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Abstract. In this paper a new quantitative tissue
characterization (QTC) program was developed for
computing a standardized sets of parameters and
quantitative color-mapping of these parameters  for
non-invasive accurate diagnosis of liver pathologies. In this
program, histogram, co-occurrence matrix, runlength matrix,
gradient texture feature coding, backscattering, attenuation
and speckle parameters were numerically calculated and
color mapped in the ultrasound image. The standardization
of these parameters using AIUM tissue phantom simulating
liver texture, were done for accurate differentiation and
estimation of the quantitative parameters. A QTC program
was linked to the Neural Net and Fuzzy Logic modules so as
to diagnose an unknown liver pathologies. This program is
used for quantification and calculation of physical
properties of tissues, color mapping of such properties and
diagnosis of these tissues. Also it can be extended for real
time color mapping of ultrasound parameters with motion.

Keywords. Quantitative Tissue Characterization (QTC),
color-mapping of textural and acoustical features of
ultrasound images.

1. INTRODUCTION

Conventional grey scale B-mode ultrasound is widely
applied and useful diagnostic tool in the management of
liver diseases. Nevertheless its operator dependency
leading to considerable observer variation, and varying
figure for its diagnostic accuracy are well documented in the
literature [1]. Visua criteria for dagnosing diffused liver
diseases are in general confusing and highly subjective
because they depend on the sonographer to observe certain
textural characteristics from the image and compare them to
those developed for different pathologies to determine the
type of the disease. An example for these features is texture

homogeneity. Its presence or absence can be widely
debated between different experienced sonographers.
Another feature is texture echogenicity which can be a
matter of argument in marginal cases. Moreover, some of the
diseases are highly similar in their diagnostic criteria, which
tend to confuse the sonographers even more.

The Visual criteria provides low diagnostic accuracy
(around 70%) [1-2]. Therefore the physicians may have to
use further invasive methods such as the pathology
investigation of ultrasonically guided needle Biopsy.
Although this technique is considered to be the golden test
for diagnosis, it has the disadvantage of being invasive and

more importantly, it may cause a great risk of cancer spread
if it cuts through a localized cancer area [4-7]. Quantitative
tissue characterization has been described in the literature
using tissue backscattering and attenuation measurements
Researchers has used pattern recognition to classify
different diffuse liver pathol ogies[2-7].

2. DATA ACQUISTION

In the DAS system, figurel, the video output of a Kretz-320
mechanical sector ultrasound scanner was connected to a
Matrox PIP-512 frame grabber card on an IBM-586 PC. The
image is captured in 512X512 pixels, the resolution is 8
bits/pixel. A s'w was developed to define the ROl and to
extract all the forementioned parameters (image anaysis)
from the acquired B-mode ultrasound images[5].

To obtain a reproducible results, the following parameters
were standardized for all tissue characterization parameters
[5-70:

1- Ultrasound machine settings. eg., TGC, FOCUS
FREQUENCY, and

ZOOM controls, which can change the overall image gain
and produce zooming effects and hence deviates the image
statistics in an unpredictable way. Moreover, the frequency
of ultrasound waves used must be the same since the
attenuation is frequency dependent.
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Figure 1: Block diagram for the QTCS developed
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2-ROIl shape, size and location: to obtain a reliable
statistics, the number of pixels in the ROl must be at |east
1000 pixels, the shape should be square. To avoid the
distorting effects in an ultrasonic wave patterns such as
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side lobes and grating lobes, the ROI is selected at the
center line of the image, and then corrected for diffraction
and focusing of the ultrasound beam.

3. MATERIALSAND METHODS

Towards finding a relation between the sonographers
subjective evaluation for the tissue and texture properties
of ultrasound images and the quantitative representation
for such a properties, the QTCS (quantitative tissue
characterization system) program called
“LIVERDIAGNOSTICS’ was developed to quantify al the
properties that the sonographer describe in the image
qualitatively and to map such a propertiesin a selected ROI
to show regions of increased and decreased properties as
echogenicity, ,coarseness, attenuation or homgeneity.

