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Ultrasound Techniques

The echo principle forms the basis of all common ultrasound techniques. The distance between the
transducer and the reflector or scattered in the tissue is measured by the time between the emission of a
pulse and reception of its echo. Additionally, the intensity of the echo can be measured. With Doppler
techniques, comparison of the Doppler shift of the echo with the emitted frequency gives information
about any movement of the reflector. The various ultrasound techniques used are described below. JSd
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Modes Ultrasound

The time lag (7) between emitting and receiving a pulse is the time it takes for sound to travel the distance
to the scatter and back, i.e. twice the range (r) to the scatter at the speed of sound (¢) in the tissue. Thus:
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The pulse is thus emitted, and the system is set to await the reflected signals, calculating the depth of the
scatterer on the basis of the time from emission to reception of the signal. The total time for awaiting the
reflected ultrasound is determined by the preset depth desired in the image. 4w aliy «danill s /ih 4
i gl) a5 LEY) Sl () Cilaidy) o gl il (o jinaal) Gas ol g dusSeiad) Gl LaY) UL Jde oL
B gual] A o plhal) s susal) Gaddl SUE (o duSelad) L pal) § 58 Cila pal] LY Maay)

The received energy at a certain time, i.e. from a certain depth, can be displayed as energy amplitude,
A-mode (Amplitude). A-mode shows the depth and the reflected energy from each scatter (figure 8.31).
Aalal) g (dand) pia gll gl | (Aadll) aa gl (dBUal) A JSG o (O (308 (e o oOpma g B Aliiial) ABUAY) (2 o (S
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The amplitude can also be displayed as the brightness of the certain point representing the scatter, in a
B-mode (Brightness) plot. B-mode shows the energy or signal amplitude as the brightness (in this case

the higher energy is shown darker, against a light background) of the point. And if some of the scatters
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are moving, the motion curve can be traced by letting the B-mode image sweep across a screen or paper.
This is called the M-mode or T-M Mode (Motion or Time-Motion Mode). If the depth is shown in a time
plot, the motion is seen as a curve (and horizontal lines for the non moving scatterers) in an M-mode
plot. These modes illustrated in Fig. 8.31 and will be explained in detail in the following sections. (Sa
BLAY) A o) ABUal) gl gl — (£ shaall) puda gl Jahadia A cciidal) Jiai dipa Adali £ gl Wil o daud) (& e U
Al B fiaall pualiad) (amy CullS 13y (Aaild LAl o (et JSdy oY) Bl jedai Alad) oda () ddakll) £ gl Jia
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Figure 8.31: Transfer reflected "echoes" to images.

The ratio of the amplitude (energy) of the reflected pulse and the incident is called the reflection
coefficient. The ratio of the amplitude of the incident pulse and the transmitted pulse is called the
transmission coefficient. Both are dependent on the differences in acoustic impedance of the two
materials. The acoustic impedance (Z) of a medium is the speed (c) of sound in the material x the density
(p):Z=cxp iy dbil dadl dew b paudy ,ulseiy) Jaleas Lalad] g deaseial) dipdl) (Aolh) dew Liai oy
i gual) Aoy (b b gl Ligal) L glaal) | il L paal] 44 gleall 5 CUDERY) Ao dalny LaddS S sY) Jalray Lo pal)
lglis g sulal 4
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Thus, if the velocities of sound in two materials are very different, the reflection will be close to total, and
no energy will pass into the deeps material. This occurs in boundary zones between soft tissue and bone,
and soft tissue and air. This means that the deepest material can be considered to be in a shadow. « A<
13 Giaay | leet) Bala M) A8l o jad g o ASH (o L B (ulSai) ()9S (Lalad Adlida piiala (B & gual) Sl il 1)
B Ba9n ga A gal) Basi Jliie) (e ) Ay 138 g o) gl g B oA ) Al g callial) g B g 11 Ay Agagand) ghaliall b
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A-mode

