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Abstract: In this paper a new quantitanive Lissue
characterization (1) program  was developed for
coitputing &  standardized sets of  parameters and

gquantitative  color-mapping  of these parameters. for
non-invasive accurate diagnosis of hver pathologies. Inothig
CO-OCCUTTENCE  MAlrx,  runlength
matrix. gradien: texture feature coding, backscattering.
antenuation  and speckle parameters were numerically
calculared and color mapped m the ultrasound image, The
standardization o these parameters using AIUM Lissue
phantom simulatng hiver texture, were done for accurare
differentiationn.  and  estimapon  of the quantitative
parameters. A (110 program -was linked to the Meural Mel
and Fuzzy Logic modules so  asto diagnose an unknown
Irver pathologies. This program s wsed for guantification
and caleulation  of physical properties of lssoes, color
mapping of sich Propertes and QIACNDEIE OF these N88Ues
Alac it can be extended tor real time color mapping of
ilrasound parameters with mation

program.  histogram,

Keywords: Cuantitative Tissue Characterization (QTCH
color=mapping  of twxtoral and acouslical features of
ulrrasound mages

L INTRODUCTION

. Conventional grey scale B-mode wultrasound 15 widely

sapplied and wsefl  diagnostic tool m the management of
iver diseases. Nevertheless its operator dependency leading
wh considerable ohserver variation. and varving figure for
i-.:.*g diagnostic accuracy are well documented in the literature
1] Visual eriteria for diagnosing diffused liver discases are
in seneral confusmp and hichlv subjective  hecause they
depend on the sonographer to observe ceérain textural
characteristics from the image and compare them to those
developed For different pathnlogies to determine the tvpe of
the disease An example for these features 15 textire
homegeneity, lis presence or absence can be widely
debated  berween  differen:  experienced - sonographers
Another feature 15 texmure echogemciy which can be a
matter of argument i maregingl cases. Morcover, some of
the discases are hignly  simlar in theer diagnostic criteria.
which tend o contuse the sonographers even more,

The Wisual criterin provides low  disgnostic accuracy
{around 70% [1-2] Therefore the phyeicians may have o
use further invasive methods such as the patholog
investiganion  of ulrasonically guided needle Biopsy.
Adthough this technigue is considered 1o be the golden west
for digznosis, it has the disadyantaee of being invasive and
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more inpoclantly. iU nay caase s grean risk of cancer spread
if it curs through a localized cancer area [4-7] Cuantitative
tissue characterization has  been described in the licrature
using tissue backscallering and atienuation measurements
Researchers  has used pamemn recognition 1o
different diffuse liver pathologies]{2-7T].

classify

LDATA ACQUISITHON

In the DAS swvstem. fzurel the widen sutput of a
kretz-320  mechanical sector ultrasound scanner was
connected to a Mawox PIP-512 frame grabber card on an
IBM-386 PC. The tmage is captured in 512X512 pixels. the
resojution 15 8 bus pixel. A sow was developed 1o define the
RO and to extract all the forementioned parameters (image
analysist from the acguired B-mode ulrasound images [3]
lo obtain a reproducible resuiis. the tollowing parameters
were standardized for all tissue characterization parameters
{5-7]

I- Liltrasound maching
FREQUENCY, and
LEHIM controls, which - can change the overall image pam
and produce zooming eftects and hence deviates the image
statistics in an-unpredictable way. Moreover, the lreguency
of ultrasound  waves used must be the same smce the
amenuanon 1s frequency dependent

TG, FEELS

Seffings). e

Figure | Block dagram for the OTCS developed

2-RON shape: aize and focation o oblain a reliahle
suitistics, the number of pisels in the 200 must be an [east
I3 pixels, the shape should be square To avoid the
distarting eftects m an ulirasonic wave patterns such as side

iohes and grating lobes, the RO! is selected at the center
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line ef the smage. and then corrected tor diffracrion and
focusing of the vitrasound beam

