
1  PROCESS AND DEVICE FOR AUTOMATED GRADING OF BIO-SPECIMENS Field of the
Invention [0001] The present invention generally relates to the field of
bio-specimen analysis,  and more particularly to a process and device for
automated grading of bio-specimens.  Background of the Invention [0002]
Many diseases are manifested by their expressions or lost of expressions of
one or more genes in the affected tissues or cells; the genes specifically
associated with  diseases are usually called biomarkers; thus diagnosis of
the diseases can be done with the  biospecimens taken from patients by
analysing the expressions of biomarkers. [0003] One of the exemplary
biomarkers is Her2/neu. The Her2/neu (also known  as c-erbB2) oncogene is a
cell-surface membrane tyrosine kinase receptor that is  overexpressed in
20% to 30% of breast cancer cases and is significantly associated with
breast cancer recurrence and death in the last two decades. In addition,
breast cancer cases  associated with the overexpression of Her2/neu have
been known to respond poorly to  conventional hormonal therapy,
chemotherapy or other cytotoxic treatments. [0004] Hence, detection of
Her2/neu in breast carcinomas is important to determine  appropriate
therapeutic management and treatment of patients diagnosed with breast
cancer. Often, evaluation of the presence of Her2/neu proteins is performed
through means  of immunohistochemistry (IHC), which has been the expertise
of the histopathologist. The  sample tissue that is stained using
hematoxylin and eosin (H&E) is viewed and assessed  under microscopic
review, which relies on the identification of stained cell membranes.
[0005] Although protocols are in place for all observers to grade cell
samples  according to membrane staining, the assessment is still
intrinsically subjective and presents  variability between observers. As
such, an objective quantification would be useful in  circumventing the
problem of being subjective by the observers. A computer-assisted  image
analysis system will be beneficial not only in providing such a means of
quantification, but can also be used as a means of second opinion. However,
current 2  methods of the automated grading of tissue sample images is
tedious and complex,  resulting in high use of computing resources and long
running time 



Summary of the Invention [0006] One embodiment of the present invention
provides a process for automated  grading of bio-specimens by employing a
2-dimensional histogram plotted from the pixel  values of the images of the
bio-specimens. The process comprises the steps of converting  an image into
CIELAB color space if the image is not in the CIELAB color space, plotting
a 2-dimensional histogram with A channel and B channel values from the
CIELAB values  of each pixel in the image, converting the 2-dimensional
histogram into a binary image by  scoring 0 for all cells having values 0,
and scoring 1 for all cells having values greater than  0, cleaning the
binary image by removing small spots and filling of holes, calculating from
the binary image the orientation angle of the ellipse that best fits the
binary image, and  grading the bio-specimens into 4 grades according to
pre-determined thresholds based on  the orientation angle. [0007] Another
embodiment of the present invention provides a process of  automated
grading of bio-specimens by employing a 2-dimensional histogram plotted
from  the pixel values of the images of the bio-specimens and using the L
component of the cell  wall pixels to determine the grade of the image. The
process comprises the steps of  converting an image into CIELAB color space
if the image is not in the CIELAB color  space, plotting a 2-dimensional
histogram with A channel and B channel values from the  CIELAB values of
each pixel in the image, converting the 2-dimensional histogram into a
binary image by scoring 0 for all cells having values 0, and scoring 1 for
all cells having  values greater than 0, cleaning the binary image by
removing small spots and filling of  holes, obtaining the "orientation" for
2D histogram plot, and checking whether the  "orientation" is over a
predetermined threshold, then grading the image as Grade 0 if the
"orientation" is over the predetermined threshold, extracting cell wall
pixels from CIELAB  image if the "orientation" is less than the
predetermined threshold, obtaining mean  CIELAB value (L value) of cell
wall pixels, and grading image based on L value. [0008] Another embodiment
of the present invention provides an electronic device  comprising an
electronic storage medium embedded with an electronically executable 3
program, and a microprocessor being electronically coupled with the
electronic storage  medium, executing the embedded program; wherein the
program is capable of performing  



