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Amplification -3
* Amplification is used to increase the size of the electrical pulses coming from the transducer
after an echo is received. - 35 Jsaa (pa dadl8)) Al g €)) Glandl) aaa BaL 3] Al andien e
s mal) Jlin)

* The amount of amplification is determined by the gain setting. 5 (e p5&l) jJdia paadaly o
sl 2ac)

* The principal control associated with the amplifier is the time gain compensation (TGC), which
allows the user to adjust the gain in relationship to the depth of echo sites within the body. >3
suall a8 ga Gary (Gl Lad ual) Jasday aoilall gracs (o 21 g ¢l gl qusS (1o 520 98 gl ey Ja sal) (i )l
aed) Ja

Scan Generator el 4l s

The scan generator controls the scanning of the ultrasound beam over the body section being imaged.
This is usually done by controlling the sequence in which the electrical pulses are applied to the
piezoelectric elements within the transducer. sl aud (353 45 gl (560 Cila gal) plad praa B praal) 4l ga aSay
Llaiia <l pualind) o dily <l Clianil) (Gaadal Ad oy o3 Jualidill B aSalll 3y pha o Bale M) ALy o g gaall aly (s
A8l g JANS

Scan Converter zeall J gaa

Scan conversion is the function that converts from the format of the scanning ultrasound beam into a
digital image matrix format for processing and display. (-5 (s Js>5 ) ABL SN g gal) pral) Jgad
ol g Aaleall 4udd ) 5 ) gus 4B ghica (Gauudi ) grsal) 45 guall (398 Cila gall £la

Image Processor <!l zlaa

The digital image is processed to produce the desired characteristics for display. This includes giving it
specific contrast characteristics and reformatting the image. - s (=ilasll Z10Y 2008 )6 ) sall Asllas o3

B sall Buati Sale] g 3aasa (bl Gailiad lgate SlI) fpaaty | (a g2l

Display o=

The digital ultrasound images are viewed on the equipment display (monitor) and usually transferred to
the physician display or work station. (5L Juad) (a2 e AL e A ) 40 sal) (368 cila gal) jsaa (a8 ol
Jaad) ana i ) (e AdLE ) Bale Ll aly g
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One component of the ultrasound imaging system that is not shown is the digital storage device that is
used to store images for later viewing (w3 Jigs 54 gk ¥ 2 1)) gl (558 Cila palls g pall] pLhT SligSa daf
Y bgdy ol pual) G AT aiiens oAl ad M)

Things to Consider _lis> sl

For any ultrasonic gauging application, the choice of gauge and transducer will depend on the material
to be measured, thickness range and accuracy requirements, geometry and temperature, and any special
conditions that may be present. A& 4Ll Jsaay pulidal) JLIS) taiay o gual) 558 Ciln pally gl Gk 0¥ Luailly
o4 9 ga (0 0ST M deali i g b o9 <8 pad) Ao g dedig] g ABtl) Ciluthria g Hacad] (GLhalg bgilid I pal) SILal)

1) Thickness Range 4Stawd) 3l

+* Thickness ranges will also dictate the type of gauge and transducer to be selected. In general, thin
materials require high frequency transducers and thick or attenuating materials require lower
frequencies. sl Gbii ale JSAu o LS ) Al o dl) LAY Jgaag pulbibad] £ g Liai] dald) Clilhi duadic
S oy 45 AddSal) of ASiacdd) 3 palf ulbiT Laly cad yil Llle d8Lb &Y gao 485 40

* Very thin material may not be within the range of a gauge utilizing contact transducers; a delay

line transducer may then be the answer.  adiay i) (ulal) (Ui Caca |2 A58 1) Balal) (583 Y 38
ol a Al el Jgaa 058 88 cdlatal) dBUal) <Y gaa

+¢ Similarly, gauges with delay line and immersion transducers have limited maximum thickness
capabilities primarily due to potential interference from a multiple of the interface echo. Sl
o) Ul 3 a9 ol B aad) o 83 gaaa i oy Ldalad) A8Ual) Y gaa g pdlil] Jad <ild GulBal) il
Agal sl saa disliaa (e Jalaall Ja)ail)

2) Geometryiuig)

