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Astrophotography
Starter Guide
From a tripod camera to a tracking deep-sky imaging rig
The bridge between nightscape photography and serious astro-imaging.

Where this guide fits
You've outgrown tripod-only nightscape photography. The 20-second exposure limit means you can't go deep
on any single target. You've heard of 'tracking mounts' but the world of guiding, polar alignment, and stacking
software seems intimidating. This guide is the bridge.
The journey: nightscape (camera + tripod, 20 sec exposures) → tracker (camera + small tracking mount, 1-4
minute exposures) → mount + telescope + dedicated camera + autoguider (serious deep-sky imaging, 30+
minute total integrations on a single target). Each step is an order of magnitude more complexity but also an
order of magnitude better images. This guide covers the first jump — from tripod to tracker.

What you'll be able to image

With a tracker + DSLR + 50–200mm lens: the Andromeda Galaxy, Orion Nebula, North America Nebula,
Pleiades with reflection nebulae, the Heart and Soul nebulae, Rho Ophiuchi cloud complex, the entire
Milky Way arch, and the Veil Nebula complex. Real astrophotography of objects you can actually identify
in the catalog — the kind of images people share online and frame on walls.
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Equipment
The tracker-based deep-sky imaging kit

The star tracker (the new piece)

A star tracker is a small motorized mount that rotates at the same speed as Earth, but in the opposite direction —
counteracting the planet's rotation so the stars stay still in your camera's frame. This is what unlocks long exposures
(1-4 minutes) without star trails.

Sky-Watcher Star
Adventurer 2i Pro

$370. The standard recommendation. Battery operated, WiFi control, holds up to 5
kg. Includes counterweight kit. Excellent value.

Sky-Watcher Star
Adventurer GTi

$540. Full GoTo capability — type a target name and it slews automatically.
Significant upgrade over the manual 2i. Best beginner GoTo tracker.

iOptron SkyGuider Pro $500. Direct competitor to Star Adventurer. Slightly smaller, slightly heavier load
capacity. Excellent build quality.

ZWO AM3 / ZWO AM5 $1700-2500. Strain-wave (harmonic) mounts — no counterweight needed, very
compact. The future of imaging mounts. Overkill for tracker-only work, but the path
forward when you want to add an autoguider.

MSM Move Shoot Move $200-300. Cheaper alternative. Smaller load capacity (around 3 kg). Works well for
camera + small lens combinations.

Camera

Same camera you use for nightscapes works. DSLR or mirrorless, full-frame or APS-C. A few considerations
specific to deep-sky:

Modified vs unmodified Stock cameras have an internal IR-cut filter that blocks the deep red Hα emission
line — exactly the wavelength most emission nebulae glow at. An astro-modified
DSLR (the IR-cut filter removed/replaced) shows nebulae 3-5× brighter.
Modification costs $200-400 (Hap Griffin, Kolari Vision, or DIY). Many start
unmodified, then modify the camera once they're committed.

Cooled astro cameras Dedicated astrophotography cameras (ZWO ASI series, QHY) actively cool the
sensor to -10 to -20°C, dramatically reducing thermal noise. Cost $500-3000.
Replace your DSLR for serious imaging. Out of scope for 'starter' — covered briefly
in the upgrade section.

Sensor format APS-C is fine. Full-frame is better but not necessary. The advantage of APS-C: a
smaller sensor on the same lens fills more of the frame with the target.

Lens or telescope
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Camera lens (start here) A 50-200mm telephoto lens is the easiest first imaging optic. Sigma 70-200mm
f/2.8 ART, Tamron 70-200mm f/2.8 G2, or even kit telephoto lenses work. Wider
lenses (35-50mm) work great for the Milky Way and big targets like Andromeda.
Use what you already own first.

First astro-specific scope Sky-Watcher EvoStar 72ED (~$400) — small apochromatic refractor, 420mm
focal length, perfect first imaging telescope. Redcat 51 from William Optics (~$700)
— premium small refractor, 250mm focal length. Both are in the right size for
trackers; a heavier scope needs a heavier mount.

Other essentials

Intervalometer or
wireless trigger

Same as for nightscape. Triggers exposures over 30 sec and enables sequencing
50+ shots automatically without touching the camera.

Sturdy tripod The tracker sits on a tripod. Use a heavy-duty photo tripod (rated for 5+ kg) or an
astronomy tripod. The Manfrotto 055 series is a common choice.

