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What is Ultrasound?

Ultra-sound

o — AL B9E 1 15 Hz~20kHz
¥ A5 A4 1 2~10MHz
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“Plane-piston” Elastic “particles” in the medium
mechanical displacement
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* Sound velocity
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— B: bulk modulus, kg/m-sec?, 4 it 47 B H |2
—p: density, kg/m3, /i & % &
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TABLE 16-1. DENSITY AND SPEED OF SOUND IN TISSUES AND MATERIALS
FOR MEDICAL ULTRASOUND

Material Density (kg/m?) ¢ (m/s) ¢ (mm/ys)
Air 1.2 330 0.33
Lung 300 600 0.60
Fat 924 1,450 1.45
Water 1,000 1,480 1.48
Soft tissue 1,050 1,540 1.54
Kidney 1,041 1,565 1.57
Blood 1,058 1,560 1.56
Liver 1,061 1,555 1.55
Muscle 1,068 1,600 1.60
Skull bone 1,912 4,080 4,08
PZT 7,500 4,000 4.00

PZT, lead-zirconate-titanate.
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» B&f (Reflection)
7%+ (Refraction)

T B (Scattering)
% ¢ (Attenuation)
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Reflection
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* Acoustic impedance

Tissue Z (rayls)
ZZ/O'C:»\/B/O Air 0.0004 x 106
Lung 0.18 x 106
Fat 1.34 x 10°
Water 1.48 x 10°
Kidney 1.63 x 10°
Blood 1.65 x 106
Liver 1.65 x 10°
Muscle 1.71 x 108
Skull bone 7.8 x 108
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Electrical circuit Pressure wave

Charge (q) 7 /& Displacement (d) = #%
Voltage (V) 7. & Pressure (p) & #
Current (I) & it Particle velocity (V)
KRS R
Resistance (R) 7 & Impedance (Z) FEFo
Power (P = VI) # % Intensity (I = p%/Z) i &
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Reflection/transmission coefs.

 Conservations at interface

Incident Patrticle velocity Intensity

2 2 2

P;-:PerPr P _ P +Pr

. Reflection Z £, Z, Z, Z, £
1= PG (echo) : :

* Reflection coefficient

Z,=pe Transmission Rc _ P, _ Zz _Zl
p. Z,tZ

 Transmission coefficient
7 =P 2%

p, Z,+Z
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~Z. 0.0004

oy — =2.5%x107*
Z tissue 1 ) 6
L. -7
an d RC — rissue air
Z tissue + Z air

I Z +Z_

incident tissue

I zZ. 7 Y
reflection :[ tissue air] ~ 090 9oy
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Refraction

 Conservations at interface

aReﬂection p, coso, _ P cos o, n p, cosb,
A Z, Z,

Z,=p:Cy 2_ | e Reflection coefficient

Zy= p2C; P P _ Z,cos0. —Z cosb
“ p. Z,cos0 +Z cosb,
Refraction
C, > C, .. .
 Transmission coefficient
Snell’s Law r_ P 2Z,cos0

C, sind,
C, sind,

p, Z,cosb +Z cosb.



Scattering

Boundary interactions: Tissue interactions:
Acoustic scattering

-
g

: J}*ﬁlli
(T

Specular (smooth) Non-specular Small object reflectors
reflection (diffuse) reflection with size <A

Tk AL 5 A & 7

17



Ultrasonic scattering in bio-tissues

o 3 4 30k £ 4 3N ECE R (scatterers)PE
— A RB#c ‘Z"' R eTHT B R K -] 37100 pm

o 4\09/0 —

: 00—

incident wave / \ \

Rayleigh scattering  scattered wave




Ultrasonic scattering in bio-tissues

¢ A2 d gk GAEACT R Y A 4 3
ATl
— Backscattering
— Coherent interference of scatterers
— Linear summation of all scattering
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Axial dimension [mm]

Echogenicity map

I

(B

I

-4 -2 0 2
Lateral dimension [mim]

Speckle

Detected data

PROFILE

Axial dimension [mm]
L=

Lateral dimension [mim]
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Speckle noise
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* Multiplicative noise
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Attenuation

o BB g (mainly) fodT S ATie = |

* ?7[“’* e ) SR F L A
T 0 g = B

* Attenuation coefficient (u)

— Attenuation (of intensity) in soft tissue :
0.5~1 dB/cm-MHz

— I FAR® o iR RARE



Relative Intensity

1.0

O
&)

