Post Processing HDR

Bo Jung | Mehlika Inanici



Melanopic HDR Capture

Photopic Light
Calibrated with:

Luminance and / or
lluminance Meters

Non-Visual (Circadian) Light
Can be calibrated with:

Spectrophotometers (expensive) or
Colorimeters (CIE XYZ) (feasible)

Jung and Inanici, 2019



A set of LDR
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Some parts of the procedure are camera / lens specific. Those parts are indicated
on the slides.



Post Processing

LENS SPECIFIC
CAMERA SPECIFIC

Correct for geometric aberrations
Original HDR merge + Luminance calibration
Exposure setto 1

Vignetting correction

Edit Header

Luminous overflow correction (llluminance calibration — CIE Y)

Clean Header

Color calibration (only for camera specific calibration method)
Calculate Melanopic Luminance

10. Clean Header

11. Calculate Melanopic llluminance
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1. Correct for Geometric Abberations
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1. Correct for Geometric Abberations

LENS SPECIFIC
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1. Correct for Geometric Abberations

] i Manage photos1 _ o %
Home Share View Picture Tools
<« v > This PC > Desktop > hdr » photos1 v O O Search photos1
& [m] X
Home Share View (2] Name Date modified Type Size
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1. Place a set of HDR images in a folder

DON’T PUT SPACES IN FOLDER
NAMES!!




1. Correct for Geometric Abberations

C: > Users » Bo > Desktop » hdr > transform_SIGMA-to-vta.py
from PIL import Image
import os, sys
import numpy
import math

base_folder = 'C:\\Users\\Bo\\Desktop\\hdr\\photos1\\'

def fbilinear(source, row, col):

y = row
X = col

X0 = numpy.floor(x).astype(int)
x1 =x0 + 1
if x1 >= 800:

x1 = 799
y@ = numpy.floor(y).astype(int)
yl =yo0 + 1
if yl >= 8@0:

3. Change line 12

To match folder location
of step 2

(empty directory
containing a folder with a
set of HDR images)

Make sure there is double
backspaces between each
directory



1. Correct for Geometric Abberations

CAMERA SPECIFIC

im = Image.open(path)

X_dim,y_dim = im.size

x_center
y_center

radius =

left_bound = x_center - radius

right_bound = x_center + radius

top_bound = y_center - radius

bottom_bound = y_center + radius

box = (left_bound, top_bound, right_bound, bottom_bound)
cropped = im.crop(box)

Note that some parts of the code
are camera specific.

i.e.) center of the image / radius



1. Correct for Geometric Abberations

. X_center = 1573
y_center = 1064

radius = 1050
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1. Correct for Geometric Abberations

Command Prompt - py transform_SIGMA-to-vta.py — t

(c) Microsoft Corporation. All rights reserved.
C:\Users\Bo>cd Desktop

C:\Users\Bo\Desktop>cd photosl
The system cannot find the path specified.

C:\Users\Bo\Desktop>cd hdr

C:\Users\Bo\Desktop\hdr>py transform_ SIGMA-to-vta.py

C:\Users\Bo\Desktop\hdr\transform_SIGMA-to-vta.py:101: DeprecationWarning: BILINEAR is deprecated and will be removed in
Pillow 10 (2023-07-01). Use Resampling.BILINEAR instead.
scaled = cropped.resize(size, resample=Image.BILINEAR)

4.|n Command Line

Change directory to where the python code is saved to.
Type:

py transform_SIGMA-to-vta.py

OR

python transform_SIGMA-to-vta.py




1. Correct for Geometric Abberations
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1. Correct for Geometric Abberations



2. Merge HDR + Luminance Calibration

CAMERA SPECIFIC

—— Photosphere

Camera Response Curve

(cd/m?)

cene Luminance

0 0.1 0.2 0.3

Pixel / 255



2. Merge HDR + Luminance Calibration

C:
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2. Merge HDR + Luminance Calibration
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2. Merge HDR + Luminance Calibration

Il Photosphere _ X
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2. Merge HDR + Luminance Calibration

DIVA
hdrscope
lark
perflogs
Program Files
Program Files (x86)
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B Users
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2. Merge HDR + Luminance Calibration
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2. Merge HDR + Luminance Calibration

C:\Users\<user_name>\AppData\Roaming\photosphere\Library\
Preferences

| Photosphere - Notepad

File Edit Format View Help
|PhotospherePreferences = {

ShadowCatalog = C:\Users\Bo\AppData\Roaming\photosphere\Library\Caches\Photosphere.adb
ErrorLog = C:\Users\Bo\AppData\Roaming\photosphere\Library\Logs\Photosphere.log
StartupOption = 1

DisplayExposureFlags = 1

MemoryCacheMegs = 128

ThumbnailCacheMegs = 512

ThumbnailCacheDirectory = C:\Users\Bo\AEEData§Roaming§ghotosghere§Librarv\Caches\PhotosphereCache\

CameraResponses = {
Make |Model|Version|Red|Green|Blue

"Canon"|"Canon EOS 5D"|"v.@"|{-9.020149e-003,5.425878e-001, -1.015498e+000,1.481930e+000} |{-1.198579e-002,4.895166e-001
} // CameraResponses

RecentDirectory = C:\Users\Bo\Desktop\ndr\photosi\post_process
} // PhotospherePreferences




2. Merge HDR + Luminance Calibration

* Measure a gray card in the scene

from the position of the camera




2. Merge HDR + Luminance Calibration

-wr
KONICA MINOLTA

CALIBRATION MEASURING MODE

PRESET VARI.

