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ULTRASOUND FUNDAMENTALS

elastic waveg f'> 20 kHz

IN BIOHEDICHL APALICATIONS &

FREQUENCY 4 éf_‘_ 15 MHa
MEAN VELOCITY : c~ 41540 wm/s
WAVELENGTH 1 A= -E.. 1.5 ¢ lc 0.07 mm
ACOUSTIC MPEDANCE : =z = p-c {kg/mzs]
where _
§ = devsily of mediom (51054 fo
¢ : propagation veloci by
ATTENUATION 1IN BIOLOGICAL TISSUES :

O.5+ 4 dBem!MHe
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TRANSDUCERS

® SINGLE ELEMENT

® HULTIPLE ELEHENT

- LINEAR ARRAYS
—~ STEERED ARRAYS
- CONVEX ARRAYS

- ANNULAR ARRAYS
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FOCUSSING TECHNIQUES

GOAL: To condense the radiated

vltrsasound everqy into &

beam of exi'remer narrow
section,

® ACOUSTIC LENSES
(gixec\ gocos) |

® ELECTRONIC LENSES
( variable gocos)
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SCANNING TECHNIQUES

o HecuanicAL SECTOR ScAl

SINGLE oOR HULTIPLE ELEHENT
ANNULAR  ARRAY

® ELECTRON\C SECTOR SCAN

sTEERED (PHASED ) ARRAY

e LINEAR SCAN

® CONVEX scan
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CONVEX SCAN




PARABOLIC MIRROR

(8) L o WATER FILLING
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WAVELET — WAVEFRONT
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(b) S e
| e | Forlial ' AXI8
S N \
.~ 4._1
FOCUSs
WAYELET
~

“well .- WAVEFRONT

(c)

BEAM
-~ AXIS
WAVELET
.
WAVEFRONT
" i BEAM
~ AXIS

ﬁ rOCUB
BUMMING DELAY TRANSDUCER
POINT [ APPAY

FICURE5.5. Synihetic focusing and steering of the uwirasonic beam produced by a
transducer array. The long axes of the elernents are normal 1o the plane of the dia-
grams; viewed in this direction, each element can be considered to emit a circular
wavelet (a cross-section through a cylindrical wavelet) in response 1o electrical excita-
tion. (a}) When the clements are excited simultanevusly (as indicated by the simulia-
neous “blips” assoviated with cach electrical connection), the wavelets combine to
form a wavefrant of which the correspondiwg beam travels normal to the surface of
the array. (b) When spherical time grading is used, the beam is focused. (¢} 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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GANN CONTROLLED

STAGE S (60 d8 RANGE ) 20- 3008
———— DYNAMIC
> 400 0B o 40 d8 / RANGE \
DYNAMLC Y NANIC
ENVELOPE
From __ RANGE .- RANGE o] > s DETECTED
PREAMP ( “VIDEO" SIGNAL
GAIN COMPRESSOR ENVELOPE
| 2ONTROL DETECTOR
VOLTAGE
GAIN
CONTROL  j—— TIMING SIGNAL
GENERATOR

(S 6 émﬂm CONTROLS

FICURE4.7. Variable-gain amplifier altenuation compensation
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FICURE 4.8. Quantization of continuous signal



- RELATIVE QUTPUT

10

OS5
I. LOG-LINEAR
2. MIDRANGE EXPAND
o3} 3. LOGARITHMIC
4, MIDRANGE COMPRESS
o.tf
0.03[ ¢ \ | 1 ]

-40 -30 -20 -0 0

RELATIVE INPUT dB

FIGURE 4.9, Preprocessing functions
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MOPLAY LuMRANCE

!

u‘“ e —— - —— - ——

—>
STORED PixEL
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FIGURLE 3132, Post-processing amplitude functions
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QualiTy Pararerers

® Qeowetrical resoQuiiown
AX\AL RESowWwTION
LATERAL RESOLUTION

ELEVATION RESOLUTION
® Contrast vesolution

® Uwni ?orm'n ‘-7
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AXTAL RESOLUTION LATERAL RESOLUTION

[}
Elevation
=&-dB Resolutlon {mm)

_L, - Center Frequency {MMz)
Axlsl — 2.5 35 5.0
Fd Axial | 1.4 0.9 0.9
Azimuth | 2.0 2.0 1.4
Elevation| 3.5 1.0 1.6

L ]

e Azimuth =




QUALITY ASSURANCE

- VHE PURPELE & YO ALSUWS THAT T«s
BQUICMINT (L OFERATIN G AT THS BXESCTSA
LeveL O0F PTIRFORWHANCE.

