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Abstract

The signal-to-noise ratio of the Charge Injection Device is considered the most
critical factor for evaluating the quality of the Charge Injection Device (CID). CID
produces unwanted signals (noise) that can obscure the signal that needs to be
detected. Noise is an essential obstacle for spectral identification of the observed
object because it generates a fluctuation that can surpass the signal level. Therefore,
reducing noise is very important to get a high-quality image. There are three main
types of noise in the CID camera system: shot noise, readout noise, and dark current
noise. The readout noise has the highest impact on the astronomical image because
this noise is caused by a variety of factors, including trapping-state noise, reset noise,
background noise, charge-transfer noise, and output amplifier noise. In order to
reduce the readout noise and enhance SNR, non-destructive readout (NDRO) and
binning techniques are used. This work examines the SNR of astronomical images
with CID820 using NDRO, the binning process, and compound images. The study
deals with three cases: the first is calculating SNR using different values of NDROs
without binning. The second case uses different values of NDROs with 2, 4, and 6
binning. The third case involves combining two or more astronomical images to
increase the SNR of CID820. Finally, the study compares the output results of SNR
for the three cases to decide which case is the best for astronomical imaging using
CID820.
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blooming. Therefore, CCD devices are unsuitable for an Extreme Contrast Ratio (ECR)
imager device. The charge injection device (CID820) is suitable for being considered the prime
imager for ECR in astronomy. The CID820 features inherent anti-blooming, non-destructive
readouts that reduce readout noise and a high dynamic range equal to 10° [1]. Readout noise
occurs during the process of converting charge carriers into a voltage signal and the following
process of converting the analog-to-digital (A/D). The on-chip preamplifier typically
contributes the most to readout noise, and this noise is distributed uniformly to each image
pixel. Some kinds of noise in the Charge Transfer Device's (CTD's) output amplifier are
frequency-dependent. The readout noise has a bad influence on the signal-to-noise level, which
affects image quality. This work will examine the non-destructive readout, binning processes,
and combined images to determine if they enhance the signal-to-noise ratio in an astronomical
image and the best value for each. Section 2 depicts the theoretical component, which includes
CID, noise types, SNR, and NDRO. Section 3 illustrates image reduction, binning images, and
combined images. Section 4 presents the results and discussions. Section 5 concludes with
some findings.

1. Theoretical Part
2.1 Charge Injection Device (CID):

The Charge Injection Device (CID) is a semiconductor device that supports random pixel
addressing and binning. It has a sizeable full-well capacity (235,000 electrons). It is radiation-
resistant. The active pixel array has dimensions of 2048H*2048V and a pixel area of
12pum*12pm. Due to its front illumination, this sensor has a quantum efficiency of 48% at
525nm. Each pixel has a fill factor of 60% [2, 3].

2.2. Noise:

The noise in imaging sensors was classified into two types according to their production:
temporal noise and spatial noise. The temporal noise is produced in the sensor's pixel during
the signal collection process. This type of noise is time-dependent noise, such as shot noise,
flicker noise (1/f), and thermal noise (dark current noise). The spatial noise is caused by the
sensor’s system design, which considers space-dependent noise such as fixed pattern noise
(FPN) [4].

2.2.1. The photon-shot noise :

It is caused by the random influx of photons that reaches the detector. It all depends on how
the photon behaves. At high illumination, photon-shot noise is responsible for most of the noise.
This implies that the photon-shot noise is proportional to the intensity of the flux hitting the
detector [5, 6, 7].

2.2.2. Flicker noise:

Flicker noise, often known as 1/f noise, is caused by crystal imperfections and defects that
form charge carrier traps. The traps collect and release charge carriers randomly, so they cause
carrier numbers to fluctuate. Flicker noise can be reduced by employing Correlated Double

Sampling (CDS) [8].
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2.2.3. Thermal noise:

Thermal noise (Johnson noise) is created by random electron mobility. Thermal effects in
the resistive regions cause random motion. Thermal noise is affected by temperature and
conductor resistance. The thermal noise's power spectral density is given by

ny, = 4kTR
T is the absolute temperature; k is Boltzmann’s constant; and R is the resistance [5, 6].

(1

2.2.4 Fixed Pattern Noise (FPN):

It is a type of noise that is space-dependence. The differences in the transistors across the
sensor generate FPN. FPN increases with light exposure; however, it impacts image quality
more at low illumination. This type of noise has three sources: dark current and non-uniformity.
The second source is the pixel source, which results from the difference in transistor voltage
thresholds between the pixels. The third source is the column source, created by fluctuation in
column amplifiers, where the gain of the amplifier and analog to digital converters (ADC)
varies from column to column [6, 7].