A contact transducer is preferred for most ultrasonic measurements, unless sharp curvature or small
part size makes contact measurements impractical. As the surface curvature of the test piece increases,
the coupling efficiency from the transducer to the test piece is reduced. In general, as the surface
curvature increases, the size of the contact transducer should be reduced. Extreme curvature or
inaccessibility of the test surface requires a system with a delay line or an immersion transducer. J<%
Ciluld Jaay puall ¢ o) aaa i slald) eUady) 0 al le (A guall (398 il gall il alina A pnadlil) L) J gaa o) adiad
aa cale &y | LaAY) dadad ) 43Ul Jgaa (e O BY) B lES S ¢ JLOAY) Aadad o pliadl Bal ) aay Anles € (uadldl)
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1353 Wl JLadY) mhae ) J e sl 41 axe o) madd) glia) catlaty  Jlatyl Jgaa ada il g o) pUiad) 8345
(oubald A8l Jgaa gl il iy

3) Temperature

When heated above a certain temperature (about 350°C for PZT), called its "Curie Temperature",
transducers lose their piezoelectric properties. Transducer probes should obviously not be autoclaved
(nor should they be immersed in water unless waterproofed). Thin slices of naturally occurring quartz
crystals also show the piezoelectric effect, and are used in digital timers and computers. (s 45l vic
Aghiid g Sl) lguailad AUl <Y gaa JBET (g )8 Byl A Aa a" eand Allg ((Aasia Aad 350 A sa) Adma B s A
O A8 1) 7l ) pgdah | (slall Aaglia 0S5 al La plall B L jad (i ¥ g) ABUal) g Ciliana asiad Ay Y A4Sl udal o) e
i) 3 gl g Auad ) < gl) Japda B 3¢l B ardind g i gl AN Uyl Aadal) 35 9S00 < ol

4) Accuracy 48

Many factors may affect accuracy: sound attenuation and scattering, sound velocity variations, poor
coupling, surface roughness, non-parallelism, curvature, echo polarity, etc. Selection of the best
possible combination of gauge and transducer should take into account all these factors. With proper
calibration, measurements can usually be made to an accuracy of 0.001 inch or 0.01 mm. (= 22l S 8
s Uad¥) g ¢(s 51 gl ase g cpdacad) A5 gdd g () yBY) Cinida g« gual) A s 0l il 9«0 N g guall i 65 1 ABAN e Jal gl
(Jal gl 03 aan e V) (B ABUY) ) gaa g (ulsall (1a AiSas A gana Juabl LT AL O Ay G ) Lag s ual) Ayl g
2l 0.01 5 ez 0.001 ) Joai Ay Clull) £ ja) S3le (e cdpulial 3 laall JMA (1

Ultrasound Modalities 4 sall (368 Cila gall 3k

Ultrasound is diagnostically useful in medicine two modalities: &/ 5 Luaiiidi 5yuia Liigall (558 cila gol)

1) Continuous sound energy uses a steady sound source, and has applications that include fetal heart

beat detectors and monitors. This Doppler ultrasound can also be used to evaluate blood flow
through different structures. s 3 jgaf Jadd ciliulat Ll g (Gl Uk gaa ) jca b palienal) 415 guaal) A8LY) padio (1
AANEAY JSgl 50 pl (BB5 w93 A gedl) (398 s gl el Ul (Say il il by yua 481 o

2) Pulsed sound energy utilizes a quick blip of sound (like a hand clap), followed by a relatively long

pause, during which time an echo has a chance to bounce off the target and return to the transducer.
Through electronic processing of the returning sounds, a two-dimensional image can be created that

provides information about the tissues and objects within the tissues dxasill 43 guall 48Ual) aaiiiusi (2
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O N D A B saall ¢ 98 5 8l oda A 5 Ui Al gl B 65 5 5 gl () (il i) i guadl) (o Arg o diaa g
s M) Al 3 g e L) (Say cBailad) il gaadU A g S Andlaal) A (pay ABURY Jgaa ) Bagadly Ciagd
Aaud¥) Ja1a 5aga gall s Ll g A (o Cila glaa,

Ultrasound Pulse Generator 4 sal) (358 cila sall (s Al ga

The pulse generator (Figure 8.8) produces the electrical pulses that are applied to the transducer. For
conventional ultrasound imaging the pulses are produced at a rate of approximately 1,000 pulses per
second. A typical ultrasound pulse consists of cycles of oscillating amplitudes (see Figure 8.8), and
contains a spectrum of frequencies (bandwidth) dominated by a centre frequency. J5=)) o) A ga o i
£ s i) A5 el (358 il gally Ly geaill puallly B J3na o Ll oy 31 iy 1g80) ciliadl) L (8.8
Sl d3iia s 3 51559 om Ao sl gl (55 ol gl e 0555 Al b uast 1000 55 Janay gl
L ISl 238 e gy () Fall) Gl o) Claa Al (e sl e (g gialig (8.8 JSAI