Jml




2. Merge HDR + Luminance Calibration

......................
Ctrl-S | [Ft v| Bp [«]r] -7 [Mauto [Jiocal [JHuman
eeeeee

oooooooo




2. Merge HDR + Luminance Calibration

Measured Luminance:
135.2 cd/m?




2. Merge HDR + Luminance Calibration

<] 17 Mauo [Oiocal [JHuman

Do NOT apply the calibration
factor to the camera response
curve (as we are luminance
calibrating each HDR image).

Click: Cancel




2. Merge HDR + Luminance Calibration

File

4 | » | hdr5B6A.tmp

Title

Edit

Apply Viey

|

Exp |¢]*| -13

June 16 2022 3:51:39p

Save Options

Save in high dynamic range

[C] Apply zoom (resample)

8 Compression Quality

¥ 45 90

Auto

[Jiocal [JHuman

Make sure ‘Save in high
dynamic range’ is checked



2. Merge HDR + Luminance Calibration

Save Image X

« v 1 > ThisPC > Desktop » hdr > photosl > post_process v O Search post_process

Organise v New folder == W 0

Name Date modified Type Size
s Quick access

[ Desktop
¥ Downloads

B o_criginal 24/06/2022 19:50 HDR File 1,568 KB
B Mark2Lens2-vig-f11-800 23/06/2022 16:17 HDR File 598 KB

=] Documents

LR R SR Y

= Pictures
Final_Procedure 1
hdr

Save as .hdr format
phetes! 2. Save in: ‘post_process’ folder (that contains all

post_processing

@ Onebive the batch files / python files)

[ This PC 3. Name it: ’O_original'

g¥ Network

File name: | 0_original

Save as type: |Radiance RLE RGBE (*.hdr) v
TIFF RLE-Log Luv (* .tif)

A Hide Folders E>.(R l.’IZ RGB (*.exr)
JPEG HDR YCbCr (*.ipa)




2. Merge HDR + Luminance Calibration

If fixing geometric aberration is not needed:
1. merge the HDR (through Photosphere)

2. resize the image
pfilt -x 800 -y 800 -e¢ 1 file_name.hdr > new_file_name.hdr

3. crop the image
pcompos -h|-x 800 -y 800|file_name.hdr|-525 0O|> new_file_name.hdr

crop size X-axis cut pixel point
(lower left corner)

Note that the location of the crop varies based on camera and lens



2. Merge HDR + Luminance Calibration



3. Exposure

A

File Edit Tools Capture Help

Set Exposure Value X \

Exposure 1.000000 \

Prevent wrong interpretation
of exposure by changing itto 1

800x800 60% 0.0 cd/m’ Exposure = 1.000000




3. Set Exposure to 1

Exposure setto 1

ra_xyze -r -o O_original.hdr > 01_exp.hdr

b0O1_exp.bat

contains above radiance command
Double click: which sets the exposure to 1
b0O1_exp.bat

BATCH




3. Set Exposure to 1



4. Vignetting Correction

Vignetting (f/4.0)

1.0
0.8
0.6
0.4
0.2
0.0

Light Fall off

0 50
Degrees from optical axis

Vignetting (f/5.6)

% 1.0
% 0.8
= 0.6 ¢
o 04
eT4]
5 0.2

0.0 .

0 50

Degrees from optical axis

y = -2E-08x* + 3E-06x%3 -

Vignetting (f/ 11)

e

o o
o

©
i

Light Fall off

o o
SN

0 50

y = -7E-06x* + 0.0002x3 -

; Normalized
y = -7E-05x2 + 0.0003x + 0.9932 | 0.0001x? + 0.0021x + 0.9955, 0.0025x % 2'809795;; 09939 | Juminance
R2 = 0.997 R2 =0.9975 values

0.5

LENS SPECIFIC

5° increment

rotation
& )

[@ﬂ .................................

Corrected based on
sigma8 vignetting
aberration for f/11



4. Vignetting Correction

From a vignetting filter file:

pcomb -e "ro=ri(1) / ri(2);80=gi(1) / gi(2);bo=bi(1) / bi(2)" 01_exp.hdr
Mark2Lens2-vig-f11-800.hdr > 02_vig.hdr




4. Vignetting Correction

From a vignetting filter file:

pcomb -e "ro=ri(1) / ri(2);80=gi(1) / gi(2);bo=bi(1) / bi(2)" 01_exp.hdr
Mark2Lens2-vig-f11-800.hdr > 02_vig.hdr
\ b02_vignette.bat

contains above radiance command
which applies vignetting filter

Double click:
b02_vignette.bat

BATCH



4. Vignetting Correction

If the vignetting function is:
y =-0.0000005x3 + 0.000004x2 + 0.0002x + 0.9991

An example correction for 800 pixel image is:

pcomb -e "ro=vign;go=vign;bo=vign;vigh=if(dist-400.0,1,eq);eq=-0.0000005*deg"
3+0.000004*deg"2+0.0002*deg+0.9991;deg=(dist/400.0)*90.0;dist=sqrt((x+O.
5-400-.0)"2+(y+0.5-400.0)*2);" 800_vta.pic > vignetting.pic



4. Vignetting Correction



5. Change Header

A hdrscope - C:\Users\Bo\Desktop\hdr\photos1\post_process\02_vig.hdr — O X
File Edit Tools Capture Help
Open...

