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e Important information about this file

o The author of this file is Kinoshita Daisuke.

o The original version of this file was used for the course “Advanced Astronomical Observations”
(course ID: AS6005) offered at Institute of Astronomy, National Central University from February
2021 to June 2021.

o The file is provided in the hope that it will be useful, but there is no guarantee for the correctness.
Use this file at your own risk.

o If you are willing to use this file for your study, please feel free to use. I'll be very happy to receive
feedback from you.

o If you are willing to use this file for your teaching, please contact to Kinoshita Daisuke. When
you use this file partly or entirely, please mention clearly that the author of the original version is
Kinoshita Daisuke. Please help me to improve the contents of this file by sending your feedback.

o Contact address: https://www.instagram.com/daisuke23888/

For this session, we examine bias frames. Bias frames are images of 0-sec exposure. Those data are taken when
the shutter is closed.

1 Downloading data

A set of FITS files for this session is placed at following location. Download the file. The size of the file is about
770 MB.

e https://s3b.astro.ncu.edu.tw/advobs_202102/data/data_a02021_s03.tar.xz

If you prefer to use a command-line tool, such as curl, then try following command.

% curl -k -o data_ao02021_s03.tar.xz \
7?7 https://s3b.astro.ncu.edu.tw/advobs_202102/data/data_ao02021_s03.tar.xz
% Total % Received ¥ Xferd Average Speed Time Time Time Current
Dload Upload Total Spent Left Speed
100 772M 100 T772M 0 0 1456k 0 0:09:03 0:09:03 --:--:-- 4210k
% ls -1 data_ao02021_s03.tar.xz
-rw-r--r-- 1 daisuke taiwan 810521012 Mar 1 23:20 data_ao2021_s03.tar.xz

If you prefer to use a web browser, such as Firefox, then start a web browser and download the file.

2 Extracting data

The file you have downloaded is a compressed TAR archive file. To extract FITS files, try following command.
285 FITS files should be extracted from the archive file.
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% ls -1 data_ao02021_s03.tar.xz

-rw-r--r-- 1 daisuke taiwan 810521012 Mar 1 23:20 data_ao2021_s03.tar.xz
% tar xJvf data_ao02021_s03.tar.x=z

data_ao02021_s03/

data_ao02021_s03/10t_20210212_0079.fits
data_ao02021_s03/10t_20210212_0080.fits
data_ao02021_s03/10t_20210212_0081.fits
data_ao02021_s03/10t_20210212_0082.fits
data_ao02021_s03/10t_20210212_0083.fits

Ea T T T T

data_ao02021_s03/10t_20210212_0814.fits
data_ao02021_s03/10t_20210212_0815.fits
data_ao02021_s03/10t_20210212_0816.fits
data_ao02021_s03/10t_20210212_0817.fits
data_ao02021_s03/10t_20210212_0818.fits
% ls data_ao02021_s03/ | head
1o0t_20210212_0079.fits
10t_20210212_0080.fits
1o0t_20210212_0081.fits
1ot_20210212_0082.fits
1o0t_20210212_0083.fits
1o0t_20210212_0084.fits
1o0t_20210212_0100.fits
1ot_20210212_0101.fits
1ot_20210212_0102.fits
1lot_20210212_0112.fits

% ls data_ao02021_s03/*x.fits | wc

285 285 11115

L T B

If above command does not work on your computer, then try following.

% unxz -c data_ao2021_s03.tar.xz | tar xvf -
data_ao02021_s03/
data_ao02021_s03/10t_20210212_0079.fits
data_ao02021_s03/10t_20210212_0080.fits
data_ao02021_s03/10t_20210212_0081.fits
data_ao02021_s03/10t_20210212_0082.fits
data_ao02021_s03/10t_20210212_0083.fits

data_ao02021_s03/10t_20210212_0814.fits
data_ao02021_s03/10t_20210212_0815.fits
data_ao02021_s03/10t_20210212_0816.fits
data_ao02021_s03/10t_20210212_0817.fits
data_ao02021_s03/10t_20210212_0818.fits

L T B

If above command fails, you probably do not have XZ Utils. If you do not have XZ Utils, visit following website
(Fig. ) and install XZ Utils.

e https://tukaani.org/xz/

If you are not familiar to pipes of Unix shells, try following.
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fis XZ Utils x |+
c @ © @ https:/tukaani.org/xz/ (= % Linm e =
4N
Ganera XZ Utils B
Front page u nL
Git repositories XZ Utils is free general-purpose data compression software with a high compression ratio. XZ Utils were written for POSIX-like systems, but also work on some not-so-POSIX systems. XZ Utils are the successor to LZMA
Artwork s
About The core of the XZ Utils compression code is based on LZMA SDK, but it has been modified quite a lot to be suitable for XZ Utils. The primary compression algorithm is currently LZMA2, which is used inside the .xz
Contact container format. With typical files, XZ Utils create 30 % smaller output than gzip and 15 % smaller output than bzip2.
XZ Data XZ Utils consist of several components:
Compression . iy - '
o o « liblzma is a compression library with an API similar to that of zlib
S —— « xz is a command line tool with syntax similar to that of gzip.
XZ for Java « xzdec is a decompression-only tool smaller than the full-featured xz tool.
.xz file format « A set of shell scripts (xzgrep, xzdiff, etc.) have been adapted from gzip to ease viewing, grepping, and comparing compressed files.
Forum « Emulation of command line tools of LZMA Utils eases transition from LZMA Utils to XZ Utils.
Mailing lists

mi " While liblzma has a zlib-like API, libizma doesn't include any file I/O functions. A separate I/O library is planned, which would abstract handling of .gz, .bz2, and .xz files with an easy to use API
iscellaneous

difmplay Source code
Old Projects ) .
E The files have been signed with this OpenPGP key.
LZMA Utils
pkgtools See the NEWS file for a summary of changes between versions.
tukbuild

. Stable
fakedestdir

5.2.5 was released on 2020-03-17.

The packages of the stable XZ Utils releases are hosted on Sourceforge and thus some of the links below redirect to the XZ Utils files section on Sourceforge. This means that if you use a web browser (detected
from the user agent), you will see the Sourceforge download page before the download starts. The redirection shouldn't affect users of GNU Wget and similar utilities.

xz-5.2.5.tar.gz (1750 KiB) signature
x2z-5.2.5.tar.bz2 (1439 KiB) signature
xz-5.2.5.tar.zst (1156 KiB) signature
xz-5.2.5.tar.xz (1122 KiB) signature
Development
The new APIs, command line options etc. in development releases should be considered unstable. Incompatible changes to unstable features may be done before they get included in a stable release.
5.3.1alpha was released on 2018-04-29. It adds the lzna_file_info decoder() APl which is a step towards adding a random access (seeking) API for .xz files.
xz-5.3.1alpha.tar.xz (1036 KiB) signature
Git repository
git clone https://git. tukaani.org/xz.git
Gitweb

Branches:
* master: the latest development code

* v5.2: fixes for the next 5.2.x release

Figure 1: The website of XZ Utils.

