

they are also very commonly built by amateurs. As in all reflecting telescopes, the 

secondary mirror, placed on the path of the rays of light, causes an amount of light to 

be lost, but this is usually no more than a few percent of the surface of the main 

mirror and we should not worry about that. The size of this type of the telescope is 

obviously conditioned by the size of the mirror and its focal length, w ith the length 

of the optical tube usually similar to the focal length.  

4. Our observatory 

The description below concerns an exemplary set of a Newtonian telescope and a 

Phillips webcam. Their parameters are given below: 

Webcam (CCD sensor): 

size 3.87 x 2.82 mm 

resolution 640 x 480 pixels 

pixel size 5.6 micrometer x 5.6 micrometer 
 

Telescope: 

Main lens diameter 76 mm 

max. magnification 350x 

Focal length 700 mm 

Finderscope 5x24 mm 

Eyepieces 4 mm, 12.5 mm, 20 mm 

Barlow lens 2x, 3x 

a view of theoretical magnifications of the eyepiece 35x 70x 175x 
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5. Some formulae 

Let's get acquainted with some of the most important parameters describing the 

telescope and webcam and the formulae that are common for both. This discussion 

will be helpful in efficient planning of the observations with a given type of 

equipment.  

Angular resolution of a telescope tells us how close two celestial objects can be to 

one another so that we can still be able to distinguish them. The resolution is related 

to the diameter of the lens, D, and the length of the light wave that we are observing, 

� : 

r  = 1.22 l / D [rad] 

To calculate �  from radians to arc seconds we should multiply the result by the 

number of seconds in a radian, namely 206 205. A lthough this formula suggests that 

the larger the diameter, the higher the resolution, in practice the resolution of 

terrestrial observations is never higher than 1 arc second (and usually much lower), 

due to the distorting influence of the atmosphere. Therefore a large diameter does 

not ensure a noticeably better resolution, but a larger surface gathering light w ill 

make it possible to see less bright objects. 

Angular magnification, P, is strictly related to the focal lengths of the lens and the 

eyepiece; the greater the focal length of the lens and the shorter that of the eyepiece, 

i.e. the greater their ratio, the greater magnification we get 

P =  fob /  fok 

where: P – magnification of the telescopes, fob  - the focal length of the lens, fok – 

the focal length of the eyepiece 

Another important parameter of a telescope is its focal ratio, which describes the 

brightness of a continuous object visible through it. Focal ratio is described by the 

ratio of the diameter of a lens to its focal length: 

A = D  / fob 

The larger the A, the better the weaker objects are visible. 

A very important parameter is the size of the visual field: 

J  = 2 arctg (ddet /  2 fob) [rad] 

where ddet stands for the linear size of the CCD detector - in case of the Vesta Pro 

webcam the visual field of the camera with an assembled lens of a photo camera (f = 
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50 mm) is equal 4.4 x 3.2 degrees, and the visual field of a webcam assembled to a 

telescope (f = 2000 mm) only 6.6 x 4.8 arc minute. As we can see, instruments with 

short focal length should be used for observations of objects with large angular size. 

Otherwise, in order to achieve a good image, we will have to put together a mosaic of 

an enormous number of photographs. In the case of objects where we want to 

register as large a number of details as possible, a different criterion will be 

important – one that gives the optimal focal length of a telescope with a given 

diameter, equal to the size of a single pixel of a CCD matrix, dpix . If the observations 

take place in the light of a wavelength  � , then: 

fob  ~ (D dpix) /  (0.51 l ) 

And so, while observing Saturn ( � max ~ 550 nm) with a telescope with a lens 

diameter 76 mm (as the one described above) and a Vesta Pro webcam, it would be 

ideal for the telescope to have the focal length of 1517 mm. As the real focal length of 

the telescope equals 700 mm, a Barlow lens will be necessary to double it. 

6. Computer and sof tware 

Obviously, we will need more than just the webcam and the telescope to register 

the image. A computer with appropriate software will be necessary. It would be best 

to have a portable computer – a notebook. The computer itself does not have to have 

outstanding parameters – an older model will suffice. However, it would be useful if 

the computer had a USB port to connect the webcam. (If there is no USB port, then 

we will have to buy a card that has it). If we have adapted the camera so that it 

supports long exposure, then a port for a printer w ill also be indispensable. We 

should remember to make sure it is present, especially that many newer models of 

portable computers do not have it. 

