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It's all about time management

 So, what does time management 

has to do with us astro-

photographers ?

 Our imaging time is precious
 We must make as an efficient use of 

it as possible! 

 WHAT is time management in 

astrophotography? 



Divide and conquer

 We have 4 hours of 

imaging time at our 

disposal for the L filter.

 How do we divide this 4-

hour session into sub-

exposures?

48x5min

24x10min

16x15min

12x20min



Common approaches

 Rules of thumb:
 "Shoot as long as you can"

 "Shoot 15min exposures with the L filter"

 "Shoot as long as it takes for the histogram's peak to 
reach 25% of the intensity range"

 "Shoot whatever, don't bother!"

 "Consult the Oracle"

 More “technical” approaches:
 "Shoot as long as it takes for your background to reach 

2000 ADUs"

 "Consult an exposure calculator"



So, what do we do?

 A single factor can make the difference: 

READOUT NOISE!

 Readout noise (or simply read noise) is very 
important in many aspects. But first: 

 What is read noise is

 What other types of noise we have in an astro-image

 Why read noise is so special



Light as a signal

 Light is our friend 

 Light is our SIGNAL!

 We want to collect as much 

signal as we can, the more 

light the better. That means 

more and more exposure 

time.

 But light does not come for 

free. It hides behind 

NOISE!



NOISE = Uncertainty

 Uncertainty in a measurement 

of a signal.

 Signal: the light coming from 

the deep sky target.

 E.g., a pixel on our CCD has 

recorded a value of 2000 

ADUs
 The real value is somewhere between 

2000 +/- 42.

 Our record of this signal (light) 

with a CCD suffers from 

various uncertainties, i.e. 

various types of noise. 



It’s all about SNR
 We are trying to maximize the 

“clarity” of our image.

 This “clarity” is expressed as a 

ratio, that of SIGNAL to NOISE 

or SNR.

 Noise cannot simply be 

subtracted because it is random. 

 Our purpose is to get the highest 

signal and the lowest noise we 

can.

 Luckily, signal grows quicker than 

noise!



Signal and noise in astro-

imaging
SIGNAL

 Target signal

 Sky (light pollution) 

signal

 Dark signal

NOISE

 Photon (target) noise

 Sky (light pollution) 

noise

 Dark noise

 Calibration noise

 Read noise



Types on noise in astroimaging

Photon noise or 

target noise

Inherent uncertainty associated with the quantum nature 

of  light. 

Sky noise
Noise associated with light coming from the sky 

background, usually artificial. It's also photon noise.

Dark noise
Noise associated with the dark (thermal) current present 

in our CCD circuit.

Calibration noise Induced by calibration frames, i.e. bias/darks/flats

Read noise

Uncertainty induced while reading out the pixel values of  

the CCD . Dependent of  the design of  the camera rather 

than the detector.

Wife noise

Verbal noise associated with your wife yelling at you 

because you are late again, you woke her up, you failed to 

do various house works etc etc.



Characteristics of various types of 

noise in astrophotography 

Photon or 

Target noise

Goes up with the target signal and is equal to the square root of  

it. Since target signal goes up with exposure time, photon noise 

also goes up with exposure time.

Light pollution 

noise

It's related to light pollution signal and has the same behavior as 

photon noise: it goes up with exposure time.

Dark noise Depends on the design of  the CCD and goes also up with 

exposure time.

What if  we 

shoot multiple 

exposures, e.g. 

20x5min?

Signal and noise of  all the above types accumulate as if  we shot 

a single exposure of  100min ! 
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Some boring math…
 Signal (S) = Time * photon flux

 Target Noise NTarget

 𝑆𝑖𝑔𝑛𝑎𝑙Target = 𝑻𝒊𝒎𝒆 ∗ 𝑭𝒍𝒖𝒙𝑻𝒂𝒓𝒈𝒆𝒕

 Light Pollution Noise (NSky)

 𝑆𝑖𝑔𝑛𝑎𝑙Sky = 𝑻𝒊𝒎𝒆 ∗ 𝑭𝒍𝒖𝒙𝑺𝒌𝒚

 Dark Noise (NDark)

 𝑆𝑖𝑔𝑛𝑎𝑙𝐷𝑎𝑟𝑘 = 𝑻𝒊𝒎𝒆 ∗ 𝑭𝒍𝒖𝒙𝑫𝒂𝒓𝒌

 These types of noise are Poisson Noise



Notice anything about Time?

 So far, all signal and noise terms are directly related 
to Time! 

 Total signal and noise in these terms is only 
dependent on the total time TTotal regardless of sub-
exposure times.