% ls -1 data_ao2021_s03.tar.xz

-rw-r--r-- 1 daisuke taiwan 810521012 Mar 1 23:20 data_ao2021_s03.tar.xz
% unxz data_ao02021_s03.tar.xz

% 1ls -1 data_ao02021_s03.tar

-rw-r--r-- 1 daisuke taiwan 2392797696 Mar 1 23:20 data_ao2021_s03.tar
% tar xvf data_ao2021_s03.tar

x data_ao02021_s03/

x data_ao02021_s03/10t_20210212_0079.fits

x data_ao02021_s03/10t_20210212_0080.fits

x data_ao02021_s03/10t_20210212_0081.fits

x data_ao02021_s03/10t_20210212_0082.fits

x data_ao02021_s03/10t_20210212_0083.fits

x data_ao02021_s03/10t_20210212_0814.fits

x data_ao02021_s03/10t_20210212_0815.fits

x data_ao02021_s03/10t_20210212_0816.fits

x data_ao02021_s03/10t_20210212_0817.fits

x data_ao02021_s03/10t_20210212_0818.fits

3 Checking the data type

Make a Python script to check the data type of FITS files.

Python Code 1: 202021_s03_01.py

#!/usr/pkg/bin/python3.9

# importing argparse module
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argparse

# importing sys module
sys

# importing astropy module
astropy.io.fits

# construction of parser object
desc = ’Checking a keyword IMAGETYP’

parser = argparse.ArgumentParser (description=desc)

# adding arguments
parser.add_argument (’files’, nargs=’+’, =’intput FITS files’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file
list_file = args.files

# processing files

file_fits list_file:
# if input file is not a FITS file, then skip
(file_fits[-5:] == ’>.fits’):

# printing a message
("The file \"%s\" is not a FITS file!" % file_fits)
# going to next file

# opening FITS file
hdu_list = astropy.io.fits. (file_fits)

# primary HDU
hdu0 = hdu_list[0]

# reading header
header0 = hduO.header

# closing FITS file
hdu_list.close ()

# printing a value of IMAGETYP keyword
("%s : %s" % (file_fits, headerO[’IMAGETYP’]) )

Execute the script, and check the data type of FITS files.

% ./a02021_s03_01.py -h
usage: a02021_s03_01.py [-h] files [files ...]

Checking a keyword IMAGETYP

positional arguments:
files intput FITS files

optional arguments:
-h, --help show this help message and exit
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% ./a02021_s03_01.py data_ao02021_s03/*.fits
data_ao02021_s03/10t_20210212_0079.fits : BIAS
data_ao02021_s03/10t_20210212_0080.fits : BIAS
data_ao02021_s03/10t_20210212_0081.fits : BIAS
data_ao02021_s03/10t_20210212_0082.fits : BIAS
data_ao02021_s03/10t_20210212_0083.fits : BIAS

data_ao02021_s03/10t_20210212_0814.fits : BIAS
data_ao02021_s03/10t_20210212_0815.fits : BIAS
data_ao02021_s03/10t_20210212_0816.fits : BIAS
data_ao02021_s03/10t_20210212_0817.fits : BIAS
data_ao02021_s03/10t_20210212_0818.fits : BIAS

All the FITS files for this session are bias frames.

4 Reading a bias frame

Make a Python script to read a bias frame and show the shape of the data.

Python Code 2: 202021s03_02.py

#!/usr/pkg/bin/python3.9

# importing argparse module
argparse

# importing sys module
sys

# importing astropy module
astropy.io.fits

# construction of parser object
desc = ’Reading a FITS file’
parser = argparse.ArgumentParser (description=desc)

# adding arguments
parser.add_argument (’-i’, ’--input’, default=’test.fits’, \
=’intput FITS file’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file
file_input = args.

# if dinput file is not a FITS file, then skip
(file_input[-5:] == ’.fits’):
# printing a message
("Error: input file must be a FITS file!")
# exit
sys.exit ()

# opening FITS file
hdu_list = astropy.io.fits. (file_input)
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# primary HDU
hdu0 = hdu_list[0]

# reading header
header0 = hduO.header

# reading data
data0 = hduO.data

# closing FITS file
hdu_list.close ()

# printing shape of data
("shape of data =", dataO.shape)
("number of pixels =", dataO.size, "pixels")

# printing data
("pixel data:")
(data0)

Choose one FITS file and execute the script.

% chmod a+x a02021_s03_02.py
% ./a02021_s03_02.py -h
usage: ao02021_s03_02.py [-h] [-i INPUT]

Reading a FITS file

optional arguments:
-h, --help show this help message and exit
-i INPUT, --input INPUT
intput FITS file

% ./a02021_s03_02.py -i data_ao02021_s03/10t_20210212_0079.fits
shape of data = (2048, 2048)

number of pixels = 4194304 pixels

pixel data:

[[602 612 621 ... 603 608 588]
[692 597 598 ... 592 602 591]
[673 600 598 ... 603 609 612]
[600 586 595 ... 599 603 593]
[598 604 602 ... 610 594 596]
[591 601 603 ... 588 599 594]]

Choose the other FITS file, and try again.

% ./a02021_s03_02.py -i data_ao02021_s03/10t_20210212_0080.fits
shape of data (2048, 2048)

number of pixels 4194304 pixels

pixel data:

[[610 606 595 ... 604 604 599]
[5690 604 594 ... 588 600 596]
[5697 601 594 ... 613 604 604]
[595 598 578 ... 590 605 598]
[603 596 595 ... 599 598 601]
[594 596 588 ... 582 598 590]]
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5 Visualising a bias frame

Make a Python script to convert a FITS file into a PNG image file. Here is an example.

