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Intrinsic Relighting 

› Flash Photography Enhancement via Intrinsic 
Relighting 
› Eisemann and Durand  

 
 

› Dark Flash Photography 
› Krishnan amd Fergus 
› SIGGRAPH 2009 

 

based on Eisemann's slides 
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No-Flash 

› Nice lighting 
 

› Noisy or blurry 
› Wrong color? 
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Flash 

› Visible details 
› Correct color 

 
› Flat/artificial 
› Flash shadows 
› Red-eye 
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Use No-Flash Image to Relight Flash Image 

flash 

no-flash 

Presenter
Presentation Notes
Our approach takes a no-flash and a flash image as input and will combine the benefits of both. 
Essentially the no-flash image will be used to relight the flash image.
Notice in particular the shadow created by the candle which is successfully transfered.
Also the output contains as many details as the flash image, in particular parts which are only visible in the flash image reappear in the result.
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registered 
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Intensity–Color Decomposition 

better decoupling 

use the channels of the flash image as weight for both pictures 

C_f(:,:,1) = O_f(:,:,1) ./ I_f(:,:); % R 
C_f(:,:,2) = O_f(:,:,2) ./ I_f(:,:); % G 
C_f(:,:,3) = O_f(:,:,3) ./ I_f(:,:); % B 

original 

= x 

intensity color 

O_f I_f C_f 

Presenter
Presentation Notes
Given the original image we will decompose it either using standard formulas or for slightly better results the formula described in our paper into two multiplicatively linked layers: intensity and color.
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registered 
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Large-Scale Layer 

› Bilateral filter 

Presenter
Presentation Notes
Here is an example of the application of the bilateral filter
Notice how for example the eyes remain as sharp as in the input

Our filtering is performed in log space. As log space differences correspond to differences as perceived by the human visual system.
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Bilateral Decoupling 

 
 
 
 

› Computation is performed in the log10 domain to 
respect intensity ratios 
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Use Cross Bilateral Filter to Compute 
the Large-Scale Layer of No-Flash Image 

› When the no-flash image is too noisy 

› Borrow similarity from flash image 
› Preserve edges not present in the no-flash image 

 

bilateral cross bilateral 

Presenter
Presentation Notes
In cases where the no-flash image is too dark our noisy to contain reliable edge information we will use the flash image to blur the no-flash image.
The flash image is becomes therefore responsible for the edge stopping in the bilateral filter
The same approach has been developped independently by Petschnigg et al., which they call the joint bilateral filter.
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Detail Layer of the Flash Image 

  

intensity large-scale 

/ = 

detail 

Presenter
Presentation Notes
Having the intensity and large scale information the details are simply obtained from the division of these two.
Realize that this equation implies that large scale and detail layer can be recombined to the original intensity
Of course, here you can already see, that we have to do something about the shadow in the case of the flash image
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Reconstruction 

  

 
large-scale  

no-flash 
contrast can be enhanced 

 
detail  
flash 

x 

 
intensity 

result 

= 

Reconstruction: Large scale  x  Detail = Intensity 

Presenter
Presentation Notes
Based on this idea We are going to recombine the large scale of the no-flash with the detail coming from the flash.
This gives us the intensity of our result.


Look at the nice apparance of intensity. Fur more detailed, lighting preserved, sharper.
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Reconstruction 

  

 
intensity 

result 

 
color 
flash 

x ~ ~ 
 

result 

Reconstuction: Intensity  x  Color = Color Output 

Res(:,:,1) = I_r(:,:) .* C_f(:,:,1);  
Res(:,:,2) = I_r(:,:) .* C_f(:,:,2); 
Res(;,:,3) = I_r(:,:) .* C_f(:,:,3); 

Presenter
Presentation Notes
Remembering that the original image was split into intensity and color information
We can fuse in the same way the intensity of the result with the color of the flash image.
Leading to the final output.