0

Attenuation

Ultrasound Attenuation

| =1, e u=0.5 dB/cm

|
I

— ! ! ! 3 X
0O 05 10 15 20 25 3.0 35 40 45

Penetration depth, cm
(Distance traveled = 2 x penetration depth)
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* ¥ 28 (probe, transducer)

— R 7 (piezoelectric) »T &

- TR €D PR

— Lead zirconate-titanates (42 45 it 4, PZT)
R BIEL L T RS
* BT Bl AQF A DT L



Equilibrium:
Mo surface charge

Equilibrium: Expansion

B Compression Mo applied voltage
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== To transmitter / receiver

Coaxial cable —, [/

Plastic Case

Metal shield

: /fAcoustlc absorber
/Backing block

- -

/Ptezoetectr;c element

Matching layer(s)

B B RS RCR AR |
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Resonance in Piezoelectric materials

s BT A 2 i Elhp A2
—Fundamental resonance frequency (f,)
AR R R M
— Ao = C/fy=2d;
- BIFEEIRF B ik P Ap ¥



Resonance frequency of transducer

is determined by the transducer thickness equal to 2 A

\/\/\I\/\/ NWWW\/ Question.

thick transducer thin transducer What is the thickness
of the PZT layer in a
10-MHz ultrasound
transducer? (sound
speed in PZT =4000
m/sec)

ﬂ

Low frequency High frequency
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Matching layer
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e 1% » #% fr(pulse) » % F w & (echo)
o« Wy w L PE R 2 R A T
— Pulse Echo Imaging
o V% frpE [ ARTE > e f247 & (Axial
resolution) A% 4%
— Wide band signal

-‘—:'-J ij‘ %'»U i’é’% jﬁﬁ )\ /\ ’E‘g ﬁ) 0o



Axial resolution

Spatial Pulse Length (SPL) Boundary separation

unresolved < 1 SPL
Higher frequency

resolved > 1% SP
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A2 5 AR & = 3 (beam formation)

H - I 4r (single-element)#£ 2g 5 & 7 '
1T Hr-(near field, or Fresnel field)

— Pt AR R B PR

— 7 i f =

i& #-(far field, or Fraunhofer field)

—JRTE S AR R )

— Lateral beam width %% & 3 ¢



Beam pattern formation

A

Transducer element  Length of near field Beam divergence
Diameter, d rz/n =d?/4n . sin6=1221/d

\ Near field Far field g
2 \

7

Transducer
element

Pressure
Amplitude
Variations
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c RS ATH HIFE F HF - AL y(array)
b 2F 5 X ] 4p FF e H (element) A
EE7m =

* Linear array: ~10-15 cm 1n length

* Phased array: ~1-3 cm in length



Transducer arrays

A Linear Array B Phased Array

C Transducer
element

Width

Thickness

A subset of transducer elements activated All transducer elements activated
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Linear arra

Linear Array
Curvilinear Array
Linear
transducer
Curvilinear arrangement of
Piezoelectric piezoelectric elements
el EERRRRARE
| | Trrrrrrred Sequential progress of beam by
I |
I'E LLrrrreet inia glemarn
I FETELETTN]
Rectangular L] L1irirrrrnl
field of view | B Sequential progress of
[ beam by one element
I8 trrrrrernl
I8 Lrrrrrrrnl
|8 Lrrrrrrrnl
il 1111 | 111 | Multiple elements generating ultrasound -
LLer gt beam
Multple:elere ks enersfig Photo credit: Radiopaedia.org
ultrasound beam RN
L > y: 2 —_ 2N /4 -
A XY HBE ARE AL R
— g— -—
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Phased array

Phased Array

Fiezoelectric Elements

Linear E
transducer 3
=
E
=]
Piezoelectric
elemants =1

Beam Field of wiew

generated

Diirection of ultrasound wave

o N ARSI N R

2
0. —
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Transducer Elements

Focal Zone

>

Focal Distance

Programmable delay time
for transmit focusing
(length of bar indicates delay)

e ——

Beamformer
Transmit Electronics
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Summed
Signal Proximal echoes
.
el

Variable timing circuitry
(length of bar indicates delay)

=<~ Distal echoes
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Beam Steering

Beam steering

Transmit / Receive Timing Delay
(

Composite beam area
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1.48
1.65
1.62
1.34
1.65
1.63
6.0

17.0

0.0004

Acoustic Impedance (4p ¥ 5) £ /L g

1484 (m/sec)

1550
1550
1450
1570
1560
3360
6420

343

23 B O kR |
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R CRT) X

* Amplitude (A) mode

* Brightness (B) mode
* Motion (M) mode
* Color Doppler = /it ip] Z_ ...
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A mode ultrasound







