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ULTRASOUND FUNDAMGATALS

elastic waves f> 20 kH2

IN BIOHEDICAL APALICATIONS :

FREQUENCY {1 ¢ f < 415 MHa
MEAN VELOCITY c~ 1540 m/s
WAVELENGTH : A= ..E_ 15 cle 0.07 mm

ACOUSTIC IHPEDANCE
where :

Z = f ¢ [kg/m‘s]
¢ = dehsify of medium
¢ = propagation veloci }'y
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ATTENUATION IN BIOLOGICAL TISSUES °

0.5+ 14 dBem!-MHz




Vibraling source Vibrating particles Direction of spread

of vibralion
- 3 «..’: \“"; - \

\ .
K] ety ¥
< - " e fToa o e ey * e
¢ o v (TN - toh o
thon TS ‘ H—P: o -
-y . 1 L
i teep \ T ¢ . -y ep !
»

Source a} Continuous wave propagation
(transducer)
1 o (-3
Z . * o o T s . e
// J . ) ) | * ’ o . A .o . - - e
% . * e . LI den % . .' - . .
. . * eh o - -

b} Pulsed wave propagation

Source Particle displacement wave ___ o

Low pressure

7/ R A S,

High pressure

Pressure wave ——

—-—“/-N-/—\—/__\_/_\.



j b " -y S | ‘Ilp

.
%

=2 "] | 2

Transducer

Sample beam directions

Sample lings of echo

L

Display screen




*(9961) Aqe] pue ahvyf wolp Kyanp nect
‘THIN () 1n0qE mo[aq s3rouanhalj 04 o

v 17000 $1 08¥1 000t R
/ 174 tt 0897 0611 areArynpauniyrnui|n g
vif Ly 81 0002 0z6 auadyiafiod
o 8% 000-0 0z 0S¥l 009 €1 Ananpy
s/ $6:0 L 00s1 056 fio 03%E)
! 0700 13 06+ 0058 reif]
/ 8100 a1 00v 00LZ wmrumun|y
o Tt #0000 otE i RALR LR )
v jo THI L . (y-01 %) [1- w] [ B3] ruaey
e?ouapuadap  [j-wd gp) [1-9 ¢ 1) 7 ‘Rpopp ¢ ‘Lawuad
Asyanbay 2 UG0S Z ‘suepadun
nrunruddy uondsosqy SneIIRIeY;)

sywusw (2o Jo[oig-voT 9tI0e Jo sINIadolg
11 3719v.L



*(6961) STPA\ Wy narg
uondiosqe a3jdwod 104 ,

1-{fduanbayy) un ¢.1 Y ‘puapranyy
- 1-9 W 0051 2 Loy
(KLrsunu) s-u2 8 6900 d o'3mesad vonwpry
pe{Aarsuaiun} -9 W 2t %1 ‘Aandofaa ppured yvag
g(Asuaun) azmdsoune g§.{ o4 ‘unvead spynred yeag
t-{£auanban} 'y, (Grsuaam) wr g10.0 " uauddnidap apured ywag
{£auanbayy) ‘g Aarsuazun) AnamiB oop 12 0 ‘woneIdpeade apnred Jeag
(Qsunum) oo 8w 979 Juafeamnba 3eay

»upuadag nep numIng

THN 1 e
1-TE2 M [ 20 33n[Ra (2912 W] SeAta ouwld Jof s2ajowrnaed pratg

i 3714Vl



anery mﬁéwﬂ M.., =N &.ﬂﬂ

-n1pstm Om1 BIIMIFQ AFEPUNO] A U0 JUIPLIUL IAEM v Jo motarysq ML 81

ot PR
T __.l....n Z

L]
1
l
! ©0)10 -N
'
|
t
|

\ 2 wes




- R
ah.. L8 61 £t 123 90 1 LU )
-7

¥ - i

0 1 6T +8 st 1€ o
&
o S [T {8t | +0 | 81 | o0
ol -
n N
& & N 1 86 (7 00
.\# & ov..? -
L
A .m.d L +1 00
Jm 68 00
& S . A
&
[} [IE]]
&
, &
& 4
> -

MN33gT 1531124 w WO [94] ST moO[aq s|aqep
8] posseadxe ‘soprspunoq [e3180101q-BoR ‘swwd swos Jo sapapsepgoy