Polar scope (built-in to
most trackers)

Small finder scope used for aligning the mount's rotation axis with Earth's. A few
minutes per session. Without it, your tracker won't actually track properly.

Lens dew heater USB-powered band that wraps around the lens to prevent fogging. $20. Required
for 2+ hour sessions.

Power Trackers run on AA batteries (cheap option) or 12V power (longer life). USB power
banks with 12V output work well in the field.
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Polar alignment
The thing that separates tracker users from nightscape photographers

Your tracker rotates at the speed of Earth's rotation, but it has to rotate around the right axis — Earth's axis.
Polar alignment is the process of pointing the tracker's rotation axis at the celestial pole. Without polar
alignment, the tracker is just a slow camera rotator — it won't keep stars sharp.

Northern Hemisphere alignment

Polaris is conveniently close to the north celestial pole — within 0.7° of the actual pole. For tracker-level imaging (1-4
minute exposures), getting Polaris in your polar scope is usually accurate enough. For longer exposures, you need
the more precise techniques below.

The polar scope method

1. Find Polaris
Locate Polaris (the bright star at the end of the Little Dipper's handle). The two 'pointer stars' at the end of the Big
Dipper's bowl point directly to it.

2. Level the tripod
Use the bubble level on your tripod. The tracker's polar scope assumes a level base.

3. Set latitude
Adjust the latitude axis of the tracker to match your geographic latitude (e.g., 45° if you're in southern Canada). This
pre-points the rotation axis at the correct angle above the horizon.

4. Look through the polar scope
Most trackers have a small refractor built in for this purpose. You'll see a reticle pattern (often a clock face or off-center
circle).

5. Use a polar alignment app
Polar Scope Align (free, iOS/Android) or PS Align Pro ($5) shows you exactly where Polaris should be on your reticle
for the current date and time. Adjust altitude and azimuth knobs to put Polaris in the right spot.

6. Lock and verify
Tighten all locks. Take a 60-second test exposure pointed at the celestial equator (RA = LST, Dec = 0°). Look at the
resulting image — stars should be points, not arcs. If they're trailing, refine alignment and try again.

Drift alignment for longer exposures

If you want to push exposure times beyond 2-3 minutes, you need precise polar alignment. The drift
alignment method (or 'PHD2 drift align' if you have an autoguider) pushes accuracy below 0.1°.
SharpCap Pro (Windows, $20/year) has a polar alignment routine that uses a few quick exposures to
calculate exactly how far off you are and what to adjust — under 5 minutes.

Southern Hemisphere alignment

There's no bright star at the south celestial pole. Polaris's southern equivalent (sigma Octantis) is mag 5.4 — barely
naked-eye visible. Southern-hemisphere astrophotographers use the cross of stars in the Octans constellation as a
reference, or rely on app-based alignment routines that use multiple stars near the pole.
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Your first deep-sky imaging session
Complete workflow from arrival to first stack

Pick the right first target
Don't aim for the tiny faint galaxy that requires hours of integration on your first try. Pick a bright, large target that will
give you a satisfying result with modest equipment. Top first-target choices:

Andromeda Galaxy (M31) Fall/winter. Huge (3 degrees wide), bright (mag 3.4), instantly recognizable.
50-200mm lens captures the full halo with companions M32 and M110. The
textbook first deep-sky image.

Orion Nebula (M42) Winter. The brightest emission nebula in the sky. Visible in any aperture.
200-400mm focal length captures it nicely. HDR processing needed (very bright
core, faint outer wings).

North America Nebula
(NGC 7000)

Summer/fall. Big (~3 degrees), bright in Hα. Easy on a 100-200mm lens. Forgiving
target — you can see results even at light-polluted sites with an Hα filter.

Pleiades (M45) Fall/winter. Bright cluster (mag 1.6) with surrounding blue reflection nebulae.
100-200mm lens. Long integration brings out faint dust beyond the named knots.

Heart & Soul Nebulae (IC
1805 / 1848)

Fall/winter. Two large emission nebulae captured side-by-side at ~135mm focal
length. Hα filter helps. Photogenic.

Session workflow
1. Pre-planning
Choose target + time. Use Stellarium to confirm it's well-placed (high in the sky, away from light pollution domes). Check
Moon phase (new Moon ±5 days). Charge batteries (camera and tracker). Clear SD card.

2. Site setup (sunset)
Tripod up, level. Tracker on tripod, latitude set. Camera mounted on tracker. Lens attached, lens cap off. Dew heater
wrapped around lens.