Actually this is not the whole truth. 
We swept under the rug, that we still have to deal with shadow artifacts.
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White Balance (for Later Use) 

W_r = mean(A.*O_f(:,:,1)) / mean(A.*O_nf(:,:,1));  
W_g = mean(A.*O_f(:,:,2)) / mean(A.*O_nf(:,:,2)); 
W_b = mean(A.*O_f(:,:,3)) / mean(A.*O_nf(:,:,3)); 

The matrix A gives stronger weights for bright 
pixels with a white color in the flash image 

O_nf(:,:,1) = (W_r^0.2)*O_nf(:,:,1);  
O_nf(:,:,2) = (W_g^0.2)*O_nf(:,:,2);  
O_nf(:,:,3) = (W_b^0.2)*O_nf(:,:,3);  
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Basic Reconstruction 

some areas did not receive light from the flash 
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registered 



17 

Shadow Treatment 

› Umbra detection 
› Penumbra detection 



18 

Shadow Detection 

Umbra 

flash 

Penumbra 

Presenter
Presentation Notes
Taking a look at a flash shadow in closeup reveals two regions the umbra and a smaller penumbra region.
As the shadow consists of two parts, our detection will be done in two according steps, too.
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Umbra Detection 

∆Ι flash no-flash 

- = 

› No direct light from flash 
› Difference of the two photos ∆Ι reveals these regions 

› However, shadows do not always correspond to ∆Ι=0 

Presenter
Presentation Notes
The umbra detection is based on the assumption that the flash light in this region is uniform, as it only corresponds to scattered light from the flash.
Therefore the difference between flash and no-flash image reveals these regions.
The interpretation of the difference image is quite intuitive.
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Umbra Detection 

? 

∆Ι 

› Difference ∆Ι = light from the flash 
 

› Goal: Find a threshold for ∆Ι 
 

128-bin blurred 
histogram 
 
find local 
minimum 

∆Ι 

Presenter
Presentation Notes
It corresponds directly to the light that had been added by the flash to the scene.
Our goal is to find a threshold to seperate in-shadow regions from those which were hit by light coming directly from the flash.
Still we see that the detection misses the penumbra region
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1. Shadow boundaries create strong gradients in the 
flash image that do not correspond to gradients in the 
no-flash image 

2. Keep only pixels that are connected to umbra 
 

Penumbra Detection 

umbra penumbra 
no-flash flash 

Presenter
Presentation Notes
The detection of the penumbra is based on the appearance of a penumbra. It corresponds to a strong gradient situated at a shadow boundary.
This strong gradient is not apparent in the no-flash image, therefore our detection should be guided by a gradient comparison.
And as penumbras form the shadow boundary we will use the fact that they are connected to the umbra region.
Therefore in our approach we extend the umbra regions based on a derivative comparison to include the penumbra and therefore fully cover the shadow.
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Shadow Correction 

› Correct color and detail 
 

› Shadow areas receive different 
amounts of indirect light from 
the flash 
 

› The no-flash image often lacks 
information in the blue 
channel due to yellowish 
lighting and poor sensitivity of 
sensors in the small 
wavelengths 

shadow mask 
with feathering at boundaries 

Presenter
Presentation Notes
Looking at the shadow mask, which is transformed from binary by adding a feathering,  we realize that the shadow is actually nicely detected.
We have to perform a correction of color and details.
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Flash Detail Correction 
› Exploit the shadow mask to exclude shadow pixels 

from the bilateral filtering 
› This results in a higher-quality detail layer for the flash 

image 

intensity large-scale 

/ = 

detail 
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Shadow Color Correction 

wrong color 

correct color 

no-flash colors 

flash color 

fill in shadow from similar surrounding 

Presenter
Presentation Notes
In this presentation we will focus on the color correction.
Zooming in on the flash shadow we can see that inside the shadow region we encounter false colors.
On the other hand we realize that the correct color can be found next to the shadow.
There is the same material as the one covered by the shadow. But in this case it has received light from the flash and therefore contains the correct color information we need.
Our idea is to use the color information from similar materials in the neighbourhood that have been hit by the flash to fill in the missing information inside the shadow.
The problem that remains is to be able to decide which pixels correspond to the same materials.
This is where the no-flash image comes into play.
There is no flash shadow in the no-flash image. Therefore we will use the similarity of colors of the no-flash photo to guide the correction.
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Shadow Color Correction 

flash no-flash 

neighborhood 
of a shadow pixel 

Eisemann's slides 

Presenter
Presentation Notes
Let us make this idea more concrete.
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Shadow Color Correction 

flash no-flash 

outside shadow inside shadow 

Eisemann's slides 
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Shadow Color Correction 