As late as the 1960°s, was used A-mode (A-scan, amplitude modulation) and it is now obsolete in medical
imaging. It is just of historical importance and rarely used today, as it conveys limited information, ¢.g.
measurement of distances. The A-mode is sometimes used only in ophtalmology or for showing Mid-
line displacement in the brain (figure 8.32). A-mode is a one-dimensional examination technique in
which a transducer with a single crystal is used. 1t is the simplest form of ultrasound imaging which shows
only the position of tissue interfaces. As an imaging technique it has been largely superseded by B-mode
imaging or other imaging techniques, such as computed tomography. However, A-mode illustrates the
basic principles of ultrasound imaging. (A=) S35 cpeuall) g gl aladic a3 ¢y pdad) ¢ 8l Glidin A1) A
S e (Bagana cilaglaa JA LY cagal) addiedi La | ol g Jakd Ady U Lnaa) cld L) el jgaalll B s Y1 52 g
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In the A-mode, the echoes returning from the body are displayed as signals on the screen along a time
(distance) axis as peaks proportional to the intensity (amplitude) of each signal. A-mode displays the
voltage produced across the transducer on an oscilloscope screen representing echo amplitude (hence
the term “A-mode”) on the ordinate, or y-axis, as a function of time on the abscissa, or x-axis. Time can
be presented on the x-axis as distance from the ultrasound transducers with the assumption of a constant
speed of sound. The amplitude of the reflected sound is shown by the height of the vertical deflection
on the oscilloscope. (A8lws) ia) jsaa Jsh o LELAY o ci) LS anal) (e Bailad) plaal) (o e ol oo guagll B
daas Jiay 1) L) sl LdLE o Bl Jgan g gilil) sgadl- adagll g e B L) JS (Aew) Bad aa qaulifh s
OSar ) joaal) g cad) AlaaY) o cdoll A gaadl- ol (Alayl o (Madadl-" mlhas Ua Gag) gaall
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For example, if a sound wave is transmitted through the side of the head, the reflected beam is a line with
three distinct peaks (amplitude) that form where the sound is reflected off three hard formations as shown
in figure 8.33. One is the skull closest to the transducer, next is the midline structure in the brain, the falx
cerebri, which is not as hard as bone, but is hard enough to deflect sound, and the third peak is formed
from the skull bone on the opposite side of the head. This type of scan was used as a crude check for a
brain tumor or for bleeding from a vessel within the brain, which could be inferred if the falx was shifted
from the midline. (o) aad &35 g3 lad ga uSalal) gladll 8 ¢l ) cuila e 455 g A ga BT 1Y) (JUa) Japnu Sl
dsaa A Y dananl) o Laalaa) 8,33 JSA b rdaga gb LS Aplua LSl A (ha  gaal) (puSary Cua JSAS B Jata
Aall) g o puall il A Loy (g 98 43S g callind) Adlay (und 9 g cfiall Jaiag cflaall 8 Jan oY) Jodd) Ay o 4N 9 (AU
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There were (and are) several problems with this simple system: /4 4 Jsldiall (o 2isel) (] 7Y 5) llin cils
shsd) ALEL

> You don't know the exact direction it came from. 4ie Ciels odlf Gl olady) i i ¥ il
> You don't know for sure what the echo bounced off of. sall 4da X1 )| (530) La (i) da g Ao 23 Y )
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Figure 8.33: A-mode (amplitude mode) of ultrasound display. An
oscilloscope display records the amplitude of echoes as a function of time
or depth.
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B-Mode

B-Mode refers to Brightness mode and was the first practical application of ultrasound for diagnostic
purposed. Modern medical Ultrasound is performed primarily using a pulse-echo approach with B-mode
display. B-Mode ultrasound imaging collects the same information as in A-mode, but, unlike A-mode.
Since it adds a sense of direction (where the echo is coming from in a two-dimensional plane) as well
as the memory to recall all the different echoes, strong and weak. Js) S35 £ shwl) gy ) pasl iy -
pladiualy J oY) aliall (B ddsaad) dpdal) 45 gual) (598 ila gal) £150) oy @l () 2 45 gual) (358 cila gall las (Guakas
OS5 g sl (B B pal) o slaall i s sl (B A gl (358 i sally y gocll oy @il (2 g sl s g
e S B SIAN ) ABLSYL () A (5 gina (B el Al Eua a) slatWL Ui Ciwiay 43Y gl use e
Al g 4 gal) (ARlA plaaY)