£'1 3719vL




43! (1,19 4 em

£9-1-59-1 90-1 u3dg
o 1-591 Lol PP
920 o0 Bung
§9- 1491 901 BAr]
291 ¥0-1 &apry
se-1 60 bt !
99-1-56-1 £0-1 wresg
9E-L-SL-§ 181861 uog
29-1 901 poolg
1-1 ¢-10 3% 01 T s unvp
ouvpadun snsuanserey) Ansusqg

wnrg [E(80[0]q #W0S JO $63TTPadm] SNSLUNIRIEYD pUE SINIIG



Key

Totg renge
ra- -y

_Mnn
[} - ]
iy *lyd

[}

A Single

himale

[

Coliogan |
Eye, iery NN
. .3 cle
& Foulol head
SMERE Spiven
RN Nerve lissue

a Xigney
® Biood

O Liver
< Breast, lactating
& L.mb, 3ot hssue
- Ml
1202 I7°2 Inormat sahre
02%=s " Mz Maemogizon, 0165 g m', 15°C
RN Sron !.our
W Ce treous
et 3933t preTenopasol
PR e, 23uecus
® J5F

[2Q%C 37 Mater
e oG5, G Ter IS detdl

T B 1 1 i
1B 1390 1670 1650
Vslesity, m s
(b)

1700



T YY), el ep e pasey
TIRAUAUNENDLCA Jo 3 a0 spyipun s ATPiineg TuipUed Ay a ey £MOOLpY)

@ e Dg | ¢ e | e ¢ |
\,;.u.... \Fm A L LI N A ool
Y \\ ¥ _m[m_.. . 113 [y ._ . . o
/ EA , .
- S ¢ RE 10 et | o ¢ iy

2019332 133315d v wos) (343 9 mojaq sieqYep
¥1 povsasdxs ‘saprwpunoq [vordojorq suwyd amios Jo sepjansegey

T+ 374VL




TRANSDUCERS

® SINGLE ELEHENT

® HULTIPLE ELEMENT

- LINEAR ARRAYS
— STEERED ARRAYS
- CONVEX NARRAYS

- ANNULAR | ARRAYS
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FOCUSSING TECHNIQUES

GOAL: To condewse tie radiated

vltrasound evergy into &
beam of exl'remer Nnavrow

section,

® ACOUST\C LENSES
(fixed EOCOS)

® ELECTROMNIC LENSES

(Vdr'\&\o\e eocos)
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in Focal Plane Z=F Yeas




: : AREA CERC
fUSL N.1 TRIESTINA Centro di Valutazione DIRI A
N0 [ | TRANS-
DELAY MITTER
SYSTEM SHORT | [ TRANS-]
CLOCK DELAY MITTER
LONG | | TRANS- FOCUSED
DELAY MITTER WAVEFRONT
FIXED DELAYS
VARIABLE GELATS
LONG
DELAY
I D e
RECEIVER ADDER Wm__.u%u FOCAL
POINT
NO
DELAY

ELECTRONICS SYSTEM

ANNULAR ARRAY TRANSOUCER




—dorn VRN e e

s oz

. .Du'dgnosh‘c vitrasound scanmers



SCANNING TECHNIQUES

o M. CHANICAL SECTOR ScAd)

SINGLE OR MULTIPLE ELEHENT
ANNULAR ARRAY

& ELECTRON\C SECTOR SCAN

STEERED (PHASED) ARRAY

e LINEAR SCAN

® CONVEX SscaN
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WAVELET — WAVEFRONT

P— o —
(a) S I v
N WAVELET B . WAVEFAONT
i /-l\_, S i }/.
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N S~ -~ WAVEFRONT
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(c) A
. - M BEAM
. N

(d)

0 rocus

BUMMNG DELAY TRANSDUCERN
POINT (X, 2] ARRAY

FIGURE5.5. Synthetic focusing and sieering of the uirasonic beam preduced by a
transducer array. The long axes of the elements are novmal to the plane of the dia-
grams; viewed in this direction, each element can be comsidered to emit a circular
wavelet (a cross-section theough a cylindrical wavelet) in response to electrical excita-
tion. (0) When the clements are escited simulanevusly (as indicated by the simulta-
oo CHIps™ assovialed with cach ehectrical connection), the wavelets combine to
form a wavefront of which the corresponding beam travels normal to the surface of
the array. (b) When spherical time grading is used, the beam is focused. (c) When the
elements are excited in sequence, the beam is deviated from the geometrical central
axis. (d} When the time grading consists of combined spherical and linear distriby.
tions, the beam is simultaneously focused and deviated.
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GAIN CONTROLLED

STAGE S (60 98 RANGE ) 20- 3008
i it ey [,
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FIGURE 4.7. Variable-gain amplifier attenuation compensation
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RELATIVE OUTPUT
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i. LOG-LINEAR
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FIGURE 4.9, Preprocessing functions
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AXTAL RESOLUTION

LATERAL RESOLUTION

: [)
// \ Elevation
, 'l - 6B Resolution {mm)

. S Conler Frequency {MHx)
Axlel [~ | 2.5 s 5.0
Fd : Axlal | 1.4 0.9 0.9

] Azimuth ] 2.0 2.0 1.4
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1. Y _
= Azimuth =
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FIGURE 12.). (a) Schematic of the American Institute of Ultrasound in Medicine
Standard 100 v Test Object.