3. Polar alignment (twilight)
Find Polaris (still visible while sky is darkening), put it in the right spot on the polar scope reticle (use Polar Scope Align
app), lock all axes.

4. Compose (full dark)
Slew the tracker to your target's approximate location. Take a 5-second test exposure to see if you've found it. Adjust
framing. Use a star tracker app if you have GoTo capability.

5. Focus
Manual focus on a bright star using live view at 10× magnification — same technique as nightscape. Tape the focus
ring.

6. Set exposure
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Start at ISO 800 (cooled cameras) or ISO 1600 (DSLR). Aperture wide open. Exposure: 60-120 seconds for f/2.8
lenses, 120-240 for f/4, longer for narrowband. Take a test shot.

7. Sub-exposures
Take 30-100 sub-exposures ('subs') of the same target with the same settings. Use an intervalometer to fire
automatically. Wait 1-2 sec between shots to let sensor cool slightly. Total integration: 1-3 hours typical for a first project.

8. Calibration frames
Darks: with the lens cap on, take 20-30 exposures at the same length, ISO, and temperature as your light frames.
These capture the sensor's dark noise. Flats: take 20-30 exposures of an evenly-lit white surface (a t-shirt over the lens
at twilight works) at 1/30 second. Captures dust spots and vignetting. Bias: 50-100 exposures at the camera's fastest
shutter speed, lens cap on. Captures sensor read noise.

9. Pack carefully
Cold gear in warm air = condensation. Bag everything before bringing inside; let it warm up for 30+ min before opening.
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Stacking & processing
Where your hours of subs become an image

A single 2-minute exposure looks underwhelming — the target is faint, the noise is overwhelming. Stacking is
the magic that turns 100 mediocre shots into one stunning image. Each frame captures the same signal
but slightly different random noise. Averaging the frames keeps the signal and cancels out the noise.
Mathematically, the noise reduction scales as the square root of the number of frames — 100 frames is 10×
cleaner than one frame.

Free stacking software

DeepSkyStacker (DSS) Windows, free. The grandfather of free stacking software. Loads your lights, darks,
flats, bias frames; aligns them; stacks them; outputs a TIFF. Old interface but
rock-solid. Most beginner tutorials assume DSS.

Siril Cross-platform, free, open source. The modern alternative. Faster, better
algorithms, includes processing tools (gradient removal, color calibration). Has a
learning curve but is the long-term answer for serious imagers who don't want to
pay for PixInsight.

AstroPixelProcessor
(APP)

Cross-platform, $60/year subscription. Excellent for mosaic and panorama work.
Great results from challenging data. Strong community support.

PixInsight Cross-platform, $290 one-time. Industry standard. Steepest learning curve but
unmatched flexibility once you learn it. Most published amateur images are
processed in PixInsight. Free 45-day trial.

Basic stacking workflow (DSS or Siril)
1. Load your frames
Add light frames (your actual target), dark frames, flat frames, bias frames. The software organizes them automatically.

2. Star detection
Software finds stars in each frame and matches them across frames. This is how it knows how to align — different
sub-exposures are slightly rotated/shifted from each other.

3. Alignment
Each frame is registered (aligned) to a reference frame. Sub-pixel accuracy is normal.

4. Stacking method
Average for clean signal-to-noise. Median if you have hot pixels or satellite trails (rejects outliers). Sigma-clipped
average is the best compromise — averages most pixels but rejects extreme outliers per frame.

5. Output
32-bit TIFF or FITS file. Looks completely flat and gray initially — all the dynamic range is compressed into a narrow
brightness range. The 'real' image is hidden in there, waiting for stretching.

Processing the stacked image
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Open the stacked TIFF in Photoshop, GIMP, Affinity Photo, or back into Siril. Apply these steps in order:
Crop the edges
Stacking leaves uneven edges where frames don't all overlap. Crop in 5-10% on all sides.

Remove gradients
Light pollution creates gradients across the frame. Use Siril's 'Background Extraction', PixInsight's DBE, or Photoshop's
gradient removal plugins (Astronomy Tools by Noel Carboni). Critical for clean results.

Color calibration
Set the white balance for the star background — bright stars should be white-ish, not green or magenta. Siril's 'PCC'
(Photometric Color Calibration) does this automatically.

Stretch the histogram
The image will look almost black initially. Apply a non-linear stretch — pull the midtones up while keeping the black point
at zero. Multiple gentle stretches beat one aggressive one. Use Curves in Photoshop or HistogramTransformation in
PixInsight/Siril.