Save As...

Edit header...

Exit

1. Open 02_vig.hdrin
HDR scope

2. File - Edit header

800x800 0,180 60% 0.0 cd/m?* Exposure = 1.000000




5. Change Header

CAPDATE= 2022:06:24 20:09:44
GMT=2022:06:25 00:09:44

01_exp hdr:

CAMERA= Canon Canon EQOS 5D version v.0

Photosphere created HDR image from IMG_7264 JPG' IMG_7265.JPG" IMG_7266.JPG" Il

CAPDATE= 2022:06:16 15:51:39

ra_xyze ¥ -0 0_original hdr

PRIMARIES= 0.6400 0.3300 0.2500 0.6000 0.1500 0.0600 0.3333 0.3333

Mark 2Lens2-vig$11-800 hdr:

# Made with 100% pure HDR Shop

EXPOSURE= 1.0000000000000

pfilt -1 e 1.000 x /0.380952 v /0.380952

pfitt -1 -e 1.000 x /2.625 « /2.625

pcomb - "ro=ri(1) / ri(2).go=gi(1) / gi(2):bo=bi(1) / bi(2)" 01_exp hdr Mark 2Lens2-vigf11-80
FORMAT=32bit_rle_rgbe
<

A

File Edit Tools Capture Help

Edit Header X
#?RADIANCE A

v

Change View command
From:

VIEW= -vtv -vh 132.005234
-vv 132.005234

To:
VIEW= -vta -vh 180 -vv 180

800x800 27,220 60%

0.0 cd/m*

Exposure = 1.000000




5. Change Header

A

File Edit Tools Capture Help

Edit Header

X

GMT= 2022:06:25 00:09:44
01_exp hdr:
CAMERA= Canon Canon EOS 5D version v.0

VIEW= -vta -vh 180 -vv 180
CAPDATE= 2022:06:16 15:51:39
ra_xyze ¥ -0 0_orginal hdr

Mark 2Lens2-vig$11-800 hdr:
# Made with 100% pure HDR Shop
EXPOSURE= 1.0000000000000
pfilt -1 e 1.000 x /0.380952 + /0.380952
pfit -1 e 1. 000 x/2625dy/2625

FORMAT 32bit_rle rgbe

<

PRIMARIES= 0.6400 0.3300 0.2500 0.6000 0.1500 0.0600 0.3333 0.3333

~

Photosphere created HDR image from IMG_7264 JPG' IMG_7265.JPG" IMG_7266.JPG" Il

Delete pfilt and pcompos

pfilt -1 -e 1.000 -x
/0.380952 -y /0.3809562

ofilt -1 -e 1.000 x /2.625 -y
/2.625

pcomb -e "ro=ri(1) /
ri(2);g0=gi(1) /
gi(2);bo=Dbi(1) / bi(2)"
01_exp.hdr Mark2Lens2-
vig-f11-800.hdr

800x800 27,220

60%

0.0 cd/m*

Exposure = 1.000000




5. Change Header

A

File Edit Tools Capture Help

Edit Header X

#?RADIANCE

CAPDATE= 2022:06:24 20:09:44
GMT=2022:06:25 00:09:44

01_exp hdr:

CAMERA= Canon Canon EOS 5D version v.0
Photosphere created HDR image from IMG_7264.JPG' IMG_7265.JPG" IMG_7266.JPG" Il
VIEW= -vta vh 180 -vv 180

CAPDATE= 2022:06:16 15:51:39

ra_xyze ¥ -0 0_original hdr

PRIMARIES= 0.6400 0.3300 0.2500 0.6000 0.1500 0.0600 0.3333 0.3333
Mark 2Lens2-vig$11-800 hdr:

# Made with 100% pure HDR Shop
EXPOSURE= 1
FORMAT=32bit_rle_rgbe

Cleaned Header should
look like this

800x800 27,220 60% 0.0 cd/m?* Exposure = 1.000000




5. Change Header

A Save Image as X
™ > ThisPC > Desktop » hdr > photos1 > post_process v O O Search post_process
Organise v New folder e Q
Name Date modified Type Size
» Quick access
B Deskt " . 0_original 24/06/2022 19:50 HDR File 1,568 KB
eskto
: . 01_exp 24/06/2022 20:06 HDR File 1,563 KB
{
} Downloads B 02_vig 24/06/2022 20:09 HDR File 1,562 KB
=| Documents  # I Mark2Lens2-vig-f11-800 23/06/2022 16:17 HDR File 598 KB
[&=| Pictures *

Final_Procedure

e Save as:

post_process

post_processing 03_h Eaa d e r. h d r

@ OneDrive
3 This PC

g¥ Network

File name: | 03_header.hdr -

Save as type: Radiance RGBE Image (*.hdr) v

A Hide Folders Cancel




5. Change Header



6. Luminous Overflow Correction

§ pixel luminance
. = (ed/m?)
No filter f/11 E 10,000,000

—

—_

- 1,000,000

Lmax = 1385317 ed/m’ Lavg = 2699 ed/m’