no-flash 

outside shadow inside shadow 
select pixel in shadow 

flash 

Eisemann's slides 
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Shadow Color Correction 

flash no-flash 

outside shadow inside shadow 
corresponding pixel 

Eisemann's slides 
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Shadow Color Correction 

flash no-flash 

outside shadow inside shadow 
spatial weights 

Eisemann's slides 
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Shadow Color Correction 

flash no-flash 

outside shadow inside shadow 
spatial and color weights 

Eisemann's slides 
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Shadow Color Correction 

spatial and color weights 

no-flash flash 

outside shadow inside shadow 

Eisemann's slides 
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Shadow Color Correction 

use shadow mask 

no-flash flash 

outside shadow inside shadow 

Eisemann's slides 
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Shadow Color Correction 

use shadow mask 

no-flash flash 

outside shadow inside shadow 

Eisemann's slides 
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Shadow Color Correction 

use shadow mask 

no-flash flash 

outside shadow inside shadow 

Eisemann's slides 
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Shadow Color Correction 

use weights on flash color 

no-flash flash 

outside shadow inside shadow 

filtered result 

Eisemann's slides 
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Shadow Color Correction 

replace shadow pixel 

no-flash flash 

outside shadow inside shadow 

Eisemann's slides 
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Shadow Color Correction 

proceed for all shadow pixels 
outside shadow inside shadow 

no-flash flash 

Eisemann's slides 
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no-flash 

flash 
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no-flash 

flash 
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no-flash 

flash 
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Emphasize Foreground 

emphasized foreground 

exploit 1/r2 flash  
intensity falloff 
 
pseudo-distance 
 

Presenter
Presentation Notes
We apply what we call the pseudo distance.
It uses both images to exploit the fall-off of the flash and allows to emphasize the foreground of our scene.
Therefore the person stands out in the final result.
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› Use shadow-corrected ∆Ι as pseudo-distance 
› Pixels in shadow are assigned a pseudo-distance according 

to their neighbors (bilateral filtering) 

 
 
 
 
 
 

› Multiply the large scale layer of the no-flash image by 
the pseudo-distance 

Pseudo-Distance 

DI flash no-flash 

- = 

Presenter
Presentation Notes
The umbra detection is based on the assumption that the flash light in this region is uniform, as it only corresponds to scattered light from the flash.
Therefore the difference between flash and no-flash image reveals these regions.
The interpretation of the difference image is quite intuitive.
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flash 

retain warm tones from available lighting 

(Inverse) White Balance 

no-flash 

(1/W_r^t) * O_nf(:,:,1) 
(1/W_g^t) * O_nf(:,:,2) 
(1/W_b^t) * O_nf(:,:,3) 

Presenter
Presentation Notes
Nevertheless, the observer might await a reddish output, as he is used to this color coming from a street light.
A second example, which we will see soon, is candle light, which looks artificial when the light is completely white.
Therefore we perform an inverse white balancing. The correct colors of the output are manipulated to match more and more the colors found in the no-flash image.
The amount of recoloring can be chosen until it looks acceptable.
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› Flash Photography Enhancement via Intrinsic 
Relighting 
› Eisemann and Durand  

 
 

› Dark Flash Photography 
› Krishnan amd Fergus 
› SIGGRAPH 2009 

 



Dark Flash Photography  

› Use a standard DLSR with the IR-block filter removed 
› Multi-spectral flash (non-visible wavelengths) 

45 
long exposure output ambient  

illumination 
multi-spectral 
flash 

blur-free shutter speed 



Dark Flash Model 
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response 
curve 

dark 
flash 

reflectance jth channel 



Spatial-Spectral Cost Function 
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Reconstructed 

 sparse 

shadow mask 



Ring Light/Flash 

› Portrait and fashion photography 
 

› DIY ring light 
› https://www.youtube.com/watch?v=ilt2pytLF_E 

› Faking a big shot 
› https://www.youtube.com/watch?v=LDUFLWFck_g 

› Cheap camera challenge 
› https://www.youtube.com/watch?v=jDAnNjRJxOQ 
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https://www.youtube.com/watch?v=ilt2pytLF_E
https://www.youtube.com/watch?v=LDUFLWFck_g
https://www.youtube.com/watch?v=jDAnNjRJxOQ
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