Using multiple subexposures for attaining the same S/N as a single exposure

neglecting: dark shot noise, dark fixed pattern noise, fixed pattern noise, sky background noise
R.D. Crisp 4/16/2008

Sk=(5"2+ 8" SQRT({ 82 + (S+R"2)"4"K*"R"2))i(2"(S + R*2)) expression to compute signal level needed to
equal single exposure SIN after K subexposures of Sk level
where:
S = Signal Level after Single Exposure (electrons or DN [be consistent])
K = number of exposures to divide the signal
R = read noise in electrons
Sk =Subexposure signal level required to attain the same S/N as single exposure

example use
vou get 7200 electrons in some period oftime T

if you were to divide up the exposure into 12 exposures of equal length, how much signal should be in each to get the same SIN?

Example solution:
7200 S = Signal Level after Exposure {e- or DN)
12 K = number of exposures to divide the signal
12 R =read noise in electrons or DN

707.89 Sk = Signal level (e- or DN} in subexposures to equal original signal to noise ratio
if it takes 10 minutes to collect 600 electronsipixel, how long should the subexposures be?

10 minutes * 707.89 § 600 = 11.798 minutes per subexposure
X 12 subexposures
84947 total electrons collected for subexposure case
7200 total electrons collected for a single exposure
17.98% additional signal must be collected for same SIN due
to dividing into 12 subexposures with 12 electron read noise
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Number of Subexposures

-~ signal/exposure for same S/N read_noise=0
- signal/exposure for same S/N read_noise=1
signal/exposure for same S/N read_noise=2
signal/exposure for same S/N read_noise=3
—~ signal/exposure for same S/N read_noise=4
—- signal/exposure for same S/N read_noise=5
- signal/exposure for same S/N read_noise=6
— signal/exposure for same S/N read_noise=7
signal/exposure for same S/N read_noise=8
signal/exposure for same S/N read_noise=9
signal/exposure for same S/N read_noise=10
signal/exposure for same S/N read_noise=11
signal/exposure for same S/N read_noise=12
signal/exposure for same S/N read_noise=13
signal/exposure for same S/N read_noise=14
signal/exposure for same S/N read_noise=15
— signal/exposure for same S/N read_noise=16
signal/exposure for same S/N read_noise=17
signal/exposure for same S/N read_noise=18
signal/exposure for same S/N read_noise=19
signal/exposure for same S/N read_noise=20
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Number of Subexposures

100

- signal/exposure for same S/N read_noise=0
- signal/exposure for same S/N read_noise=1
signal/exposure for same S/N read_noise=2
signal/exposure for same S/N read_noise=3
- signal/exposure for same S/N read _noise=4
- signal/exposure for same S/N read _noise=5
— signal/exposure for same S/N read _noise=6
— signal/exposure for same S/N read_noise=7
signal/exposure for same S/N read_noise=8
signal/exposure for same S/N read_noise=9
signal/exposure for same S/N read_noise=10
signal/exposure for same S/N read_noise=11
signal/exposure for same S/N read_noise=12
signal/exposure for same S/N read_noise=13
signal/exposure for same S/N read_noise=14
signal/exposure for same S/N read_noise=15
— signal/exposure for same S/N read_noise=16
signal/exposure for same S/N read_noise=17
signal/exposure for same S/N read_noise=18
signal/exposure for same S/N read_noise=19
signal/exposure for same S/N read_noise=20
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Number of Subexposures

100

—~- signal/exposure for same S/N read _noise=0
- signal/exposure for same S/N read _noise=1
signal/exposure for same S/N read_noise=2
signal/exposure for same S/N read_noise=3
- signal/exposure for same S/N read _noise=4
- signal/exposure for same S/N read_noise=5
— signal/exposure for same S/N read_noise=6
— signal/exposure for same S/N read_noise=7
signal/exposure for same S/N read_noise=8
signal/exposure for same S/N read_noise=9
signal/exposure for same S/N read_noise=10
signal/exposure for same S/N read_noise=11
signal/exposure for same S/N read_noise=12
signal/exposure for same S/N read_noise=13
signal/exposure for same S/N read_noise=14
signal/exposure for same S/N read_noise=15
— signal/exposure for same S/N read_noise=16
signal/exposure for same S/N read_noise=17
signal/exposure for same S/N read_noise=18
signal/exposure for same S/N read_noise=19
signal/exposure for same S/N read_noise=20
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Signal Level in Subexposures Necessary to Match Single Exposure S/N
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< signal/exposure for same S/N read_noise=8
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o ] signal/exposure for same S/N read_noise=12
2 . signal/exposure for same S/N read_noise=13
2 signal/exposure for same S/N read_noise=14
10 E 7 electron read noise: 180 e- / exp signal/exposure for same S/N read_noise=15
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Number of Subexposures