3. MATERIALS AND METHODS

Towards finding a relanon  between the sonographers
subjective: cvaluation for the tissue and texture properties
of uitrasound images and the guantitalive representation
for such @ properties, the QTCS  {guantuanive Tissue
characterization syslen called
“LIVERDIAGHNOSTICS”  was developed o guantify all
the properties that the sonographer describe in the image
gualitativels and 1o mop such a properties in a selected RO
tn show regions of ingreased and decreased properties as
echogenicity, .coarseness. attenuation or homueneily

Proseran:

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

| Parenchymal cehogenicity and penetration,

2. Peripheral vascular partern and portal vein fibrosis,

2. Liver and caudate lobe s1ze. ascites. and spleen size

4 Site. contour. size. and echo pattern of malignant lesions
i fomaned

Due to the low diagnosnc accuracy of the subjective
evaluation the clinician are forced to do the golden
SRIOPSYT test o know the histopathology of the liver.

v our QTC program  we quanttatively described the
echogenicity.  the penetration. and homogeneity -with
numerical compuerized analyvsis for the ulrasound images,

We analvzed the standard ultasound B-scan image for
different groups and catezones 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 grevleves m the
mmage and others are nol. The calegories ol parameters are

I-Historgram parameters:

These are mean grav level [MGL which characterize the
echagenicity ). gray level variance {FAR)L signal o noise
ratio (ML VAR, skewness (characterize the deviation of
the grevlevel distribution from a symmetncal reference
distribution). curtosis. jcharacierize the steepness ol the
grevievel dismribution)  and five of the relevant pray level
histcgram percentiles |10].

2-Co-occurrence malria parameters

These are contrast (O, characierse e
Cogrseness ). entropy  CENE charadieri
homogencitny ], correlation (OO charcterize o measure of
bmearity m o the relationshp of the grey fevels ofthe co-
oowrrence maiich, and  angular second moment (454
characterize grm leve! olustering fransition 16 he oo
cenrrefice moairis) D]

fresue

(A

3- First arder gradienr Paramerers:

These are Absv: . Absv-.. . Absv—
Donunant Edae Direction (MDE:, Relative
the most dommant edge (REMDE; [10].

Absv- Mo
frequency of

4-Grevlevel runlensth matrix parameters.

It characterize the count distribution of the arevlevels n
histogram, These are Run percemage{RPER). Long-Run
emphasis{ LREMY.  Grevievel  distribution (G708
Runiength distributioni £LLHSTY [10],

S-Texture feature descriptors (TFD) parameters:

These Coarsenessicoarse),  Homogenemwi A0 Mean
Convergencel M), Variancel barl,  Entropyi Enirapid,
Runlength Density{RLDY. Regularityl Resndariiv LGy leve]
Resoluwtion Similants{ GLRS) [11].

fi-Speckle Parameters:
Thise  are
specular

mean  scatlerer diffusy and

InLen sty

sbparation (S

scatterser (10,), specular standard

devianion { /3, ) and a few other refated parameters [8]
: :

F-Acoustical parameters:

These are attenuation coefficient (ATTEN @ Chaructorice
penetranon [12] and the backscaticring cocfficient iBSC
. characterize backscattered power I the transducery [9]

4. RESULTS

Here 15 an example for some statstes and numerical
calculations  for properties such as echogeniciy (MGL)
penetration (ATTLEN) and coarseness {CUN 0 some liver
pathologies,

Parames, | B .
b L] L 3
VAR L hial
e 333K REE
IS0 agasy (LSS
CONT | 284U In2
ASK i oneas oniss
ENTRE | 5 GRD | T
CLIRE LR el | LT
ATTEM :33] | riET
i
I i
FIE | Akl
Tahfe § Swbisties for QTC parameters for normal and

cirFhosis fivers Nole ¢ stands for cirrhosis and nofor

normial liver pathologies

I'he program comains major menus like fileinew. apen
clise, save. save as. print. setup, print preview, printand
etk edit (undo. cut. copy. and pasier. vies ctookbar and
starushary, region sivielploveon, window (new  window
cascade, tile and arrange icons).  helpihelp ropse: abom
DUAGNOSTICTAN | setnngs (frequency. and pisel perom
either autoraticaliy )

fchsuremnenis iaial |y L245
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parameters {(calculation. display, and mapping), diagnosis
(diagnesis, wsimp fucey boeic rules. furey similarty and
nzural networks. show existing pathologies and appending
new casel,

The following are some fieures and demonstratons for the
capahiliy. and  feamwres in our QTCS  program called
Y EREM AGaNCHRTTES

Parameters Calcalation
It wewant 1o calculate the paramelers. we seleet the region
of nterest ROH from the image about 5-6 om distant trom

the IE|T?‘ﬁ*¥01I1‘d transducer, see igure 2.