the operations of converting an image into CIELAB color space if the image
is not in the  CIELAB color space, plotting a 2-dimensional histogram with
A channel and B channel  values from the CIELAB values of each pixel in the
image, converting the 2-dimensional  histogram into a binary image by
scoring 0 for all cells having values 0, and scoring 1 for  all cells
having values greater than 0, cleaning the binary image by removing small
spots  and filling of holes, calculating from the binary image the
orientation angle of the ellipse  that best fits the binary image, and
grading the bio-specimens into 4 grades according to  pre-determined
thresholds based on the orientation angle. [0009] Another embodiment of the
present invention provides an electronic device  comprising an electronic
storage medium embedded with an electronically executable  program, and a
microprocessor being electronically coupled with the electronic storage
medium, executing the embedded program; wherein the program is capable of
performing  the operations of converting an image into CIELAB color space
if the image is not in the  CIELAB color space, plotting a 2-dimensional
histogram with A channel and B channel  values from the CIELAB values of
each pixel in the image, converting the 2-dimensional  histogram into a
binary image by scoring 0 for all cells having values 0, and scoring 1 for
all cells having values greater than 0, cleaning the binary image by
removing small spots  and filling of holes, obtaining the "orientation" for
2D histogram plot, and checking  whether the "orientation" is over a
predetermined threshold, then grading the image as  Grade 0 if the
"orientation" is over the predetermined threshold, extracting cell wall
pixels  from CIELAB image if the "orientation" is less than the
predetermined threshold,  obtaining mean CIELAB value (L value) of cell
wall pixels; and grading image based on L  value. [0010] The advantages of
the present invention include faster computation as  number of color
clusters can be quickly determined, and lesser total amount of
computational resources when processing multiple images as those images
with no stained  membrane require less complex calculations. Hence, it may
be used as a means of high- throughput screening using a tissue microarray.
The present invention will be able to grade  each sample in a tissue
microarray to provide a putative score that can be used in 4  conjunction
with the histopathologist's opinion. In addition, the present invention is



objective and is not subjected to fatigue from assessing large sets of
images. [0011] The objectives and advantages of the invention will become
apparent from  the following detailed description of preferred embodiments
thereof in connection with the  accompanying drawings. Brief Description of
the Drawings [0012] Preferred embodiments according to the present
invention will now be  described with reference to the Figures, in which
like reference numerals denote like  elements. [0013] FIG 1 is a flowchart
of the automated grading process in accordance with  one embodiment of the
present invention. [0014] FIG 2 shows a panel of four typical normal and
cancerous tissue samples.  [0015] FIG 3 shows that the normal tissue sample
takes a 2D histogram with an  ellipse superimpose. [0016] FIG 4 shows that
the cancerous tissue sample takes a 2D histogram with a  triangle
superimpose. [0017] FIG 5 is a functional flowchart of the automated
grading process utilizing  the L, A, and B components in accordance with
one embodiment of the present invention.  Detailed Description of the
Invention [0018] The present invention may be understood more readily by
reference to the  following detailed description of certain embodiments of
the invention. [0019] Throughout this application, where publications are
referenced, the  disclosures of these publications are hereby incorporated
by reference, in their entireties,  into this application in order to more
fully describe the state of art to which this invention  pertains. [0020]
The present invention provides a process for automated grading of bio-
specimens employing a 2-dimensional histogram plotted from the pixel values
of the  images of the bio-specimens. It is to be noted that the format of
the pixel values is not 5  limited to any particular one as long as it is
suitable for the application of the principles of  the present invention.
Briefly, when the CIELAB format is used for illustration, the  automated
grading process comprises the following operations. If the bio-specimen
images  



are originally obtained in their RGB format, they are first converted into
CIELAB format.  A 2-dimensional histogram with A channel and B channel
values is then plotted from the  CIELAB values of each pixel in the image.
The 2-dimensional histogram is then converted  into a binary image by
scoring 0 for all cells having values 0, and scoring 1 for all cells
having values greater than 0. The binary image is then cleaned by removing
small spots  and filling of holes. From the binary image, the orientation
angle of the ellipse that best  fits the binary image is calculated and
used to grade the bio-specimens into 4 grades  according to pre-determined
thresholds. [0021] Now referring to FIG 1, there is provided a more
detailed description of the  automated grading process in accordance with
one embodiment of the present invention.  As shown in FIG 1, the automated
grading process 1 comprises: acquire images 10, convert  images from RGB to
CIELAB 20, obtain 2D histogram for channels A and B 30, clean up  2D
histogram contour plot 40, obtain the "orientation" for 2D histogram plot
50, and grade  the images 60, where some of the operations will be
described in more detail herein below.  [0022] 1. Convert an image from
Red-Green-Blue (RGB) colour space to  CIELAB colour space [0023] The
conversion from RGB to CIELAB takes 2 steps: first, convert RGB to  XYZ,
then convert XYZ to CIELAB. The exemplary codes to convert RGB to XYZ are
as follows: varR = ( R / 255 ) //R from 0 to 255  var_G = ( G / 255 ) //G
from 0 to 255  var_B = ( B / 255 ) //B from 0 to 255 if ( var_R > 0.04045 )
var_R = ( ( var_R + 0.055 ) / 1.055 ) 2.4  else varR = varR / 12.92 if (
var_G > 0.04045 ) var_G = ( ( varG + 0.055 ) / 1.055 ) 2.4  else varG =
varG / 12.92 if ( var_B > 0.04045 ) var_B = ( ( var_B + 0.055 ) / 1.055 )
2.4  else var B = var B / 12.92 var_R = varR * 100  varG = varG * 100  var
B = var B * 100 



