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Abstract	
	

A  new  framework  for  signal  processing  is  introduced  based  on  a  novel  vector  product  
definition  that  permits  a  multiplier-‐‑  free  implementation.  First  a  new  product  of  two  
real  numbers  is  defined  as  the  sum  of  their  absolute  values,  with  the  sign  determined  by  
product  of  the  hard-‐‑limited  numbers.  This  new  product  of  real  numbers  is  used  to  
define  a  similar  product  of  vectors  in  RN  .  The  new  vector  product  of  two  identical  
vectors  reduces  to  a  scaled  version  of  the  l1  norm  of  the  vector.  The  main  advantage  of  
this  framework  is  that  it  yields  multiplication-‐‑free  computationally  efficient  algorithms  
for  performing  some  important  tasks  in  signal  processing.  An  application  to  the  
problem  of  cancer  cell  line  image  classification  is  presented  that  uses  the  notion  of  a  co-‐‑
difference  matrix  that  is  analogous  to  a  covariance  matrix  except  that  the  vector  
products  are  based  on  our  new  proposed  framework.  Results  show  the  effectiveness  of  
this  approach  when  the  proposed  co-‐‑difference  matrix  is  compared  with  a  covariance  
matrix.	
	
Index  terms:  Inner-‐‑product  space,  image  classification,  region  covariance,  co-‐‑difference	
	
	

Problem  Statement	
	

Cancer  cell  lines  are  grown  in  tissue  culture,  usually  in  a  lab  environment.  They  
represent  generations  of  a  primary  culture.  Identification  of  carcinoma  cells  has  to  be  
done  at  several  stages  of  an  experiment  in  molecular  biology.	
	
Short  tandem  repeat  (STR)  analysis  is  being  used  as  a  standard  for  the  authentication  of  
human  cell  lines.  This  is  a  costly  and  non-‐‑automated  process.	
	
Automated  analysis  will  provide  a  fast  and  easy-‐‑to-‐‑use  tool  that  can  be  used  in  
laboratories  to  verify  cell  line  identity.	
	
Problem:  Classify  images  from  14  different  cell  lines.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
 
 
	

 
	

	
	

Figure  1:  Example  images  of  the  cell  lines  used  in  our  experiments.	

Proposed  Method	
	

We  propose  to  use  region  co-‐‑difference  matrices  [2]  for  feature  extraction.	
Co-‐‑difference  computation  is  about  100-‐‑times  faster  than  covariance  [1]  computation  for  
a  given  image.	
	
Covariance	
	
	
	
Co-‐‑difference	
	
	
where	
	
	
	
The  co-‐‑difference  operator  has  some  interesting  properties.	
One  can  define  a  “vector  product”  as  follows:	
	
	
	
	
	
“Multiplication”  of  a  vector  with  a  scalar  	
	
	
	
	
	
	
	
	
	
	
	
Vector  product  of  a  vector  with  itself  is  a  scaled  version  of  the  l1  norm  	
	
	
	
	
	
Since  our  images  show  a  lot  of  junctions  and  corners,  we    use  dual-‐‑tree  complex  wavelet  
(DTCWT)  [3]  M!(x,y)  and  directional  co-‐‑difference  s"(x,y)  features.	
	
	
	
	
	
	
	
We  use  the  following  feature  vector:	
	
	
	
	

We  investigate  the  effect  of  normalization  of  the  covariance  and  co-‐‑difference  matrices.	
	
	
	
	
	
	
	
Background  subtraction  was  carried  out  by  using  an  EM  algorithm,  followed  by  
morphological  closing  and  median  filtering.	
	

Experimental  Results	
	
Our  dataset  consisted  of  14  different  cancer  cell  lines  recorded  at  20x  with  20  images  per  
class.  For  classification  we  used  an  SVM  [5]  with  an  RBF  kernel  and  parameters  C=1000  
and  #=0.5  after  cross-‐‑validation.	
	
Co-‐‑difference  features  yield  comparable  performances  than  covariance  features.	
	
	
	
	
	
	
	

Table  1:  Classification  accuracies  (%)  using  different  feature  extraction  methods.	
	