Ultrasound relies on high-frequency sounds to image the body and diagnose patients. Therefore
ultrasound is longitudinal waves that cause particles to oscillate back and forth and produce a series of
compressions and rarefactions. ey pnl) il ) Adle S pa) o A gual) (58 o gall el
laial) (pa Abeadon i g LGl) g LA el Jad) g S (8 ol A gl il 5o (08 Bl 45 guaal) (358 il gl (B A | in pal
RO ENENA [

Sound source (piezoelectric transducer element) is vibrating object which is in contact with the tissue,
causing it to vibrate. Vibrations are passed in the area of tissue next to the transducer to nearby tissues.
This process continues vibrations or sound pass from one area of the tissue to another. The rate at which
tissue structures vibrate back and forth is the frequency of the sound. The rate at which vibrations move
through the tissue is the speed of sound. (= =D Figa pun sa (Aukiiz g8 ABUkl) Jgan paic) Cgal) jaaa
o s Ay il i) ) ABUal J gaal B glaal) Aty Aldaia B ol ) FAY) el aly W) ) g Laa cAaaddy)
305 5h Ll s Ll Al JSLb 4y Jigh o) Jarall (s AT ) Al (e Allaia (e guall g AN g pal B dslanl
gl 48 pu sh Aol e ) FAY) 4y & jati M) Jaral) @) L gual)

When the transducer is in contact with a patient (or some other medium) and a few hundred volts DC are
suddenly applied to the disk, it instantly expands, thereby compressing layer of the material in contact

with it. Due to the elasticity of the material the compressed layer expands and compresses an adjacent

layer of material. 3lad cilil il ¢y Cilia puday (aabati ally g (A Aoy ol l) G el Jlal e LBUal) J gaa ¢ 585 Latic
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Figure 8.8: Schematic representation of ultrasound pulse generation.

In this way a layer or wave of compression travels with a velocity v through the material, followed by a
corresponding wave of decompression of rarefaction. In imaging, such short regular pulses of ultrasound
are used. This mechanical sound waves vibrating to create alternating zones of pressure and upset when
spread through the body's tissues. (w 4Llia da pa lgili csalal] e de juw bilal) pa da pa o) ks Jiiis 42, L)) odg
ode jigi Aigall g8 Clagall 1o Labiliall § puall) cilianill 038 Jio pltlic AT ppaill A AR po Lidl) (il
i) D e L L) e rle LY g ddal) (pa o glite ghlia oy ST LSuilSual) 44 puarl) il gal)

Short Pulse

For practical use, most modern ultrasound systems are designed based on the principle of pulse-echo
technique, which means that transducer emits only a few cycles of pulses at a time into the human body.
When encountering tissues interfaces, reflection and scattering will occur and produce pulse echoes.
By detecting these echoes, tissue positioning and identification as well as diagnosis can be made. /552U
sy Dbl foaa O (iny Laa cpndl) (s 4T [a o p L Dosad) Lijpaall §48 Cila pal) dabiif abies avaai ai o Lond)
Gy cuidilll g Gl edy) Ctass idandd) Cilgalg dgalge Lie |, Glady) aua ) 5355l 5 pal) A ciliaidl] (ya badh g3 g
@A ) ALY g s iad g ) gy g0 didad (Say oo fual) 00 (8 LS PIE ag Audad ¢ lual lgie

NOTE: This is the pulse rate (pulses per second) and not the frequency which is the number of cycles
or vibrations per second within each pulse. The principal control associated with the pulse generator is
the size of the electrical pulses that can be used to change the intensity and energy of the ultrasound
beam. v JS Ja 450N 8 <)) Y )l gall 20 gh g a3l sl g (AN (A i) Gasil) Jara g2 13 1A gala
@98 Cila gall plad By Bad puadl Lgaladind (Say (Al Al <l Claddl) aaa ga (2l A gay Jagi pall i) aSail)
i g
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Continuous Wave Mode

* Frequency, period, wavelength and propagation speed are sufficient to describe continuous-wave
(CW) ultrasound. (Cycles repeat indefinitely) 428 LAY A g o sall Jghall o6l can 1) .
(e o dal ) @ gal) ST B paieal) A5 puall (558 il gal) s

* Sonography uses pulsed ultrasound, i.c. a few cycles of ultrasound separated in time with gaps
of no signal. (s &\)32 gy o) Apdanll) A gal) (G5 Sl gal) Afigual) (G5b Sl gally gl axiiey e
BN 9t il gad 25y g Lila ) Al guada 45 guaall (358 la gl