Python Code 3: 202021_s03_03.py

#!/usr/pkg/bin/python3.9

# importing argparse module
import argparse

# importing sys module
import sys

# importing astropy module
import astropy.io.fits

# importing matplotlib module
import matplotlib.figure
import matplotlib.backends.backend_agg

# construction of parser object
desc = ’Reading a FITS file and making a PNG file’

parser = argparse.ArgumentParser (description=desc)

# adding arguments

parser.add_argument (’-i’, ’--input’, default=’test.fits’, \
help=’intput FITS file’)
parser.add_argument (’-o’, ’--output’, default=’test.png’, \

help=’output image file’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file
file_input = args.input
file_output = args.output

# if input file is mnot a FITS file, then skip
if not (file_input[-5:] == ’.fits’):
# printing a message
print ("Error: input file must be a FITS file!")
# exit
sys.exit ()

# if output file is not either PNG, PDF, or PS, then skip
if not ( (file_output[-4:] == ’.png’) or (file_output[-4:] == ’.pdf’) \
or (file_output[-3:] == ’.ps’) ):
# printing a message
print ("Error: output file must be a PNG or PDF or PS!")
# exit
sys.exit ()

# opening FITS file
hdu_list = astropy.io.fits.open (file_input)

# primary HDU
hdu0 = hdu_list[0]

# reading header
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header0 = hduO.header

# reading data
data0 = hdu0O.data

# closing FITS file
hdu_list.close ()

# making objects "fig" and "ax
fig = matplotlib.figure.Figure ()
matplotlib.backends.backend_agg.FigureCanvasAgg (fig)
ax = fig.add_subplot (111)

# axes

ax.set_title (file_input)
ax.set_xlabel (’X [pixell]’)
ax.set_ylabel (’Y [pixell]’)

# plotting image
im = ax.imshow (data0O, origin=’lower’, cmap=’inferno’)
fig.colorbar (im)

# saving file
("%s ==> Y%s" % (file_input, file_output) )
fig.savefig (file_output, dpi=450)

Run the script, and convert a FITS file into a PNG file.

% chmod a+x ao02021_s03_03.py
% ./a02021_s03_03.py -h
usage: a02021_s03_03.py [-h] [-i INPUT]

Reading a FITS file and calculating a mean

optional arguments:
-h, --help show this help message and exit
-i INPUT, --input INPUT
intput FITS file

% ./a02021_s03_03.py -i data_a02021_s03/10t_20210212_0079.fits -o 0079.png
data_a02021_s03/10t_20210212_0079.fits ==> 0079.png

% ls -1 0079.png

-rw-r--r-- 1 daisuke taiwan 7442339 Mar 2 14:26 0079.png

% file 0079.png

0079.png: PNG image data, 2880 x 2160, 8-bit/color RGBA, non-interlaced

Show the image using your favourite image viewer software. (Fig. 2) For example, a command named “feh” can
be used for this purpose.

% feh -dF 0079.png

If you do not have a command “feh” on your computer, and are willing to install it, visit the official web site of
“fen”. (Fig. B)

e https://feh.finalrewind.org/

If you prefer to use GIMP, then try following.
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Figure 2: A visualised bias frame.

foh —a fast and

24 feh-a fastand light im x | +

c @ © | & https:/feh.finalrewind.org Y in@D & =

FEH @ download feh 3.6.3
view manual

feh - a fast and light image viewer

feh is an X11 image viewer aimed mostly at console users. Unlike most other viewers, it does not have a fancy GUI, but simply displays images. It is controlled via commandline arguments and configurable key/mouse actions.

Itis released under a variant of the MIT license.

> feh v3.6.3
2021-01-25 feh-3.6.3.tar.bz2 (signature)
o Fix --start-at not handling URL-encoded file:/// paths properly. Notably, this also fixes feh not displaying images with spaces or unicode elements in their path when opened from a file manager.

Archive - Bugs - Release feed

> Features

« Various operation modes:
o Slideshow: Show all files in or below a directory, change slides with your keyboard or automatically after a delay
© Thumbnail: List files as clickable thumbnails
o List: Is-like output with image dimensions etc.

o Multiwindow: Open all images at once

« optional HTTP/FTP support via libcurl

« Can be used as wallpapersetter, supports rxvt transparency

« Filelist support

« Lots of configurable keyboard shortcuts. Well usable without mouse

« Custom actions (shell commands), e.g. for sorting images

v

Documentation

The feh manual explains the various operation modes and options in detail.

You might also be interested in the Changelog.

There is a growing list of examples and screenshots.

> Download

Download the source code of the latest release here: feh v3.6.3 (signature). Or check out the latest development version: feh git.

feh is also shipped by many Linux/BSD distributions, including Arch Linux, Debian, FreeBSD, OpenBSD and Ubuntu.

> Building from source
You can easily compile feh from source, e.g. to try out the latest changes in the git repository. All you need is GNU make, a C compiler (gcc/clang) and some libraries.
Example for Debian:

First, install the dependencies:
apt-get install libcurld-openssl-dev libx1l-dev libxt-dev libinlib2-dev libxinerana-dev libjpeg-progs

Then, either get the latest tarball:
wget https://feh.finalrewind.org/feh-3.6.3.tar .bz2

tar xif f tar.bz2

Figure 3: The official web page of the image viewer “feh”.
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% gimp 0079.png &

If you do not have a command “gimp” on your computer, and are willing to install it, visit the official web site of
GIMP. (Fig. M)

e https://www.gimp.org/

GIMP - GNU Image Manipulation Program — Nightly

& GIMP - GNU Image Man/ X | +

© | & https://www.gimp.org noe =

AfGIMP  DOWNLOAD NEWS ABOUT  DOCS  PARTICIPATE  TUTORIALS

QA2 I M %MHUJMUANGPEU

2 . DOWNLOAD 2.10.22

The Free & Open Source Image Editor

This is the official website of the GNU Image Manipulation
Program (GIMP).
GIMP is a cross-platform image editor available for GNU/Linux,

OS X, Windows and more operating systems. It is free software,

Recent News

“ Development release GIMP 2.99.4 is out i

GIMP 2.10.22 Released for macOS

2020-12:25

you can change its source code and distribute your changes.
This is 25

2020-11-21

Whether you are a graphic designer, photographer, illustrator,
or scientist, GIMP provides you with sophisticated tools to get
your job done. You can further enhance your productivity with Development release GIMP 2.99.2 s out
GIMP thanks to many customization options and 3rd party 2020:11:06

plugins.

Read More News »

High Quality Photo Manipulatfion

Original Artwork Creation

GIMP provides the tools needed for high quality image

Figure 4: The official web page of the image manipulation program “GIMP”.

6 Calculating a simple mean of a bias frame

Make a Python script to read a bias frame and calculate a simple mean.