100,000
10,000

Luminous overflow
correction

‘ 1,000

Lmax = 36,200,960 cd/m’* Luavg = 269.9 cd/m’

Overflow Correction
Luminance

10

Jakubiec, Inanici, van den Wymelenberg, Mahic 2016



6. Luminous Overflow Correction

import os, ””1
import subprocess

overflow_correctnew.py

input_path = os.path.normcase(sys.argv[1])
str_E_measured = sys.argv[2]
output_path = os.path.normcase(sys.argv[3])

command = ["pcomb", "-e", "lo=L*SangxcosCos;L=179%1i(1);Sang=S(1);cosCos=Dy(1);", "-o0", input_path, "|", "pvalue", "-d", "-b", "-h", "-H", "|", "total"l]
proc = sp.Popen(command, stdout=sp.PIPE, shell=True)

str_E_image, err = proc.communicate()

str_E_image = str_E_image.rstrip()

E_image = float(str_E_image)

print('Calculated image illuminance is %.1f 1x.' % E_image)

command = ["pextrem", "-0", input_path, "|", "rcalc", "-e", "$1=($3%0.2127+$4%0.7152+$5%0.0722)*179.0", ">", "extremes.txt"]
proc = sp.Popen(command, stdout=sp.PIPE, shell=True)

proc.wait()

f = open("extremes.txt", 'r')

line_extrem = f.readline()

line_extrem = f.readline()

line_extrem = line_extrem.rstrip()

line_extrem = line_extrem.replace("\t", " ")

f.close()

0s.remove("extremes.txt")

extreme = (float(line_extrem))
str extreme = str(0.95 x extreme)




6. Luminous Overflow Correction

Command Prompt

Microsoft Windows [Version 10.0.19044.1766]
(c) Microsoft Corporation. All rights reserved.

C:\Users\Bo>cd Desktop
C:\Users\Bo\Desktop>cd hdr
C:\Users\Bo\Desktop\hdr>cd photosl

C:\Users\Bo\Desktop\hdr\photos1>cd post_process 4= (G0 tO folder location where python files is saved

C:\Users\Bo\Desktop\hdr\photosl\post_process>py overflow_correctnew.py ©3_header.hdr 1640 ©4_overflow_cor.hdr

pythonloverflow_correcynew.py 03_header.hdr|llluminance|O4_overflow_cor.hdr

Python File HDR fileto  Measured HDR file to
Name apply [lluminance save as
correction




6. Luminous Overflow Correction

Command Prompt

Microsoft Windows [Version 10.0.19044.1766]
(c) Microsoft Corporation. All rights reserved.

C:\Users\Bo>cd Desktop
C:\Users\Bo\Desktop>cd hdr
C:\Users\Bo\Desktop\hdr>cd photosl

C:\Users\Bo\Desktop\hdr\photosl>cd post_process .
Measured llluminance

C:\Users\Bo\Desktop\hdr\photosl\post_process>py overflow_correctnew.py ©3_header.hdr| 1340|064 _overflow_cor.hdr

Calculated image illuminance is[1654.7 1xJ Calculated llluminance

Highest luminance recorded in the image is 6690.8 cd/m2; therefore, the overflow threshold is|6356.3 cd/m2| 5% highest

Contribution of pixels within the overflow threshold (E_contrib) is 17.4 1x. threshold

Potential contribution of pixels above the overflow threshold (sum of solid angle plus cosine correction) is ©.00268 str

These pixels will be adjusted to a luminance value of 112998.8 cd/m2.

RGB values in overflow pixels will be adjusted with a coefficient value of 17.77757.

04 _overflow_cor.hdr successfully created from ©3_header.hdr corrected to an illuminance value of 1340 1x.

C:\Users\Bo\Desktop\hdr\photosl\post_process>




6. Luminous Overflow Correction



7. Header Clean up

A

File Edit Tools Capture Help

Edit Header

03_header hdr:

CAPDATE= 2022:06:24 20:09:44
GMT=2022:06:25 00:09:44
01_exp hdr:

VIEW= -vta vh 180 -vv 180
CAPDATE= 2022:06:16 15:51:39
ra_xyze + -0 0_original hdr

Mark 2Lens2-vig$11-800 hdr:
# Made with 100% pure HDR Shop
EXPOSURE= 1.0000000000000

FORMAT=32bit_rle_rgbe

<

CAMERA= Canon Canon EQOS 5D version v.0
Photosphere created HDR image from IMG_7264.JPG' IMG_7265.JPG" IMG_7266.JPG" Il

PRIMARIES= 0.6400 0.3300 0.2500 0.6000 0.1500 0.0600 0.3333 0.3333

pcomb -e "ro=if(i(1)-6356.254309499999/179.17.77757472867151"(1). ri(1))" -e “go=if{i(1

Remove pcomb line

pcomb -e "ro=if(li(1)-
9054.9308045/179,259.57472
3720697 *ri(1), ri(1))" -e
"go=if(li(1)-
9054.9308045/179,259.57472
3720697 *gi(1), gi(1))" -e
"bo=if(li(1)-
9054.9308045/179,259.57472
3720697 *bi(1), bi(1))" -o
03_header.hdr

