Locating Celestial Pole in your images, and
faking star trails

No more time to waste, folks, let’s jump straight tohow to do it.

What you need...

...To create star trail images

e Asingleimage of stars. It’s okay if the stars are a little bit trailed.
e Animage processorlike Photoshop.

...To locate the Celestial Pole (optional)

e Some sort of digital sky map and star database, which will help youidentify the starsin your
image, and get their declination (it's okay if you don’tknow whatitis), to find the celestial pole.
Stellariumisideal.

e Your favorite graphingtool, to find the celestial pole based on coordinates of the stars. I'll be
using GeoGebra.

How to fake star trails

Note: Unless you want to fool seasoned astronomers, you don’t have to locate the celestial poleinyour
image. Ifthatisthe case jump straightto step 15. However, | feel it'sagood exercise foran astronomer.

Locating the celestial pole

1. Shootthe area near Polarisforthis example, withatelephotolens (because ithelpsin
identifyingthe stars). Folks livingin Southern hemisphere may shoot the area near Southern

Celestial Pole.



Figure 1: Image of the areanear Polaris. Polarisis the brightest starin this picture (near the centre).

2. First,youneedto locate the stars inyourimage. For this, setthe date and time in Stellariumto

the exact date and time the image was captured on. Furthermore, pause the date andtime in
Stellarium.
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Figure 2: Stellarium’s sky map near Polaris, which willhelp me to identify the stars. Compare this
image with Figure 1 (especially in areas surrounding the center)

3. Nowopenthe original image with MS-Paint (yes, MS-Paint)to locate the pixel coordinates of
stars. Finding Polaris should be easy. Now move the MS-Paint crosshairtowards the centre of
the star (try to be accurate), and read the pixel coordinates:
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Figure 3: We have the pixel coordinates of Polaris as 1913, 2042px. Move the MS-Paint crosshairto
the center of the star to note the pixel coordinates.



4. Do the samethingfor twoor more stars. Note that you must be able to recognize those starsin
Stellarium, otherwise it’s of no use. Forbestresults, goforstars nearthe center.

Polaris

Figure 4: The area near Polaris, as per Stellarium.



HIP7283

Figure 5: Crop fromthe original image. Compare carefully with Figure 4.

5. Nowfindthe declination of stars you’ve located by Stellarium. You

HIP 3128 - SAO 75 - HD 1687

Type: star
Magnitude: 8.10 {extincted to: 8.34)
Absolute Magnitude: 1,14
CDIDr Index (B-) 0.95
. Dh39m42.16

RA/Dec @o.datg) Jon4sm31.06sKr83°31! 595"
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Mean Sidereal Time: 11h&m4a.85
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Figure 6: You need tofind outthat number. Click on the star to get thisinfo. Doit for all three stars.




6. Nowyou have the declinationinthe sexagesimal base. You needto convertitintodecimal. It’s

simple, believe me. Say the declinationis +x°y’z". Thenthe numberyouneedis x + % + 36200.

It’s that simple. Forexample, for the declination of +89°31'59.5", the numberyou need

is 89 + 2% + 225 _ 8953319444,
60 3600

7. So,finally, we should have atable like this:

Star Name Pixel Coordinates Declination (degrees)
Polaris 1913, 2042px 89.33191667
HIP3128 2268, 2060px 89.53319444
HIP7283 1928, 2365px 89.09716667

8. Nowwe needtofigure outhow many pixels away isthe Celestial Pole from each of these stars.
Here’sthe formulaforit:
_ 1,(90 =)
~ 2tan~lw,/2f
In thisformula, sisthe declination of each star, wy is the width of the camera sensorin
millimeters, f isthe focal length at which thisimage was captured (in millimeters as well),
and 1y, isthe horizontal resolution of your camera. For my camera, Canon EOQS 700D, w, =
22.3mmand r, = 5184. You needtodo a quick Google search like “sensor dimensions of
<camera name>" to get the width of your camerasensor. | know that wg is 36mm, if you have a
full frame camera.
9. We’lluse thatformulato determine the distance in pixels of celestial pole from each star. First,
make sure than you’re doingall calculationsin degrees. Let’s putinthe values specificmy
camera, for Polaris:

5184(90 — 89.33191667)

2tan-1223/500 08103

Rounding off, we get that Celestial Pole is 678 pixels away from Polaris. Note thatthese values

are actually approximate values, and we’ll see the effects of the errorsoon. Doingit for all the
three stars, we get:

Star Name Pixel Coordinates Declination (degrees) | Distance from CP
Polaris 1913, 2042px 89.33191667 678px
HIP3128 2268, 2060px 89.53319444 474px
HIP7283 1928, 2365px 89.09716667 922px

10. Now you needto locate the celestial polebyagraphingtool. For this, we need to find some
equationstoinputinour graphingtool. Suppose you have a star with pixel coordinates (py,py),

and distance from celestial pole as d(in pixels). Then, the equation forthatstaris (x — p, )% +

2
(y+ py) = d2. Simple.Sowe have thistable in my case:

Star Name Pixel Coordinates Distance from CP Equation
Polaris 1913, 2042px 678px (x —1913) %2+ (y + 2042)% = 6787
HIP3128 2268, 2060px 474px (x —2268)% + (y + 2060)? = 47472

HIP7283 1928, 2365px 922px (x —1928)% + (y + 2365)% = 9222



11. Graph the equationsinyourgraphingtool. Use ‘circle graphing’ option if available.

Figure 7: The three equations graphed.