X = var_R * 0.4124 + var G * 0.3576 + var B * 0.1805 6  Y = var_R * 0.2126
+ var_G * 0.7152 + var_B * 0.0722  Z = var_R * 0.0193 + var G * 0.1192 +
var B * 0.9505 [0024] The exemplary codes to convert XYZ to CIELAB are as
follows:  varX = X / ref X //ref X = 95.047 var_Y = Y / ref Y //ref Y =
100.000  var_Z = Z / ref -Z //ref -Z = 108.883  if ( var_X > 0.008856 )
var_X = varX ^ ( 1/3 else varX = ( 7.787 * varX ) + ( 16 / 116  if ( var_Y
> 0.008856 ) var_Y = var_Y ^ ( 1/3 ) else var_Y = ( 7.787 * var_Y ) + ( 16
/ 116  if ( var_Z > 0.008856 ) var_Z = var_Z ^ ( 1/3 ) else var_Z = ( 7.787
* var Z ) + ( 16 / 116  CIE-L* = ( 116 * varY ) - 16 CIE-a* = 500 * ( varX
- varY  CIE-b* = 200 * ( var Y - var Z [0025] 2. Plot a 2-dimensional
histogram with A and B channel values from  each pixel of the CIELAB image
[0026] For each pixel in the CIELAB image, the A channel value and the B
channel value are plotted on a graph to count the number of times when the
A and B values  have appeared together in a pixel. This graph will have the
A channel on the x-axis, B  channel on the y-axis and the count as the
z-axis. After plotting all the (A,B) values on the  graph, a 2D histogram
(a 2-dimension histogram is an XYZ graph) is obtained. The  exemplary
pseudocodes for obtaining the 2D histogram are as follows: m = width of
image;  n = height of image;  for x=1tom{ for y = 1 ton { (l,a,b) = get
pixel value at (x,y);  histogram(a,b)=histogram(a,b)+ 1; 



[0027] Since the 2D histogram keeps a count of the number of times when
(a,b) has  been plotted together in a pixel, it is a 3-dimensional graph in
essence where the 3rd  dimension is the count). [0028] 3. Convert the
2-dimensional histogram to a binary image 7  [0029] For every cell(or
pixel) in the histogram, if the cell value is greater than 0,  the pixel in
the binary image will be given a value of 1. Else, the pixel in the binary
image  will be given a value of 0. The exemplary pseudocodes for conversion
of the 2D histogram  into the binary image are as follows: for x=1to in {
for y = 1 to n {  If(histogram(x,y)>0)=binary_image(x,y)=1;  else
binary_image(x,y)=0; [0030] 4. Clean up the binary image [0031] The
background noise from the binary image is eliminated by removing of  small
spots and filling up holes. The removal of small spots is done by erosion
operation  followed by dilation operation. In one embodiment, the erosion
of image is done by using  disk of diameter 5 pixels, and the dilation of
image by disk of diameter 5 pixels. The  filling up of holes in the image
is done by dilation operation and follow by erosion  operation. In one
embodiment, the erosion of image is done by using disk of diameter 5
pixels, and the dilation of image by disk of diameter 5 pixels. [0032] 5.
Obtain the Orientation angle [0033] From the cleaned binary image, the
orientation of the ellipse that best fits  the image is calculated by the
equations (1) and (2) below: Orientation angle = 0.5 x tan-' [U2,0 2E`1,1
(1)  P0,21 Pp,q =Z (x _)P (1J-;Y)q)  (x,y) ER (2)  