EF‘ gil

BHKR W"

Frgure 2: B-made 1mage for a cirrhotic liver at 4 Mhz

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

.:-l:.'lEtt F"ammeiers

5

F.Ju-"u. "s dialoge qeleﬂ the desn‘ed L pa EATIElers

After calculating the parameters, we need to display them
i a dialopue as in figure 4

DT E0 Pawwib B for  fwmd :shr 7 -_er ,_- 5--| 2
e ] i .l Tt T
Ewl Bp w278 IS st AL

| bul Order Pazameters £ Farameiene !flll_r._l_:ir!lil:l;_ﬁ-'lr'il“‘lﬂi =

reean - LEDODA3T COW = 3R 3070350 ATTEN. - D.320ED9
Yansnpe = PhY1IFAD BEM - L NN4ARE BEL = .07 30b
SN e 3 ARTGEE EM1 =5, 773701
Slewnesa = T TRSE Or (0E COR = 0.TPY141 Epeckle Parnmernt ra
Curnsis = 7891001007 O - LR[00
Peitd- 12 Fiun lermh Parsmets s 02 =1.420321
Peidp= 15 RPEHT = 1271480 U sciunl = 3149453
PersDe |7 LHEM = 1261.70C195 It = B2 343288
Preri= 20 GDIST = 2200 928 70 la =257 ATR4ST
Per8D- 25 RLNIST = 852 14f1 02 Sigmalls| - h2.7E1409
ahanliie Vel Peramelers:
fhsvs = RA1AT
Al - FAREDIE aprmy | el
Abghers = TR BEIRIL S L=
Absbiae- o 17 BR2IZE e | [ Wipsgne | Wars A0 179287 5
| WfF =3 3 Erd = R.A4AGA
| AFMDE - 5EE e e} HLD - D.000FRR
= — Reg T 000160
GLRAS = 0228431
! E
Fodeg piess T +4 i Wiz i
Wt | B Mot D Sk P e L - Tk

Figure 4. A dialogure to dispaly the OTC parameters

To display  the histogram for the ROL select the histogram
button. you will have the histogram [halogue as i figure 5.

..................... 1

Hisiogiam || Co-Dowrence Maty,

RunLergth Matrix |

Hiztogram

009
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1}

20 30 40 i ol 64
Gy Level)
B e —

Distribution function

100
075
0 .50
023

ooc o
an 10 1] 30 4An 50

{Gray Level)

Cancel | Help:

Figure 5. Histogram and distribution function dialogue,
From the Histogram dialegue. vou select either Histogram,
Co-occurrence  Matrin or RunLength Marrix to display, see
figures 5.6.7.
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Frpwre 8. a-greviscale display for the co-ocurrence matrix
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Figure

Cancel | - | L

7t wrevscale display: for the ranlength mateix

To display aten. Map for the zelected ROM select the aten
Button, see figure 8. _
Atteration y : E3

ROl Selected

| | L v:pE"F
| \

0. B3z

K1 TAAT I

[~ .
Gray 089 2 Color
Adlen, : Jo.52a7 Alter.
Mlap O 4oez Mlap
0 Rl

o 10 THEEr T |
0Lt

AE Fere S TIT La

F ,wfr a grevscale and color display

for the an 1.||I.|.|tu

l'e  display aumncorreianon and power
selected RO select the speckle button, see figure 9

spectrm. for the

Specle Parameters_ =]

lation Function

0 {Frsele) A5

s & Power Spectrum
35822 ST
£i)
—
a S |
a] fl'm qu.n e v) £ 2E |
Figure 9 A display for the autocorrelation and power

specirum tor the selected Kol

bability mateix
vou can select TEDescriptors  budton from the Parameters

To display TFD parameters and ot prod

Dialogue see figure L0

n.zazxqhsr3
Z233.230530
13.345422

Counrseness
Huomoge neily
A an l'!lllr\.rr-:rur-.'ul.'rr

Wariance = B. 129742
E ntrapy G.J3A430%0
Run Length DLnsIW— 0.00DD266
Regularity = 0.107671
GLAS = 0.224431

= :Gr."u_n,l =l
- A i

Joint Probability Matri=  bin.