B mode ultrasound /i 372

o 5 b0

A-mode J&= g 3% 5 B iR R
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B mode ultrasound /i 372

e
500, T = Pulse
PR T — Duration
T it P -.:1 _.2 !.-ISE{:
500 us Pulse Repetition Period ————————= s
pulse pulse . . .
‘ I I I .I_ ....................
0 13 100 150 200 o]0 R OO — 500 time, psec
0 1.0 7.7 11.6 15.4 £ < 38.5 range,cm
PRF = 1 1 200

0
— = | =2|‘(H
PRP 500 500x10°s s z

Pulse repetition period (PRP): = R 4 FF R ¢
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B mode = 1§ = ¥

o & fIFR AT E MRS T R (PRP)
o }O4E (& i c110E % 74 % PRP

* = i d® [Fl(field of view) £ f v f347 &
(lateral resolution);4 Z_%% #c(N)

o H & F ik kpF R =PRPxN
o F|Hc s H P PFFR A 1k #ic(frame rate)



Frame rate and spatial sampling

Low frame rate

High frame rate

Field of View:
Number of lines:
Line Density:
Penetration Depth:

FOV

= FOV
VN
LD

= Depth

56



B Mode ##py P& Y

bﬁg%ﬁ,%ég{ ZX‘&E’QE://};L‘?
— 40 cm ~ 0.5 msec
— ARF T ~1/16 sec

e 2L & F §_real time imaging



Real Time Imaging & & |+

* Interactive (- ¥ 5 — ## &)
o PARBETIE AT B i B e &

¢ 3 X B FH A

Apical four-chamber view



B mode ultrasound

#181 118.0emMI 1.1
VA4-T1 Gen TIb0.2|04:38:41 pm 2:46:29 pm

[2D] G50 } 90dB g : V3¢ 42Hz

FA2 | P90 . . [6.0MHZIR E: T
HAR i . Adult Heart

Pwr= 0dB Mi=1.0

80dB S1/+1/1/4
Gain= -3dB  a=4

"HR=146bpm

-

Apical 4 Chamber

e T T g L At
e S = TRrRRAT N R pm
o T e ST i
3 i —— - .
e
-
oL
o

Vo el

BC1
T40

17 fps

L.Kidney
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c B2 BT A+ B AR T
— - B

P A B LR
— = =7 hvs. H?Fé“ﬁﬁv



M mode ultrasound

§3-1
90Hz
14cm

2D
H3

Gn 40
232dB/C?2
D/3/1 |

PHILIPS ANATOMICAL M MODE
www.medical.philips.com




Echo display mode

M-mode

Resultant M-mode display

B-mode

i
&
:
g

A8 8

} Stationary
Transducer
A-mode

Incident
pulse

Returning
echo

Valve Leaflets
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Color Doppler Ultrasound

70 " ¥ 2 i (Doppler effect)
C+/V

S = C—VS fS

— f: the observed frequency

— V4 : the velocity of the recetver toward source

— Vg : the velocity of tl

he source toward receiver



Doppler Effect
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Color Doppler Ultrasound
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Color Doppler Ultrasound

oAU Rt B R AR R
— A RCRALE S (R K)
— B3k & & 4T
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Doppler Ultrasound

2:21
IC10V¥5
8.5MHz

Color Doppler
Left Pulmonary Veins
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Doppler Ultrasound

11:00:20 am
Ve ddHz
stz IR
aCardiac Difficult
Generd
124640 pm
d6dBE 1 -f+1/0/2 S av2e dsec
P Depth=102mm G 5 H3.5MHz i i
Pw Gates S0mmm ET AR Cardicc
P Gain=-11dB :
HRE= &3bpm

MY OT = 257 msec 3 Sweap =100mmy
) P‘fz Time = 75 msac‘\ ' : # ' e )

TR \

_F—\_ =

Do dler Tlssue Veloc




Artifact
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Refraction

Image

e
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Shadowing and enhancement

High attenuation  Low attenuation

Shadowing Enhancement
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Reverberation

AL “pPORT
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Mirror image




Speed displacement

i
j

. )
Diaphragm .




Ring-down artifact




At enig %

R T TR s
> \—" A /p/%‘/yga”‘ (HIFU)

e 328 CNRIL M ~ B FE XU~ &
7 353 R % 3% body-type dependent
image quality
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* 3D ultrasound 1imaging
* Harmonic imaging
* Contrast enhanced ultrasound

* Therapy (High Intensity Focused
Ultrasound)

* Drug delivery ...
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