100

-~ signal/exposure for same S/N read _noise=0
- signal/exposure for same S/N read _noise=1
signal/exposure for same S/N read_noise=2
signal/exposure for same S/N read_noise=3
- signal/exposure for same S/N read _noise=4
—- signal/exposure for same S/N read_noise=5
—— signal/exposure for same S/N read_noise=6
— signal/exposure for same S/N read_noise=7
signal/exposure for same S/N read_noise=8
signal/exposure for same S/N read_noise=9
signal/exposure for same S/N read_noise=10
signal/exposure for same S/N read_noise=11
signal/exposure for same S/N read_noise=12
signal/exposure for same S/N read_noise=13
signal/exposure for same S/N read_noise=14
signal/exposure for same S/N read_noise=15
— signal/exposure for same S/N read_noise=16
signal/exposure for same S/N read_noise=17
signal/exposure for same S/N read_noise=18
signal/exposure for same S/N read_noise=19
signal/exposure for same S/N read_noise=20




Required Signal Level in Subexposure to Match S/N of

Signal Level in Subexposures Necessary to Match Single Exposure S/N

100000
10000
=
[a)
° 1000
n 100
o
'c%
10
1

|Reference Signal Level = 30,000 e- or DN |

3 =

4 \&;—\M\s&;&m‘
E R.D. Crisp

7| rdcrisp@earthlink.net

1 16 April 2008

7| www.narrowbandimaging.com

10

Number of Subexposures

100

—~- signal/exposure for same S/N read_noise=0
- signal/exposure for same S/N read_noise=1
signal/exposure for same S/N read_noise=2
signal/exposure for same S/N read_noise=3
- signal/exposure for same S/N read_noise=4
- signal/exposure for same S/N read_noise=5
— signal/exposure for same S/N read_noise=6
— signal/exposure for same S/N read_noise=7
signal/exposure for same S/N read_noise=8
signal/exposure for same S/N read_noise=9
signal/exposure for same S/N read_noise=10
signal/exposure for same S/N read_noise=11
signal/exposure for same S/N read_noise=12
signal/exposure for same S/N read_noise=13
signal/exposure for same S/N read_noise=14
signal/exposure for same S/N read_noise=15
— signal/exposure for same S/N read_noise=16
signal/exposure for same S/N read_noise=17
signal/exposure for same S/N read_noise=18
signal/exposure for same S/N read_noise=19
signal/exposure for same S/N read_noise=20
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How many exposures of value SignallK signal level are needed to match the SiN ratio of a single exposure of value Signal?

N = (K*2)*({SIK + R*2)I(S + R*2) expression to compute number of exposures of value SiK
to equal the SIN of a single exposure of value S
example use
you get 7200 electrons in some period oftime T
if you were to divide up the exposure into subexposures of 112 the signal of the single exposure,
how many such subexposures are needed to attain the same SIN ?
solution:
7200 S = Signal Level after Exposure {electrons)
12 K = number of exposures to divide the signal
12 R =read noise in electrons

14.588 N = Number of subexposures of sighal SiK to equal original signal to noise ratio

1.2157 exposure time overhead associated with using N subexposures instead of a single exposure
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Exposure

Number of Subexposures Necessary to Match Single Exposure S/N
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Exposure Time Divisor

— # exposures for same S/N read_noise=0
- # exposures for same S/N read_noise=1
# exposures for same S/N read_noise=2
# exposures for same S/N read_noise=3
— # exposures for same S/N read_noise=4
- # exposures for same S/N read_noise=5
— # exposures for same S/N read_noise=6
— # exposures for same S/N read_noise=7
# exposures for same S/N read_noise=8
# exposures for same S/N read_noise=9
# exposures for same S/N read_noise=10
# exposures for same S/N read_noise=11
# exposures for same S/N read_noise=12
# exposures for same S/N read_noise=13
# exposures for same S/N read_noise=14
# exposures for same S/N read_noise=15
— # exposures for same S/N read_noise=16
# exposures for same S/N read_noise=17
# exposures for same S/N read_noise=18
# exposures for same S/N read_noise=19
# exposures for same S/N read_noise=20




Number of Subexposures to Match S/N of Single

Exposure

Number of Subexposures Necessary to Match Single Exposure S/N
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100

Exposure Time Divisor

—~# exposures for same S/N read_noise=0
- # exposures for same S/N read_noise=1
# exposures for same S/N read_noise=2
# exposures for same S/N read_noise=3
- # exposures for same S/N read_noise=4
- # exposures for same S/N read_noise=5
— # exposures for same S/N read_noise=6
— # exposures for same S/N read_noise=7
# exposures for same S/N read_noise=8
# exposures for same S/N read_noise=9
# exposures for same S/N read_noise=10
# exposures for same S/N read_noise=11
# exposures for same S/N read_noise=12
# exposures for same S/N read_noise=13
# exposures for same S/N read_noise=14
# exposures for same S/N read_noise=15
— # exposures for same S/N read_noise=16
# exposures for same S/N read_noise=17
# exposures for same S/N read_noise=18
# exposures for same S/N read_noise=19
# exposures for same S/N read_noise=20




