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•   Compressive sensing (CS) comprises a set of relatively new 
techniques that exploit the underlying structure of data sets 
allowing their reconstruction from compressed versions or 
incomplete information. 

•  CS has been used recently in several fields like holography, 
magnetic resonance imaging or other biomedical images, or face 
recognition, among others. 

•  Some CS algorithms are based on dictionaries. These algorithms 
are interesting because we can play with the used dictionary 
atoms by changing the value of their associated coefficients. 
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•  The interest of these methods for de-identification scenarios rely 
in the possibility to use CS as a way to hide sensitive information 
of users.  

•  This can be done by replacing (part of) the image-based 
dictionary atoms with other general dictionary atoms. 

•  The idea can be explained as follows for a face recognition 
scenario: 
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1.  An image of a user is captured by a camera. 
2.  The image is processed through a CS algorithm in order to obtain the 

dictionary of the user (based in his/her own image) and the compressed image 
(only a few number of samples). 

3.  The compressed image can be sent to a receiver without the particular 
dictionary used for generating it. 

4.  The receiver can recover partial information of the image using a general 
dictionary, for example based on wavelets or DCT. 

5.  Or the image can be stored in a database without access to the particular 
dictionary, and hence the user of the database can obtain general information 
of the image with a general dictionary but not the exact (original) image. 

6.  If the original image has to be recovered, the original (image-dependent) 
dictionary can be used by its owner. 
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General Dictionary 

The reconstructed image hides 
information of the user because 
a general dictionary is used for 
its reconstruction from the 
received coefficients. 

Figure 1: Block diagram of the proposed method for de-identification 
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•  Algorithms: We tried several algorithms in order to see how good 
they are reconstructing data from a few number of samples (we 
used only 20% of available data). The algorithms and their 
references are listed in the following Table 1: 
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Name		 Acronym	 Reference	

CP	Weighted	OPTimization	 CP-WOPT	

E.	Acar,	D.	M.	Dunlavy,	T.	G.	Kolda,	M.	Mørup		

Scalable	Tensor	Factorizations	with	Missing	Data.	Proceedings	of	the	2010	

SIAM	International	Conference	on	Data	Mining	(2010).		

Canonical	polyadic	decomposition	with	missing	elements		 CPDS_NLS	 Laurent	Sorber,	Marc	Van	Barel	and	Lieven	De	Lathauwer.	Tensorlab	v2.0,	

High	accuracy	low	rank	tensor	completion	 HaLRTC	

Liu	J1,	Musialski	P,	Wonka	P,	Ye	J.	

Tensor	completion	for	estimating	missing	values	in	visual	data.	

IEEE	Trans	Pattern	Anal	Mach	Intell.	2013	Jan;35(1):208-20.	

Fast	low	rank	tensor	completion	 FaLRTC	

Liu	J1,	Musialski	P,	Wonka	P,	Ye	J.	

Tensor	completion	for	estimating	missing	values	in	visual	data.	

IEEE	Trans	Pattern	Anal	Mach	Intell.	2013	Jan;35(1):208-20.	

Simultaneous	Tensor	Decomposition	and		

Completion	
STDC	

Yi-Lei	Chen,	Chiou-Ting	Candy	Hsu,	Hong-Yuan	Mark	Liao,	"Simultaneous	

Tensor	Decomposition	and	Completion	Using	Factor	Priors,"	IEEE	

Transactions	on	Pattern	Analysis	and	Machine	Intelligence,	20	Nov.	2013.	

Patch-Based	Tensor	Completion	 PB-TC	
Caiafa,	C.	F.	and	Cichocki,	A.		

Multidimensional	compressed	sensing	and	their	applications.		

Table 1: Algorithms analysed for Compressed Sensing and Tensor Completion application to de-identification 
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•  Performance is calculated as:   

 where e stands for the error of missed data and s stands for the 
 original data. 