- SOMBTINGS \T HAKES POSSIRLE YO PRBEVENMT

BAILURES OF THE EQUIPHENT ANMM TO RENUCE
AOWMNTINHE.

HOWw YO DO Q.A. YestTs ¢

- THE SANME YESYS HUST BE PEBRPOKRNEN
AURIMNG EACH QUALITY CONTROL. SESSION
- BACH TBST HUST BE ADME M THE SANE

MANMER (usmq Tué SAME TRAMSAUCER :
AMA WITH YHE SATME EQUIPHENT AL\)U-&THEHUI

- KEEP A LOG OF Q.A.YESTS MALFUNCTMIONS,
ANMD PREVENTIVE RAINTEMANCE caLLs

- A QUALITY COMYQREL SELSION SHouLh &6
PERFORMEDN AFYER AMY CERUICE CALL.

= i



WHICH PARAHEYERS ¢

~ MSTANCE CALIBRATION (HOR.-VERT) Np VERT. AMA HBAU
ALSYORSION OF Tre
InAGE

- M&IvAaL CaALIPER LEVEL OF PQEEISION OF WM&
SYSTER OF JMSTAMCE MEASLRE BN
- RAXIHUMN SENMSIMUVITY AN Tut MEEEESY SCHO SIEMAL
UMIPORMITY YOU HAY KEYGCT KMA AISPLAY
AY OPTIHUNR SEYTIMNGS,
UMIFORNRITY OF THE SIGNMAL
RNA OF THE \MtAGT \N ALFFERRH
ARERS

- &REY SCALE PHOYD &RAPHY  HaRDN COPY FIABLITY

- SCATIAL RESOGLLUYTION AXIAL AND LATERAL Q¥S,

- CYLST \HAGIMNG CAFTA BILITYEL METECTION OF SoOLlbh
AMMD LIQuIh CNsYS

- PHISICAL ASPECT OF BQuUit.  canLes FILTERS TaANMS)
CAHERAS | PROCESSOR

s
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TIPICALLY ALL TIgSUE HIHICKING BHAMTORS cOMNTA N
A goLvmoM Ot :

~AGRR (POLYSACCARIAG &BL) (37 @

-WATER
-~ PROPANOCL
- &ARAPHIYTE

© Hu. QURLEW ol oWhluny : "R NEW ULYRACOUNA
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STEEL/ E}
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) dindin i ainin g
c=1540 m/sec
. : Bl
(a)[ ]

b

FIGURE 12.1. (3) Schematic of the American Institute of Ultrasound in idedicine
Standard (00 mm Test Object.

(b) Image of the 100 v test object. Vertwcal depth markers are compared to inter
taryet spacings to test depth calibration. B mode registration accuracy is checked by
iMaging a single nnd from four different sides of the test object.
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Qcorr (9B/em)

C'S inmsy

I a1 2 23mMp
o i 1 1 i J
0 I 2 3 4 5 6 L4

FREQ {mM2)

FIGURE 124 Attenuation vs frequency in different talc-gel samples The speed of
i sound in the material 1s also shown on the curves.
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FIGURE 123  Attenuation vs frequency in graphite-gel material for five different
graphite concentrations ranging from 0.49 g cm~ (A) to 0.187 g cm-? (F).
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nN

(@]
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o) 1 | ] ] ] |
0 .2 4 3 .8 L0 I.2 .4
ATTENUATION COEFFICIENT SLOPE dB/cm/MHz

Fig. 2. This graph shows the approximately linear
relation between the grams of graphite powder per
liter of agar-water-proparol matrix material and the
siope of the attenuatior coefiicient.

1600~

g 1580 3% AGAR SAMPLES
- T:22°C
01560
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S 1540

[ 1
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Fig. 4. Speed of scund vs. concentration of n-

propanol at 22°C, showing a linear relation for sample

D (TaBLe 1), Graphs for semples A through E are nearly
identical.
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SARAN WINDOWJ

* — T9Smm
|
. ' 0. Jmen Nyion Fibers ‘ ©
— A 2em
f ,
L‘j’r‘ -_— + -

o
EMLARGED VIEW
A

TISSUE EQUIVALENT
GEL

FIGURE 12.5. Test phanzom for ultrasonic B-scanners. (Figure from Radiation Mea-
surements, Inc., Middleton, Wisc.)