2.3. Signal to Noise Ratio (SNR):
It is an important ratio to evaluate image quality. SNR is the ratio of the signal's power to

the power of noise at a particular signal level in a specific system. It is given by:

(dB)

signal

N
SNR = 201log;g —— (2)
Nnoise

Nisignat 1S the number of electrons in the signal, and Nyoise is the number of electrons in the noise.
The noise dominates the SNR at low illumination, and the dominating noise is dark current
noise. Because the dark current noise in the system is constant, the SNR grows linearly with
increasing flux intensity. When the degree of illumination increases, shot noise takes over,
which is represented by the square root of the signal electrons, and the equation above becomes

[9]:
= 20logy, /Nsignal

The greatest value of SNR that can be achieved is at the saturation level. Increasing SNR is
dependent on increasing the full-well capacities of the imager’s pixel and reducing floor noise
[9, 10]

Nsignal

SNR = 20 loglo

(3)

noise

2.4 Non-Destructive Readout (NDRO)

This process allows the pixel to be read as often as necessary before the stored charge is applied
to the substrate. The CID820 can do 2, 4, 8, 16, 32, 64, 128, and 256 non-destructive readouts.
Figure 1 (a-c) shows the process of the NDRO method [11,12, and 13]. Figure 2 shows how
the readout noise decreases with the number of NDROs, from 45 e- for one NDRO to 5.8 e-
for 128 NDRO.
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Figure 1: Photon collection and the readout scheme of a single CID pixel [12]
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Figure 2 SXDR read noise vs. number of NDROs (N). The lowest read noise is 5.8 e RMS

for N = 128. [14]

3. Practical Part
3.1 Observations

The observations were conducted in March 2015 at the Cassegrain 0.8 m reflector
telescope equipped with a CID820 camera at Ortega Observatory, Melbourne, Florida. The
array size is 2048 x 2048 pixels, providing an image scale of 0.6 arcsec/pixel.

3.2 Data Reduction

The calibration of the astronomical image was applied to calculate the SNR. First, remove
the dark current by subtracting the dark current frame from the raw image. Second, the flat
field frame is used to remove the defects in the image that occur because of the dust and the
optics effect. These processes will be explained in this section.

3.2.1 Dark Current

According to the Fermi-Dirac distribution, when silicon is heated above absolute zero,
thermal electrons are collected in a pixel's potential well. As a result, even without a light
source, a detector will capture a signal (thermal electrons). The 'dark current' is defined as the
number of thermal electrons created per second per pixel. The dark current value varies from
pixel to pixel depending on pixel sensitivity. Some pixels are overheated due to an excessive
number of thermal charge carriers. The dark current is a temperature-dependent and time-
dependent mechanism [15, 16].

Dark current can be reduced using the cooler, ethylene glycol for the CID820, mixed 50:50
with DI water. The CID820 achieved -45.1 C, resulting in a dark current of 0.3 electrons per
second per pixel. The additional signal caused by the dark current should be subtracted from
the CID820 image. A separate frame containing only the dark current signal should be obtained.
This was accomplished by taking an exposure at the same time as the CID820's image but
keeping the CID820 shutter closed to guarantee that no light enters the CID820 sensor. As a
result, the only signal captured is the thermal electron. The dark current frame must be
removed. To eliminate the influence of thermal electrons from the original signal (source

1712



Foadi et al. Iragi Journal of Science, 2025, Vol. 66, No. 4, pp: 1709-1716

signal), the dark current frame must be subtracted from each CID820 image. The dark current
frame was produced using ten frames for 200 seconds and took their median [9].

N P
R(,j) =1@)) — (%) * Exposure time 4)
RG,j) =1(,j) — (%) * Exposure time (5)

Where R(imj) is the new frame after subtracting the dark current noise from the raw frame,
SiL1 D))
NxTime
divided by the total time they were imagining them, and exposure time is the imaging time of

the astronomical object.

I(1j) represents the raw frame, the term refers to the sum of the dark current frames

3.2.2 Flat Field Frame
The flat field frame should be used to remove the effect of dust on the telescope's mirrors
or lenses, optical distraction, and different imagers' pixel sensitivity to light. The pixel-to-pixel
response function of CID820 images was determined using twilight flats at sunset. Ten frames
were taken at different times. These frames were normalized, and their median or average was
used to produce the final flat field frame. The raw astronomical image R will be divided by the
flat field frame (F) [17].