The visual criteria used by the sonographer for subjective
evaluation of liver diseases are:

1. Parenchymal echogenicity and penetration.

2. Peripheral vascular pattern and portal vein fibrosis.

3. Liver and caudate |obe size, ascites, and spleen size.

4. Site, contour, size, and echo pattern of malignant lesions
if found.

Due to the low diagnostic accuracy of the subjective
evaluation the clinician are forced to do the golden
“BIOPSY” test to know the histopathology of the liver.

In our QTC program we quantitatively described the
echogenicity, the penetration, and homogeneity with
numerical compuerized analysis for the ultrasound images.
We analyzed the standard ultrasound Bscan image for
different groups and categories of parameters. Some of
these parameters are independent of the depth, size and
shape of ROl selected . Some of these parameters are
dependent on the spatial distribution of the greylevesin the
image and others are not. The categories of parameters are:

1-Histogram parameters:

These are mean gray level (MGL, which characterize the
echogenicity), gray level variance (VAR), signal to noise
ratio MGL/VAR), skewness (characterize the deviation of
the greylevel distribution from a symmetrical reference
distribution), curtosis (characterize the steepness of the
greylevel distribution) and five of the relevant gray level
histogram percentiles[10].

2-Co-occurrence matrix parameters:

These are contrast (CON, characterize the tissue
coarseness), entropy (ENT, characterize tissue
homogeneity), correlation (COR, charcterize a measure of
linearity in the relationship of the grey levels of the co-
ocurrence matrix), and angular second moment (ASM,
characterize grey level clustering transition in the co-
ocurrence matrix) [10].

3- First order gradient Parameters:

These are Absv+ye AbSv-y. , Absv+,,, Absv-,Most
Dominant Edge Direction (MDE), Relative frequency of the
most dominant edge (RFMDE) [10].

4-Greylevd runlength matrix parameters:

It characterize the count distribution of the greylevels in
histogram. These are Run percentage(RPER), Long-Run
emphasis(LREM),  Greylevel  distribution  (GDIST),
Runlength distribution(RLDIST) [10].

5-Texturefeaturedescriptors (TFD) parameters:

These Coarseness(coarse), Homogeneity(HOM), Mean
Convergence(MC), Variance(Var),  Entropy(Entropy),
Runlength Density(RLD), Regularity(Regularity),Greylevel
Resolution Similarity(GLRS) [11].

6-Speckle Parameters:;
These are mean scatterer separation (d), diffuse and
specular scatterer intensity (lq.lg), specular standard

deviation (§ s ) and afew other related parameters|[§].

7-Acoustical parameters:

These are attenuation coefficient (ATTEN a, characterize
penetration) [12] and the backscattering coefficient (BSC m
characterize backscattered power to the transducer) [9].

4. RESULTS

Here is an example for some statistics and numerical
calculations for properties such as echogenicity (MGL),
penetration (ATTEN) and coarseness (CON) in some liver
pathologies.

Params. m S m Sy
MGL 26.45 5.7 21.2 2.21
VAR 35.3 6.22 18.2 4.1

PERO0.9 33.58 6.198 28.3 3.6
B.SC 0.00399 0.00045 0.00341 0.00033

CONT 58.49 16.2 41.3 8.9
ASM 0.00392 0.00137 0.0043 0.00117
ENTR 5.982 0.335 5.647 0.282
CORR 0.095 0.066 0.1022 0.0921

ATTEN 0.531 0.067 0.4721 0.039

d 2.79 0.58 1.9 0.55
Id 53.8 2411 52.5 22.2
Is 656.6 382.8 504.6 196.2
PIIIP 7.39 1.686 3.47 0.711

Table 1. Statistics for QTC parameters for normal and
cirrhosis livers Note, ¢ stands for cirrhosis, and n for
normal liver pathologies

The program contains major menus like file(new, open,
close, save, save as, print setup, print preview, print, and
exit), edit (undo, cut, copy, and paste), view (toolbar and
statusbar), region style(ploygon), window (new window,
cascade, tile and arrange icons), help (help topic, about
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DIAGNOSTICIAN), settings (frequency, and pixel per cm

measurements either manually or automatically), parameters
(calculation, display, and mapping), diagnosis (diagnosis,

using fuzzy logic rules, fuzzy similarity and neural networks,
show existing pathol ogies and appending new case).