The choice of available software is very large, most of it freeware. Generally we 

will need a program that w ill guide the camera, and another to process the registered 

data. A computer map of the sky would also be helpful, such as Cartes du Ciel 

(available in Polish) ht t p: / / www. st ar gazi ng. net / ast r opc/  SkyMap 

ht t p: / / www. skymap. com/  or Starry Night ht t p: / / www. st ar r yni ght . com/ . A ll this 

software can be downloaded from the Internet. 

We recommend K3CCD TOOLS for guiding the camera, available on the Internet 

at ht t p: / / www. pk3. or g/ Ast r o/ sof t war e. ht m Another possibility is the program 
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AstroVideo ht t p: / / i p. pt / coaa/ ast r ovi deo. ht m , available as shareware (we should 

buy it after 21 days). A program for processing registered photographs which 

deserves our special attention is Iris. It is available at 

ht t p: / / www. ast r osur f . com/ bui l / us/ i r i s/ i r i s . ht m  

We can also use simpler program Astrostack, although it has fewer options – 

ht t p: / / www. ast r ost ack. com/  

 The next challenge we have to face is the installation of the CCD webcam and 

the necessary software. If we have Windows XP the Vesta and ToUcam drivers are 

loaded automatically, but older versions of Windows will require loading drivers 

from a CD.  

7. Preparations for observations 

Before we start observing the sky, we should consider where and what objects we 

want to observe. It is important to choose a sufficiently dark spot for our 

observations . Practically, this means that the further away from the city we are, the 

better. However, if we cannot escape to peripheries, we have to find a place where 

city lights will not distort our images (the darker, the better). In the place of 

observation we should make sure to have access to power supply, even if we are 

using a portable computer with its own battery, because on a cold night, a battery 

that has to supply power for a computer that is working non-stop and additionally a 

webcam, may not be enough for more than an hour of observation. Another 

important issue worth considering is what objects will be visible on a given day, 

since the Earth and other planets revolve around the Sun and also around their own 

axes. Some objects are therefore difficult to observe and at any rate we should check 

thoroughly which ones are visible in the sky when. This is when the programs 

mentioned before may come handy – computer maps of the sky.  

 It is best to start observations by learning to recognise the sides of the world. 

In the Northern hemisphere the best guide is the North Star, which is situated almost 

precisely at the northern pole of the sky. How to find it? The easiest way is to find 

Ursa Major which will lead us to the North Star. Ursa Major is a constellation that is 

visible in the sky over our country the whole year. If we lengthen the front 'leg' of the 

Great Bear, we will come to the North Star. A ll the planets and the Moon at our sky 

are close to the ecliptic and, roughly speaking, move along it. The Moon, the 
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brightest body in the sky after the Sun, moves away from the ecliptic by no more 

than 5 degrees north or south. The time it takes to make one full turn around the 

Earth is equal to the time of one full turn around its axis. That is the reason why we 

can see only one side of the Moon from the Earth. Depending on how the light from 

the Sun falls on this side of the Moon, we can observe the phenomenon of phases. 

The phases are very helpful during observations of our natural satellite. The best 

phase for observations is the first quarter, since in this phase the mountains and 

craters cast a shadow at the border of the dark and the light side. This border is 

called the terminator. In the first quarter we look at the terminator straight from 

above and the shadows are the longest. 

 Besides the Earth, eight different planets revolve around the Sun. Five of them 

can be seen with the naked eye. The planets' brightness consists in reflecting the light 

from the Sun, a feature distinguishing them from stars, which produce their own 

light. We can recognize planets in the sky by the fact that they do not 'flicker'. Their 

light is constant and calm. If we want to observe planets, it is best to begin by 

checking which planets are visible in the sky in the given month. Planets are very 

bright and they are always close to the ecliptic, which means that we will always find 

them in one of the twelve constellations of the zodiac, through which the ecliptic 

passes. Planets can be in various positions in relation to the Sun and the Earth. This 

fact has its reflection in planets' brightness. Mercury and Venus, as inner planets, are 

in close vicinity of the Sun, so it is possible to observe them just after the sunrise or 

sunset, in the western or eastern part of the sky. Outer planets are those that have 

orbits larger than the orbit of the Earth, i.e. Mars, Jupiter... If one of these planets is 

exactly opposite the Sun, it means that it is in opposition. In this case it remains in the 

sky whole night through. When two or more planets come close to one another in the 

sky, we speak of conjunction. A lso conjunctions of planets with the Moon are 

possible. We can see now that w ith some good will we can choose an object for 

observations and start to act. There remains the question: How to do it? 