800x800

50,230

60%

0.0 cd/m*

Exposure = 1.000000




7. Header Clean up

A

File Edit Tools Capture Help

Edit Header X
#?RADIANCE A

CAPDATE= 2022:06:24 20:36:11

GMT= 2022:06:25 00:36:11

03_header hdr:

CAPDATE= 2022:06:24 20:09:44

GMT= 2022:06:25 00:09:44

01_exp hdr:

CAMERA= Canon Canon EOS 5D version v.0

Photosphere created HDR image from "IMG_7264 JPG" IMG_7265.JPG" IMG_7266.JPG" Il
VIEW= -vta -vh 180 -vv 180

CAPDATE= 2022:06:16 15:51:39

ra_xyze ¥ -0 0_original hdr

PRIMARIES= 0.6400 0.3300 0.2500 0.6000 0.1500 0.0600 0.3333 0.3333
Mark 2Lens2-vig$11-800 hdr:

# Made with 100% pure HDR Shop

EXPOSURE=  1.0000000000000
FORMAT=32bit_rle_rgbe v
< >

Cleaned Header should
look like this

800x800 50,230 60% 0.0 cd/m* Exposure = 1.000000




7. Header Clean up

A Save Image as X
M > ThisPC » Desktop » hdr > photosl > post_process v O D Search post_process
Organise ¥ New folder == (2]
Name Date modified Type Size
# Quick access
B 0_criginal 24/06/2022 19:50 HDR File 1,568 KB
I Desktop * I . I
Hoep 24/06/2022 20:06 HDR File 1,563 KB
* Downloads — # 05 vig 24/06/2022 20:09 HDR File 1,562 KB
=/ Documents  # 03 header 24/06/2022 20:33 HDR File 1,562 KB
& Pictures + [ o4_overflow_cor 24/06/2022 20:36 HDR File 1,563 KB
Final_Procedure . Mark2Lens2-vig-f11-800 23/06/2022 16:17 HDR File 598 KB
hdr

post_process

post_processing

@ OneDrive Ove rwrite:

3 This PC

04 overflow_cor.hdr

g¥ Network
File name: | 04_overflow_cor o
Save as type:  Radiance RGBE Image (*.hdr) v

A Hide Folders Save Cancel




7. Header Clean up



8. Color Calibration - Scene Based

XYZ is calculated from images (cosine corrected) - for verification

pcomb -e "lo=X*Sang*cosCos;X=(179*(ri(1)*0.4124 + gi(1)*0.3576 + bi(1)*0.1805));Sang=S(1);cosCos=Dy(1);" -0
04_overflow_cor.hdr |pvalue -d -b -h -H | total > XYZ.txt

pcomb -e "lo=Y*Sang*cosCos;Y=(179*(ri(1)*0.2127 + gi(1)*0.7152 + bi(1)*0.0722));Sang=S(1);cosCos=Dy(1);" -0
04_overflow_cor.hdr |pvalue -d -b -h -H | total >> XYZ.txt

pcomb -e "lo=Z*Sang*cosCos;Z=(179*(ri(1)*0.0193 + gi(1)*0.1192 + bi(1)*0.9505));Sang=S(1);cosCos=Dy(1);" -0
04_overflow_cor.hdr |pvalue -d -b -h -H | total >> XYZ.txt

RGB is calculated from images (cosine corrected) - for correction factors

pcomb -e "lo=R*Sang*cosCos;R=(179*(ri(1)));Sang=S(1);cosCos=Dy(1);" -0 04_overflow_cor.hdr |pvalue -d -b -h -H | total >
RGB.txt

pcomb -e "lo=G*Sang*cosCos;G=(179*(gi(1)));Sang=S(1);cosCos=Dy(1);" -0 04_overflow_cor.hdr |pvalue -d -b -h -H | total
>> RGB.txt

pcomb -e "lo=B*Sang*cosCos;B=(179*(bi(1)));Sang=S(1);cosCos=Dy(1);" -0 04_overflow_cor.hdr |pvalue -d -b -h -H | total
>> RGB.txt



8. Color Calibration- Scene Based

| b05_XYZRGB - Notepad

File Edit Format View Help

pcomb -e "lo=X*Sang*cosCos;X=(179*(ri(1)*0.4124 + gi(1)*@.3576 + bi(1)*0.1805));Sang=S(1);cosCos=Dy(1);" -o @4_overflow_cor.hdr |pvalue -d -b -h -H | total > XYZ.txt
pcomb -e "lo=Y*Sang*cosCos;Y=(179*(ri(1)*%0.2127 + gi(1)*0.7152 + bi(1)*0.0722));Sang=S(1);cosCos=Dy(1);" -o @4_overflow_cor.hdr |pvalue -d -b -h -H | total >> XYZ.txt
pcomb -e "lo=Z*Sang*cosCos;Z=(179*(ri(1)*0.0193 + gi(1)*0.1192 + bi(1)*0.9505));Sang=S(1);cosCos=Dy(1);" -o @4_overflow_cor.hdr |pvalue -d -b -h -H | total >> XYZ.txt
pcomb -e "lo=R*Sang*cosCos;R=(179*(ri(1)));Sang=S(1);cosCos=Dy(1);" -o @4_overflow_cor.hdr |pvalue -d -b -h -H | total > RGB.txt

pcomb -e "lo=G*Sang*cosCos;G=(179*(gi(1)));Sang=S(1);cosCos=Dy(1);" -o 04 _overflow_cor.hdr |pvalue -d -b -h -H | total >> RGB.txt

pcomb -e "lo=B*Sang*cosCos;B=(179*(bi(1)));Sang=S(1);cosCos=Dy(1);" -o 04_overfhow_cor.hdr |pvalue -d -b -h -H | total >> RGB.txt