1 N N 10
Fa=15( 0. D faim (6)

i=1 j=1m=1

§G,J) =R )D/FE)) (7)

3.3 Binning image

It is to join many adjacent pixels into one region that can be read simultaneously. On the
one hand, this gives the advantage of a higher readout frequency and a better signal-to-noise
ratio, but on the other hand, it reduces resolution [18]. The pixels in the CID camera are not
physically joined but are read out collectively. In this work, the binning process was done using
the MATLAB program.

3.4 Combine images:

It was used to add two or more images to each other to form one final astronomical image.
Individual images have a certain level of signal electrons to noise electrons. When combining
these images, the signal electrons' level to the noise's electrons is increased, which leads to an
increase in the SNR. Combining images can be described as follows: The first step is doing the
image collaboration for each image. The second step is choosing reference points in each
astronomical image to collect the signal from the same source in the same pixel in the final
image. The last step is forming a new astronomical image from the added images.

4- Results and discussion

Figure (3) shows how the SNR is increased using the NDRO, where 4, 8, 16, 32, 64, 128,
and 256 NDRO were used. The 256 NDRO gave a better result but consumed more time than
the other NDRO processes; therefore, it is unsuitable for fast astronomical imaging.

The binning process is enhancing SNR. However, increasing the binning number from 2 to
6 decreases the resolution from 0.02 arcseconds per pixel to 0.0065 arcseconds per pixel and
may result in pixelation. The binning process in this work was done using MATLAB
programming. Figure (4) shows the NDRO and Binning 2x2, 4x4, and 6x6. In order to
calculate the resolution of an astronomical image, the following formula is used [9]:
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Resolution = (206.265 * Pixel Size) / Focal Length  (8)

Focal length = aperture *focal ratio )
Where: Pixel Size is the size of each pixel in micrometers; Focal Length is the telescope's focal
length in millimeters; therefore, the resolution will be in arcseconds per pixel.
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Figure 3: Shows the SNR of astronomical image as a function of NDRO without binning for
Sirius with exposure time 20s.

The resolution of an image after binning can be calculated using the following formula [9], as
shown in Table 1:

New Resolution = Original Resolution / Binning Factor (10)
Table 1: The resolution after the binning process was applied to the astronomical image
Binning factor LG B

£ (arcsec/pixel)
1x1 0.0387
2%2 0.01935
4x4 0.00967
6%6 0.00645
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Figure (4) Shows the SNR of an astronomical image as a function of NDRO with different
binning values. The green line represents SNR with 2x2 binning, the red line represents
SNR with 4x4 binning, and the blue line represents SNR with 6x6 binning. (Sirius with
20s exposure time)
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Table 2 shows the result of combining three images with NDRO 64, 128, and 256,
respectively. The first row shows the SNRs without binning for the images 85.3627, 85.7503,
and 86.4765. The SNR after combining the images was 91.1715. The second row shows the
SNRs with a binning of 2x2 for the three images: 87.8627, 89.6973, and 92.3561. After
combining the images, the SNR was 98.7490.

Table 2: The result of combining three images with NDRO 64, 128, and 256, respectively.

Imagel Image 2 Image 3 .
Image number (NDRO 64) (NDRO 128) (NDRO 256) Combined Image
(i bhtag) 85.3761 85.7503 86.4765 91.1715
SNR 87.8627 89.6973 92.3561 98.7490
(With binning 2x2) ) ' ) )

5- Conclusion:

In summary, different methods have been used in this work to enhance the astronomical
image's SNR with CID. Three methods are investigated: NDRO, the binning process, and
combining images. As described in this work, the methods are used separately and together to
see how the value of SNR is affected. The signal-to-noise ratio value is enhanced by using
different values of NDRO, as shown in Figure (3) because the read noise is reduced with
increasing NDRO numbers, as shown in Figure (2). Applying the binning with NDRO
increases the SNR for the astronomical image, as shown in Figure (4). However, the binning
process reduces the resolution of the image. Therefore, to keep a better resolution while
enhancing SNR, the 2x2 binning is used based on the result in Table 1. The value of the SNR
of an astronomical image is optimized using the combined images method, as illustrated in
Table 2. When the three methods are used together, the SNR is enhanced from 83.5 (in case
NDRO =1, and without using binning or combining image methods) to 98.74.
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