 We should begin our observations by properly setting the mount of our 

telescope, so that one of its axes (so called right ascension axis) aims at Polaris. In 

better telescopes a polarscope serves this purpose. It is attached parallel to the right 

ascension axis and Polaris must be in the centre of its view field. The telescopes that 
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do not have a polarscope will have to be set relying on our intuition, looking along 

the axis and trying to set the mount in such a way that Polaris is situated on the 

extension of the right ascension axis. It is important to set the mount with precision 

because in an ideally set mount we can compensate for the floating of the sky with 

just one movement of slow-motion controls. Unfortunately, we have to accept that 

the mount cannot be set ideally, unless we are using a telescope that is situated under 

an observation dome and is not moved because the full procedure of setting a mount 

takes one or two nights. Hence, we will have to correct w ith slow-motion controls 

also the position in the other axis (so called declination axis) but the better we set the 

mount, the smaller corrections will be necessary.   

If we do not have a telescope but only a webcam with a camera lens on a 

photographic mount, then of course we do not perform the above procedure. Still, it 

is worth to make sure the mount is stable, and that it is situated close to the 

computer, so that we are able to move the webcam without getting up from the 

keyboard.  

Before we start photographic observations, it is recommended to take a look at the 

objects we are interested in, armed with a telescope or binoculars. It w ill make it 

easier to find the object w ith a telescope equipped with a webcam when we want to 

take its picture. If we have binoculars, it is a good idea to use it because thanks to its 

w ide view field and usually significant brightness it is easier to find nebular objects. 

Knowing what they look like and its precise location against stars, we will find it 

easier to find it w ith a telescope. In this step we can use a finderscope, a necessary 

piece of equipment in any larger observational instrument. The finderscope has small 

magnification with a relatively wide visual field, thus making it easy to point the 

telescope in the direction of the object we want to see. It is usually installed on a 

double stand with guiding knobs – while using them we should pay attention that 

the optical axes of the finderscope and telescope remain parallel, i.e. that the same 

object is visible in the centre of the visual field of the finderscope as well as that of 

the telescope itself. The finderscope should be calibrated in the daytime, on large 

objects. Once properly set, it w ill serve us very well. When the telescope is directed 

towards the object, it should be immobilised. In order to immobilise the telescope we 

have to screw all the knobs so as to prevent any accidental movement of the 
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telescope. Now we are left only with slow-motions. Their purpose is to change the 

position of the telescope with great precision, and one of them (in the right ascension 

axis) is used to follow with the telescope the movement of the sky. Obviously, this 

concerns only the telescopes without automatic control.  When we have set our 

telescope properly (and finished any possible visual observations) we have to attach 

a webcam to it, using an appropriate adapter. We can do it using an adapter whose 

one end is fastened in place of the original lens of the webcam, and the other end is a 

tube whose diameter is equal to a standard diameter of an eyepiece (1,25’’). This tube 

should be placed in the focuser instead of the eyepiece. In case of some telescopes, 

especially older Uniwersal telescopes, we have to adopt a different strategy because 

the diameter of the eyepiece in these telescopes is different. In the older Uniwersal 

telescopes we can unfasten part of the focuser, in this way gaining access to the 

M42x1 thread – the same as in camera lens. Hence, we take the same steps with these 

telescopes as with camera lens – we use an adapter that at one end is fastened to the 

webcam, and whose other end has the M42x1 thread, which fits both to camera lens 

and the telescopes mentioned above. 

The last stage of preparations is plugging the camera to the computer – if we do 

not intend to take long exposures, i.e. we want to photograph only the Moon or Sun, 

or possibly bright planets, then it is enough to plug the cable to the USB port. To be 

able to use the adapted webcam’s features in full, we have to plug in the additional 

cable to the parallel port.  

Before we take pictures of the sky, we still have to set focus, which means we have 

to adjust the distance between the webcam and the telescope’s mirror in such a way 

that the CCD sensor is situated precisely in the focal point of the mirror. To do this, 

we have to start the computer and the program that registers images from the 

webcam. 

8. Registering pictures 

Registering pictures can be best done with the use of a program mentioned before 

– K3CCD Tools, which co-operates with adapted Philips webcams. The program has 

many features and it is best to learn it through trial and error, changing parameters 

and checking how these changes affect the images we get. We will discuss here a few 

basic options and features of the program on the basis of version 1.1.7.541 (it is a 
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good idea to take care that we always have the newest version of the program and 

regularly download its updates from the Internet). This version of the program is free 

but the author requires us to download a new key every few weeks from his website. 