If, instead of DC, an alternating current (AC) voltage is applied, the crystal face pulses forwards and
backwards like a piston, producing successive compressions and rarefactions (Figure 8.9c). Each
compression wave has moved forwards by a distance called the wavelength () by the time the next one
is produced. il Lae siSall Sio CAlSH g aLadll iy (s bl A gl U8« paicual] JLiil] (o ¥t 2 sia L Sg>  Fuhai aT L)
Al gl gl slag () o sl Ssbl) i Lblsay aladl Loiis da g JS T (7 8.9 JSA)) Lullite cOEILT g cilhi 4ie
A s gl L) 48

As in Figure 8.9, the space through which the ultrasound pulse moves is the beam. In a diagnostic system,
pulses are emitted at a rate of approximately 1,000 per second. The pulse rate (pulses per second) should
not be confused with the frequency, which is the rate of vibration of the tissue within the pulse and is in
the range of 2-20 MHz. gl A dfigall (§sb cila gall ddayi WA (o d A Al dalusal) (1 8.9 JSAY (A Las
(23 il g (40N & Auday) il Jama (o BIAN) Al ¥ AEN (8 Ly 5 1000 Jaey cilas jlaa) ol (padidil) gl
LFioalase 20-2 Glal 2 ady g Adandll Jala A 313580 Jara 989
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Figure 8.9: The Production of an Ultrasound Pulse.

The frequency (f) with which compressions pass any given point is the same as the frequency at which
the transducer vibrates and the frequency of the AC voltage applied to it. It is measured in megahertz
(MHz). Gshall 23 jiall agad) 30 g ABUal) J gaa odic Figy o) 33l (i g8 dima ddali (5} & cilda grudal) 4y pal (5210 30 1)
Foslize Falally Auld aly Ayl

For comparison, Figure 8.9c shows the pressure wave-form of a pulsed wave, after periods in duration.
Pulse duration is the amount of time from the beginning to the end of a single pulse of ultrasound. The
sound in most diagnostic ultrasound systems is emitted in pulses rather than a continuous stream of
vibrations. At any instant, the vibrations are contained within a relatively small volume of the material. It
is this volume of vibrating material that is referred to as the ultrasound pulse. As the vibrations are passed
from one region of material to another, the ultrasound pulse, but not the material, moves away from the
source. 4\% (a C gl ke A Al Saa Ayia ) <l j3b g (dpanll) Ay gall aiial) Ay ga JSG 8.9 JSAN) pida g (A Al
Jsd o duaddil) 45 pall (558 o gall dabiif alina & Ol Gl Aigual) (358 cila gal) (e Baaly i dilgd )
1 ) L Baall (e Ll yiua ana (anda <) FAY) o) gl aly cddiad of B .l 31 AY) Cpa el LS (e Yy e
il gall (sl Gl ¢ AT ) Bala (e Alkala (pa ) ) Y JAEG Latie A5 gual) (598 il gal) (o analy B Jigeal) Bakall (pa pral
odaal) g 1am At Balal) Gl A guall (360
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In soft tissue and fluid materials the direction of vibration is the same as the direction of pulse movement
away from the transducer. This is characterized as longitudinal vibration as opposed to the transverse
vibrations that occur in solid materials. 5> o\55) (i s ) i) oladl oS (ALl o) gall g 563 1) dasiy) 2
Aalal) 3 gall & Eiaad AN A ) < J1 Y guse e dgha i) Al 1d Saadyg AUl J e (e s (il

As the longitudinal vibrations pass through a region of tissue, alternating changes in pressure are
produced. During one half of the vibration cycle the tissue will be compressed with an increased pressure.
During the other half of the cycle there is a reduction in pressure and a condition of rarefaction.
Therefore, as an ultrasound pulse moves through tissue, each location is subjected to alternating
compression and rarefaction pressures. - 9iia <) 0 7 U GG Ay e dlkie pie 4 ghl) <l ) iaY) el Ladie
bial) b (i) dUa 8 gal (e JAY) Chall) JNA Jaidal) 3L e Aauadt) aba i ¢ 1 J5AY) B 9 Cinad DA i) B

SRR o g g 4 glitia Ja grudal 2B ga JS (s cdadY) e A gual) (3 6h il gall dagd & A Ladie (A ABAIAY) (e Alla g

feuslil Giadet iy S ¥y

By:Mohammed Jabbar Hussein
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