Python Code 4: 202021_s03_04.py

#!/usr/pkg/bin/python3.9

# importing argparse module
import argparse

# importing sys module
import sys

# importing astropy module
import astropy.io.fits

# construction of parser object
desc = ’Reading a FITS file and calculating a mean’
parser = argparse.ArgumentParser (description=desc)

# adding arguments
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parser.add_argument (’-i’, ’--input’, default=’test.fits’, \
=’intput FITS file’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file
file_input = args.

# if dinput file is not a FITS file, then skip
(file_input[-5:] == ’.fits’):
# printing a message
("Error: input file must be a FITS file!")
# exit
sys.exit ()

# opening FITS file
hdu_list = astropy.io.fits. (file_input)

# primary HDU
hdu0 = hdu_list [0]

# reading header
header0 = hduO.header

# reading data
data0 = hduO.data

# closing FITS file
hdu_list.close ()

# a variable for a sum of all the pixel values
total = 0.0

# total number of pixels

n = dataO.size

# calculating a simple mean

i ( (data0) ):
J ( (dataO[il) ):
total += dataO[i][j]
mean = total / n

# printing result
"mean = %f" % mean)

Execute the script, and calculate a mean of a bias frame.

% chmod a+x ao02021_s03_04.py
% ./a02021_s03_04.py -h
usage: a02021_s03_04.py [-h] [-i INPUT]

Reading a FITS file and calculating a mean

optional arguments:
-h, --help show this help message and exit
-i INPUT, --input INPUT
intput FITS file
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% ./a02021_s03_04.py -i data_ao02021_s03/10t_20210212_0079.fits
mean = 595.986696

The mean of all the pixel values of the file 10t_20210212_0079.fits is 595.99.

7 Calculating mean, median, max, min, and stddev

In addition to a simple mean, calculate median, maximum value, minimum value, and standard deviation.

Python Code 5: 202021_s03_05.py

#!/usr/pkg/bin/python3.9

# importing argparse module
argparse

# importing sys module
sys

# importing math module
math

# importing astropy module
astropy.io.fits

# construction of parser object
desc = ’Reading a FITS file and calculating statistical values’
parser = argparse.ArgumentParser (description=desc)

# adding arguments
parser.add_argument (’-i’, ’--input’, default=’test.fits’, \
=’intput FITS file’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file
file_input = args.
filename = file_input.split (’/?’)[-1]

# if input file is not a FITS file, then skip
(file_input[-5:] == ’.fits’):
# printing a message
("Error: input file must be a FITS file!")
# exit
sys.exit ()

# opening FITS file
hdu_list = astropy.io.fits. (file_input)

# primary HDU
hdu0 = hdu_1list[0]

# reading header
header0 = hduO.header

# reading data
data0 = hduO.data
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# closing FITS file
hdu_list.close ()

# initial value for maximum value

v_max = -9.99 x 10%xx10

# initial value for minimum value

v_min = +9.99 *x 10%x*10

# a variable for a sum of all the pixel values
total = 0.0

# a variable for a square of sum of all the pixel values
total_sq = 0.0

# total number of pixels

n = dataO.size

# a 1-dim. list for data

dataO_1d = []

# calculating statistical values
i ( (data0) ):
] ( (dataO[i]) ):
# for calculation of a mean
total += dataO[i][j]
# for calculation of a variance
total_sq += dataO[i][j]=*%2
# for maximum value
(dataO[i]l[j] > v_max):
v_max = dataO[i][j]
# for minimum value
(dataO[i][j] < v_min):
v_min = dataO[i][j]
# making 1-dim. list
dataO_1d.append (dataO[il[j])

# mean

mean = total / n

# variance

var = total_sq / n - mean**2

# standard deviation
stddev = math.sqrt (var)

# sorting

dataO_1d_sorted = (dataO_14d)
# median
(n % 2 == 0):
median = (dataO_1d_sortedl[ (n / 2) - 11 \
+ dataO_1d_sortedl[ (n / 2)1) / 2.0
median = dataO_1d_sortedl[ (n / 2)1

# printing result
("# file name, mean, median, stddev, min, max"
("%s : %E Kt hf KE KE" N\

% (filename, mean, median, stddev, v_min, v_max) )

Run the script.

% ./a02021_s03_05.py -i data_a02021_s03/10t_20210212_0079.fits
# file name, mean, median, stddev, min, max
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lot_20210212_0079.fits : 595.986696 596.000000 8.001158 554.000000 639.000000 I

The mean, median, stddev, min, and max for the file 10t_20210212_0079.fits are 595.99, 596.00, 8.00, 554.00,
and 639.00, respectively.

8 Calculating statistical values using Numpy

Use Numpy and calculate statistical values.

Python Code 6: 202021_s03_06.py

#!/usr/pkg/bin/python3.9

# importing argparse module
argparse

# importing sys module
sys

# importing math module
math

# importing numpy module
numpy

# importing astropy module
astropy.io.fits

# construction of parser object
desc = ’Reading a FITS file and calculating statistical values using Numpy’
parser = argparse.ArgumentParser (description=desc)

# adding arguments
parser.add_argument (’-i’, ’--input’, default=’test.fits’, \
=’intput FITS file’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file
file_input = args.
filename = file_input.split (’/’)[-1]

# if dinput file is not a FITS file, then skip
(file_input[-5:] == ’.fits’):
# printing a message
("Error: input file must be a FITS file!")
# exit
sys.exit ()

# opening FITS file
hdu_list = astropy.io.fits. (file_input)

# primary HDU
hdu0 = hdu_list [0]

# reading header
header0 = hduO.header
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# reading data
data0 = hduO.data

# closing FITS file
hdu_list.close ()

# calculating statistical values
mean = numpy.mean (dataO)

median = numpy.median (dataOl)
stddev = numpy.std (dataO)
v_min = numpy.amin (data0)
v_max = numpy.amax (data0)

# printing result
("# file name, mean, median, stddev, min, max")
("%hs « %t %t %E %L LEM N\

% (filename, mean, median, stddev, v_min, v_max) )

Run the script and do the calculation.

% chmod a+x ao02021_s03_06.py
% ./a02021_s03_06.py -h
usage: a02021_s03_06.py [-h] [-i INPUT]

Reading a FITS file and calculating statistical values using Numpy

optional arguments:
-h, --help show this help message and exit
-i INPUT, --input INPUT
intput FITS file

% ./a02021_s03_06.py -i data_ao02021_s03/10t_20210212_0079.fits
# file name, mean, median, stddev, min, max
lot_20210212_0079.fits : 595.986696 596.000000 8.001158 554.000000 639.000000

Compare the results of calculations by a02021_s03_05.py and a02021_s03_06.py.