The following are some figures and demonstrations for the
capability and features in our QTCS program called
LIVERDIAGNOSTICS.

Parameters Calculation
If we want to calculate the parameters, we select the region
of interest ROI from the image about 5-6 cm. distant from the
ultrasound transducer, seefigure 2.
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Figure 2: B-modeimage for acirrhotic liver at4 Mhz

Then a dialogue will appear from which you can select the
desired parameters, see figure 3.

Select Parameters

v 1st order parameters
v Absolute value parametars
v 2nd order parameters
v Bun length parameters

v Attenuation parameters

¥ Speckle Parameters

Cancel |

Figure 3: A dialogueto select the desired QTC parameters

¥ TFD Parameters

After calculating the parameters, we need to display them in
adialogueasinfigure 4.

¢ Liverdiagnostic - [Els bmp]
[ File Edt Parameters Regionstle Diagnose NewralMet Wiew ‘window Help

0| Bel | selimliElm ] Sl selos] Bl2| 7]

1st Order Parameters:
mean = 18.000437
Variance = 26.910240

SNR = 3.469958

Skewness = 7.765619e-006

B

2nd Order Parameters:
CON = 38.307030
ASM = 0.004264

ENT =5.773283

COR =0.229171

Attenuation Parameters:
ATTEN. = 0.320609
BSC. = 0.003406

Speckle Parameters:

Curtosis = 7.991031e-007 D1 = 2.500000
Perl0=12 Run length Parameters: D2 =1.729323
Per30=15 RPERC = 3.271460 D actual = 2.149483
Perb0=17 LREM = 1091.700195 Id = 82.343246
Per70= 20 GDIST = 2282.926270 Is = 257.872437
Perd0= 25 RLDIST = 852.148132 Sigmal(ls) = 62.741409

Absolute Yalue Parameters:
Absvt = 6.241147

TFD Parameters:
Coarse = 0.243573

Absv- = 7.464008 Altenuation | Hstogan | Hom = 233.230530
AbsVar+ = 22.567915 MC = 13.345422
AbsYar- = 17.862320 Speckle | TFDescriptors I Var = 80.129242
MDE = 3 Ent = 6.343858
RFMDE = 586 Sae | o= RLD = 0.000266

Reg = 0.107671
GLRS = 0.224431

1331

S S

|8 Civerdiagnostic - [Ets .
Figure4: A dialogueto display the QTC parameters
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|ForHelp, press F1

To display the histogram for the ROI, select the histogram
button, you will have the histogram Dialogue asin figure 5.
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Figure 5: Histogram and distribution function dialogue.

From the Histogram dialogue, you select either Histogram,
Co-occurrence Matrix or RunLength Matrix to display, see
figures 5,6,7.
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Figure 6: agreyscale display for the co-ocurrence matrix
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Figure 7: agreyscale display for the runlength matrix

Cancel | | Help |

To display atten. Map for the selected ROI select the atten.
Button, seefigure8.

Attenuation x|
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Figure 8: agreyscale and color display for the attenuation.

To display autocorrelation and power spectrum for the
selected ROI select the speckle button, seefigure 9.

i Specle Parameters. < |
1075 Autocorrelation Function

(FPixels)

Power Spectrum

0 R — 628
Figure 9: A display for the autocorrelation and power
spectrum for the selected ROI.

To display TFD parameters and joint probability matrix you
can select TFDescriptors button from the Parameters
Dialogue seefigure 10.

d TFDescriptors E3

0.243573
233.230530
13.345422
g80.129242
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Mean Conwvergence
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GLRS 0.224431
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[ ]

Figure 10: A display for TFD parameters and joint
probability matrix for the selected ROI.

Save |

Mapping

To map the parameters into color or greyscale codes, select
a polygon region from the image, then select the set of
parameters to be coded.