BO5_XYZRGB.bat

contains radiance commands to
calculate X,Y,Z and R,G,B from the

Double click: HDR
BO5 XYZRGB.bat This is saved as a txt file

BATCH



8. Color Calibration- Scene Based

| \ g] s | post_process

Home Share

€ o v

s Quick access
‘ I Desktop
‘ ¥ Downloads

5 Documents

&=/ Pictures »

% % %

2 iCloud Drive (Ma
Google Drive (Mi A4

n‘;

Final_Procedure
hdr
post_process

post_processing
@ OneDrive
{ % This PC

) Network

View

> This PC » Desktop » hdr > photos1 » post_process

A

Name

. 0_original

. 01_exp

B o2.vig

. 03_header

. 04_overflow_cor
b01_exp
b02_vignette
b05_XYZRGB
b06_colorcalib
b07_EMcd2
b08_EML

B VarkoLens2-vig-f11-800
@ overflow_correctnew
| RGB

El xvz

15items 2 items selected 72 bytes

Date modified

24/06/2022 19:50
24/06/2022 20:06
24/06/2022 20:09
24/06/2022 20:33
24/06/2022 20:38
23/06/2022 16:17
23/06/2022 16:17
23/06/2022 16:17

3/06/2022 16:17
23/06/2022 16:17
23/06/2022 16:17
23/06/2022 16:17
23/06/2022 16:17
29/06/2022 21:23
29/06/2022 21:23

Type

HDR File

HDR File

HDR File

HDR File

HDR File

Windows Batch File
Windows Batch File
Windows Batch File
Windows Batch File
Windows Batch File
Windows Batch File
HDR File

Python Source File
Text Document

Text Document

Size

]

v D £ Search post_process

1,568 Kt
1,563 Kt
1,562 Kt
1,562 Kt
1,562 Kt
1 KE

1 Kt

1 Kt

1 Kt

1 Kt

1 Kt
598 K¢
4 Ki
1Kt
1KE

This will create:
XYZ.txt & RGB.txt



8. Color Calibration - Scene Based

A B C D E F G
1 Measurec Image Measured with spectrophotometer or colorimeter
2 X 1272.85 1247.97 Derived from image, stored in XYZ.text from b06_XYZRGB.bat
3 Y 1339.63 1339.63
4 |z . 871.63 1098.45 |
5
6 Calc Image Correction coefficient Calculated in excel, XYZ to RGB transformation from measured data
7 R 1630.89 1437.18 1437.44869 1.134780843 Calculated in excel, XYZ to RGB transformation from image XYZ
8 G 1315.65 1349.19 1348.917 0.9751369915 Derived from image, stored in RGB.txt from b06_XYZRGB.bat
9 B 719.01 957.43 957.32 0.7509802707 These are the computed color correction value; that are passed to
10
11 Calc and image RGBs are done for verification
12 They should be similar
13
4 e [GA7I6348 EMLcalculated from spectraphotometricdata
15
Open RGBCorrection.xIsx This is used to calculate
If you don’t have excel, you Correction Cc?effICIent for
color correction

can open in google sheet



8. Color Calibration - Scene Based

-

IKONICA MINOLTA

11

12
13
14
15
16
17
18
19
20
21

N <

WO ™

EML

1247.97
1339.63
1098.45

Calc
1630.89 1437.18
1315.65 1349.19

File Edit Format View Help
1247.96166
1339.62534
1098.44723

Correction coefficient
N. 1.134780843
\039\751369915

G

Measured with spectrophotometer or colorimeter
Derived from image, stored in XYZ.text from b06_XYZRGB.bat

Calculated in excel, XYZ to RGB transformation from measured data
Calculated in excel, XYZ to RGB transformation from image XYZ
Derived from image, stored in RGB.txt from b06_XYZRGB.bat

These are the computed color correction values that are passed to

719.01 957.43 . 0.75Q9802707
L R
doneforveﬁﬁéqﬁon
ire
Double check | 3
these N
- somewhat  Exvz- Notepad
match File Edit Format View Help
1247.96166
1339.62534
1098.44723




8. Color Calibration - Scene Based



8. Color Calibration - Scene Based

To calibrate R, G, B values:

pcomb -e "ro=ri(1) * 1.134780843; go=gi(1) * 0.9751369915; bo=bi(1) *
0.7509802707" 04_overflow_cor.hdr > 05_photopic.hdr