 I.e, if we shoot a single exposure of 50min or 5 
exposures of 10min (or 10 of 5min), we’ll end up 
with the same amount of target signal, sky signal, 
target noise, sky noise and dark noise!



Total noise in an exposure

𝑵𝑻𝒐𝒕𝒂𝒍 = 𝑺𝑻𝒂𝒓𝒈𝒆𝒕 + 𝑺𝑺𝒌𝒚 + 𝑺𝑫𝒂𝒓𝒌

NTotal : Total noise

STarget : Target signal

SSky : Sky signal

SDark : Dark signal (current)



Math behind Total Noise

 When separate noise terms are combined together they 
are “root mean squared”:

 Total Noise (NTotal)= 𝑁𝑇𝑎𝑟𝑔𝑒𝑡
2 +𝑁𝑆𝑘𝑦

2 +𝑁𝐷𝑎𝑟𝑘
2

= 𝑆𝑇𝑎𝑟𝑔𝑒𝑡
2
+ 𝑆𝑆𝑘𝑦

2
+ 𝑆𝐷𝑎𝑟𝑘

2

= 𝑺𝑻𝒂𝒓𝒈𝒆𝒕 + 𝑺𝑺𝒌𝒚 + 𝑺𝑫𝒂𝒓𝒌



What about read noise?

 Read noise stands out from the rest 
 It's irrelevant to exposure time.

 It is present with the same amount in every exposure.

 I.e. your CCD has a read noise of 8e-

 This will affect every exposure with the same amount of 

noise, whether it's a 30sec exposure or a 20min one.

 Therefore, total read noise is NOT dependent on 

total time but only on the number of exposures!



What does read noise look like?

 Read noise looks like 

random noise because in 

fact it IS random noise!

 That’s why we can’t simply 

subtract it out of the way.

 Instead we have to DEAL 

with it.

 Dealing with it means 

decreasing its importance 

relative to other types of 

noise.



So, what is the point in choosing a 

exposure time?
 Let's suppose for a moment that our state-of-the-art CCD 

has zero read noise (0 e-).

 All the remaining types of noise are dependent on the total 
time of the imaging session, regardless of individual exposure 
times.

 This only fact would have a tremendous impact on deep sky 
imaging!  Why?

 Because there would be no difference between shooting 5x20min, 
20x5min or 100x1min exposures! 

 All these approaches would equal the same total time, therefore 
would result in the same amount of signal and noise.



Back to the real world…

 Our CCDs DO have read noise and this has 

some interesting implications:

 Total read noise is related NOT to time but to the 

NUMBER of exposures

 The more exposures we shoot, the more read-noise 

we have! 



Total noise including Read Noise

FluxTarget : Light flux from sky target

FluxSky : Light flux from sky background

FluxDark : Light signal flux

NRead : Read noise

𝑇𝑖𝑚𝑒 ∗ (𝐹𝑙𝑢𝑥𝑇𝑎𝑟𝑔𝑒𝑡 + 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 + 𝐹𝑙𝑢𝑥𝐷𝑎𝑟𝑘) + 𝑁𝑅𝑒𝑎𝑑2



Math behind total noise - II

 Now, let’s add the read noise term in the total noise equation:

 If T is the duration of a exposure, then:

 𝑇𝑜𝑡𝑎𝑙 𝑁𝑜𝑖𝑠𝑒 =

𝑁𝑇𝑎𝑟𝑔𝑒𝑡
2 + 𝑁𝑆𝑘𝑦

2 + 𝑁𝐷𝑎𝑟𝑘
2 +𝑁𝑅𝑒𝑎𝑑

2 =

𝑆𝑇𝑎𝑟𝑔𝑒𝑡 + 𝑆𝑆𝑘𝑦 + 𝑆𝐷𝑎𝑟𝑘 + 𝑁𝑅𝑒𝑎𝑑2=

= (𝑇 ∗ 𝐹𝑙𝑢𝑥𝑇𝑎𝑟𝑔𝑒𝑡) + (𝑇 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦) + (𝑇 ∗ 𝐹𝑙𝑢𝑥𝐷𝑎𝑟𝑘) + 𝑁𝑅𝑒𝑎𝑑2

= 𝑻 ∗ (𝑭𝒍𝒖𝒙𝑻𝒂𝒓𝒈𝒆𝒕+𝑭𝒍𝒖𝒙𝑺𝒌𝒚 + 𝑭𝒍𝒖𝒙𝑫𝒂𝒓𝒌) + 𝑵𝑹𝒆𝒂𝒅𝟐



Key points about total noise

 If the target is quite bright (FluxTarget >> FluxSky) then target 
noise will be the dominant factor. Not much difference in 
darker skies or with a less noisy CCD. 

