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HDR merging algorithms
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Input exposures:

Camera response & weighting functions

Response

Weighting

2 KR

Input weights

100
Pixel Value

; 11ﬁsai peddé.ul-euolh



HDR merging algorithms {HiDy '}

HDR = High Dynamic Range LDR images

/ Low Dynamic Range 0,96 cd/m?

cd/m?
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HDR merging algorithms {HiDy '}

Valid for linear

Luminance estimation from a Low Dynamic Range (LDR) image: cameras only
e | ] For each pixel
Pixel value [counts Luminance [cd/m?
1 D-D ,
Lipr =—" — +¢&, [odm]
Sy int

If the pixel is « well-exposed », i.e.,
Dmin <D< Dmax < Dsat

D is the value of the LDR pixel signal [counts];
- D is the associated dark signal [counts];
RAW L_Dleage captured Luminance map captured 0 | . . . g [ ],
at Tipe = 200 Ms at Ty, = 200 ms t.. istheintegration time [s];
12-bits dynamic [0 — 4095]

sy, istheluminous responsivity [s-cdt-m?];
€ is the error
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: : : . . Valid for linear
Luminance estimation from a Low Dynamic Range (LDR) image: cameras only
Pixel value [counts] Luminance [cd/m?] [counts — digital number] Non-linearity
A
Dsat r'g
L
D
Pixel Non-linearity
value e Lipr-sy and low SNR
Dmin- - :;«""/: """""""""""" ;/K -
> tint
RAW LDR image captured Luminance map captured tint
at T, =200 ms 2t T =200 ms Integration time
12-bits dynamic [0 — 4095] nt
L . 1 D-Dg
LDR — ) £ T €, Dpin < D < Dpax < Dgat
Sy int
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Valid for linear

Luminance estimation from a series of LDR images: cameras only

[counts — digital number]

t; L L3 i b tyg by
Integration time
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HDR merging algorithms {HiDy '}

Valid for linear

Luminance estimation from a series of LDR IMages.: cameras only
For each pixel of image i
L o 1 . Di_DO,i L e, [cd/m?] [countsA— digital number]
L L
SV ti DSCI(:
: : . B
It the pixel is « well-exposed », i.e., D,
value
Dmin- __________________________________
D is the value of the LDR pixel signal [counts]; ! ‘ >l
. : . t;, t, oty Lt tyg ty
D, isthe associated dark signal [counts]; Integration time
t.. istheintegration time [s];

sy, istheluminous responsivity [st-cdt-m?];
£ is the error
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“Best exposure” algorithm:

For each pixel

1 Di—Dy;

Lypr = —-
HDR Sy t;

[cd/m?]

with
t.= max{t, such that Dpin < D; < Dpax}

D, is the value of the LDR pixel signal [counts];
Dy; isthe associated dark signal [counts];

t; is the integration time [s];

sy istheluminous responsivity [s-cdt-m?];

Valid for linear
cameras only

[counts — digital number]
A
D
D1 |
D;= Dy, D

Pixel s
value T Lypr- sy

Do A

min L
LA |

sat

t; L L3 i b tyg by
Integration time
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“Weighted-average” algorithm:

For each pixel

N l 0,1
L 1 S BT, [ed/m?
_ . cd/m
HDR — N ’
with q; = 1 (Dmin < Di = Dmax)
y 0 otherwise
D, is the value of the LDR pixel signal [counts];

Dy, is the associated dark signal [counts];

t. is the integration time [s];

sy, isthe luminous responsivity [s-cdt-m?];
w; is the weight associated with the pixel

Valid for linear
cameras only

[counts — digital number]
A
DSCIt
L S
Di_ DO,i C)
Pixel @
value T X Lypg- Sy
Wy &~ average
22,;;,,@ slope
e I S B
— : : : —+ L
t; L L3 i b tyg by
Integration time

Example of weight function: w; = t;
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“Linear regression” algorithm:

For each pixel

Valid for linear
cameras only

LHDR
C1¥S - Xiqiti (Di—Do;) — Tiaqiti - Xitiqi (D — Doyi)
- 2
v YNaq o Xait? — (Biait)
with q; = 1 (Dmin = Di S Dmax)
0 otherwise
D, is the value of the LDR pixel signal [counts];

Dy; isthe associated dark signal [counts];
t; is the integration time [s];
sy, istheluminous responsivity [st-cdt-m?];

A
DSCIt
L
D= Do
Pixel e
value oz Lupr* Sv
oF
Dm in ";;"' """"""""""""""""
— . : . ——+ ;s
t; L L3 i b tyg by
Integration time
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: : : : Valid for linear
Parameters with a high impact on the calculated luminance cameras only
- Accurate knowledge of the exposure value (e.g. [counts — digital number]
integration time) is required D t‘
e
1 D;—D Di- Dy, &
Li — . l O;l + gi ) Pixel :
Sy @ value e Lypr- sy
If the pixel is « well-exposed », i.e., D’"i ______ N
Dpin < D; < Djax < Dgat bt G LG by by
Integration time
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Parameters with a high impact on the calculated luminance

- Linearity of the camera (or knowledge of the
camera response function) is crucial

D'—DO 1
Li =® : L —+ Ei,
L

If the pixel is « well-exposed », i.e.,
Dmin = Di < Dmax < Dsat

Valid for linear
cameras only

[counts — digital number]
A

DSClt

L ST
D;- Dy, é"
Pixel A
value 5 Nes Lypg- sy

‘)3‘){4
Dmin-:ﬂ;:h’_____--_____-___é ______________
- : 1 1 = 1 1 : > tlnt
t; t ts G 4 tyg Uy

Integration time
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HDR merging algorithms {HiDy '}

Workflow of HDR image acquisition and processing for luminance measurement

Scene Varyin :
llluminance exg)sgre Luminous Luminance
E [Ix] e.q., Pixel value sensitivity = [cd/m?]
integration D [DN] ___________________________________________________
"”‘"i HDR
int 1 1 .
_’ D:- merging
. tint2 i algorithm
Luminance | T~ — :E g
L [cd/m? H 5
[ :--.] -------------- % ------ | AEs C—almera Lines 8 S 3 """"""""""
| Optical effects | | sensor _ y . Dark Flat field and .
! (e.g., distortion, stray: |  Sensor effects SN Series of Non Ilne.arlty are di atneidand HDR_Iumlnance
Iight, shading) E i (e.g., noise, PRNU) E d/g/ta[ images correction correction Istortion corrections Image
Image capture (low dynamic range - LDR) HDR image capture HDR image processing
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HDR merging algorithms

{

HID

* HDR merging algorithms have simple mathematical expressions
* Good non-linearity correction before merging is key to an accurate reconstruction
* The algorithm parameters defining the well-exposed pixel have significant impact

A
Dsat
D
H
Di_DO,i ,/LJ
Pixel b2
value - *— L sy
D, N ettt bttt
/: T T t > tint
t; ts t t tyg ty
Integration time

Dsat

max

Pixel
value

Integration time

DS(]LL
Dmax- ---------------------------
D;- Dy, o
Pixel P
value ® Ly Sy
‘." sssss
~F
Dmi '.j"" """"""""""""""""
: : . : —+P Line
t; L ts G & tyg ty

Integration time

“Best exposure” algorithm

“Weighted average” algorithm

“Linear regression” algorithm

Valid for linear
cameras only
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