% ./a02021_s03_05.py -i data_ao02021_s03/10t_20210212_0079.fits > s03_05.data
% ./a02021_s03_06.py -i data_ao02021_s03/10t_20210212_0079.fits > s03_06.data
% diff s03_05.data s03_06.data

Two Python scripts give the exactly the same results.
Try the script for the file 10t_20210212_0084.fits.

% ./a02021_s03_06.py -i data_ao02021_s03/10t_20210212_0084.fits
# file name, mean, median, stddev, min, max
1lot_20210212_0084.fits : 595.101543 595.000000 8.044479 555.000000 2202.000000

A pixel of the image 10t-20210212_0084.fits has an anomalously high pixel value of 2202.00. We should think
of more robust way to calculate a mean by rejecting outliers.
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9 Constructing a histogram

Make a Python script to construct a histogram of pixel values of a bias frame.

Python Code 7: 202021_s03_07.py

#!/usr/pkg/bin/python3.9

# importing argparse module
import argparse

# importing sys module
import sys

# importing math module
import math

# importing numpy module
import numpy

# importing astropy module
import astropy.io.fits

# importing matplotlib module
import matplotlib.figure
import matplotlib.backends.backend_agg

# construction of parser object
desc = ’Reading a FITS file and constructing a histogram’

parser = argparse.ArgumentParser (description=desc)

# adding arguments

parser.add_argument (’-i’, ’--input’, default=’test.fits’, \
help=’intput FITS file’)
parser.add_argument (’-o’, ’--output’, default=’test.png’, \
help=’outtput image file’)
parser.add_argument (’-a’, ’--min’, type=float, default=400.0, \
help="minimum value for histogram’)
parser.add_argument (’-b’, ’--max’, type=float, default=800.0, \
help=’maximum value for histogram’)
parser.add_argument (’-w’, ’--width’, type=int, default=1.0, \

help="width of a bin for histogram’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file
file_input = args.input
file_output = args.output

# parameters

a = args.min

b = args.max

width = args.width

nbin = int ( (b - a) / width ) + 1

# if input file is mnot a FITS file, then skip
if not (file_input[-5:] == ’.fits’):
# printing a message
print ("Error: input file must be a FITS file!")
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# exit
sys.exit ()

# if output file is not either PNG, PDF, or PS, then skip
if not ( (file_output[-4:] == ’.png’) or (file_output[-4:] =
or (file_output[-3:] == ’.ps’) ):
# printing a message
print ("Error: output file must be a PNG or PDF or PS!")
# exit
sys.exit ()

»pdf) \

# if a >= b, then skip
if (a >= Db):
# printing a message
print ("maximum value \"a\" must be greater than minimum value \"b\".")
# exit
sys.exit ()

# opening FITS file
hdu_list = astropy.io.fits.open (file_input)

# primary HDU
hdu0O = hdu_1list[0]

# reading header
header0 = hduO.header

# reading data
data0 = hduO.data

# closing FITS file
hdu_list.close ()

# initialisation of Numpy arrays for histogram
histogram_x = numpy.linspace (a, b, nbin)
histogram_y = numpy.zeros (nbin, dtype=’int64°’)

# making a histogram
for i in range ( len (dataO) ):
for j in range ( len (dataO[i]) ):
# skipping data if it is outside the range [a, b]
if ( (dataO[il[j]l > b) or (dataO[i]l[j] < a) ):
continue
# counting
histogram_y[int ( (dataO[i][j] - a) / width)] += 1

# making objects "fig" and "ax"

fig = matplotlib.figure.Figure ()
matplotlib.backends.backend_agg.FigureCanvasAgg (fig)
ax = fig.add_subplot (111)

# labels
label_x = ’Pixel Value [ADU]’
label_y = ’Number of Pixels’

ax.set_xlabel (label_x)
ax.set_ylabel (label_y)

# plotting histogram
ax.bar (histogram_x, histogram_y, width, edgecolor=’black’, \
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linewidth=0.3, align=’edge’, label=’Pixel values’)
ax.legend ()

# saving the figure to a file
fig.savefig (file_output, dpi=450)

Run the script.

% chmod a+x a02021_s03_07.py

% ./a02021_s03_07.py -h

usage: a02021_s03_07.py [-h] [-i INPUT] [-o OUTPUT] [-a MIN] [-b MAX]
[-w WIDTH]

Reading a FITS file and constructing a histogram

optional arguments:

-h, --help show this help message and exit
-i INPUT, --input INPUT
intput FITS file
-o OUTPUT, --output OUTPUT
outtput image file
-a MIN, --min MIN minimum value for histogram
-b MAX, --max MAX maximum value for histogram
-w WIDTH, --width WIDTH

width of a bin for histogram

% ./a02021_s03_07.py -i data_ao02021_s03/10t_20210212_0079.fits -o hist_0079.png
% ls -1 hist_0079.png
-rw-r--r-- 1 daisuke taiwan 108530 Mar 2 16:55 hist_0079.png

Display the image. (Fig. [

% feh -dF hist_0079.png

Adjust the range, and run the script again.

% ./a02021_s03_07.py -i data_a02021_s03/10t_20210212_0079.fits \

? -o hist_0079_2.png -a 550 -b 650

% ls -1 hist_0079_2.png

-rw-r--r-- 1 daisuke taiwan 108717 Mar 2 17:00 hist_0079_2.png

Display the image. (Fig. [G])

% feh -dF hist_0079_2.png

Almost all the pixels have pixel values between (Z — 30) and (Z + 30) ADU which roughly correspond Z + 4o.

10 Calculating a mean using sigma clipping

More robust estimate of a mean is possible by using sigma clipping algorithm. Make a Python script to calculate
a mean using sigma clipping algorithm.
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Figure 5: The histogram of pixel values of a bias frame 10t_20210212_0079.fits.
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Figure 6: The updated histogram of pixel values of a bias frame 1ot 20210212 0079 .fits.
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Python Code 8: 202021_s03_08.py

#!/usr/pkg/bin/python3.9

# importing argparse module
import argparse

# importing sys module
import sys

# importing math module
import math

# importing astropy module
import astropy.io.fits

# construction of parser object
desc = ’Calculating statistical values using sigma clipping’

parser = argparse.ArgumentParser (description=desc)

# adding arguments

parser.add_argument (’-i’, ’--input’, default=’test.fits’, \
help=’intput FITS file’)
parser.add_argument (’-s’, ’--sigma’, type=float, default=5.0, \

help=’factor for sigma clipping’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file

file_input = args.input

filename = file_input.split (’/’)[-1]
nsigma = args.sigma

# if input file is mnot a FITS file, then skip
if not (file_input[-5:] == ’.fits’):
# printing a message
print ("Error: input file must be a FITS file!")
# exit
sys.exit ()