12. We needtofinda pointwhichisnearestto all the three circles. Had we done the job with 100%
accuracy, all the three circles would have intersected exactly at a point, which would be the
celestial pole. We canidentify the pointvisually as the point where the three circles almost
intersect:



Figure 8: Identifyingthe pointwherethe three circles almostintersect. While doingit for
yourself,zoominto be accurate.

13. Now that we have identified the point, the geometry tool would tell us its coordinates. In my
case, the coordinates are (2449.86, -1613.45). This means that the pixel coordinates of the
celestial poleare 2450, 1613px.

14. We needto crop the image, so that the celestial poleisinthe centerof the image. So we should
crop it to 4900x3226px for the celestial poleto be inthe center.

NOTE: You can also extend the image so that celestial poleisinthe center. But be sure to extend
it sothat the extended areais padded with black color. Extending becomes essentialif the
celestial poleisnot presentinyourimage atall, in which the celestial pole isidentified by
negative coordinates.

Faking star trails
You can create star trails either by Photoshop, or by ImageMagick. If you have ImageMagick, then you’ll
save yourself alot of work.



Faking star trails With Photoshop
15. Fire up Photoshop with the croppedimage. Select all of the background layer (Ctrl-J) and
duplicate it (Ctrl-J). Set the blend method of duplicated layerto “Lighten”. Select all of the
duplicated layer by pressing (Ctrl-A). Thenright-click inside the layerand click “Transform”, or
simply press Ctrl-T. Entera value of “0.1” in the “Rotate” box and click onthe “tick” arrow.
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Figure 9
16. Rightclickon the duplicated layerand click “Merge Down.”



Create Clipping Mask %! Opacty: 100%

Link Layers Fill:  100%

Copy Layer Style
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17. Now repeatstep 15 again, but this time puta value of 0.2 inthe “Rotate” box. Repeatstep 15
yetagain, thistime usinga value of 0.4 inthe “Rotate” box. Keep doing this while multiplying
the rotation angle by 2, until youreach an angle of 12.8.



18.

19.

Figure 10: Beautiful 12.8 (actually 25.6) degree startrails. No post-processing done
If 12.8 degree of startrials suffice you, there you go. But you can achieve more startrailsif you
are patient. Duplicate the background layertwice. Forthe both the layer, selectall of it (Ctrl-A),
and then press Ctrl-Tto transform the selection. Then putavalue of “12.8” in the “Rotate” box
for the firstlayer, and “-12.8” in the “Rotate” box for the second layer. Then merge all layers
into one layer.

If you really wanteven longerstartrails, do step 18 again, but use values “25.6” and “-25.6” in
the “Rotate” box, forthe layers. You can continue multiplying the rotation angle by 2and
perhaps create 360-degree full circle startrails, butyou’ll then need to crop the image, because
here’s what the final image would look like:
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Figure 11: Why you need to crop images the images afteryou fake 360-degree star trails. You
will have to do some more workto fill up the dark areas (I’ll be happy to tell you more about it)

/,

Faking star trails with ImageMagick

If you’re of mytype, thenyou prefercommand-line based toolsto reduce yourwork. These are the
commands for creatinga full 360-degree startrails. Run these commands (maybe after copyingall of
thisand pastingintoa .bat file) from the folderin which the original imageis located. The original image
must be named “x.jpg”, and the outputimage will be named “z.jpg”. You can easily use Find-and-
Replace after copy-pasting these commands to make itwork for .tif files as well. Oryou can easily
remove some lines to create shorterstar trails (I recommend shorter, more realistic, and more colorful
star trails).

convert x.jpg -background black -rotate .1 y.jpg

convert z.jpg y.jpg -compose Lighten -gravity center z.jpg

convert z.jpg y.jpg -compose Lighten -gravity center -composite z.jpg
convert z.jpg -background black -rotate -0.1 y.jpg

convert z.jpg y.jpg -compose Lighten -gravity center -composite z.jpg
convert z.jpg -background black -rotate 0.2 y.jpg

convert z.jpg y.jpg -compose Lighten -gravity center -composite z.jpg
convert z.jpg -background black -rotate -0.2 y.jpg

convert z.jpg y.jpg -compose Lighten -gravity center -composite z.jpg
convert z.jpg -background black -rotate 0.4 y.jpg

convert z.jpg y.jpg -compose Lighten -gravity center -composite z.jpg
convert z.jpg -background black -rotate -0.4 y.jpg

convert z.jpg y.jpg -compose Lighten -gravity center -composite z.jpg
convert z.jpg -background black -rotate 0.8 y.jpg

convert z.jpg y.jpg -compose Lighten -gravity center -composite z.jpg
convert z.jpg -background black -rotate -0.8 y.jpg
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y.jpg -compose Lighten -gravity center
-background black -rotate 1.6 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate -1.6 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate 3.2 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate -3.2 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate 6.4 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate -6.4 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate 12.8 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate -12.8 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate 25.6 y.jpg
-background black -rotate 25.6 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate -25.6 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate 51.2 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate -51.2 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate 102.4 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate -102.4 y. jpg
y.jpg -compose Lighten -gravity center
-background black -rotate 204.8 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate -204.8 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate 409.8 y.jpg
y.jpg -compose Lighten -gravity center
-background black -rotate -409.8 y.jpg
y.jpg -compose Lighten -gravity center
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So thisis pretty much it. Hope you enjoyed this tutorial. Infuture, | planto release atutorial of creating
(akafaking) videos of star trails.