Conclusion	
	

In  this  paper,  a  new  framework  for  signal  processing  based  on  a  novel  vector  product  
definition  that  permits  a  multiplier-‐‑free  implementation  was  introduced.  The  main  
advantage  of  this  framework  is  that  it  yields  multiplication-‐‑free  computationally  
efficient  algorithms  for  performing  some  important  tasks  in  signal  processing.  This  
operator  can  be  used  to  construct  a  so-‐‑called  region  co-‐‑difference  matrix  that  has  very  
similar  properties  to  the  established  region  covariance  matrix.  The  co-‐‑difference  matrix  
was  successfully  applied  to  the  problem  of  classifiying  cancer  cell  line  images.  The  co-‐‑  
difference  matrix-‐‑based  approach  produces  slightly  beeer  results  than  the  covariance  
matrix  without  performing  any  multiplications.	
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subbands at orientation θ, where θ ∈ {±15o,±45o,±75o}.
The magnitude of the complex wavelet coefficent is then Mθ,
computed for θ ∈ {±15o,±45o,±75o}. Hence, for each
pixel in the average image Ia(x, y), six complex wavelet coef-
ficient magnitudes Mθ(x, y) representing six different orien-
tations of DT-CWT are extracted. These magnitudes will be
utilized as features in the co-difference and covariance ma-
trix computation for randomly sampled regions of the image
Ia(x, y).

3.1.3. Feature vector choice

With
Mθ(x,y) = [Mθ1(x, y)...Mθ6(x, y)] (10)

and
sα(x,y) = [sα1(x, y) ... sα8(x, y)] (11)

where θ1...θ6 correspond to the six orientations of DT-CWT
detail subbands {±15o,±45o,±75o}.α1...α8 correspond to
the mean of the eight angles of directional difference score
estimation. The feature mapping function employed in this
study is then

φ(I, x, y) = [Ia(x, y) |Ix| |Iy| |Ixx| |Iyy|Mθ(x,y) sα(x,y)]
T ,

(12)
where |Ix| and |Ixx| denote the first- and second-order deriva-
tives at (x, y) of the image Ia.

3.1.4. Foreground-Background Segmentation

The images in our dataset show a large amount of background
pixels. Clearly, the background is not discriminative. There-
fore, we address the issue of segmenting the images into fore-
ground and background before classification. For our dataset,
a simple thresholding scheme is not sufficient for segmenta-
tion, since foreground pixels have a large variance and may
therefore have values higher and lower than the background
pixels. We modeled the image as a mixture of two Gaussians,
representing the foreground and background pixels, respec-
tively. Using this model, an Expectation-Maximization (EM)
algorithm was applied for segmentation. The result is noisy,
so a morphological closing operation was applied, followed
by median filtering. We obtained the sizes of the closing and
median filter kernels by comparing the scores of the segmen-
tation results of various kernel sizes. The used score was first
described in [15] and evaluated in [16].

Since it is necessary to focus on foreground-like regions
in carcinoma cell line images, s analysis square windows are
randomly selected, as in [17], from each image with the two
constraints: the percentage of the foreground pixels in the
selected region of an image must be above 50 and the vari-
ance of the selected region must exceed an image-dependent
threshold, which is the variance of the whole image.

3.1.5. Classification

For each subwindow, a codifference matrix was computed
using (2) and the feature vector from (12). The image
signature is composed of s co-difference matrices of the
same size. Each class is represented by s×#(images in each
class) covariance matrices. A multiclass support vector ma-
chine (SVM) classifier is trained with an RBF kernel in the
d(d+1)/2-dimensional vector space using the training points.
SVM algorithm is implemented using LIBSVM library [18].
For each test subwindow, the corresonding co-difference de-
scriptor is vectorized and fed into the trained SVM model
for prediction. Therefore, there exist s labels for each mi-
croscopic image corresponding to s subwindows, and the
image in question is assigned the label that gets the majority
of votes among s labels. The above process is carried out for
unnormalised and normalised co-difference matrices.

3.1.6. Results

In our experiments, we compared the co-difference matrix
with the covariance matrix. When both are fed into an SVM,
we get the results listed in Table 1. Clearly, the results are
comparable, with the co-difference matrix outperfroming the
covariance matrix in the normalised case.

Unnormalised Normalised Unnormalised Normalised
Covariance Covariance Codifference Codifference

classification classification classification classification
96.4 97.5 95.7 98.2

Table 1. Classification accuracies (in %) for different classi-
fier inputs.

4. CONCLUSIONS

In this paper, a new framework for signal processing based
on a novel vector product definition that permits a multiplier-
free implementation was introduced. The main advantage of
this framework is that it yields multiplication-free computa-
tionally efficient algorithms for performing some important
tasks in signal processing. This operator can be used to con-
struct a so-called region co-difference matrix that has very
similar properties to the established region covariance ma-
trix. The co-difference matrix was successfully applied to
the problem of classifiying cancer cell line images. The co-
difference matrix-based approach produces slightly better re-
sults than the covariance matrix without performing any mul-
tiplications.
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