(b) Image of the 100 mm test object. Vertical depth markers are compared lo inter
target spacings to hest deptir calibration. B mode registration accuracy is checked by
imaging a singhe nad from four different sides of thve test object.
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Deorr (9B/7¢m)

1

3 &4 [ 4
FREQ (m#2)

1
0 t 2

FIGURE 124 Attenuation vs frequency in different talc-gel samples. The speed of
sound in the material is also shown on the curves.
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ATTENUATION (DEB/CM)

10

L L L A

-y

3 ¢ s ¢ 7
FREQUENCY [MHZ)

FIGURE 12.3  Attehuation vs frequency in graphite-gel material for five different
graphite concentrations ranging from 0.49 g cm=2 (A) t0 0.187 g cm -3 (F).
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siope of tha attenuation coelficient,
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Fig. 4. Speed of suund vs. concentration of n-
propanol at 22°C, showing a linear relation for sample
D (TaBLt I). Graphs for samples A through E are nearly
identical.
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FIGURE 12.5. Test phantom for ultrasonic B-scanners. (Figure from Radiation Mea-
surements, Inc., Middleton, Wisc.)

(b)

FICURE 12.6. Images of phantom in Figure 3.

(a) Line targets allow depth calibration, resolution and B-scan registration accuracy
to be determined.

(b) Texture allows depth of penetration to be estimated.
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RESULTYS OF PERFORMANCE MEASUREMENTS
Model: ATL MK300C Transducer: T22A 1.)IMMZ

1. 1sptp (W/cm2} 192
2. Isppa (W/cm2) 7
3. Centr. Work. Freq. (MHZ) 2.8
4. Bandwidth (MH2) 0.7
5. Duty cycle (1} 0.12-0.234
6. Focal Length (cm) 5
T. Focal Zone {(cm) 7
8. Focal Area (mm2} 8.4
9. Pulse Rep. Freq., (Hz) 2740-T400
10, Scan Frame Rate (Hz) 14-45
11. No. Acoustic Lines 128
12. Image Frame Rate (HZ) 14-45
1). Dead Zone <8
14, Axial Resolution (mm) at Jcm <1
8cm <1
13em <t
18cm <2
13. Lateral Nesoclution (mm) at lem <3
cm <3
tIcm <%
iBcm <9
18. Penetration (cm) 2t
17. Geometrical Distortion (1} <}
18. Imaging of Cysts G000
19. Measurement System Error (1) <t




Temporal Tesk Intensity (laplp) (Wem2])

ns

443

%

a3

%

%2

187

SIENENS (Seel.)
SIENINS (Lin)
miir

.. (eer.)
6.L. in)
BIASINICE
BICINT

C.ER,

T L AR
AT

AEALDD (Bead,)
ARSI Ln

ALK (Semr. )



Pulse Pversge [ntansily ([sppa) (HU/cm2)

.

1

72

SIEENE (Beal.)
(31, 5.  BINT. )
aiLITS

s.t. S..r.,.
6.E. tLin)}
DIAsONICS
nscint

c.5.1,

SR & IR
R.T.0.

ANSALDD (Seel.)
ANEALDY (L1AL)

ALOKA (Reab.d

oy
-0



Centr. Pulse
Isptp Isppa Work. Band Duty Facal Focal Focal Rep.
Freq. width Cycle Length Zone Area Freq.
W/cm2 W/cm2 MHz MH2Z 1 cm cm mm2 kHz
ALOKA 157 55 3.1 0.9 .23-.14% 8 8 t2.2 2.96-4
ANSALDO sect. 415 161 1.2 1.2 0.19 5 £.5 18.8 <1.78
ANSALDO 1lin. 267 101 2.9 1.1 .06-.12 5% i.5¢ 9.5 1.4-2.9
AT L. 192 17 2.8 0.7 .12-.3% 5 7 8.4 2.7-7.4%
BRUELAKJIAER 317 92 2.8 0.7 0.1) 6 1 11.6 2.1
C.6.R. 406 192 3.0 1.4 (7} S5e 6 5.9¢ (7)
ELSCINT 3151 119 3.t 0.9 .04-.43 4.5 5 7.9 1-10
DIASONICS 463 162 2.9 1.2 0.20 T 7 8.9 3.7
GEN. EL. sect. 205 15 1.3 1.6 .171-.21 T~ 5.5 6.4« 3.1-3.9
GEN. EL. 1in. 200 85 3.6 1.3 17-.1% 10~ 5 10.5 3.1-31.9
PHILIPS 225 68 2.9 0.8 0.17 o 10.5 10.5 2.1
SIEHENS sect. 572 218 2.9 1.1 [?1 5.5 1 [{?) 7?1 .
SIEMENS lan. 250 109 3.0 0.5 0.16 8- 'Y 12.5% 3.1

[=):measured at one focus only

{see text)