# opening FITS file
hdu_list = astropy.io.fits.open (file_input)

# primary HDU
hdu0 = hdu_1list[0]

# reading header
header0 = hduO.header

# reading data
data0 = hduO.data

# closing FITS file
hdu_list.close ()

# initial value for maximum value
v_max = -9.99 x 10x*x%*10
v_max_clipped -9.99 x 10%x%10
# initial value for minimum value
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+9.99 *x 10%x*10

+9.99 * 10*x*10

# a variable for a sum of all the pixel values

total = 0.0

total_clipped = 0.0

# a variable for a square of sum of all the pixel values
total_sq = 0.0

total_sqg_clipped = 0.0

# total number of pixels

n = data0O.size

v_min

v_min_clipped

# calculating statistical values
row dataO:
X Tow:
# for calculation of a mean
total += x
# for calculation of a variance
total_sq += x*x*2
# for maximum value
(x > v_max):
v_max = X
# for minimum value
(x < v_min):

v_min = X
# mean
mean = total / n
# variance
var = total_sq / n - mean**2

# standard deviation
stddev = math.sqrt (var)

# lists for rejected and accepted values
rejected = []
accepted = []

# calculating statistical values
row dataO:

X row:

# if the pixel value is outside of

# [mean-nsigmaxstddev,mean+nsigma*stddev], then reject
( (x > mean + nsigma * stddev) (x < mean - nsigma * stddev) ):
# appending the pixel value to the 1list "rejected"
rejected.append (x)

# appending the pixel value to the list "accepted"
accepted.append (x)
# for calculation of a mean
total_clipped += x
# for calculation of a variance
total_sq_clipped += x**2
# for maximum value
(x > v_max_clipped):
v_max_clipped = x
# for minimum value
(x < v_min_clipped):
v_min_clipped = x

# numbers of accepted and rejected pixels
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n_accepted
n_rejected

(accepted)
(rejected)

# mean
mean_clipped

total_clipped / n_accepted

# variance

var_clipped = total_sq_clipped / n_accepted - mean_clipped**2
# standard deviation

stddev_clipped = math.sqrt (var_clipped)

# printing result
("before clipping:")
(" %s : %f %t %f %f"™ % (filename, mean, stddev, v_min, v_max) )
("after clipping:")
" %s + %t %hf %hf %Ef" % (filename, mean_clipped, stddev_clipped, \
v_min_clipped, v_max_clipped) )

(" number of accepted pixels =", n_accepted)
(" number of rejected pixels =", n_rejected)
(" rejected pixel values =", rejected)

Execute the script.

% chmod a+x a02021_s03_08.py
% ./a02021_s03_08.py -h
usage: a02021_s03_08.py [-h] [-i INPUT] [-s SIGMA]

Calculating statistical values using sigma clipping

optional arguments:

-h, --help show this help message and exit
-i INPUT, --input INPUT

intput FITS file
-s SIGMA, --sigma SIGMA

factor for sigma clipping

% ./a02021_s03_08.py -i data_ao02021_s03/10t_20210212_0084.fits
before clipping:
lot_20210212_0084.fits : 595.101543 8.044479 555.000000 2202.000000
after clipping:
lot_20210212_0084.fits : 595.100994 8.003903 555.000000 635.000000
number of accepted pixels = 4194297
number of rejected pixels =7
rejected pixel values = [640, 646, 2202, 942, 712, 691, 637]

11 Sigma clipping using Astropy

Use Astropy to carry out sigma clipping.

Python Code 9: 202021_s03_09.py

#!/usr/pkg/bin/python3.9

# importing argparse module
argparse

# importing sys module
sys
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# importing math module
import math

# importing numpy module
import numpy

# importing astropy module
import astropy.io.fits
import astropy.stats

# construction of parser object
desc = ’Calculating statistical values using sigma clipping’

parser = argparse.ArgumentParser (description=desc)

# adding arguments

parser.add_argument (’-i’, ’--input’, default=’test.fits’, \
help=’intput FITS file’)

parser.add_argument (’-s’, ’--sigma’, type=float, default=5.0, \
help=’factor for sigma clipping?’)

parser.add_argument (’-n’, ’--niter’, type=int, default=10, \

help=’maximum number of iterations’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file

file_input = args.input
filename = file_input.split (’/’)[-1]
nsigma = args.sigma
niter = args.niter

# if input file is mnot a FITS file, then skip
if not (file_input[-5:] == ’.fits’):
# printing a message
print ("Error: input file must be a FITS file!")
# exit
sys.exit ()

# opening FITS file
hdu_list = astropy.io.fits.open (file_input)

# primary HDU
hdu0O = hdu_1list[0]

# reading header
header0 = hduO.header

# reading data
data0 = hduO.data

# closing FITS file
hdu_list.close ()

# simple mean
mean = numpy.mean (dataO)

stddev = numpy.std (dataO)
v_min = numpy.amin (dataO)
v_max = numpy.amax (datal)
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# sigma clipped mean

dataO_sigclip = astropy.stats.sigma_clip (data0, sigma=nsigma, \
maxiters=niter, masked=False)

mean_sigclip = numpy.mean (dataO_sigclip)

stddev_sigclip = numpy.std (dataO_sigclip)

v_min_sigclip numpy .amin (dataO_sigclip)

v_max_sigclip

numpy .amax (dataO_sigclip)

# printing result
("before clipping:")
(" %s : %f %t %f %f"™ % (filename, mean, stddev, v_min, v_max) )
("after clipping:")
" %s : %f %f %f Y%f" % (filename, mean_sigclip, stddev_sigclip, \
v_min_sigclip, v_max_sigclip) )

("size of dataO =", dataO.size)
("size of dataO_sigclip =", dataO_sigclip.size)
("number of rejected pixels =", datalO.size - dataO_sigclip.size)

Run the script, and compare the results with those calculated by the previous script.

% chmod a+x a02021_s03_09.py
% ./a02021_s03_09.py -h
usage: a02021_s03_09.py [-h] [-i INPUT] [-s SIGMA] [-n NITER]

Calculating statistical values using sigma clipping

optional arguments:

-h, --help show this help message and exit
-i INPUT, --input INPUT
intput FITS file
-s SIGMA, --sigma SIGMA
factor for sigma clipping
-n NITER, --niter NITER

maximum number of iterations

% ./a02021_s03_09.py -i data_ao02021_s03/10t_20210212_0084.fits
before clipping:

lot_20210212_0084.fits : 595.101543 8.044479 555.000000 2202.000000
after clipping:

lot_20210212_0084.fits : 595.100994 8.003903 555.000000 635.000000

size of data0 = 4194304
size of dataO_sigclip = 4194297
number of rejected pixels =7

12 A convenient way to give a rough estimate of readout noise

Here is a convenient way to give a crude estimate of readout noise. First, we choose two bias frames. Second, we
subtract one bias frame from the other. Third, we calculate the standard deviation of difference of two bias frames.
Then, a crude estimate of readout noise is given by dividing the standard deviation by v/2.