[0034] Where p,q=0,1,2 and region R represents the image that contains N
pixels  (N is the total number of pixels in region R), x and y are the
2-dimensional coordinate  variables and 1  _N 2IX (x, Y) ER (3)  N 2:y
(x,y) ER (4) 8  [0035] 6. Use the orientation angle to grade the images
into 4 grades [0036] If orientation angle > threshold 1, image is grade 0;
if threshold 2 <  orientation angle _< threshold 1, image is grade 1; if
threshold 3 < orientation angle _<  threshold 2, image is grade 2; if
orientation angle 5 threshold 3, image is grade 3. The  threshold for each
grade is determined empirically, e.g., threshold 1 = 10.0 degree,
threshold 2 = -20.65 degree, and threshold 3 =-25.29 degree. [0037] FIG 2
shows a panel of four typical normal and cancerous tissue samples.  FIG 3
shows that the normal tissue sample takes a 2D histogram with an ellipse
superimpose; FIG 4 shows that the cancerous tissue sample takes a 2D
histogram with a  triangle superimpose. [0038] The present invention
further provides a process of automated grading of  bio-specimens by
employing a 2-dimensional histogram plotted from the pixel values of  the
images of the bio-specimens and using the L component of the cell wall
pixels to  determine the grade of the image. One of advantages of the
automated grading process is  that it does not require additional
information such as cell count and scores of individual  cells for grading.
[0039] Now referring to FIG 5, there is provided a functional flowchart of
the  automated grading process utilizing the L, A, and B components in
accordance with one  embodiment of the present invention. The automated
grading process 100 comprises:  locate images in a database 101, open the
images 102, convert the images from RGB to  CIELAB 103, obtain 2D histogram
for channels A and B 104, clean up 2D histogram  contour plot 105, obtain
the "orientation" for 2D histogram plot 106, check whether the  



"orientation" is over a predetermined threshold 110, grade the image as
Grade 0 if the  "orientation" is over the predetermined threshold 120,
extract cell wall pixels from  CIELAB image if the "orientation" is less
than the predetermined threshold 130, obtain  mean CIELAB value of cell
wall pixels 140, check grade of image based on L value 150,  grade the
image as Grade 1 if the L value is no less than 195 160, grade the image as
Grade  2 if the L value is no less than 173 but less than 195 170, and
grade the image as Grade 3 if  the L value is less than 173 180. The
predetermined threshold is determined empirically by  measuring the angles
from the images collected; the value is dependent on the CIELAB  values of
the images and may differ for a different set of images. The similar
operations  having been described above will not be repeated herein. 9
[0040] The extraction of cell wall pixels from CIELAB images 130 uses
simple  mathematical calculations. Briefly, 3 seeds with pre-assigned
values are used to represent  the background, nucleus and cell wall; for
example, (-128, 0) for background, (0, -128) for  nucleus, and (127,127)
for cell wall respectively in (A,B) format. Then, the distance  between
each pixel against each of these seeds is measured to determine which
distance is  the shortest; the seed whose distance to the pixel is the
shortest is the classification  assigned to that pixel. [0041] The
operation of obtaining the mean CIELAB value of cell wall pixels 140
receives the pixels representing the cell wall from the extraction of cell
wall pixels from  CIELAB images 130; then the CIELAB values of all pixels
representing the cell wall is  averaged to give the mean CIELAB value (L)
of cell wall pixels. [0042] If the mean L is >= 195 then the image is
scored as 1 [0043] If the mean L is >= 173 and L < 195 then the image is
scored as 2  [0044] If the mean L is < 173 then the image is scored as 3
[0045] The present invention further provides a process for automated
grading of  bio-specimens that first employs a 2-dimensional histogram
plotted from the pixel values  of the images of the bio-specimens for
distinguishing negative (e.g., normal) bio-specimens  from positive (e.g.,
cancer) ones, and then grades the positive bio-specimens with  subsequent
operations including various classification, segmentation and measurement.
Briefly, the automated grading process uses the 2D histogram described
above to quickly  



separate score 0 samples (i.e., negative ones) from samples of other scores
(i.e., positive  ones). Finally, the stain of the cell membranes of the
resultant cells is measured to  determine the final score of the sample.
[0046] The present invention further provides an electronic device that
includes an  electronic storage medium for storing the programs that are
capable of performing the  processes as discussed above, and a
microprocessor being electronically coupled with the  storage medium. The
electronic device includes, but not limited to, computers, desktops  and
laptops. [0047] The following examples are provided herein for illustrating
the principles of  the present invention. [0048] Examples 10  [0049] The
Her2/neu (also known as c-erbB2) oncogene is a cell-surface membrane
tyrosine kinase receptor that is overexpressed in 20% to 30% of breast
cancer cases and has  been significantly associated with breast cancer
recurrences and deaths occurred in the last  two decades. While one
protocol is in place for all pathologists to grade cell samples  according
to membrane staining, the assessment is intrinsically subjective and
presents  variability between observers. [0050] Process l [0051] Image
Acquisition [0052] The images used were acquired through microscopic
imaging of normal  breast tissues as well as the breast tissues of varying
grades of cancer. The tissue sections  usually provide images with a
dimension of 1300 pixels by 1030 pixels; the images are  then exported and
saved in TIFF format in Red-Green-Blue (RGB) color space. These  images are
manual focused such that they are optimized for study and classification by
the  histopathologist. The tissues were immunohistochemically stained such
that cell walls of  normal breast tissue are blue while that of abnormal
breast tissue are of varying degrees of  orange and brown. [0053] FIG 2
shows typical images of normal breast tissue (a) and different stages  of
cancerous breast tissues (b)-(d), where the nuclei of cells take up a blue
stain, and the  Her-2/neu is immunohistochemically stained of varying
degrees of orange and brown.  



