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Basic principles and instrumentation of
medical ultrasound
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Physics

Ultrasound

B Acoustic waves with frequencies higher than 20 kHz
B Need a medium to propagate
B Longitudinal wave

B Non-ionizing radiation

Reflection and refraction

1.A ic i dance mi (Z = density x sound speed)
2. When the reflecting object is larger than the wavelength, the reflection
occurs.
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Scattering

When the reflecting object is comparable in size or smaller than the
wavelength, the incident wave will be scattered.

Scattering or backscattering intensities are less than specular reflection
intensities
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Attenuation
Attenuation is due to absorption (90%), reflection, and
scattering 1. For soft tissues, attenuation coefficient is about 0.5 dB/MHz-cm
2. Attenuation increases with increasing frequency
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Transducer construction Transducer driving
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Spectrum of incident wave
& MHE

Bandwidth: -3 dB, -6 dB, -20 dB...
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Focal length fl =

Beam width W, :21-( f —number):Zﬂ-a—

S5
1-c2/cl

C1: velocity in lens

C2: velocity in medium

f;: focal length

I l TABLE 3-3 f-Number Ranges
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How to form an ultrasound image?

Pulse-echo system

Horizontal axis (x) Monitor
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Vertical axis (y)
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B (brightness)-mode scan
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Image resolution

Axial resolution
Axial resolution = %( pulse duration ) - (sound speed )

Bandwidth | E) Better axial resolution
Pulselength l

Frequency I

Image resolution

Lateral resolution
. ] fl
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Array transducer

Array transducer

Linear sequenced array
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Convex (curved) array Phased array
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Electronic focus

Multiple focusing
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Block diagram of B-scan system

H Echo
ADCs delays
Amplifiers Sum — Signal Image
processor processor
Pulse
Detays P Display
Pulser Pulse delays
. . . . Pulse
Pulser is used to produce a signal with high energy
and short duration to drive the ultrasound transducer Pulse delay_ls used
for electronic focus
Transducer 2-3cycles and scan
Usage for broadband = ..
Shorter pulselength HEEEEREE oo ooy probe
Better axial resolution o i = constantphase tront
Transducer more cycles v
Usage for narrowband = ___-
Larger pulselength
Worse axial resolution
Amplifiers

Amplifiers- Gain and TGC effects

Amplifiers are used because echoes are typically weak.
---Pre-amplifier

---Amplifier

---TGC (Time gain compensation) amplifier

Input > ——h—

Gain is low Gain is high

Amplifier
system

Before TGC After TGC

Output
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Echo delays and sum

Echo delay and sum means
beamforming

Beamforming

Time Delay  Signal Summation
Circuits Circuits

Scatterer

d——

Beamformed channel data

Element number

Time samples
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Signal process

vFiltering
-- remove noises or preserve signals in the frequency range
of interest

v Envelope detection
-- convert RF data into video data for display

v'Compression
-- the process of decreasing the difference between the smallest
and largest echo amplitude

v'Dynamic range adjustment

Signal process- Filtering

Filtering

Signal process- Envelope detection (demodulation)

RF Envelope
@
g
2
A
2
§ | | | I RF data
Time
B

Signal process- Compression

amgplitude
“ +
Belore compression
— time
smallast largest
! +
After compression
smallest largest
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Signal process- Compression

Signal process- dynamic range adjustment

Dynamic range: 60 dB Dynamic range: 40 dB Dynamic range: 20 dB

- 100%, 100%, 100%,
Before compression After compression 2 2 9
H i H £
0 1|!D Z‘D 3‘0 1;0 50 60 dB 0 16 2‘0 3‘0 0 50 60 dB 0 16 20 Jlﬂ ‘;n 50 60 dB
Image process
v'Scan conversion
-- translate the echo data into the output data that needs to be
displayed on a monitor Doppler ultrasou nd
v'Preprocessing
-- persistence
-- panoramic imaging
-- compounding
-- harmonic imaging
-- 3D imaging
v'Postprocessing
-- gray scale adjustment
-- color mapping
Doppler equation Color Doppler image
Gray scale ~ B-mode (anatomy)
Doppler shift frequency Traneccer Color scale ~ Blood flow velocity
Red 1 the transducer
\Q Transducer 2VCO$9 Blue: away from the transducer
f = f Skin surface
d c R e e
Skin surface — , Blood vessel
— - e \ T

Blood vessel
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Power Doppler ultrasound

Renal Color Doppler

Renal Power Doppler

Color Doppler Power Doppler

1 o fam

Pulse wave Doppler
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Range gati_hg

Angle correction

Spectrum analysis

vohfge Doppler shift signal
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& Doppler shift spectral display

- == frequency

Doppler shift spectrum

(a)

(b)

A Spectral
(c) display

Spectral broadening is caused by flow properties

)

(a) (b) (c)

Artifacts
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Acoustic speckle

Reverberation (multiple reflection)

Comet tail

A particular form of reverberation
*Closely spaced
*Discrete echoes

Mirror-image artifact

Shadowing effect

11
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Enhancement Interference (electronic noise)

BIOSOUND PHASE 2

T0P-
WPz 75062 U= 0.3 WM

Doppler aliasing Doppler aliasing

Increasing PRF (it
EEEHE) to

reduce artifacts

Increasing PRF

)

Power measurement

Safety considerations

Power meter

12
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Intensity measurement

Hydrophone

Intensity description

Six intensity definitions

*Spatial average-temporal average (lgr,)
Spatial peak-temporal average (lgp1,)
Spatial average-pulse average (lg,pn)
Spatial peak-pulse average (lgpp,)
Spatial average-temporal peak (Isxp)
*Spatial peak-temporal peak (lgprp)

TABLE 9-1 510(K) Guide Spatial
Peok-Temporal Average in Situ Intensity Upper

Limits
Diognestic Applicatica [
Cardioc 430
Peripheral vessel 20
Ophitholmic 17
Feaal imaging and ciher” 94
Andarmingl openciten, pediclric, small cegan (breast, thryroid, lestes),

neonciol cephalic, adul caphlic

Ultrasound thermal effects

*Attenuation due to absorption, producing heat

Temperature increase depends on intensity,
frequency, exposure time, tissue perfusion....

sTemperature rises are considered significant if
they exceed 2°

Mechanical effects (nonthermal)

*Radiation force
-- The force from a sound beam on a absorber
*Streaming
*Cavitation
-- Production and behaviors of bubbles in a liquid
medium

ALARA principle
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