 But the majority of our deep sky targets are very faint, i.e. 
FluxTarget << FluxSky, so FluxTarget can be left out for 
simplicity.

 The same applies for dark current in cooled CCDs. So, let’s 
simplify the equation:

𝑇𝑖𝑚𝑒 ∗ (𝐹𝑙𝑢𝑥𝑇𝑎𝑟𝑔𝑒𝑡 + 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 + 𝐹𝑙𝑢𝑥𝐷𝑎𝑟𝑘) + 𝑁𝑅𝑒𝑎𝑑2



Key points about total noise

 The read noise factor (NRead) is very important because 
it is squared!

 If Time is relatively small, read noise will be the 
dominant noise factor, i.e. the exposure will be noisy 
due to the CCD circuit.

 If the sky is very dark (FluxSky is small) then again read 
noise will be dominant, unless exposure time is 
sufficiently long.

𝑇𝑖𝑚𝑒 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 + 𝑁𝑅𝑒𝑎𝑑
2



Some real examples (1)

 T=10sec and sky flux is 2e-/sec

 NRead = 8e-

 Then 
 Sky background signal = 10*2 = 20

 NRead
2 = 64

 Total noise = 20 + 64 = 9.165

 Read noise factor [64] >> Sky noise factor [20]!

 Even if sky flux was 0, total noise would still be 64 = 𝟖!
 Our exposure is Read Noise limited!

𝑇𝑖𝑚𝑒 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 + 𝑁𝑅𝑒𝑎𝑑
2



Some real examples (2)

 T=300sec and sky flux is 2e-/sec

 NRead = 8e-

 Then 
 Sky background signal = 300*2 = 600

 NRead
2 = 64

 Total noise = 600 + 64 = 25.77

 Read noise factor [64] << Sky noise factor [600]!
 Even if read noise was 0, total noise would still be 600 =

𝟐𝟒. 𝟓!
 Our exposure is Sky limited!

𝑇𝑖𝑚𝑒 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 +𝑁𝑅𝑒𝑎𝑑
2



Sky-limited exposures

 An exposure is considered sky-limited when its 

background noise is dominated by sky noise while 

camera noise (i.e. read noise) is insignificant.

 But how much is “insignificant” ?

 Usually 5%-10% of the total background noise.

 Sky noise overwhelms camera noise.

 This does NOT mean that want sky noise!

 By controlling the exposure duration we can achieve 

sky-limited exposures.



Calculating a sky-limited 

exposure
 Let’s say we want read noise to be no more than 

5% of total noise. That is:

SkyNoise “+” ReadNoise = 105% * SkyNoise

 We can solve the equation for exposure time T.



Sky limited exposure duration

Time = 9.76 * 
𝑵
𝑹𝒆𝒂𝒅

𝟐

𝑭𝒍𝒖𝒙
𝑺𝒌𝒚

NRead : Read noise

FluxSky : Light flux from sky background



Another bunch of boring math…

𝑁𝑇𝑜𝑡𝑎𝑙 = 1.05 ∗ 𝑁𝑆𝑘𝑦 ⇒

𝑇 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 + 𝑁𝑅𝑒𝑎𝑑2 = 1.05 ∗ 𝑇 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 ⇒

𝑇 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 +𝑁𝑅𝑒𝑎𝑑
2 = 1.052 ∗ 𝑇 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 ⇒

1.052 − 1 ∗ 𝑇 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 = 𝑁𝑅𝑒𝑎𝑑
2 ⇒

T = 
𝑁
𝑅𝑒𝑎𝑑

2

1.052−1 ∗𝐹𝑙𝑢𝑥𝑆𝑘𝑦
⇒

Time = 9.76 * 
𝑵
𝑹𝒆𝒂𝒅

𝟐

𝑭𝒍𝒖𝒙
𝑺𝒌𝒚



Eureka!

Time = 9.76 * 
𝑵
𝑹𝒆𝒂𝒅

𝟐

𝑭𝒍𝒖𝒙
𝑺𝒌𝒚

 A real example: If read noise is 8e- and sky flux is 3e-/sec, 

then T ~ 200 sec.

 We know read noise but we need to measure the sky flux 

each night. Oops!

 An easier way is to express time T in background ADUs.

 Independent of filters, camera QE, sky flux, scope etc.



Eureka - II!

