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Creating near true color images for
nebulae from narrow band data
using PixInsight
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lonized gas emission

1 H electron

electron shell

A "happy"” hydrogen atom with But there are other shells

a single electron in its lowest available, and with just the right
electron shell. kick ...

The electron can be bumped up
into a higher electon shell.
But it's not happy. It's “excited”.

As soon as it gets the chance it
will release the extra energy and
drop back into its ground state.




Bohr Model of the Hydrogen Atom

Ionisation

Balmer series
(absorption)

Lyman series
(emission)

Balmer series
(emission)

Pfund series
(emission)

{

Brackett series Paschen series

(emission) FYES 6 (emission)
Spectral series Emission Absorption Frequency
Lyman series Downton =1 Up fromn=1 Ultraviolet
Balmer series Down ton =2 Up fromn =2 Visible light
Paschen series Downton=3 Up fromn =3 Near infrared
Brackett series Downton =4 Up fromn =4 Far infrared
Pfund series Downton=5 Upfromn=5 Far infrared




w— Hydrogen Alpha

Baader Narrowband CCD Filters — Oygen i
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Orion Nebula - core next to Trapezium star group Alpy 600/DMK41 01 Feb 2014
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Alpy 600 spectrograph, 80mm f/6 APO, DMK41 CCD video Jim Ferreira, Livermore CA bakerst@comcast.net
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BAADER LRGBC CCD Filters

Hg/Na Ha Sl
Yy 22508 1)

Maximum efficiency
of Olllin B and G
resulls in real true
color (due to equal
weighting of Olll)

2)

G/R-gap, blocking the
main emission lines of
Mercury- and Sodium-
vapor lamps

3)
Maximum efficiency
for Ha and SII

4)
high contrast IR-cut
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Broadband vs narrowband

Broadband traits: Narrowband traits:
Intensity of the light is Intensity of the light is
proportional to the filter Independent from filter
bandpass bandpass
RGB Filter composition gives a RGB Filter Composition
good rendition of stars colors cannot reproduce the right

color of monochromatic light

1 1 1 1 1
50 nm 500 550 600

Visible Continuous Spectrum 2
(Perceived Brightness Partially to Scale)

Visible Hydrogen emission spectrum

In a narrowhand image the stars are dimmer than in a broadband one with the same
exposure but the nebula has the yery same brightness:

Narrowband filters act as “contrast boosters”
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Spectral colors
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The workflow

1. Start with linear, registered, gradient-corrected master lights
1. Choose a narrowband “reference” image

2. Normalize * " narrowband images for different background level (additive
normalization)
3. Normalize * " narrowband for different exposure/quantum efficiency

(multiplicative normalization)

2. You get a “normalized” set of narrowband B/\W images
1. Colorize images with its spectral color based on wavelength
2. Add all the colorized images together

3. You get the “real” color narrowband (with UGLY stars colors)
4. Prepare the color calibrated RGB Image

5. Blend the narrowband color image with the RGB one to restore natural
stars colors using the operator

1. Since the narrowband stars are much dimmer then the broadband ones the
narrowband image can be boosted.

2. The final image blends the narrowband nebula with broadband stars



Narrowband “real” colors
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What if | don’t own an Hp filter?

Ha and Hf lines comes from the very same gas (Hydrogen)
The general shape of the nebula in Ha and Hf is the same

The observed ratio between HB and Ha (Balmer decrement) is set
by the conditions in the nebular environment and by the interstellar
reddening

Its value lays between 0.15 and 0.33 (typical 0.2)
In some cases the value can be found In the literature

4

| can create a synthetic H3 image from the Ha one
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.. Is It worth
INg
HB filter?

Yes!
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ur main tool: PixelMath

- | PixelMath T X

Expressions
$T*R/2 (R/255-1)*0FFSET
£T*G/255- (G/255- 1) *OFFSET
£T*B/255- (B/255- 1) *0FFSET
A

Symbaols:

[ ] Use a single RGE/K expression

Destination

enerate output

o

hreaded

[1s
(u
[r

Lower bound:

Upper bound:

Image Id:
Image width:
Image height:

Color space:
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Let's try!
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Normalization expression

B PixelMath

Expressions

RGE/K: | ($T-0OFFSET)/QE*REFQE/TIME*REFTIME+REFOFFSET

: | QE=1,REFQE=1, TIME=300, REFTIME=600, OFFSET=0.001, REFOFFSET=0.001

¥| Use a single RGEB/K expression

Expression Editor

Destination

¥| Generate output
Single threaded
Use 64-bit working images
Rescale result
Lower bound:
Upper bound:
Replace target image
Create new image
Image Id:
Image width:
Image height:
Color space:
Alpha channel

Sample format:

AL B @

QE
guantum efficiency at the wavelength of the
image

REFQE
guantum efficiency at the wavelength of the

image
TIME
Exposure time of the Image
REFTIME
Exposure time of the Image

OFFSET
Median level of the background of the
image
REFOFFSET

Median level of the background of the
image



Colorization expression

Bl PixelMath

Expressions

R/K: | $T*R/255- (R/255-1) *OFFSET

Symbals: | RB=255; 6=0;B=0; 0FFSET=0.801
[ usea zingle RGEB/K expression
Expression Editor
Destination

Generate ocutput
] Single threaded
[ ] use B4-bit warking images

Lower bound:

Upper bound:

Replace target image

Image width: | <As target=
Image height: | <ics

Color space: | RGB Colo

Sample format: | =Same as target=

AL H @

R
Quantity of RED (0-255)

G
Quantity of GREEN (0-255)

B
Quantity of BLUE (0-255)

OFFSET

Median level of the background of
the Image

Create a new image

Since Images are B/W
force RGB Color as Color space
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Creating the narrowband color composite

B PixelMath = X

———— The division by 3 is to prevent
saturation

'K expression

Destination

Lower bound:

Upper bound:

Image Id:
Image width:
Image height:

Color space:

Sample format:

L H O




PixelMath

GB/K: |max(M27_RGE-OFFSETBE,Boost*(NE_RGE-OFFSETNE]) )+0FFSETEB

Symbaols: | OFFSETBB=0.021, OFFSETNE=0.001, Boost=5
+| Use a =ingle RGB/K expression

Expression Editor

+| Generate output
Single threaded
Use 54-bit working images

Rescale result
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Blending Narrowband and Broadband

OFFSETBB

Median level of the
background of the
Image

OFFSETNB

Median level of the
background of the
Image
Boost

Boosting factor of narrowband
data

Change to “tune” blending
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Evaluating the OFFSET

OFFSET can be evaluated with
the function In PixelMath
Create a small preview on the

background

Drag and Drop the Preview label on
the Workspace to create a new
Image

The OFFSET can be expressed as T e
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Example: Normalization of M42_ OIlll Image

] PixInsight 1.8.6
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Creating a synthetic HB image

ressions
RGE/K: | (Ha-med{BGHA) ) *BD+med (BGHA) B G H A

IS an Image containing a small
— patch of background sky from
the Ha image

Expression Editor

Destination B D

v| Generate output

IS the Balmer decrement

Use 64-bit working images

(typical values between 0.15-
Upper bound: O . 30)

Replace target image
*) Create new image

Image Id: | SyntHb

Image width: | <As target=

Image height: | =As target=

Color space: | <Same as target=

Sample format: | «<Same as target=

AL H @
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Thank you!

Edoardo Luca Radice
http://www.arciereceleste.it
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