From visual observations, normal breast tissue cells do not exhibit strong
straining vis-a- vis abnormal breast tissue cells. Strong contrast is
usually lacking in normal breast tissue  cells while abnormal breast tissue
cell walls usually exhibit varying contrasts of orange,  which determines
the score to be assigned to the sample. For visual classification, a score
of 0 is assigned to a sample when no observable staining occurs or when
there is less than  10% membranous staining of the tissue cells; score of 1
is given when there is faint or  barely perceptible membrane staining in
greater than 10% of cells and the cells are stained  only in part of the
sample; score of 2 is given when there is weak to moderate complete
membrane staining in greater than 10% of the tissue cells; and the maximum
score of 3 is  assigned when there is strong complete membrane staining in
greater than 10% of the  tissue cells. [0054] Convert an image from
Red-Green-Blue (RGB) colour space to CIELAB  colour space 11  [0055] The
acquired images in the RGB format were converted into the ones in the
CIELAB format according to the operations as discussed above. [0056] Plot a
2-dimensional histogram with A and B channel values from each  pixel of the
CIELAB image [0057] The 2D histograms for images in the CIELAB format were
plotted with A  and B channel values according to the operations as
discussed above. [0058] Convert the 2-dimensional histogram to a binary
image [0059] The 2D histograms were converted into the binary images
according to the  operations as discussed above. [0060] Clean up the binary
image [0061] The binary images were cleaned up according to the operations
as discussed  above. [0062] Obtain the Orientation angle [0063] The
orientation of the ellipse that best fits the binary images was calculated
according to the operations as discussed above. [0064] Use the orientation
angle to grade the images into 4 grades [0065] The normal and cancer
samples were graded based on their orientation  



angles according to the operations as discussed above. [0066] Results
[0067] A total of 42 samples were obtained and graded, of which 3 samples
were  score-0 images, 12 score-1 images, 11 score-2 images, and 16 score-3
images. The grading  process returned 100% accuracy for the score-0 images,
83.33% accuracy for score-1  images, 81.81% for score-2 images, and 87.50%
for score-3 images. Overall, 36 out of 42,  or 85.71% of the tissue sample
images were scored correctly. The results are summarized  in Table 1 below.
[0068] Table 1. Summary of grading results using A and B components  Actual
score 3 12 11 16  count 12  Automated score 3 10 9 14  count [0069] Process
II [0070] The automated grading process utilizing the L, A, and B
components was  applied to samples following the operations as described
above. The predetermined  threshold for the "orientation" for 2D histogram
plot was empirically obtained as 10. For  all samples, graded the image as
Grade 0 if the "orientation" is over 10, or extracted cell  wall pixels
from CIELAB image if the "orientation" is less than the 10. Then, graded
the  images based on their L values, grading the image as Grade 1 if the L
value was no less  than 195, grading the image as Grade 2 if the L value
was no less than 173 but less than  195, and grading the image as Grade 3
if the L value was less than 173. [0071] A total of 42 samples were
subjected to the automated grading process using  L, A, and B components as
described above. Of the 42 samples, 3 samples were score-0  images, 12
score-1 images, 11 score-2 images, and 16 score-3 images. This represented
100% accuracy for the score-0 images, 91.67% accuracy for score-1 images,
100% for  score-2 images, and 100% for score-3 images. Overall, 41 out of
42, or 97.6% of the tissue  sample images were scored correctly. The
results are summarized in Table 2 below. 



[0072] Table 2. Summary of grading results using L, A and B components
Actual score 3 12 11 16  count Automated  score 3 11 11 16  count 13
[0073] One of the advantages of the present invention is that it is able to
quickly  sieve score-0 images from the others. This is made possible using
the angle between the x- axis and the major axis of the ellipse within the
2-dimensional histogram to determine the  score-0 images. [0074] The
segmentation of the stained membranes into the different scores is  made
possible using existing images and determining a suitable cut-off value.
With little  samples in the learning process, a simply averaging of the
values might suffice. However,  better statistical methods may be required
with more samples and a wider range of values.  The application described
here does not include the derivation of segmentation values as  many
methods are available, including those that implement artificial
intelligence, neural  networks and hidden markov models. [0075]
Importantly, the application provides an objective and consistent means of
evaluating tissue sample images without being subjected to human errors and
perceptions.  [0076] While the present invention has been described with
reference to particular  embodiments, it will be understood that the
embodiments are illustrative and that the  invention scope is not so
limited. Alternative embodiments of the present invention will  become
apparent to those having ordinary skill in the art to which the present
invention  pertains. Such alternate embodiments are considered to be
encompassed within the spirit  and scope of the present invention.
Accordingly, the scope of the present invention is  described by the
appended claims and is supported by the foregoing description. 14  CLAIMS
What is claimed is: 