Python Code 10: a02021s03_10.py

#!/usr/pkg/bin/python3.9

# importing argparse module
argparse
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# importing sys module
import sys

# importing math module
import math

# importing numpy module
import numpy

# importing astropy module
import astropy.io.fits
import astropy.stats

# construction of parser object
desc = ’estimating readout noise from two bias frames’

parser = argparse.ArgumentParser (description=desc)

# adding arguments

parser.add_argument (’-bl’, ’--biasl’, default=’biasl.fits’, \
help=’bias frame 1°)

parser.add_argument (’-b2’, ’--bias2’, default=’bias2.fits’, \
help=’bias frame 27)

parser.add_argument (’-s’, ’--sigma’, type=float, default=5.0, \
help=’factor for sigma clipping’)

parser.add_argument (’-n’, ’--niter’, type=int, default=10, \

help=’maximum number of iterations’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file

file_biasl = args.biasl

file_bias2 args.bias?2

filenamel file_biasl.split (’/’)[-1]
filename?2 file_bias2.split (°/’)[-1]
nsigma = args.sigma

niter = args.niter

# if input file is not a FITS file, then skip
if not ( (file_biasi1[-5:] == ’.fits’) and (file_bias2[-5:] == ’.fits’) ):
# printing a message
print ("Error: input file must be a FITS file!")
# exit
sys.exit ()

# opening FITS file
hdu_listl = astropy.io.fits.open (file_biasl)
hdu_list2 = astropy.io.fits.open (file_bias?2)

# primary HDU
hdul = hdu_list1[0]
hdu2 = hdu_1list2[0]

# reading header
headerl = hdul.header
header2 = hdu2.header

# reading data and conversion from uintl6 into float64
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biasl = hdul.data.astype (numpy.float64)
bias?2 hdu2.data.astype (numpy.float64)

# closing FITS file
hdu_listl.close ()
hdu_1list2.close ()

# calculation of (biasl - bias2)
diff_bl_b2 = biasl - bias2

# sigma clipped mean and stddev

diff_sigclip = astropy.stats.sigma_clip (diff_bl_b2, sigma=nsigma, \
maxiters=niter, masked=False)

mean_sigclip = numpy.mean (diff_sigclip)

stddev_sigclip numpy.std (diff_sigclip)

v_min_sigclip numpy .amin (diff_sigclip)

numpy .amax (diff_sigclip)

v_max_sigclip

# printing result
("selected bias frames: %s and %s" % (filenamel, filename2) )
("mean of biasl = %f" % numpy.mean (biasl) )
("mean of bias2 = %f" % numpy.mean (bias2) )
("mean of diff %#f" Y% numpy.mean (diff_bl_b2) )
("mean_sigclip %f" Y% mean_sigclip)
("stddev of (%s - %s) = %f ADU" \
% (filenamel, filename2, stddev_sigclip) )
("estimated readout noise = Yf ADU" ¥ (stddev_sigclip / math.sqrt(2.0) ) )

Execute the script, and calculate readout noise.

% chmod a+x a02021_s03_10.py

% ./a02021_s03_10.py -bl data_ao02021_s03/10t_20210212_0079.fits \

? -b2 data_ao02021_s03/10t_20210212_0080.fits

selected bias frames: 10t_20210212_0079.fits and 1ot_20210212_0080.fits
mean of biasl = 595.986696

mean of bias2 = 596.661863
mean of diff = -0.675167
mean_sigclip = -0.675066

stddev of (1lot_20210212_0079.fits - 1lot_20210212_0080.fits) = 11.310364 ADU
estimated readout noise = 7.997635 ADU

Here is the other example.

% ./a02021_s03_10.py -bl data_ao02021_s03/10t_20210212_0081.fits \
? -b2 data_ao02021_s03/10t_20210212_0082.fits
selected bias frames: 1lot_20210212_0081.fits and 1lot_20210212_0082.fits

mean of biasl = 595.912266
mean of bias2 = 595.532202
mean of diff = 0.380064
mean_sigclip = 0.380037

stddev of (lot_20210212_0081.fits - 1lot_20210212_0082.fits) = 11.291145 ADU
estimated readout noise = 7.984045 ADU

13 Time variation of mean bias level

Make a Python script to check the time variation of mean bias level.
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Python Code 11: a02021s03_11.py

#!/usr/pkg/bin/python3.9

# importing argparse module
import argparse

# importing sys module
import sys

# importing math module
import math

# importing numpy module
import numpy

# importing astropy module
import astropy.io.fits
import astropy.stats

# importing matplotlib module
import matplotlib.figure
import matplotlib.backends.backend_agg

# construction of parser object
desc = ’Examining time variation of mean bias level’

parser = argparse.ArgumentParser (description=desc)

# adding arguments

parser.add_argument (’files’, nargs=’+’, help=’bias frames’)
parser.add_argument (’-s’, ’--sigma’, type=float, default=5.0, \
help=’factor for sigma clipping’)
parser.add_argument (’-n’, ’--niter’, type=int, default=10, \
help=’maximum number of iterations’)
parser.add_argument (’-o’, ’--output’, default=’bias.png’, \

help=’output file name’)

# command-line argument analysis
args = parser.parse_args ()

# input FITS file

files = args.files
nsigma = args.sigma
niter = args.niter
file_output = args.output
# data

data_datetime numpy.array ([], dtype=’datetime64[ms]’)
data_mean = numpy.array ([], dtype=’float64’)
data_stddev numpy.array ([], dtype=’float64’)

# if input file is mnot a FITS file, then skip
for file_fits in files:
if not (file_fits[-5:]1 == ’.fits’):
# printing a message
print ("Error: input file must be FITS files!")
# exit
sys.exit ()

# if output file is not either PNG, PDF, or PS, then skip
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if not ( (file_output[-4:]1 == ’.png’) or (file_output[-4:] == ’.pdf’) \
or (file_output[-3:] == ’.ps’) ):
# printing a message
print ("Error: output file must be a PNG or PDF or PS!")
# exit
sys.exit ()