(a)

tb)

FIGURE 12.6. Images of phantom in Figure 3.

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

{b) Texture allows depth of peretration to be estimated.



COHHOM (HARMIERISTICS OF TEST ORyBCYS

~ A TISSLE GQUIVALENT HATQLIX CF AR K AN
GRAPHITE

~REPLECTORS HAAE WITH MYLOM WivES (0.2.,0.3.;..-;
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SCANNING WINDOW—I

lecm

4
=

LOW SCATTER TISSUE

-----------------

SPECULAR REFLECTORSE :

°———-——
o —| Omrlﬁsmm
— Q.5mm
c=1540m/s
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CHARACTERISTICS OF THE ACOUSTIC FIELD

Sptp Intensity
Sppa Intensity

Space/Time Variation of Pulse Intensity
Distribution of the Pulse Intensity Integral

Distribution of Peak Intensity

PULSE CHARACTERISTICS
Pulse Waveform
Spectral Distribution

Pulse Central {Working! Frequency
Duty-Cycle

GEOMETRICAL CHARACTERISTICS OF THE BEAM

Beam Shapes

Variation of Acoustic Pressure along the Beam Axis

Focal length
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SCAN CHARACTERISTICS

Pulse Repetition Freguency

Scan Frame Rate
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Image Frame Rate

GENERAL CHARACTERISTICS
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Axial Resolution

Lateral Resolution
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RESULTS OF PERFOPMANCE MEASUREMENTS
Model: ATL MKIONC Transducer: 7224 3.0MHz

1. Isptp {W/cm2!} 182
2. lsppa (W/cm2) 17
3. Centr. Work. Freg. (MHz) 2.8
L. Bandwidth (MHZ) 6.7
5. Duty cycle (1) 0.12-0.34
6. Focal Length (cm) 5
7. Focal 2one {(cm) 7
8. Focal Area (mm2) 8.4
9. Pulse Rep. Freqg. {Hz) 2140-T7400
10. Scan Frame Rate (M) 14-45
11. No. Acoustic Lines 128
12. Image Frame Rate (Hz) 14-45
1. Dead 2one <8
14. Axial Resolution (mm) at 3Iem Q1
dcm <
1Jem <1
18cm <2
13. Lateral Resolution {(mm) at Jem <3
dcm <)
1Iem (8
18cm <5
18, Penetration {cm) 21
17. Geometrical Distortion (%) <3
18. Imaging of Cysts Go0D
19. Measurement System Error (1) <t

é}
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Pulse Auersge Intensily (lsppa) (W/ce2)
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Centr. Fulse
Isptp Ilsppa Work. Band Duty Focal Focal Facal Rep,
Freq. width Cycle Length Zone Area Freq.
W/icmZz W/icm2 HHz MH2 1 cm cm mm? kHz
ALOKA 157 55 .1 0.9 .Z2J)-.14% ] ] 12.2 2.56-4
ANSALDOD sect. 475 163 3.2 1.2 0.19 5 .5 18.8 <3.78
ANSALDO lin, 267 109 2.9 1.1 .06-.12 5s 4.5« 9.5 1.4-2.9
A.T.L. 192 11 2.8 0.7 .12-.3% 5 7 8.4 2.7-1.4%
BRUELAKJAER 337 92 2.8 0.7 0.13 3 7 13.6 2.7
C.6.R. 406 192 3.0 1.4 i?} 5+ & 5.9+ {71
ELSCINT 35 119 3.1 0.9 .04-.43 4.5 5 1.9 1-10
DIASORICS 4563 162 2.9 1.2 0.20 7 7 8.9 3.7
GEN. EL. sect, 205 75 3.3 1.0 .171-.21 1= 5.5 6.4« J3.1-3.9
GEN. EL. lin. 200 85 3.0 1.3 .17-.14% 10~ S 10.5« 3.1-3.9
PHILIPS 225 68 2.9 0.2 0.17 [ ] 10.5 10.5 2.7
SIEMENS sect. 572 218 2.9 1.1 (23 5.5 7 (?) (21 .
SIEHENS lin. 250 109 3.0 0.5 0.16 L | B 12.5+= .

fc)zmeasured at one focus only lsee Lext)