This is the mainstay of ultrasound imaging, providing a real-time, gray-scale display, where the
variations in intensity and brightness indicate reflected signals of different amplitudes (brighter parts
indicate larger reflections of sound). The basic principles of B-mode imaging involve transmitting small
pulses of ultrasound echo from a transducer into the body. The direction of ultrasound propagation along
the beam line is called the axial direction, and the direction in the image plane perpendicular to axial
is called the lateral direction. <25 b, Lo e by Cua A gall (358 Gl sally s puaill dpuildy) daleal) g2 128
ClaadSad) ) o ghaa JSY) o) JaY) ey Adlida cilaa cld dusaia & LS ) £ sl g G B CBSEAY) judl Cua o adl
AUl J g (o Afiguall (358 il gall (2a (14 B e Gl Ji gl 93y geail] dpiuall) (s alpall Qe (ST A gaa
Boguall (5 gima B slal) anm g ¢(s 9l olaiVl pladl) bl Joh o 45 guall (358 o gal) JLAE olall pamy el )
o) oLtV 5 saal) gea dalaial

As ultrasound waves are penetrates the tissues of the body, which has different acoustic impedances along
the transmission path. So small fraction of the ultrasound pulse are returns as a reflected echo after
reaching a body tissue interface to the transducer (echo signals) while the remainder of the pulse
continues along the beam line to greater tissue depths. The echo signals returned from many sequential
coplanar pulses are processed and combined to generate an image. This image becomes recognizable,
particularly with practice. The recognizable image can then be evaluated for abnormalities, and
measured. &y Jw Y s Joh o Ailida 43 ga Clailea L AN aead) Al (35335 45 gual) (368 iy gal) o Cun
i) 4B Jgaa ) aead) Aaad] Agal g Jguag 2 uSada s uas A gual) (598 Sl gal) (2 (e 12 s 5 50 gl
e lgela) Al Al sl @ L) Aadlas o5 Ao i Glasi ) pladll bl b o (il (Bl iy Laly (s 2all
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The first B-mode images were simple black or white pictures, with no shades of grey. Grey-scale images
were a huge step forward in the quality of ultrasound pictures. In modern ultrasound scanners, the
transducer position produces a series of dots of variable brightness on the display screen by sampling
multiple lines building up a 2-dimensional representation of echoes returning from the different body
parts being scanned. .s3as) G5l (e B 6T (92 gl y 2l Aasy H9a o8 Bke V) gl ) gua cils
(398 il gally 4y pudal) claabal) B A5 gucal) (558 ciln pall ) ga B g (o2 ala¥) L) 5 S B shad (sala ) anald) i) ) guaal) s
hghd (e clie ) 3k oo a el Adld o paial) £ ghad) il Bl (e dlades 48Ul J gaa puda g gy (dipaad) 45 gual)
L ol A AUERY aval) o) Jal (e Bailal) laadl ala¥) AU JAG sl Samie

On a black background, the signals of greatest intensity are white, absence of echoes are black, with all
the intermediate intensities appearing as shades of gray, with each intensity of the reflected sound being
assigned a gray-scale value <5< ool sl cl g s yan¥) ol pSY) 514l <ild Sl LEY) 0S5 oo I g LS e
cpsrial] & pual] a6 JS (gola g ulbin dad Cpnd ga s gtla ) sl (o SOUES Aoy glal) 50l gras g gs,

The scanner has a digital memory of 512 x 512 x 512 x 640 pixels, which is used to store the values
associated with the echo intensities, which is then sent to the video monitor to display the gamut of shades
for that particular ultrasound image. The operator can then adjust the dynamic range of the display,
which is best using as wide a dynamic range as possible to differentiate the slightest changes in tissue
echogenicity. a8 Ga3A3 a35UE il g (JuSs 640 x 512 x 512 x 512 4l &b 5,80 o gl muldl o siag
Basnal) 45 gaal (568 il gal) 8 gual 0 o) Aluaden i jal ) ALBLE ) 13 my g iy (1 « sl ABES, A yal
) O Jalll SRY) a8 Al g (Saaliad (Gl aladiad JaBY) e oAl g (AELEY Salipal) (Uail) Jasda 1) day Jdiall (S
A gaa Bl sl

1) A short pulse is generated by the ultrasound source (transducer) and propagates into the body at the
speed of sound (~1540 m/s). dilly (ALh) Jsas) Liipall §58 cila pall jira Ao g0 & puud duaai e L) a1 (1
(& 1540~) sl 48 pows pund] 4