If on starting the program we see this dialogue box: 

 

it means that we have to download a new key from: 

ht t p: / / www. pk3. or g/ K3CCDTool s/ f r eekey. ht m . To do this, we have to select all the 

numbers in the white box in the website and press the combination of keys: Ctrl+C. 

Then we paste the key into the program by clicking the Enter Key button in the 

above dialogue box, which will take us to this dialogue box: 

 

 

Here we click Paste key from Clipboard, and then OK., after which we can use the 

program for another few weeks. When we finish the registration, we will see the 

main window of the program (remember to connect the webcam beforehand!): 
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Before we can start observations, we should set the main options of the program, 

selecting Settings in the Options menu. In the dialogue box: 
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we should set Frame rate at 5,00 fps, we can also change the Directory, where the 

images will be stored and change the name of the files that w ill be saved (File name). 

A very important button for us is the Video button, which opens the dialogue box: 

 

Here we can set the resolution of the registered images, the recommended 

resolution being 640x480 pixels. The remaining tabs of the Settings menu (Seq. 

Processing, Camera and Guiding) will not be of any interest for us at this point 

because the default settings should be suitable for us. If we are using a webcam 

adapted to support long exposure times, then we can make sure that in the tab 

Camera 
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the option SC Long Exposure modified camera is selected. 

Now we have to set the parameters of work for the webcam. To do this, we have 

to find the Video Source option in the Video Capture menu or the  button. When 

we click it, a dialogue box will be displayed and the way it looks depends on what 

webcam we are using. For Philips Vesta webcams it looks as follows: 

 

 

whereas for Philips ToUcam this way: 

 

It is also important to save the number of registered frames per second (Frame 

rate) to 5 and deselect all the white boxes. The sliders Brightness, Contrast, Gamma, 
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and Saturation can be left unchanged. Once we have done this, we have to go to the 

Camera controls tab, which looks like this: 

- for Philips Vesta: 

 

 

 

- for Philips ToUcam: 

 

 

These dialogue boxes are very important for us because it is here that we will 

adjust the parameters of webcam’s work for the object we want to photograph. For a 
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start, we have to turn off the default settings by unchecking the Auto boxes in 

Exposure and White balance areas (ToUcam). We have to choose one of the settings 

for White balance although none of them is best for astrophotography. It seems that 

the colours will be least affected if we choose FL but it is a good idea to experiment 

with other settings as well. We also select the Off in the Flickerless box. 

We are left w ith two most important sliders: Shutter speed and Gain. The first one 

is used when we do not use long exposure times, for instance for photographing the 

Moon. Moving the slider w ill change the time during which the webcam receives the 

light that comes to it, so in other words we increase or decrease the amount of light 

that is registered. The faster the shutter (slider towards Fast), the darker the picture. 

We have to be careful because moving the slider too far to the right w ill have only 

this result that we will not see any picture, only a black frame. The position of this 

slider does not matter when we take photographs with an adapted webcam, using 

long times of exposure. It is best then to move it to the far left. 

The other slider (Gain) sets the amplification of the electronic system that changes 

light into an electric signal. The greater the amplification (slider to the right), the 

more sensitive the webcam and the brighter the image, but at the same time the noise 

is increasing. The optimal position of this slider depends on the object we want to 

photograph. Taking pictures of bright objects, (the Moon, stars, star clusters), let us 

try to work with a not very strong amplification (the slider in the position between  0 

and ½ of its range) because this will decrease the amount of noise, at the same time 

keeping the brightness of the picture at a sufficient level. If, however, we are taking 

pictures of very weak objects (galaxies, nebulas), then setting a low amplification 

may result in the object not being registered at all. In this case we have to increase 

amplification, keeping in mind that it w ill be necessary to take much more frames to 

compensate for the increase of noise. 

When we have set the desired parameters, we can close the dialogue box and go 

back to the K3CCDTools main window. Now we have to set the focus. If we can’t see 

the image from the webcam in our screen, then click the preview button . If it is 

pressed and still it seems that no image is visible, we can try to light a torch straight 

in the telescope or the camera lens – maybe we can’t see anything because the image 

is too dark! It is very difficult to set focus on the basis of images of the sky because 
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the pictures are dark and if the focus is far from perfect (and the first time it is!), we 

don’t have a chance to see any celestial body (maybe apart from the Moon). This is a 

common reason for failure in first attempts to photograph the sky with a webcam. 