Time = 9.76 * 
𝑵
𝑹𝒆𝒂𝒅

𝟐

𝑭𝒍𝒖𝒙
𝑺𝒌𝒚

⇒

𝑇 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦 = 9.76 ∗ 𝑁𝑅𝑒𝑎𝑑2

𝑇 ∗ 𝐹𝑙𝑢𝑥𝑆𝑘𝑦

𝐺𝑎𝑖𝑛
=
9.76 ∗ 𝑁𝑅𝑒𝑎𝑑2

𝐺𝑎𝑖𝑛
⇒

𝑆𝑆𝑘𝑦
𝐺𝑎𝑖𝑛

=
9.76 ∗ 𝑁𝑅𝑒𝑎𝑑2

𝐺𝑎𝑖𝑛
⇒

𝑩𝒂𝒄𝒌𝒈𝒓𝒐𝒖𝒏𝒅 𝑨𝑫𝑼𝒔 =
𝟗. 𝟕𝟔 ∗ 𝑵𝑹𝒆𝒂𝒅𝟐

𝑮𝒂𝒊𝒏



Impact of read noise

𝑩𝒂𝒄𝒌𝒈𝒓𝒐𝒖𝒏𝒅 𝑨𝑫𝑼𝒔

=
𝟗. 𝟕𝟔 ∗ 𝑵𝑹𝒆𝒂𝒅𝟐

𝑮𝒂𝒊𝒏

Test system: gain=0.26, 

example for various levels 

of RN, ADU values are 

bias-calibrated

Read noise 

(e-)

~Background in 

ADUs for a sky 

limited exposure

6 ~1300

8 ~2480

10 ~3700

12 ~5300



Considerations on sky-limited 

exposures
 Guaranty that our final SNR will not be compromised by 

read noise.

 We can always shoot longer than the sky-limit as long as we 

can ensure a sufficient number of exposures.

 NOT a substitute for sufficient total time. More total time 

will always be better.

 Remember: as we shoot longer and longer, we get 

diminishing returns. That’s because time and SNR have a 

square-root relation. That means that to double the SNR you 

will have to shoot 4 times longer! To triple the SNR, 9 

times longer!



Pros and cons of sky-limited and 

long exposures

Sky-limited exposures
Longer/deeper

exposures

Tighter / less saturated stars More deep / penetrating

Less guiding errors Less storage

Less time waste if  an exposure is 

ruined

Faster processing

More exposures means more 

efficient

rejection process

Less time overhead from frame 

download / dithering



Going quicker

 If you consider trying sky-limited exposures, there’s 

more good news:

 You can halve the optimum exposure time and double 

the number of exposures while maintaining almost the 

same final SNR (over 95%)

 Example:

 Your gear has a sky-limited exposure time of 500sec and you plan 

to shoot 10 exposures.

 You can instead fire 20 exposures (or add an extra or two) of 

250sec and you will end up with the same final SNR.



Going darker

 On darker skies, sky noise component is weaker, so we 

MUST shoot longer to ensure that the impact of read 

noise is minimal relative to sky noise.

 This can result in very long exposures with RGB filters, 

especially on “Slow” f/ systems (SC, Mak’s, …).

 The B filter keeps the sky background even lower.

 That’s where binning comes into play.



Role of binning

 Binning helps shorten exposure times with RGB filters when 

sky-limited exposures are difficult to achieve.

 Very dark skies

 “Slow” f/ systems

 We have to accept a compromise in color spatial resolution.

 Software or hardware?

 Hardware binning 2x2 yields 4 times less read noise!

 If you decide to bin, H/W is the way to go!

 What about NB?

 Sky-limited exposures are very hard to achieve, shoot as long as 

you can.



Test on the bench
 Test with an AtikOne 6.0 

CCD, Sony ICX694 chip, 

TeleVue NP101is f/5.4, sky-

limited background 

≈1400ADUs

 3 different approaches, same 

equipment on same place and 

time:

 68x35s (~600 ADUs)

 35x65s (~1.320 ADUs)

 20x120s (~3.300 ADUs)

 Hardly any difference between 

35s and 65s set. No 

improvement in 120s set.



Summing things up
 Total time should be as long as possible.

 Compute sky background for sky-limited exposures.

 If resulting number of exposures (n) is small, take 2n 

exposures of T/2 instead of n*T.

 Bin RGB if shooting from a very dark site or with a “slow” 

f/ system.

 Shoot longer? 

 Yes, as long as we can ensure a sufficient number of exposures

 Longer exposures are more prone to guiding errors, saturation and 

blooming

 Shoot shorter? No, read noise will prevail!

 No application in NB, shoot as long as your system permits.



Resources - links

 Thanks to Ioannis Ioannou

 Starizona’s articles on optimum exposures 

(http://starizona.com/acb/ccd/advtheoryexp.aspx)

 John Smith’s articles (http://www.hiddenloft.com/)

 Stan Moore (http://www.stanmooreastro.com)

 CCD-Ware sub-exposure calculator 

(http://www.ccdware.com/resources/subexposure.cf

m)



Thank you!