2) Atan interface a small fraction of the pulse (echo) is reflected back to the transducer. « ) bl 2ie
Abl) Jgaa ) AN B e (saall) panil) (e gshea 55 gusady
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3) The echo signals displayed as a function of time. This display is called an “A4” scan. <)) Gae o
M all anl el 138 e gllad gl DS gaal)

4) When the transducer is coupled to an arm and the signals are displayed as bright spots representing
the tomographic image of the tissue, the image is called a “B” scan. 9 £),30 48Ual) J gaa bay ) o Ladis
fesall 3 gl ot (AanniD dadaliall 3 gual) Jiad Adsas JIGIS il LAY (2 &

M-mode or TM-mode

M-mode [Motion mode — sometimes called TM-mode (Time-Motion Mode)| provides a one-dimensional
view of moving objects over time. It is a particularly useful modality in echocardiography where it
displays the echo amplitude from the beating heart, including the motion of the heart valves. < sl-
W) gl g s AS el plaadl i) silaf Ly g [(Aia il Al pudag) gl U] e (3lh7 — 4Sal) plg]
ol oo 4S a1 4 Ly cpaalll] Gl (o cgtecl) s 2 5 i ulil] o5 tucs Lyabii 6 ali Sy e 4y o

The transducer is positioned over the heart and is kept stationary. It records the returning echoes over the
same line of sight repeatedly. What is changing is the position of the heart wall and valves from one
moment to the next. The brightness of the display indicates the intensity of the reflected signal =< %=
uldl) s pdga 98 il Lo, Sie JSdy Lg ) BS i o Sailel) glaaY) Jaw g8 Gl Sy uldl) g8 BLLY g
ASeial) 5 LEY) bad A LdLdS) £ sha gpd 5 3T A diad he Clalacal]y,

A limitation of M-mode imaging is the difficulty in achieving consistent and accurate beam placement
for standard measurements and calculations. Beam placement guided by 2-D imaging can be used but
accurate placement of the M-mode beam at the appropriate locations within the heart, as well as on the
endocardial surfaces are crucial to obtain accurate measurements and calculations. »y<3) 358 3 Jiciy
Rl A gall £l i ga aladiad Sar Apabll) clilual) g cilullll 3835 coll plad pd g (348a5 4y s B il gll
Joaall L) Al jal Cildid) o o GlI3S g i) JA1 Apalial) 2B pal) B aula o) pladd B4l auda gall (<1 cala) AL
Ay clilua g cluld e

B-scan, Two-dimensional

The arrangement of many (e.g. 256) one-dimensional lines in one plane makes it possible to build up a
two-dimensional (2D) ultrasound image (2D B-scan). The single lines are generated one after the other
by moving (rotating or swinging) transducers or by electronic multi-element transducers. Rotating
transducers with two to four crystals mounted on a wheel and swinging transducers (,,wobblers®) produce

a sector image with diverging lines (mechanical sector scanner; Figure 8.34). 4k ghil) ¢pa saal) cus j3 ()
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Figure 8.34: Two-dimensional B-scan, the ultrasound image is still
visible.

Electronic transducers are made from a large number of separate elements arranged on a plane (linear
array) or a curved surface (curved array). A group of elements is triggered simultaneously to form a
single composite ultrasound beam that will generate one line of the image. The whole two-dimensional
image is constructed step-by-step, by stimulating one group after the other over the whole array (Fig.
8.35). gl (o gl (Audad 48 ghuan) (g giuna (A0 A e Aladiall palindl (o S 238 (ha Ay SN ABUY) <Y gaa pual
) ot A g (21 g 21 9 S 0 (5 gu (398 o CgSil ) g g (B ualind) (1o A gana ST ALy L (Apiade 4 shiaa) (ade
dghaall o o AY) ol 4o gana Judad ik o8 B ghdy B ehd Jalslly sl 4l 3 ) pual) pL&) oy B guall (e J2alg
Lelas
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Lateral direction

Figure 8.35: Linear and curved array transducer, showing ultrasound
beams generated by groups of elements.