1. A process for automated grading of bio-specimens employing a
2-dimensional  histogram plotted from the pixel values of the images of the
bio-specimens, said process  comprising the steps of: converting an image
into CIELAB color space if the image is not in the CIELAB  color space;
plotting a 2-dimensional histogram with A channel and B channel values from
the  CIELAB values of each pixel in the image; converting the 2-dimensional
histogram into a binary image by scoring 0 for all  cells having values 0,
and scoring 1 for all cells having values greater than 0; cleaning the
binary image by removing small spots and filling of holes; calculating from
the binary image the orientation angle of the ellipse that best fits  the
binary image; and grading the bio-specimens into 4 grades according to
pre-determined thresholds  based on the orientation angle. 2. The process
of claim 1, wherein if the image is in Red-Green-Blue (RGB) colour  space,
the step of converting the image into CIELAB colour space comprises:
converting RGB to XYZ first, and then converting XYZ to CIELAB;  wherein
the codes to convert RGB to XYZ are as follows: var_R = ( R / 255 ) //R
from 0 to 255  var_G = ( G / 255 ) //G from 0 to 255  var_B = ( B / 255 )
//B from 0 to 255 if ( var_R > 0.04045 ) var_R = ( ( var_R + 0.055 ) /
1.055 ) 2.4  else var_R = var_R / 12.92 if ( var_G > 0.04045 ) var_G = ( (
var_G + 0.055 ) / 1.055 ) 2.4  else var G = varG / 12.92 if ( var_B >
0.04045 ) var_B = ( ( var_B + 0.055 ) / 1.055 ) 2.4  else var B = var B /
12.92 var_R = var_R * 100  var_G = varG * 100  var B = var B * 100 15  



X = var_R * 0.4124 + varG * 0.3576 + varB * 0.1805  Y = varR * 0.2126 +
varG * 0.7152 + varB * 0.0722  Z = var_R * 0.0193 + var G * 0.1192 + var B
* 0.9505  and wherein the codes to convert XYZ to CIELAB are as follows:
var_X = X / ref X //ref X = 95.047 varY = Y / ref_Y //ref Y = 100.000
var_Z = Z / ref -Z //ref Z = 108.883  if ( var_X > 0.008856 ) var_X = varX
^ ( 1/3 else var_X = ( 7.787 * var_X ) + ( 16 / 116  if ( var_Y > 0.008856
) varY = varY ^ ( 1/3 ) else var_Y = ( 7.787 * var_Y ) + ( 16 / 116  if (
var_Z > 0.008856 ) var_Z = var_Z ^ ( 1/3 ) else var_Z = ( 7.787 * var Z ) +
( 16 / 116  CIE-L* = ( 116 * varY ) - 16 CIE-a* = 500 * ( varX - var_Y
CIE-b* = 200 * ( var Y - var Z 3. The process of claim 1, wherein the
operation of plotting a 2-dimensional  histogram with A and B channel
values from each pixel of the CIELAB image comprises  the steps of: for
each pixel in the CIELAB image, the A channel value and the B channel value
are plotted on a graph to count the number of times when the A and B values
have  appeared together in a pixel, where the graph has the A channel on
the x-axis, B channel on  the y-axis and the count as the z-axis; and after
plotting all the (A,B) values on the graph, a 2D histogram (a 2-dimension
histogram is an XYZ graph) is obtained; wherein the pseudocodes for
obtaining the 2D histogram are as follows:  m = width of image; n = height
of image;  forx=1tom{  for y = 1 to n {  



(l,a,b) = get pixel value at (x,y);  histogram(a,b)=histogram(a,b)+ 1;
thereby, since the 2D histogram keeps a count of the number of times when
(a,b)  has been plotted together in a pixel, it is a 3-dimensional graph in
essence where the 3rd  dimension is the count. 16  4. The process of claim
1, wherein the operation of converting the 2-dimensional  histogram to a
binary image comprises the steps of: for every cell(or pixel) in the
histogram, if the cell value is greater than 0, the pixel  in the binary
image is given a value of 1; else, the pixel in the binary image is given a
value  of 0; wherein the pseudocodes for conversion of the 2D histogram
into the binary image are  as follows: for x = 1 to in {  fory=1ton{
If(histogram(x,y)>0)=binary_image(x,y)=1;  else binary_image(x,y)=0; 5. The
process of claim 1, wherein the operation of cleaning up the binary image
comprises the steps of: eliminating the background noise from the binary
image by removing of small  spots and filling up holes. 6. The process of
claim 5, wherein the removal of small spots is done by erosion  operation
followed by dilation operation; and the filling up of holes in the image is
done by  dilation operation and follow by erosion operation. 7. The process
of claim 1, wherein the operation of calculating the orientation angle
comprises the steps of: from the cleaned binary image, the orientation of
the ellipse that best fits the image  is calculated by the equations (1)
and (2) below: Orientatirrn angle = 0.5 x tan-1 2kil.i (1)  