•  In our experiments, missed data is 80% of the available data. 
•  On the other hand, also SNR (dB) is reported. 
•  Experimental results are presented in Tables 2, 3 and 4, and in 

Figure 2. 
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Table 2: Performance obtained for the analysed algorithms 

	 Algorithm	 Performance	(P)	

CP-WOPT	 1.5536	

CPDS_NLS	 1.0144	

HaLRTC	 0.7924	

FaLRTC	 0.9997	

STDC	 0.9935	

PB-TC	 0.4053	
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Algorithm	 SNR[dB]	(mean±std)	 Max	 Min	

CP-WOPT	 -2.5623	±	2.6793	 	0.9546	 -14.0450	

CPDS_NLS	 -0.1080	±	0.4646	 0.9768	 -4.4845	

HaLRTC	 2.0663	±	0.4889	 3.5235	 0.5489	

FaLRTC	 0.0028	±	0.0051	 0.0543	 -0.0002	

STDC	 0.0585	±	0.1083	 0.8936	 -0.0880	

PB-TC	 10.1921	±	3.0949	 18.0522	 -6.7357	
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Table 3: SNR of the reconstructed data for the analysed algorithms 
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Figure 2: mean SNR of the reconstructed data for the analysed algorithms 
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•  The selected algorithm was PB-TC (Patch-Based algorithm for 

Tensor Completion) 
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Algorithm	 SNR	[dB]	(whole	tensor)	

CP-WOPT	 30.3371	

CPDS_NLS	 32.1847	

HaLRTC	 41.2814	

FaLRTC	 39.2626	

STDC	 39.3164	

PB-TC	 47.1040	

	

Table 4: SNR of the global image for the analysed algorithms 
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•  We select PB-TC algorithm for our experiments. 
•  With the aim to obtain the sparse coefficients and the (subject-

based) dictionary, we applied the PB-TC algorithm to one face 
image 

•  The PSNR (Peak to Signal Noise Ratio) obtained was 26.36 dB, 
with a dictionary of dimensions 32x32.  

•  Only 20% of available points where used for the reconstruction 
of the image (80% of missing values) 

•  We can see that the reconstruction, even if not perfect, do not 
hide the identity of the subject. 
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•  If we use another dictionary for recovering the image, for 
example the DCT (Discrete Cosine Transform)  dictionary of size 
32x32, result is very bad:  
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•  In the previous image we obtained PSNR = 9.21 dB. This is what 
we expected because the image coefficients are obtained trough 
a subject-dependent dictionary. 

•  Hence, they don't mean anything without the proper dictionary. 
•  Therefore, we can send in a non-protected the compressed 

image (in our example, the 20% of the available points). 
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•  In order to allow a partial reconstruction of the image, we need to 
use some of the atoms of the original dictionary.  

•  If we exchange the first entries of the DCT dictionary with entries 
of the original one (image-dependent), we will be able to 
reconstruct the image with better accuracy. 

•  The amount of original dictionary entries controls the de-
identification effect. 

•  Of course, we do not want to use the whole original dictionary 
because this will revert to obtain (almost) the original image.  
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•  Figure show the PSNR(dB) evolution when adding original 
dictionary entries to the DCT dictionary, i.e., ‘transforming’ the 
DCT dictionary to a dictionary close to the original one. 
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•  For the first 18 entries,                       . We can see that the image 
is a face but the identification of the subject is difficult.  
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•  We also observe that using 20 original entries, the PSNR 
increases in about 2 dB. In this case, the recovered image is 
much better and the identification would (maybe) be possible. 
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•  Here we can see how the image is improved when original 
dictionary entries are used (from 1 to 32): 
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•  Hence, there is a compromise between the number of real 
entries of the dictionary and the de-identification of the subject. 

•  Keeping these original entries below 20 seems to do not affect 
the identifiability of the subject, but we cannot hide user’s identity 
if 20 or more entries are used.  

•  There is also a compromise between the amount of unknown 
data (to be reconstructed by the algorithm) and the quality of the 
image.  

•  We only did experiments for 80% of missing points. Using more 
points will increase the quality of the image. 
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•  More experiments have to be done in order to determine:  
1.  The best compromise between original dictionary 

coefficients and de-identification 
2.  The optimal size of the patch (we used 32x32 patches) 
3.  What happens if other well-know dictionaries are used 

(for example, wavelet dictionary) 
4.  How robust is the system hiding the identity of the image 

•  We can also adapt our algorithm in order to work with the whole 
image for extracting the coefficients, instead of using patches, 
analysing if results are improved or not, and especially if the 
computational time increases or not. 
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Thank you! 