Number of Subexposures to Match S/N of Single

Exposure

Number of Subexposures Necessary to Match Single Exposure S/N
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Reference Signal Level = 1000 e- or DN

10

Exposure Time Divisor

100

—~ # exposures for same S/N read_noise=0
— # exposures for same S/N read_noise=1
# exposures for same S/N read_noise=2
~ # exposures for same S/N read_noise=3
- # exposures for same S/N read_noise=4
-~ # exposures for same S/N read_noise=5
— # exposures for same S/N read_noise=6
— # exposures for same S/N read_noise=7
— # exposures for same S/N read_noise=8
# exposures for same S/N read_noise=9
# exposures for same S/N read_noise=10
# exposures for same S/N read_noise=11
— # exposures for same S/N read_noise=12
~ # exposures for same S/N read_noise=13
—~ # exposures for same S/N read_noise=14
# exposures for same S/N read_noise=15
— # exposures for same S/N read_noise=16
— # exposures for same S/N read_noise=17
-~ # exposures for same S/N read_noise=18
-~ # exposures for same S/N read_noise=19
—~ # exposures for same S/N read_noise=20
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Exposure

Number of Subexposures Necessary to Match Single Exposure S/N
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Reference Signal Level = 3000 e- or DN

10

Exposure Time Divisor

100

— # exposures for same S/N read_noise=0
- # exposures for same S/N read_noise=1
# exposures for same S/N read_noise=2
~ # exposures for same S/N read_noise=3
- # exposures for same S/N read_noise=4
- # exposures for same S/N read_noise=5
— # exposures for same S/N read_noise=6
— # exposures for same S/N read_noise=7
— # exposures for same S/N read_noise=8
# exposures for same S/N read_noise=9
# exposures for same S/N read_noise=10
# exposures for same S/N read_noise=11
— # exposures for same S/N read_noise=12
— # exposures for same S/N read_noise=13
~ # exposures for same S/N read_noise=14
# exposures for same S/N read_noise=15
— # exposures for same S/N read_noise=16
— # exposures for same S/N read_noise=17
—~ # exposures for same S/N read_noise=18
~ # exposures for same S/N read_noise=19
~ # exposures for same S/N read_noise=20




Number of Subexposures to Match S/N of Single

Exposure

Number of Subexposures Necessary to Match Single Exposure S/N
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Reference Signal Level = 10000 e- or DN

10

Exposure Time Divisor

100

— # exposures for same S/N read_noise=0
- # exposures for same S/N read_noise=1
# exposures for same S/N read_noise=2
~ # exposures for same S/N read_noise=3
- # exposures for same S/N read_noise=4
-~ # exposures for same S/N read_noise=5
— # exposures for same S/N read_noise=6
— # exposures for same S/N read_noise=7
— # exposures for same S/N read_noise=8
# exposures for same S/N read_noise=9
# exposures for same S/N read_noise=10
# exposures for same S/N read_noise=11
~ # exposures for same S/N read_noise=12
— # exposures for same S/N read_noise=13
-~ # exposures for same S/N read_noise=14
# exposures for same S/N read_noise=15
— # exposures for same S/N read_noise=16
— # exposures for same S/N read_noise=17
~ # exposures for same S/N read_noise=18
-~ # exposures for same S/N read_noise=19
~ # exposures for same S/N read_noise=20




Number of Subexposures to Match S/N of Single

Exposure

Number of Subexposures Necessary to Match Single Exposure S/N
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Reference Signal Level = 30000 e- or DN

10

Exposure Time Divisor

100

— # exposures for same S/N read_noise=0
-~ # exposures for same S/N read_noise=1
# exposures for same S/N read_noise=2
~ # exposures for same S/N read_noise=3
— # exposures for same S/N read_noise=4
-~ # exposures for same S/N read_noise=5
— # exposures for same S/N read_noise=6
— # exposures for same S/N read_noise=7
— # exposures for same S/N read_noise=8
# exposures for same S/N read_noise=9
# exposures for same S/N read_noise=10
# exposures for same S/N read_noise=11
~ # exposures for same S/N read_noise=12
— # exposures for same S/N read_noise=13
- # exposures for same S/N read_noise=14
~ # exposures for same S/N read_noise=15
— # exposures for same S/N read_noise=16
— # exposures for same S/N read_noise=17
~ # exposures for same S/N read_noise=18
~ # exposures for same S/N read_noise=19
~ # exposures for same S/N read_noise=20
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