[U 2,0 - fl 0,2 Ip,q=2:Z(x-- )p (V_ )q)  (x,y) E R (2)  Where p,q=0,1,2 and
region R represents the image that contains N pixels (N is the  total
number of pixels in region R), x and y are the 2-dimensional coordinate
variables and 17  1 =- YY-X (xv) r- R (3)  1 (.x,:y) t R (4) 8. The process
of claim 1, wherein the operation of grading the images comprises the
steps of: If orientation angle > threshold 1, image is grade 0; if
threshold 2 < orientation  angle _< threshold 1, image is grade 1; if
threshold 3 < orientation angle <_ threshold 2,  image is grade 2; if
orientation angle :5 threshold 3, image is grade 3; wherein the threshold
for each grade is determined empirically. 9. A process of automated grading
of bio-specimens by employing a 2-dimensional  histogram plotted from the
pixel values of the images of the bio-specimens and using the L  component
of the cell wall pixels to determine the grade of the image, said process
comprising the steps of: converting an image into CIELAB color space if the
image is not in the CIELAB  color space; plotting a 2-dimensional histogram
with A channel and B channel values from the  CIELAB values of each pixel
in the image; converting the 2-dimensional histogram into a binary image by
scoring 0 for all  cells having values 0, and scoring 1 for all cells
having values greater than 0; cleaning the binary image by removing small
spots and filling of holes; obtaining the "orientation" for 2D histogram
plot, and checking whether the  "orientation" is over a predetermined
threshold, then grading the image as Grade 0 if the  



"orientation" is over the predetermined threshold; extracting cell wall
pixels from CIELAB image if the "orientation" is less than the
predetermined threshold; obtaining mean CIELAB value (L value) of cell wall
pixels; and  grading image based on L value. 18  10. The process of claim
9, wherein the operation of converting the image into  CIELAB colour space
comprises: converting RGB to XYZ first, and then converting XYZ to CIELAB;
wherein the codes to convert RGB to XYZ are as follows: varR = ( R / 255 )
//R from 0 to 255  varG = ( G / 255 ) //G from 0 to 255  var_B = ( B / 255
) //B from 0 to 255 if ( var_R > 0.04045 ) var_R = ( ( var_R + 0.055 ) /
1.055 ) 2.4  else var_R = var_R / 12.92 if ( var_G > 0.04045 ) varG = ( (
var_G + 0.055 ) / 1.055 ) 2.4  else varG = varG / 12.92 if ( var_B >
0.04045 ) var_B = ( ( var_B + 0.055 ) / 1.055 ) 2.4  else var B = var B /
12.92 var_R = var_R * 100  var_G = var_G * 100  var B = var B * 100 X =
var_R * 0.4124 + var_G * 0.3576 + varB * 0.1805  Y = var_R * 0.2126 + var_G
* 0.7152 + varB * 0.0722  Z = var_R * 0.0193 + var G * 0.1192 + var B *
0.9505  and wherein the codes to convert XYZ to CIELAB are as follows:
var_X = X / ref X //ref X = 95.047 var_Y = Y / ref Y //ref Y = 100.000
var_Z = Z / ref -Z //ref -Z = 108.883  if ( var_X > 0.008856 ) var_X =
var_X ^ ( 1/3 else var_X = ( 7.787 * var_X ) + ( 16 / 116  