Here is an example for mapping such a parameters (tissue
properties) in the B-mode images, where the color or grey
scale code for the selected ROI is superimposed on the B-
mode grey scale image, see figures11-19 where aROI at the
kidney is selected and mapped for set of parameters..
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Figure 11: A small polygon ROI in the kidney is selected
A dialogue box will appear from which you can select the

Mapping Parameters

¥ 15t arder parameters
M Absolute value parameters
W 2nd order parameters
 Run length parameters

¥ Attenuation parameters

<

¥ Speckle Parameters

¥ TFDescriptors

Cancel |

Figure 12: A dialoguefor the selected parameters to map it.

When you press OK, the mapping is cal cul ated.
Here are some examplesfor this mapping of the kidney ROI.

Figure 13: ROI mapping for the mean greylevel (MGL)
showing regions of high mean and regions of low mean , the
bar codein the right side showing the code for mean.

Figure 16: ROl mapping for the Correlation (CORR).

Figure 14: ROl mapping for the variance (VAR) showing
regions of high variance at the periphery and inside and
regions of low variance valuesin the middle.
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Figure 19: ROI mapping for the Backscatt. Coeffic. (BSC).

Diagnosis

After the selection of ROI and calculation of parametersthe
user is asked to diagnose the liver using one of the three
diagnostic classification techniques as fuzzy rules, fuzzy
similarity and neural networks where for every method he
will get the contribution to every pathology.

Here is example from the screens of diagnosis for the liver
where there is only three liver pathologies, Cirrhosis, Fatty,
and Normal livers, seefigure 20-23.

1% DEC %5
12:35

[
IE|L| The Existing Pathologies of The Liver
wasie  Mormal 1
Fioy Early Cirrhosis
Mild Cirrhosis
Cirrhosis
Bilharzial
Shistosomiasis [Mixed B+C]

Fatty

WELCOME TO TISSUE CHARACTERIZATION §

12 _Til 24
ElQDiagnnsis Report Result Using Fuzzy Rules and Neural |
Contribution

Disease

omay | Normal
& Early Cirrhosis
[ Mild Cirrhosis

0.000000
0.000000
0.000000
0.594145
I Bilharzial 0.000000
I Shistosomiasis [Mixed B+C] 0.000000
™ Fatty 0.000000

WELCOME TO TISSUE CHARACTERIZATION PROGRAM

PT:
10:

CVA?E 3.5MHZ
OUT 78.77 4

Diagnosis Report Result Using
Max Sim.

ity Measures
Min Sim.

Disease Ave Sim.

orewr [~ Normal

0.916273 0.421340 0.673090
B [ Early Cirthosis 0.000000 0.000000 0.000000
I~ Mild Cirrhosis 0.000000 0.000000 0.000000
& Cirrhosis! 0.977676 0.483291 0.739721
I~ Bilharzial 0.000000 0.000000 0.000000
I™ Shisto. [Mixed B+C] 0.000000 0.000000 0.000000
™ Fatty 0.833333 0.498067 0.692002

WELCOME TO TISSUE CHARACTERIZATION PROGRAM

= = e

Figure 22: Diagnosis of a Cirrh. case using fuzzy similarity
measures.
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Figure 23: Diagnosis of a Cirrh. case using Neural Network.

5. DISCUSSION AND CONCLUSION

Variations in structural properties in the soft tissue organs
like liver are reflected in the ultrasound Bmode image
structure and brightness. Using such a QTCS we can know
the variationsin such a properties with diseases.

Quantitative tissue characterization is a very important tool
that can support physician’s decision making about the
pathology of the organs using ultrasound system linked
with a computer acquisition system. The system is cheap, |
mean al what you need is just a computer with an
acquisition card capable of acquiring images at 8 bits/pixels
in minimum of 512*512 pixles and the ultrasound system
aready available at physician’sclinics or at the hospitals.

The QTCS called “DIAGNOSTICS’ is very useful for the
sonographers. It can help them to judge the case objectively
not subjectively as they currently do using the visual
inspection for the ultrasound B-mode image. This program
can be used with for tissue organ provided that the B-mode
ultrasound images have echo texture patterns. The maps or
physical profile for the ultrasound properties of the tissues
can help a lot in the diagnosis of focal lesions of the
breasts, thyroid, liver, spleen, and kidney, and this is
difficult using conventional greyscale B-mode scans.
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