Enhance the target
Selective stretching of the target itself. Mask out the background stars and stretch just the nebula or galaxy core. Bring
out detail without burning out highlights.

Star reduction (optional)
Bright stars can dominate the image, hiding the nebula behind them. Tools like StarNet++ or PixInsight's StarReduction
shrink stars while preserving the nebula. Use sparingly — over-reduced stars look unnatural.

Final adjustments
Color saturation (modest, ~15-25%), light noise reduction, sharpening of nebula structure. Don't over-process.
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Common mistakes
What goes wrong on first imaging sessions

Stars trail across the frame
Polar alignment is off. Improve alignment, or shorten your exposures. With perfect alignment a tracker keeps stars sharp
at 4+ minutes; with rough alignment you might be limited to 30 seconds.

Stars are sharp in the center, trail at the edges
Field rotation. Your alignment is off enough that frames are slightly rotating across the integration. More precise polar
alignment fixes this.

The image is full of bright dots that aren't stars
Hot pixels. Your darks and bias frames will subtract these out during stacking. Make sure you actually shot calibration
frames.

There's a bright glow on one edge of every frame
Light pollution gradient or stray light. Better location helps; gradient removal in processing fixes the rest.

Stacking software fails to align my frames
Not enough stars detected. Common causes: defocused images (fix focus), too short exposures (longer subs to get
more stars), wrong settings in the alignment dialog.

My first image looks awful even after stacking
Insufficient integration time. 30 minutes of total integration on a faint target produces faint, noisy results. Try doubling the
integration. For galaxies, 2-4 hours is typical for a 'good' first result.

Bright halos around stars
Either lens flare (stop down 1/3 stop) or processing artifacts (less aggressive sharpening). Some 'glow' is natural for
bright stars.

The image looks great on my monitor but bad printed
Aggressive contrast stretching that looks fine on a backlit screen but reveals gradients and noise on print. Pull back on
the stretching, accept slightly less drama on screen.
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Where to go from here
The upgrade ladder

Once you've made a few good images with a tracker, the natural progression is one of these upgrades. In
rough order of impact:

Astro-modify your DSLR $200-400. Removes the IR-cut filter, exposing 3-5× more Hα signal. Transforms
your imaging of emission nebulae. Lowest-cost meaningful upgrade for an existing
camera.

Add an autoguider $200-500. Small camera + scope that monitors a guide star and corrects mount
errors in real time. Enables longer single exposures (5-10 min) and tighter stars.
ZWO ASI120MM Mini + 30mm guide scope is the standard starter.

Move to a larger mount $1000-2500. Replacing the tracker with a real equatorial mount (Sky-Watcher
HEQ5 Pro, iOptron CEM26, ZWO AM5) lets you carry a real telescope (4-6 inch
refractor or 8-inch Newtonian). Crosses the threshold from 'serious hobby' to
'observatory-class'.

Cooled astro camera $500-2500. Replaces the DSLR. Active sensor cooling cuts thermal noise
dramatically. Mono cameras with filter wheels enable narrowband (Hα/OIII/SII
palettes). ZWO ASI533MC Pro ($800) is the standard color first dedicated camera.

Move to a permanent
setup

When you're imaging 50+ nights a year, a backyard pier and observatory shed pay
for themselves in time. Removes 30+ minutes of setup/teardown per session.

Don't skip steps

Many beginners try to jump from a DSLR + tripod directly to a $5000 imaging rig. They drown in
complexity, fail to produce results, and quit. The tracker stage is essential — it teaches polar alignment,
exposure planning, calibration frames, and stacking workflow without the overwhelming complexity of a
full equatorial mount + telescope + autoguider + cooled camera. Spend at least a year at the tracker
stage. The skills carry forward; the frustrations don't.

Recommended resources

YouTube tutorials Nico Carver / Nebula Photos — phenomenal beginner-friendly tutorials. Cuiv The
Lazy Geek — equipment reviews and processing demos. Astrobackyard (Trevor
Jones) — long-running, comprehensive.

Communities Reddit r/AskAstrophotography (beginner-friendly), r/astrophotography
(showcases). Cloudy Nights imaging forum. Astrobin for image hosting and
inspiration.
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Books The Astrophotography Manual by Chris Woodhouse — comprehensive technical
reference. The 100 Best Astrophotography Targets by Ruben Kier — observing
planning.

Apps Stellarium for target planning. PHD2 Guiding (free, when you get an autoguider).
SharpCap Pro ($20/year) for polar alignment and live stacking. NINA (free) for full
session automation.