\ bO6_Colorcalib.bat

contains above radiance command
to create HDR file that is color
Double click: calibrated final image for photopic
vision

bO6_Colorcalib.bat

BATCH



8. Color Calibration - Scene Based

u Photosphere o [

File Edit Set View Window Help
g Add
| DIVA &
| hdrscope =
| lark 5| 7/7files
| PerfLogs %
| Program Files =]
| Program Files (x86) g
| TEMP_PARALLELS_TOOLS @
b Users |
= Bo =
[ .conda =
@[] .continuum f
@-f] .vscode 5
£ 3D Objects :
@[] anaconda3 =
[ Contacts ;
== Desktop 3
== hdr =
-] photos
== photos1
[] post_process
[] test_manual_focus
-[7] test_manual_focus |
[ test
[ test[vta]

04_overflow_cor.hdr

+-[] RAD

+-[] test-DIVA
#-f] Documents
#-[] Downloads
-

Favorites




8. Color Calibration - Camera Based

CAMERA SPECIFIC

18000 original img data calibrated img data
m R
® G I Correction
R = 0.8743 x |— R=1x
- B . .
13000 Y R7= 009721 | Coefficlent g _11438+R
12000 - | G = 1.0022 x |- G=1x
5 R” = 0.99995 G =09978*G
o
5 9000 | B =13308x |- B=1x
g R” = 0.99922 B, =07514*B
6000 -
3000 -
0

0 3000 6000 9000 12000 15000 18000
Measured RGB



8. Color Calibration - Scene Based



9. Calculate Melanopic Luminance

pcomb -e "ro=ri(1) *0.0013 ;g0=gi(1) * 0.3812;bo=bi(1) * 0.6175"
05_image_photopic.hdr > temp.hdr

pcomb -e "ro=ri(1)+ gi(1) + bi(1);go=ri(1) + gi(1) + bi(1);bo=ri(1) + gi(1) + bi(1)"
temp.hdr > 06_eml.hdr

del temp*.* \
bO7_EMcd2.bat

Creates .hdr file to calculate Lucas

et al. Melanopic Lux based on

Double click: adjusted RGB's from Canon EOSb.

b07 _EMcd2.bat Use falsecolor to show the results.

BATCH



9. Calculate Melanopic Luminance

u Photosphere
File Edit Set View Window Help

g Add
| DIVA &
| hdrscope =
| lark %‘ 8/8 files
| PerfLogs =
| Program Files i
| Program Files (x86) g
| TEMP_PARALLELS_TOOLS e
b Users )
= Bo =
E] .conda 5
@] .continuum Sl
@] .vscode 2
£ 3D Objects 6]
#-f] anaconda3 b=t Mark2Lens2-vig-£11-800,hdr
[ Contacts Q
== Desktop a
= hdr L
@[] photos
== photos1
[ ] post_process
[] test_manual_focus
[] test_manual_focus |
[ test
[ test[vta]
+-[] RAD 04_overflow_cor.hdr
+-[] test-DIVA
#-f] Documents
+-[] Downloads
&[] Favorites




9. Calculate Melanopic Luminance



10. Clean Header (to calculate Melanopic llluminance)

A hd

File Edit Tools Capture Help

| Edit Header X
GMT= 2022:06:25 00:09:44 2 Remove pCOmb line
01_exp hdr:

CAMERA= Canon Canon EOS 5D version v.0

Photosphere created HDR image from IMG_7264.JPG' IMG_7265.JPG" IMG_7266.JPG" Il

VIEW= -vta -vh 180 -vv 180

CAPDATE= 2022:06:16 15:51:39

ra_xyze + -0 0_original hdr

PRIMARIES= 0.6400 0.3300 0.2500 0.6000 0.1500 0.0600 0.3333 0.3333

Mark 2Lens2-vig£11-800 hdr:

# Made with 100% pure HDR Shop

EXPOSURE= 1.0000000000000

acomb - "ro=ri(1) * 1.134780843; go=gi(1) * 0.9751369915; bo=bi(1) * 0.7509802707" 04

{Mlpcomb m=n(1) 00013 go=g|(1) 03812bo=b|(1) 06175 05_photop|c hdr
i(1) + bi(1):g + i(1) + g 1)"

pcomb -e "ro=ri(1) *
1.134780843; go=gi(1) *
0.9751369915; bo=bi(1) *
0.7509802707"

04 _overflow_cor.hdr

pcomb -e "ro=ri(1) *0.0013
;80=gi(1) * 0.3812;bo=bi(1) *
0.6175" O5_photopic.hdr
pcomb -e "ro=ri(1)+ gi(1) +
bi(1);g0=ri(1) + gi(1) +
bi(1);bo=ri(1) + gi(1) + bi(1)"
temp.hdr

FORMAT 32brt _fe ngbe

<

800x800 10,377 60% 0.0 cd/m’ Exposure = 1.000000



10. Clean Header (to calculate Melanopic llluminance)

p—

File Edit Tools Capture Help

Edit Header

GMT= 2022:06:25 00:36:11

03_header hdr:

CAPDATE= 2022:06:24 20:09:44

GMT= 2022:06:25 00:09:44

01_exp hdr:

CAMERA= Canon Canon EOS 5D version v.0
Photosphere created HDR image from IMG_7264.JPG" IMG_7265.JPG" IMG_7266.JPG" Il
VIEW= -vta -vh 180 -vv 180

CAPDATE= 2022:06:16 15:51:39

ra_xyze + -0 0_original hdr

PRIMARIES= 0.6400 0.3300 0.2500 0.6000 0.1500 0.0600 0.3333 0.3333
Mark 2Lens2-vig£11-800 hdr:

|| |# Made with 100% pure HDR Shop
EXPOSURE= 1.
FORMAT=32bit_rle_rgbe

<

800x800 10,377 60%

0.0 cd/m?