We should adopt a rule that we start setting focus with some bright lantern 

somewhere far from us (at least 100 metres; the further, the better). A lthough for 

observations we try to find a spot rather removed from streetlights, a lantern 

somewhere far away will make it significantly easier to set the focus. While we are 

doing this, we do not use long exposures so to set the right brightness of the pictures, 

we use the Shutter speed slider. Remember that the picture cannot be too bright – 

saturated – because the configuration will be inaccurate. Only when the image of the 

lantern is sharp, can we move the camera to a bright object on the sky – the Moon, a 

planet, a bright star and set the focus at its final value. It is important to use a bright 

object for this purpose because then we do not have to use long exposures either, and 

thanks to this we can see the effect of changing focus immediately, and not after a 

second. Usually, however, after we change the focus, we will have to let go of the 

focal control and wait a moment until the mount stops vibrating and the image calms 

down.  

When the image is sharp, we can start taking pictures. There are 4 ways in which 

we can register images: 

 Capture single frames  

When we click   a dialogue box appears 

 

where each time we click Capture a single frame is registered. When you click 

Close a film made up of the captured frames is saved on the hard disk. We can also 

turn on the automatic mode by clicking the checkbox Enabled, typing in at what time 

intervals the frames should be captured (Period).  
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1. Capture a video sequence (registering a film at full speed) 

When you click  , the program will start to register a movie at a speed (e.g. 5 

frames per second) which you set before in the Image controls tab of the Video 

Source window. To stop recording we have to right-click the mouse. 

2. Video sequence capture timer (recording films with a preset time interval) 

When you click  a window will show up, 

 

where we can set the length of an individual movie (Duration), what should be the 

time interval between recording subsequent films (Period), and possibly how 

many films should be recorded (Repeat Count, after you tick the box). If you do 

not select Repeat Count, the films will be recorded until Stop or Close is pressed. 

The films are recorded at the speed that was earlier defined in the Image controls 

tab in  Video Source window. 

3. Long Exposure  

When you click , a window will show up, where you can control the work of 

the webcam when you use long exposures: 

 

Here we can also set the time of exposure, beginning w ith 0,5 s with a step of 0,5 s, 

or we can indicate that we want the program to take such a number of pictures as 

was set in the Repeat Count box or to take pictures at a time interval set in the 

Repeat Period box (otherwise the pictures will be taken one after another). The  

Preview  button shows the preview of the captured frames, the Record  
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button starts recording a film, and single frames can be captured when we click 

the  Single Exposure  button. 

We will use this window most frequently when we want to photograph stars and 

nebular objects. We just have to remember about the necessity of plugging the 

additional cable to the printer port in our computer, and in older Philips Vesta – 

about setting to the right position the switch situated in the body of the webcam. 

And finally the most important task: finding the object and situating it in the 

centre of the view field of the webcam. If the webcam is attached to a telescope, we 

can use a finderscope for this purpose (which we earlier have to set properly). If we 

are using a webcam with a camera lens on a photographic mount, then unfortunately 

we do not have a finderscope at our disposal and we have to aim the webcam in the 

vicinity of the object we are searching for, looking along the camera lens and trying 

to guide the extension of the lens’ axis towards the aim. It is a good idea to practice 

this method during the day or in the evening, aiming at streetlights. To make sure 

that the object is already in sight of the webcam, we should compare the pictures 

with a map of the sky, possibly a computer one. If we are photographing a nebular 

object, it is a good idea to set greater amplification for the time when we are aiming 

the telescope (the Gain slider), thanks to which we will see weaker objects in  a single 

exposition. When the lens is aimed, we set the amplification back to its lower level to 

reduce noise.  

When we register images, we always save a great number of frames, whether we 

photograph using long or short exposures. This is a fundamental rule while working 

with a webcam because adding together many frames reduces significantly the noise 

in the final picture, and moreover it allows us to take pictures of objects so weak that 

in a single frame they are almost invisible.  

Before or after recording a film with the object we want, it is a good idea to 

prepare a dark frame – register the image seen by the camera when no light reaches it 

– with the lens covered. This image has to be saved with all the options exactly the 

same as the proper picture. We also save a large number of dark frames (the number 

should depend on the exposure time of a single frame, so that the whole operation 

does not take too long). Subtracting the averaged image of these frames from the 

original picture will let us eliminate some of the noise that is mainly caused by a 
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comparatively high temperature of a webcam without a cooling system. In a picture 

without this correction, the noise is visible as hot pixels – bright points that are not 

stars. 

When we save the pictures of the sky and the dark frames, we still have a lot of 

work – adding individual exposures, averaging the dark frames, subtracting them 

from the pictures and many other operations that aim at taking out as much 

information as possible from the data we have gathered. Fortunately, we can do this 

work sitting comfortably at our desk. 

