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CCDs, data reduction, noise 

- To Measure the Sky 

- Handbook of CCD astronomy 

- Introduction to CCDs: 

astro.kent.ac.uk/~df/teaching/ph507/tel_4.pdf 

 

Prof. Jorge Meléndez 

1 



CCDs: Introduction 

• 1921: Nobel Prize for photoelectric effect 
(Einstein) 

• 1969: William Boyle & George Smith 

• 1975: Primeira imagem astronômica 

• 2009: Prêmio Nobel de Física para William 
Boyle & George Smith 
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Silício requer ≥ 1,26 eV para excitar 
o elétron para a banda de valencia   
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Leitura de CCDs 
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© Handbook of CCD Astronomy 
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Transfer efficiency 
• Early values about 0,999 (99,9%). 

For 200 transfers (100x100 array) : 
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© Handbook of CCD Astronomy 

• Modern values ~ 0,999 999 



CCDs: tamanho$ 

• Tipicamente 256x256, 512x512 pixeis, 1024 x 
1024, 2048x2048, 4096 x 4096 

• Um dos maiores é o CCD231-C6 da E2V: 

6144 x 6144 pixeis 

The pixels are 15µm in size 

Tamanho total: 92.16 mm x 92.40 mm 
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28 Discovery Channel Telescope 



LMI (Large 
Monolithic Imager) 
of Discovery Channel 
Telescope (4,3m) at 
Lowell Observatory  

NGC 891 is an edge-on spiral galaxy, located about 10 Mpc (32 million light-
years) away. The exposure was unguided and consist of ten 1-min exposures 
in B, five 1-minute exposures in V, and six 1-minute exposures in R. This was 
the ``first-light" image obtained with LMI obtained on September 12, 2012. 
The field of view shown is 11.7 arcminutes on a side. 

Total field of view of CCD is 12,5’ x 12,5’ 29 

http://www.lowell.edu/techSpecs/LMI/LMI.html 
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LSST 
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8-m telescope 
6-band (0.3-1.1 micron) wide-field deep astronomical survey of over 20,000 square degrees  
Each patch of sky will be visited about 1000 times in ten years. 
3200 Megapixels 
9.6 square degree field of view 
30 terabytes por noite 



STA also produces huge chips 
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http://www.sta-inc.net/ 



STA1600 
• 10560 x 10560  

• 9 um pixel CCD 

• 95.2 × 95.1 mm  
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http://www.sta-inc.net/product-1/ 
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http://www.sta-inc.net/wp-content/uploads/2010/08/Overwhelmingly-Large-CCDs-for-Astronomy.pdf 
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http://www.sta-inc.net/wp-content/uploads/2010/08/Overwhelmingly-Large-CCDs-for-Astronomy.pdf 



Quantum efficiency (Q.E.) 

Q.E. =  
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           número médio de fótons detectados   
número médio de fótons incidentes no detector 

http://www.lna.br/opd/instrum/ccd/qefull_105_160.html 

Eficiência Quântica  -  CCD 105 (OPD) 



Quantum efficiency 
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http://www.sta-inc.net/wp-content/uploads/2010/08/Overwhelmingly-Large-CCDs-for-Astronomy.pdf 

For STA arrays 



Bias 

• A bias frame is an exposure of zero duration 
taken with the camera shutter closed e todas 
as luzes desligadas! 

• “Ponto zero” das contagens 

• Obter no mínimo 10 bias e fazer mediana 

• Problema: variações durante a missão? 
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Bias e overscan 
• Valor médio do bias tb pode ser obtido do 

overscan do CCD 

• Se esqueceu de obter bias: bias = median(overscan) 

• Se o bias mudar: 

bias = bias + median(overscan) - median(bias) 
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Flat 
Imagem para corregir diferenças na sensibilidade do 
CCD e outros efeitos. Obter no mínimo 5-10 flats. 

41 

1,6m do OPD 
Março 2013 

“dome” flat 



Flat 
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Dark (current) 

• Dark current é devido às contagens aleatorias 
devido ao efeito térmico. É quase desprezível 
em CCDs resfriados com nitrogênio líquido 

• Pode ser importante para objetos muito fracos 

• Deve ser de exatamente o mesmo tempo de 
exposição do objeto, ou escalar com o tempo: 

Dark/tempo = (Dark – bias)/tempo 
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Dark current of a TEK1024 CCD 
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Outro exemplo: CCD 231-84 (e2v) 
4096x4096 pixeis 
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+bias 

Normalizar Flat-Bias a 1: 
Flat-Bias/<Flat – Bias> 

normalizado 
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Normalizar Flat-Bias a 1: 
Flat-Bias/<Flat – Bias> 

normalizado 



Erro de leitura 
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noise and readout speed for an EEV4280 CCD 



Noise in a CCD image 
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Sqrt(e-) 
Per “frame” Can be lowered 

cooling the 
detector 



Linearidade 
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Bias 

Linear limit 

Saturation 



Contagens vs. e-: GAIN 

• Gain is reported in terms of electrons/ADU 
(analog-to-digital unit) 

• Gain = 8 means each “count” = 8 e- 

• 8e-/ADU 

• Em estatística (p.ex. photon noise) tem que ser 
usado o #e-, não o #contagens (ADU) 
 

Exemplo: 5e-/ADU, então 200 contagens equivalem a 1000 e- 
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Signal, noise & background 
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Background 

Signal 

Noise 

É possível detetar um sinal mais fraco que o brilho do céu? 
Fl

u
x 

Pixel 

Para uma detecção, 
o sinal >> ruído, ou 
seja, S/N >> 1 
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© Robert Smith, Observational Astrophysics 

Background 

Signal 
noise 

Background noise 

S/N >> 1 

S/N ~ 1 

Signal-to-noise ratio (S/N) 
S/N = 2: tentative detection 

S/N = 3: OK 
S/N = 5: firm detection 



Measurement, signal, background 
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© Robert Smith, Observational Astrophysics 

S = M - B 



• S = M - B 

• σS
2 = σM

2 + σB
2 

 

• Desprezando ruído de leitura e dark current:  

S/N = S/noise = S/sqrt(σS
2) 

S/N = (M - B)/sqrt(σM
2 + σB

2) 
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Measurement, signal, background, noise 



Poisson distribution (of variable x) 
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Describes distribution in certain counting experiments 

Variance = mean 

Rate (e.g., #contagens/s) 

© To measure the sky 



• S = M - B 

• σS
2 = σM

2 + σB
2 

 

• Desprezando ruído de leitura e dark current:  

S/N = S/noise = S/sqrt(σS
2) 

S/N = (M - B)/sqrt(σM
2 + σB

2) 

S/N = (M - B)/sqrt(M + B) 
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Measurement, signal, background, noise 



• S = M – B,      σS
2 = σM

2 + σB
2 

 

S/N = (M - B)/sqrt(M + B) 
 

Se B ~ 0 (p.ex., baixa emissão do céu): 
 

S/N ~ M/sqrt(M) 

S/N = sqrt(M) 

Exemplo, M=10000 counts,  S/N = 100 
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Measurement, signal, background, noise 



Exemplo 1 

• 1400 contagens 

• ADU = 10 

• Bias = 400 

• Qual o S/N? 
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Exemplo 2 

• S/N = 30 

• Ganho = 3 e- 

• Bias = 400 

• How many counts are needed per pixel 
desprezando o céu? 

 

• S/N = sqrt (M), then M = 900 e- 

• 900 e- = 300 counts, so 700 counts are needed 
to achieve S/N = 30 per pixel 
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