# processing files
for file_fits in files:
print ("Now processing the file \"%s\"..." % file_fits)

# opening FITS file
hdu_list = astropy.io.fits.open (file_fits)

# primary HDU
hdu0 = hdu_list [0]

# reading header
header0 = hduO.header

# reading data and conversion from uintl6 into float64
data0 = hduO.data.astype (numpy.float64)

# closing FITS file
hdu_list.close ()

# date/time

date = headerO[’DATE-0BS’]

time = headerO[’TIME-0BS’]

datetime_str = "%sTks" % (date, time)
datetime64 = numpy.datetime64 (datetime_str)

# sigma clipped mean and stddev

dataO_sigclip = astropy.stats.sigma_clip (dataO, sigma=nsigma, \
maxiters=niter, masked=False)

mean_sigclip = numpy.mean (dataO_sigclip)

stddev_sigclip = numpy.std (dataO_sigclip)

# appending data to the lists

data_datetime = numpy.append (data_datetime, datetime64)
data_mean = numpy.append (data_mean, mean_sigclip)
data_stddev numpy.append (data_stddev, stddev_sigclip)

# making objects "fig" and "ax"

fig = matplotlib.figure.Figure ()
matplotlib.backends.backend_agg.FigureCanvasAgg (fig)
ax = fig.add_subplot (111)

# labels

label_x ’Date/Time [UT]’

label_y = ’Mean Bias Level [ADU]’

ax.set_xlabel (label_x)

ax.set_ylabel (label_y)

ax.xaxis.set_major_formatter (matplotlib.dates.DateFormatter (’%H:%M’))

# axis settings

y_min = 580.0

y_max = 610.0

ax.set_ylim (y_min, y_max)
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# plotting data

ax.errorbar (data_datetime, data_mean, yerr=data_stddev, \
marker=’0’, color=’blue’, markersize=3, linestyle=’none’, \
ecolor="black’, capsize=2, \
label=’Mean bias level’)

ax.legend ()

# saving the figure to a file
fig.savefig (file_output, dpi=450)

Run the script, and generate a PNG file.

% chmod a+x ao02021_s03_11.py

% ./a02021_s03_11.py -o biaslevel.png data_ao2021_s03/*.fits

Now processing the file "data_ao02021_s03/10t_20210212_0079.fits"...
Now processing the file "data_ao02021_s03/10t_20210212_0080.fits"...
Now processing the file "data_ao2021_s03/10t_20210212_0081.fits"...
Now processing the file "data_ao2021_s03/10t_20210212_0082.fits"...
Now processing the file "data_ao2021_s03/10t_20210212_0083.fits"...

Now processing the file "data_ao2021_s03/10t_20210212_0814.fits"...
Now processing the file "data_ao2021_s03/10t_20210212_0815.fits"...
Now processing the file "data_ao02021_s03/10t_20210212_0816.fits"...
Now processing the file "data_ao02021_s03/10t_20210212_0817.fits"...
Now processing the file "data_ao02021_s03/10t_20210212_0818.fits"...
% ls -1 biaslevel.png

-rw-r--r-- 1 daisuke taiwan 149321 Mar 2 23:49 biaslevel.png

Show the PNG image using an image viewer program. (Fig. [7)

% feh -dF biaslevel.png
Roughly speaking, the bias level seems to be stable over time.

14 For your training

Read chapter 4 of “Handbook of CCD Astronomy” and learn about bias frame.

o Handbook of CCD Astronomy (2nd Edition)

> Steve B. Howell
> Cambridge University Press
> https://doi.org/10.1017/CB09780511807909

Visit the official website of Numpy, and learn about Numpy arrays.

o https://numpy.org/

Visit the official website of Matplotlib, and learn about usage of Matplotlib.

o https://matplotlib.org/

Visit the official website of Astropy, and learn about sigma clipping algorithm.

o https://docs.astropy.org/en/stable/stats/index.html
o https://docs.astropy.org/en/stable/stats/robust.html
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Figure 7: Time variation of mean bias level.
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15

10.

11.

12.

13.

Assignment

. What is bias? Describe bias. How to take bias frames? Why do we need to take bias frames during the observing

run? Why mean value of bias is not zero? How useful and important are bias frames?

Choose three bias frames. Make your own Python script to visualise those three bias frames using Matplotlib.
Show the source code of your Python script and images you have produced.

Choose three bias frames. Make your own Python script to make histograms of those three bias frames using
Matplotlib. Show the source code of your Python script and histograms you have produced. Explain how you
decide the width of the bin for histogram.

Choose three bias frames. Make your own Python script to calculate mean, median, variance, standard deviation,
minimum value, maximum value of those three bias frames without using convenient functions of Numpy (e.g.
numpy.mean, numpy.std, etc.). Show the source code of your Python script. Take a screenshot of your computer
display after the execution of your Python script, and show the result of your calculation.

Choose three bias frames. Make your own Python script to calculate mean, median, variance, standard devi-
ation, minimum value, maximum value of those three bias frames using convenient functions of Numpy (e.g.
numpy.mean, numpy.std, etc.). Show the source code of your Python script. Take a screenshot of your computer
display after the execution of your Python script, and show the result of your calculation.

Choose one bias frame. Set four regions of 512 x 512 pixels on the image. Make your own Python script to
calculate mean, median, variance, standard deviation, minimum value, maximum value of those four regions.
Discuss the uniformity of the bias frame.

What is sigma clipping algorithm? How useful is it? Give some examples that we should use sigma clipping.
Describe why sigma clipping is more robust.

Other than sigma clipping algorithm, is there any other robust estimator? If so, explain the method.

Make your own function which works like astropy.stats.sigma clip (). Show the source code of your func-
tion. Test your function with some bias data for this session. Take a screenshot of your computer display to
show the results.

Make your own Python script which works like imstatistics task of IRAF (Image Reduction and Analysis
Facility). Implement sigma clipping for your Python script. Show the source code of your function. Test your
script with some bias data for this session. Take a screenshot of your computer display to show the results.

e https://iraf.net/irafhelp.php?val=imstatistics&help=Help+Page

To estimate readout noise, we first subtracted one bias frame from another. Describe why we did this. Then, we
estimated standard deviation of difference of two bias frames and divided standard deviation by /2. Describe
why we divide the standard deviation by v/2.

Choose two bias frames. Make a Python script to subtract one bias from another. Visualise difference of two
bias frames using Matplotlib. Show the image you have produced.

Make your own Python script to show time variation of mean bias level. Use Matplotlib to produce a plot. Show
the source code of your Python script and plot you have produced. Discuss the time variability of bias frames.
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