9. I ris – data processing 

After a series of good photos has been taken, they should be processed digitally. 

Thanks to this procedure the resultant image can be incomparably better than the 

original. There are many programs that reduce noise, sum up frames and correct 

colour. Here, for processing the recorded images, we will use the program Iris. The 

programs main window may be seen below: 

 

 

We can save the file either as individual frames, or whole video sequences in avi 

format. For example, let us consider data processing using Iris. To learn more how 

and why image processing can enhance quality of your images we recommend an 
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excellent article by Grzegorz Wrochna “ CCD image enhancement techniques for high 

noise devices”  (ht t p: / / ccd. ast r onet . pl / en/ paper s/ ccd_t ech. pdf ). 

The first thing we have to do is convert the avi file. This is how we do it: 

We insert the Working path directory in the File menu, in the section Settings, and 

then choose File Type = FIT, if it is not already chosen. To convert the file we have to 

choose AVI conversion in the File menu and give the name of the AVI file to be 

converted: name.avi; still in the same dialogue box choose the Exported images type 

as Colour or Black & White. In the former case you have to provide generic file 

names for red, green and blue bands (in the case of photos of Jupiter, it could be for 

example jr, jb, and jg). For Black & White images you need to provide the panchro 

band output file name, e.g.: i; delay between display: 0.00 seconds and lastly, the 

option ‘remove duplicated images’ should be on. Now click Convert. An Output 

w indow will show up, where after the conversion we will be given the number of 

good frames, for example 99. In the working directory there will be 99 files named 

for example i1.fit ... i99.fit 
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9.1. Preparing the dark f rame 

Register a sequence of about 100 frames with the lens covered and save it as one 

file under the name of dark.avi. Convert it to FIT format (as above). In the Command 

window type: smedi an 2 i  99;  save dar k . The command smedi an2 adds up 99 

frames, computing their median. The median discards the extreme numbers, thus 

eliminating the effects of for instance cosmic radiation and the like. The command 

save saves the result in the working directory in the FIT format, for instance as 

dark.fit 

9.2. Pre-processing 

Save a sequence of for instance 100 frames with an interesting object as a file 

stars.avi. Convert it to FIT format (as above). In the Command window write: sub2 

and dar k s 0 99. The command sub2 w ill subtract the dark.fit from every frame of 

the image and save the result as s*.fit. A fterwards, the last frame will be left on the 

screen – s99.fit. Add to it the first frame s1.fit w ith the command add s1. If we have 

photographed with a static lens (or we have not set the mount’s axis properly), the 

images of stars on the first and the last frame will not overlap. Choose a bright star 

and make a rectangle that w ill contain both images. Then type: r egi st er  s r  99. 

The command register moves the s* frames, so that the image of the star is in the 

same place on all resultant r* frames. We add the resultant frames together: 

add_nor m r  99 and save the result on the disk as stars.fit: save st ar s  . It is also 

worth to cut the edges which are not uniformly exposed due to the fact that the 

frames had to be moved before adding: wi ndow 5 10 590 470 save st ar s2. The 

numbers are the coordinates x1, y1, x2, y2 of the bottom left hand corner and the top 

right hand corner. 
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9.3. Graphic processing 

 

Use the cursors in the Threshold window to set the lower threshold so as to cut a 

major part of the noise, and the upper threshold to get the desired contrast. You can 

try out the filters in the menus View and Processing. Save the result as a bitmap 

stars.bmp: savebmp st ar s . 

If  you are not happy with the result, you can use the function “ unsharp masking 

of a sequence”  which improves the quality of the picture. 
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If you want to improve the quality of the image, you can also use filters that are on 

the tool bar. It is recommended to use some of them (e.g. Gaussian filter) and 

compare the results. Wavel et  is a very useful function that extracts from the image 

the information about the details of a preset scale in the image. 

 When all the possibilities of improving the quality have been used, we can join 

the individual canals after adding all the frames in each canal. To join them, type: 

t r i chr o [ r ed] [ gr een] [ bl ue]  
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10. Examples of  resul ts 

 

 

 

 

 

 

 

Saturn 

 

 

 

Jupi ter 

Picture of Jupiter taken on 16.04.2003 about 
21:00 

Saturn 

 
Picture of Saturn taken on the same day 
about 21:30 
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Alcor and M izar 

 

 

 

 

 

 

 

Alcor and Mizar photographed about 22:00 

 

Coma Berenices 

 

The quality of the pictures can still be improved using graphic programs. Two 

useful programs are PaintShop Pro, available on the Internet at 

ht t p: / / www. j asc. com/   and Gimp at ht t p: / / www. gi mp. or g/  

The presented photograph of Jupiter, prepared on the basis of the same film as the 

pictures on previous pages, shows how much can be done with an image. What can 

be done depends only on us and our artistic sense. 