_______ b ]
A display for TFD  parameters and joint
probability matrix for the selected RO

i
Figure I,

Mapping
To map the parameters into color or greyvscale codes.
2 polyeon region from: the imase
parameters 1o b coded

Here is an example for mapping such a paramese
propertics) in-the B-mode images whe
teale-codetar the

sébect
then selec:  the selol
H1s50E
reathe codsri
sed on the 13-

e see figures 19-19wherea RO ai

15 selected and manpped for set G

1 ATF
selected KO3 s superunpo

mode srev sedle ma

the hidnes f parumeters
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Figure 11; A small poiveon ROL in the Kidney i selecred v : il

Freure 14 ROI1 mapping for the vamance (VAR showing
réglons of high variance at the periphery and mside and
reeions of low variance values in the middle.

4 dialogue box will appear from which vou can select the

required set parameters ses fgurg 12

el o ot e
7 2nd order parametars

T+ Hin length Armmstars ;

LT - £ .'?, R
: f 20 A dialogue for the selected pa

When vou press OR the mapping is caloulated.
Here are: some examples for this mapping of the Kidney

Fienre [o; RO mapiang for the ©

arrelannm (CORE )

Fizure 13 ROI mapping for the mean grey level (MGL)
showing regions of high mean and regions of low mean .
the bar code in the right side showing the code tor mean
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Here 15 example from the screens of diagnosis for the liver
where there is only three liver pathologies, Cirthosis, Fainy
aind Normal livers. see figure 20-23

it !l!'t l!

RO mapping for tie Contrast (CON)

Figure 17

f-.guwe. _.r,l Exu-.th p:i’h(”['lfﬂ“‘ i our pmmam

L] r‘l'll}GRAM
e T

Figure 2 mmwbﬂﬂaiwmmumﬁuwthnfwm
riles

(R S e u:mu T
Figure 14 ROI mapping for the Backscan. Coeffic, (BSC) ;

I].:I'!B]'N
0.000007
0.000008
W.ERzNOZ

Diagnosis

After  the selection of ROI and caleulation of parameters

the user is asked to diagnose the liver using ore of the three

diagnostc classification lechniques as fuzzy rules. fuze

similariny and neursl networks where for every method he

will get the contribution 1o every pathology. Fugure 22 Dnagnosis of a Cirthe case using fuzzy similarin
MEasures

e o AL
_WTLCOME Tl ]l}_._t-:.lr
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Figure 23- Diagnosis of @ Cierh. case using MNeural
Betwork.

5. DISCUSSION AND CONCLUSION

Wariations n structural propertiesdn the soft tissue organs
like liver are retlected n the witrasound B-mode image
structure and biightness. Using such a QTCS we can Know
the variations in such & properties with diseases

Chuantitative tissue characterization s @ very iinportant tool
tnar can support physician’s decision making aboul Lhe
pathalogy of the orpans using ultrasound svstem linked
with @ compuier acguisition svstem The systers s cheap, |
mean all whar wou need s just a computer with an
acquisitton card capable of acquiring images at 8 pits/pixels
in miimam of 512*512 pixles and the ultrasound system
alreach availuble at phivsician’s clinics or atthe hospitals,

The 1CS calied “THAGKROSTICS™ is very uselul for the
sonographers. It can help them to judie the case objectively
not subjectivel as  they corrently do using the visual
inspection  for the ultrasound B-mode image s program
car be psed with for tissue organ provided that the B-mode
altrasound images have echo texture patterns. The maps or
phvsical profile Tor the ultrasound properties of the tissues
can help a lor  inothe disznosis of focal lesions ofthe
breasts. thyroid, hver. spleen) and kidney. and this is
difficult using conventonal grevacale B-mode scans
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