if ( var_Y > 0.008856 ) var_Y = var_Y ^ ( 1/3 ) else var_Y = ( 7.7U * var_Y
) + ( 16 / 116  if ( var_Z > 0.008856 ) var_Z = var_Z ^ ( 1/3 ) else var_Z
= ( 7.787 * var Z ) + ( 16 / 116  CIE-L* = ( 116 * var_Y ) - 16 CIE-a* =
500 * ( varX - var_Y  CIE-b* = 200 * ( var Y - var Z 11. The process of
claim 9, wherein the operation of plotting a 2-dimensional  histogram with
A and B channel values from each pixel of the CIELAB image comprises  the
steps of. for each pixel in the CIELAB image, the A channel value and the B
channel value  are plotted on a graph to count the number of times when the
A and B values have  appeared together in a pixel, where the graph has the
A channel on the x-axis, B channel on  the y-axis and the count as the
z-axis; and 19  after plotting all the (A,B) values on the graph, a 2D
histogram (a 2-dimension  histogram is an XYZ graph) is obtained; wherein
the pseudocodes for obtaining the 2D histogram are as follows:  in = width
of image; n = height of image;  for x=1to in {  fory=1ton{  (l,a,b) = get
pixel value at (x,y);  histogram(a,b)=histogram(a,b)+ 1; thereby, since the
2D histogram keeps a count of the number of times when (a,b)  has been
plotted together in a pixel, it is a 3-dimensional graph in essence where
the 3rd  dimension is the count. 12. The process of claim 9, wherein the
operation of converting the 2-dimensional  histogram to a binary image
comprises the steps of: for every cell(or pixel) in the histogram, if the
cell value is greater than 0, the pixel  



in the binary image is given a value of 1; else, the pixel in the binary
image is given a value  of 0; wherein the pseudocodes for conversion of the
2D histogram into the binary image are  as follows: forx=l tom{  fory=l to
n  If(histogram(x,y)>0)=binary_image(x,y)=1; else binary_image(x,y)=0; 13.
The process of claim 9, wherein the operation of cleaning up the binary
image  comprises the steps of: eliminating the background noise from the
binary image by removing of small  spots and filling up holes. 20  14, The
process of claim 13, wherein the removal of small spots is done by erosion
operation followed by dilation operation; and the filling up of holes in
the image is done by  dilation operation and follow by erosion operation.
15. The process of claim 9, wherein the operation of obtaining the
"orientation"  comprises the steps of: from the cleaned binary image, the
orientation of the ellipse that best fits the image  is calculated by the
equations (1) and (2) below: Orrientatio-n angle = 0.5 x tart-1 2yi,1 /22,0
- 4o,2 (1)  f,q= (= ;-x)P( _ )q) (x,.v) E R (2)  Where p,q=0,1,2 and region
R represents the image that contains N pixels (N is the  total number of
pixels in region R), x and y are the 2-dimensional coordinate variables and
1 _N 2x  (x.? } E R (3) _. EEy 



(x,y) E R (4) 16. The process of claim 9, wherein the operation of
extracting cell wall pixels from  CIELAB images comprises the steps of:
using 3 seeds with pre-assigned values are used to represent the
background,  nucleus and cell wall; and measuring the distance between each
pixel against each of these seeds to determine  which distance is the
shortest; wherein the seed whose distance to the pixel is the shortest  is
the classification assigned to that pixel. 17. The process of claim 9,
wherein the operation of obtaining the mean CIELAB value  of cell wall
pixels comprises the steps of. receiving the pixels representing the cell
wall from the extraction of cell wall pixels  from CIELAB images; and 21
averaging the CIELAB values of all pixels representing the cell wall to
give the  mean CIELAB value (L) of cell wall pixels. 18. An electronic
device comprising: an electronic storage medium embedded with an
electronically executable program;  and a microprocessor being
electronically coupled with the electronic storage medium,  executing the
embedded program; wherein the program is capable of performing the
operations of. converting an image into CIELAB color space if the image is
not in the  CIELAB color space; plotting a 2-dimensional histogram with A
channel and B channel values from the  CIELAB values of each pixel in the
image; converting the 2-dimensional histogram into a binary image by
scoring 0 for all  cells having values 0, and scoring 1 for all cells
having values greater than 0; cleaning the binary image by removing small
spots and filling of holes; calculating from the binary image the
orientation angle of the ellipse that best fits  the binary image; and
grading the bio-specimens into 4 grades according to pre-determined
thresholds  



based on the orientation angle. 19. An electronic device comprising: an
electronic storage medium embedded with an electronically executable
program;  and a microprocessor being electronically coupled with the
electronic storage medium,  executing the embedded program; wherein the
program is capable of performing the operations of: converting an image
into CIELAB color space if the image is not in the  CIELAB color space;
plotting a 2-dimensional histogram with A channel and B channel values from
the  CIELAB values of each pixel in the image; 22  converting the
2-dimensional histogram into a binary image by scoring 0 for all cells
having values 0, and scoring 1 for all cells having values greater than 0;
cleaning the binary image by removing small spots and filling of holes;
obtaining the "orientation" for 2D histogram plot, and checking whether the
"orientation" is over a predetermined threshold, then grading the image as
Grade 0 if the  "orientation" is over the predetermined threshold;
extracting cell wall pixels from CIELAB image if the "orientation" is less
than the  predetermined threshold; obtaining mean CIELAB value (L value) of
cell wall pixels; and  grading image based on L value. 