Those who have started the adventures with webcams by photographing the most 

attractive objects do not have to stop after taking a few dozens of impressive 

pictures. More advanced researchers can begin to track planetoids. Those who want 

to be part of true scientific research are advised to acquaint themselves with 

programs monitoring variable stars. Observations of light curves even of well-known 
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stars are valuable for professional astronomers. We cannot rule out the possibility of 

finding a new bright nova star or the halo surrounding a gamma flash. There is an 

astounding array of fascinating phenomena that are within webcams’ reach! 

11. Companies on the Internet 

·  Astrokrak – webcams’ adapting rings 
ht t p: / / www. ast r okr ak. pl /  

·  Delta Optical – optical instruments, telescopes, accessories 
ht t p: / / www. ast r onomi a. net . pl /  

12. Useful  sof tware 

·  K3CCD TOOLS 
ht t p: / / www. pk3. or g/ Ast r o/ sof t war e. ht m 

·  AstroVideo 
ht t p: / / www. i p. pt / coaa/ ast r ovi deo. ht m 

·  Iris 
ht t p: / / www. ast r osur f . com/ bui l / us/ i r i s/ i r i s . ht m  

·  Astro Snap 
ht t p: / / ast r osnap. f r ee. f r /  

·  Cartes du Ciel 
ht t p: / / www. st ar gazi ng. net / ast r opc/  

·  Starry Night 
ht t p: / / www. st ar r yni ght . com/    

·  Sky Map 
ht t p: / / www. skymap. com/   

·  Other astronomical software – for instance AstroCD 
ht t p: / / ast r ocd. ast r onomi a. pl /  

13. Bibl iography and useful  si tes 

·  ht t p: / / sus. uni v. szczeci n. pl / ~ecl i pt i c/ vest a3. ht m  

a very useful site describing measurements of variability of stars with a Vesta webcam 

·  ht t p: / / ccd. ast r onet . pl /   

a detailed description of installing a camera and how to make a good use of it  

·   
·  ht t p: / / www. ast r onomi a. net . pl /  

·  How to do astronomy in school? 
ht t p: / / www. cf t . edu. pl / ast r o/  
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APPENDIX: IRIS (v3.81) – selected commands 

Explanations                                              

·  current image = the image currently displayed 

·  T_ - tri-colour commands that work simultaneously on file sets of three: R.fit G.fit B.fit containing the 

red, green and blue components. 

·  Particular names (e.g. saturn.fit) should be substituted for the italicized names (e.g. file.fit)  

Reading from the disk and saving 

·  LOAD [ f i l e]  – loads and displays the image from the file file.fit 

·  SAVE [ f i l e]  – saves the current image in a file file.fit 

·  SAVEBMP [ f i l e]  – saves the current image as file.bmp 

·  T_COPY [ i n_R]  [ i n_G]  [ i n_B]  [ out _R]  [ out _G]  [ out _B]  [ N]  – copies [N] number of files 

in_R{i}.fit into out_R{i}.fit and so on 

Displaying 

·  STAT – statistical information about the current image 

·  VI SU [ t 2]  [ t 1]  – displays the current image, setting the thresholds at t1 and t2 

·  TRI CHRO [ R]  [ G]  [ B]  – displays a colour image of the components R.fit G.fit B.fit 

·  BLI NK [ f i l e1]  [ f i l e2]  [ ms]  – shows subsequently file1.fit and file2.fit every ms milliseconds 

·  BLI NK [ f i l e1]  [ f i l e2]   [ f i l e3]  [ ms]  – as above, for three files 

·  BLI NKOFF – turns off blinking 

Adding images 

·  ADD [ f i l e]  – adds file.fit to the current image 

·  ADD_NORM [ f i l e]  [ N]  – adds N number of file{i}.fit and scales them, eliminating oversaturation 

·  SMEDI AN2 [ f i l e]  [ N]  – computes the median of N files file{i}.fit 

·  COMPOSI T [ f i l e]  [ s i gma]  [ i t er ]  [ sat ur ]  [ N]  adds N files file{i}.fit, discarding values 

differing by sigma standard deviations; iter – the number of iterations, satur=1 eliminates saturation 