Cleaned Header should
look like this

Exposure = 1.000000



10. Clean Header (to calculate Melanopic Luminance)

A Save Image as X
™ > ThisPC > Desktop » hdr > photosl > post_process v O ) Search post_process
Organise v New folder = < 0
Name Date modified Type Size
# Quick access
B o_criginal 24/06/2022 19:50 HDR File 1,568 KB
[ Desktop * e s e R
Boep 24/06/2022 20:06 HDR File 1,563 KB
f Downloads — # Ml 02 vig 24/06/2022 20:09 HDR File 1,562 KB
= Documents  # N 03 header 24/06/2022 20:33 HDR File 1,562 KB
&= Pictures + [ 04 overflow_cor 24/06/2022 20:38 HDR File 1,562 KB
Final_Procedure . 05_photopic 29/06/2022 21:33 HDR File 1,533 KB
hdr Il 05_em 29/06/2022 21:35 HDR File 1,578 KB
- Mark2Lens2-vig-f11-800 23/06/2022 16:17 HDR File 598 KB

post_process

post_processing

@ OneDrive Ove rwrite:

3 This PC
06_eml.hdr
¥ Network -
File name: | 06_eml »
Save as type: Radiance RGBE Image (*.hdr) v

A Hide Folders Save Cancel




10. Clean Header (to calculate Melanopic Luminance)



11. Calculate Melanopic llluminance

pcomb -e "lo=Z*Sang*cosCos;Z=(179*(ri(1)*0.0013 + gi(1)*0.3812 +
bi(1)*0.6175));Sang=S(1);cosCos=Dy(1);" -0 06_eml.hdr |pvalue -d -b -h -H |
total > EML.txt

\ BO8_EML.bat

Creates .txt file that shows
IHluminance values based on
Double click: melanopic curve.

bO8_EML.bat

BATCH



11. Calculate Melanopic llluminance

v + | post_process

Home Share

&« v 1
5 Quick access
I Desktop »
¥ Downloads b g
E?] Documents *

&= Pictures b g
2 iCloud Drive (Ma
% Google Drive (Mi A"
Final_Procedure
hdr
post_process

post_processing
@ OneDrive
S This PC

¥ Network

View

> This PC » Desktop > hdr > photos1 > post_process

A
Name

. 0_original

. 01_exp

W oo

- 03_header

. 04_overflow_cor

. 05_photopic

. 06_eml

b01_exp
b02_vignette
b05_XYZRGB
b06_colorcalib
b07_EMcd2
b08_EML

L] EML

Il Mark2Lens2-vig-f11-800
@ overflow_correctnew
| RGB

Ll xvz

18 items 1 item selected 12 bytes

Date modified

24/06/2022 19:50
24/06/2022 20:06
24/06/2022 20:09
24/06/2022 20:33
24/06/2022 20:38
29/06/2022 21:33
29/06/2022 21:39

3/06/2022 16:17
23/06/2022 16:17
23/06/2022 16:17
29/06/2022 21:33
23/06/2022 16:17
23/06/2022 16:17
29/06/2022 21:39
23/06/2022 16:17

3/06/2022 16:17
29/06/2022 21:23
29/06/2022 21:31

— O X
(7]
v O L Search post_process
Type Size
HDR File 1,568 Kl
HDR File 1,563 Kt
HDR File 1,562 Kt
HDR File 1,562 Kl
HDR File 1,562 Kt
HDR File 1,533 Kl
HDR File 1,578 Kt
Windows Batch File 1 Kt
Windows Batch File 1 KE
Windows Batch File 1 Kt
Windows Batch File 1Kt
Windows Batch File 1 Kt
Windows Batch File 1 Kt
Text Document 1Kl
HDR File 598 Kt
Python Source File 4 Kt
Text Document 1Kt
Text Document 1Kt

This will create:
EML.txt



11. Calculate Melanopic llluminance

A B C D E F G
1 ‘Measurec Image Measured with spectrophotometer or colorimeter
2 X - 1272.85 1247.97 Derived from image, stored in XYZ.text from bO6_XYZRGB.bat
3 Y 1339.63 1339.63
4 |Z - 871.63 1098.45
5
6 Calc Image Correction coefficient Calculated in excel, XYZ to RGB transformation from measured data
7 R 1630.89 1437.18 1437.44869 1.134780843 Calculated in excel, XYZ to RGB transformation from image XYZ
8 G 1315.65 1349.19 1348917} 0.9751369915 Derived from image, stored in RGB.txt from b06_XYZRGB.bat
9 B 719.01 957.43 957.32 0.7509802707 These are the computed color correction values that are passed to b07_colorcalib.bat
10
11 Calc and image RGBs are done for verification
12 They should be similar
13
4 emL  [O476348 EML calculated from spectraphotometricdata
15
16 | ) EML- Notepad Double check: - o X
17 File Edit Format View Help .
T (i predicted EML (based on measured data)
19
” VS.
21

Calculated EML (based on captured data)




11. Calculate Melanopic llluminance