The lines can run parallel to form a rectangular (linear array) or a divergent image (curved array). The
phased array technique requires use of another type of electronic multielement transducer, mainly for
echocardiography. In this case, exactly delayed electronic excitation of the elements is used to generate
successive ultrasound beams in different directions so that a sector image results (electronic sector
scanner). %% Qi (Adiaie 48 ghuad) Bacliia 5 g gl (Ashad 48 ghuas) Slabaiaia JSEI (6 ) gilly Jaghadl) Jan o) (Say
Ay Adad) oda A |Gl caua Jaudadil Aald ¢ pualiad) asaia 4 g I ABUAY) <Y gaa (pa AT £ 8 aladiad Adda yal) 48 shaal)
B gua il Cuay Adlida cilalail b ddlatiall 435 gaal) (398 il gall a3 Al gl pualiall Lol Al gall 4 g i) 3 Y aladiia
(3 AN L) ) L

Construction of the image in fractions of a second allows direct observation of movements in real time.
A sequence of at least 15 images per second is needed for realtime observation, which limits the number
of lines for each image (up to 256) and, consequently, the width of the images, because of the relatively
slow velocity of sound. The panoramic-scan technique was developed to overcome this limitation. With
the use of high-speed image processors, several real-time images are constructed to make one large
(panoramic) image of an entire body region without loss of information, but no longer in real time.
8u5a 15 08 J ¥ Jaudedd ) dala cllin | Andl) i gl) 8 s jall 5 pubaal) A8 pally 450 (e £ 500 (B 8 el £Uy prany
48 o pey el 2 (Ml (256 () Sy La) Bugea JSl b ghadll) aue (e 22y Laa o rdl) i gl) B 41 jall 4500
Py S o) Al gl laling plaiioy 801 130 (o A pal sl cnel S gl 5 i Al & g
a5 ol (g ccla glaall ()88 ¢y 92 Lgdasly aucal) ABkaial (dpal s gily) B S Banl g 8 ) e s LAY (adl) cBgl) (B ) paal) (o yyanl)
(il cd gl b
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Many technical advances have been made in the electronic focusing of array transducers (beam forming)
to improve spatial resolution, by elongating the zone of best lateral resolution and suppressing side
lobes (points of higher sound energy falling outside the main beam). Furthermore, use of complex pulses
firom wide-band transducers can improve axial resolution and penetration depth. The elements of the
array transducers are stimulated individually by precisely timed electronic signals to form a synthetic
antenna for transmitting composite ultrasound pulses and receiving echoes adapted to a specific depth.
Parallel processing allows complex image construction without delay. & 4 <l ) ghail) cpa ) 1Al a
by Juadl) Apuilad) A8a1) < Aldaial) Alda) JOA (e AilSal) ABal) Gpat] (B ladkll JuSis) ABUall e gaal g S 58 530
Cra Balaal) Ciliadl) aladiin (8 lld o 3 e | (il dajaldl 7 A 2 Al oY) 45 gual) ABUal) Jali) diladl (o guail
28 JSdy Lal) Y san de gana pualic ot oty |31 5AY) (5 g Ay gaall ABal) Gy () (Say (U] da) g ABUAY) Y gaa
10a) Jlains) g 238 ) A5 el (358 il pall liagd Jil (ol i gb ST o il Basaa Ay JiS1) L) sk o8
DAL (92 Bana ) gaa L) A ) ial) dadlaal) i (e (Ba8 pa AdiSIal)

For years, two-dimensional (2D) ultrasound images were the norm, showing black and white images.
Now, though, technology has advanced to a point where threedimensional (3D) and four-dimensional
(4D) ultrasounds can be produced, instead of just relying on 2D ultrasounds. The standard common
obstetric diagnostic mode is 2D images scanning. In 2D can be seen size and shape, without depth, but
can be used to see the internal organs of the baby. This is helpful in diagnosing heart defects, issues
with the kidneys and other internal issues. In recent years this has been replaced with the new technique
which is 3D images technique. 1234 55 Eua Baelal) L (2) ) Al 4 gual) (368 cila gal) ) g CuilS () gid
(3) Sas¥) A5 A5 guall (358 il gal) L) (S AS) an ) Lin o0 53K ol (D e a8 N Ao o) asally ol
s 9 Y 1) (al gal Ganddil o)) oidl) aagll A gual) (558 il gall o kb slaie ¥ (e Yoy ((4) S el
b e 13y Akl Aa0a) pliae ) Ay Aaladiiud (iSay (819 (3 (i cdlag) (AU JSAN 5 pal) A3 (S Lo
485 o g Baaat) AL SN Jladid & 8 pAY) Gl glud) Ay AdAal JSLiall e Wl g ALY JSLE g QBN Gigie (aiddl
Al A gual)
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