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Application
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Related Works (Active Lighting Method)
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• LED cluster system
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• Illumination and color filter
Light source with 
variable spectrum

＋
Consumer RGB camera

Camera

Illumination

Object

Color filters

Lighting System

[5]. J.	Park,	M.	Lee,	M.	D.	Grossberg,	and	S.	K.	Nayar,	“Multispectral	imaging	using	multiplexed	illumination,”	Proc.	of	IEEE	Int.	Conf.	on	Computer	Vision	(ICCV),	pp.	1–8,	2007.

[6]. C.	Cui,	H.	Yoo,	and	M.	Ben-Ezra,	“Multi-spectral	imaging	by	optimized	wide	band	illumination,”	Int.	Journal	of	Computer	Vision,	vol.	86,	pp.	140–151,	2010.



4

Lighting System

[5] [6]

Light source with 
variable spectrum

＋
Consumer RGB camera

Camera

Illumination

Object

Color filters

Projector-Camera System

Projector SPD 

[7] ○ Projector-Camera setup has better 
trade-off regarding accuracy and cost

○ This setup can be used to acquire the 
3D model of an object. [8]

△ Spectral power distribution(SPD) is 
assumed to be known.
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Our Work

• Joint estimation of spectral reflectance 
and spectral power distribution(SPD)

• Make projector illumination basis for  
SPD estimation.
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Image Formulation Model
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Image Formulation Model
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Spectral Reflectance Model
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Projector SPD Model
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Collect RGB projector spectral dataset for RGB primary basis function.

- This dataset is made from only mercury lamp projector

Red : 𝒔% 𝜆 Green : 𝒔' 𝜆 Blue : 𝒔( 𝜆



Projector SPD Basis
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RGB spectra basis are made from projector spectral dataset
- From contribution rate, we choose the number of basis of each primary color is 6
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Projector SPD Basis
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RGB spectra basis are made from projector spectral dataset
- From contribution rate, we choose the number of basis of each primary color is 6
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Spectral Reconstruction 
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	𝒓W : Spectral reflectance of p-th pixel
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𝑁 : The number of illumination colors
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Alternate Spectral Estimation
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Solution 𝜶W (Reflectance)	and		𝜷	 (illumination SPDs) are alternately derived
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Solution 𝜶W (Reflectance)	and		𝜷	 (illumination SPDs) are alternately derived
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Solution 𝜶W (Reflectance)	and		𝜷	 (illumination SPDs) are alternately derived
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Solution
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Repeat alternate estimation until the cost converges.
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Convergence Judgement

𝐸 𝜶FrI, 𝜷FrI 	− 𝐸 𝜶F, 𝜷F < 𝜎

𝑘: iteration	time
	𝜎:	threshold 

Alternate Spectral Estimation



Experiments

⁃ Camera
Cannon 5D Mark II  
(camera sensitivity is already 

known from other paper)

⁃ Projector
Casio XJ-SC21        

Mercury lamp DLP projector
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Experiments

⁃ Macbeth Color Chart 18 chromatic patches (Real Image)

Ø Capture 7 images under Red, Green, Blue,  Cyan, Magenta, Yellow, and White light
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Input Images

Target Object
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3band9band

21band21band
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Spectral Reflectance 

Spectral Reflectance Result
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Spectral Reflectance Result
Spectral Reflectance RMSE Table 

• RMSE for each patch is almost the same whether you use 3 or 7 images. 
We think it is because each case projected the linear combination of 
primary colors and  the amount of input information is not changed.
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SPD Result
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Conclusion

• We create a dataset of the spectral power distribution (SPD) of the 
projector and make a model for projector SPDs by  basis functions 

• It was shown that even if the spectral power distribution (SPD) of 
the projector is unknown, it is possible to estimate the spectral 
reflectance and SPD at the same time to some extent.
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