·  T_ADD [ R]  [ G]  [ B]  [ N] ,   T_ADD [ R]  [ G]  [ B]  [ N] ,  T_SMEDI AN  [ R]  [ G]  [ B]  [ N] ,  

T_COMPOSI T  [ R]  [ G]  [ B]  [ s i gma]  [ i t er ]  [ sat ur ]  [ N] – tri-colour versions of the above 

Subtraction and multiplication 

·  MULT [ c]  – multiplies the current image by the real number c 

·  MULT2 [ f i l e]  [ N]  – multiplies N files file{i}.fit by the real number c 

·  T_MULT [ cR]  [ cG]  [ cB]  [ N]  – for i=1...N, r{i}.fit = r{i}.fit* cr,etc. 

·  SUB [ f i l e]  [ c]  – subtracts file.fit from the current image and adds the real number c 

·  SUB2 [ i n]  [ f i l e]  [ out ]  [ c]  [ N]  – for i=1...N, out{i}.fit = in{i}.fit – file.fit + c 

·  T_SUB [ R]  [ G]  [ B]  [ N]  – for i = 1...N r{i}.fit = r{i}.fit – R.fit,etc. 

Adding layers 

·  REGI STER [ i n]  [ out ]  [ N] – moves the images in{i}.fit according to the star inside the rectangle 

drawn with a mouse; the result in out{i}.fit 

·  PREREGI STER [ i n]  [ out ]  [ N]  – a rough version of REGISTER 

·  RREGI STER  [ i n]  [ out ]  [ N]  - moves and rotates the images according to two stars chosen in the 

menu Analysis /  Select objects 

·  COREGI STER2 [ i n]  [ out ]  [ N]  - moves, rotates and scales the images 
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·  COREGI STER [ i n1]  [ i n2]  – moves, rotates and scales  in2.fit to add to in1.fit 

·  PREGI STER [ i n]  [ out ]  [ box]  [ N]  – a ‘planetary’ version of REGISTER, works on a square with 

the side box=128, 256 or 512; we choose the centre by drawing a small rectangle with the mouse  

·  PREGI STER2 [ i n]  [ out ]  [ box]  [ N]  – as above, but adapts the image i + 1 to i instead to the first 

one. 

·  CREGI STER [ i n]  [ out ]  [ t hr eshol d]  [ N]  – moves and adjusts a circle to the contour with the 

value of threshold. Choose it in the menu View/  Slice and draw a segment containing the diameter 

·  FI LE_TRANS [ i n]  [ out ]  [ t hr eshol d]  [ N]  -  moves according to the file SHIFT.LST, created by 

the previous commands (it can be modified manually) 

·  T_ REGI STER [ N] ,   T_ PREREGI STER [ N] ,   T_ PREGI STER [ N] ,   T_ CREGI STER 

[ t hr eshol d]  [ N]  – tri-colour of the above, work on files r{i}.fit and so on  

Choosing images 

·  BESTOF [ f i l e]  [ N]  – creates a list SELECT.LST and numbers the pictures from the sharpest one 

·  SELECT [ i n]  [ out ]  – rewrites files in{i}.fit into out{i}.fit in the order of SELECT.LST 

·  T_SELECT  – tricolour version of SELECT, works on r{i}.fit fi les and so on 

Cutting a fragment 

·  WI N – cuts a rectangle with the corners indicated with a mouse 

·  WI NDOW [ X1]  [ X2]  [ Y1]  [ Y2]  – cuts out a fragment of the current image 

·  WI NDOW2 [ i n]  [ out ]   [ X1]  [ X2]  [ Y1]  [ Y2]  – cuts fragments of images in{i}.fit 

·  WI NDOW3 [ box]  – cuts out a square with the side of box=128, 256 or 512, choose the centre by drawing 

a small rectangle with the mouse 

·  WI NDOW4 [ i n]  [ out ]  [ X1]  [ X2]  [ Y1]  [ Y2]  – as above for image series in{i}.fit 

Complex commands 

·  COMPUTE_TRI CHRO1 [ MASTER]  [ R]  [ G]  [ B]  [ box]  [ M]  [ N]  – a composition of PREGISTER, 

BESTOF (according to MASTER, it is convenient to assume MASTER=G), SELECT (M from N images) 

and TRICHRO. The result @r.fit, @g.fit, @b.fit 

·  COMPUTE_TRI CHRO1 [ MASTER]  [ R]  [ G]  [ B]  [ t hr eshol d]  [ M]  [ N]  – as above with 

CREGISTER 

 


