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Signal Coding

To explain this subject, suppose some of the assumptions: considering an axial image of the brain using a 1.5
Tesla magnet. Also we work with a homogeneous magnetic field, which covers the whole body from head to
toe. This is quite different in reality, where there is only a homogenous sphere of 40 cm in diameter in
the iso-centre (center of the MRI bore) of the magnet. & saa 8 s 38 rcilial j8Y) (any (o 81 (p g gall 138 7l
138 Gaaddl) Gaadl A Gl ) e Al anadl ok (uiladia pudilie e Jaad W LS Dl 1.5 8 58 (uablite aladiuly $laall
Gl il ciygal S 4) g gbedall Sl (B an 40 Wk dly duilate 58 s 2 Y dua @Blgl Ll cilida
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Just as important as the strength of the main magnet is its precision. The straightness of the magnetic lines
within the center (or, as it is technically known, the iso-center) of the magnet needs to be near-perfect. This is
known as homogeneity. JSall Jals dulalizall Ja ghdl) daliiul (985 o g 4B (0 i ) (uakilinall 368 dpani J&5 Y
condlailly Gy L 13a g Agilia A ualalinall (953 3S pa (LS i g jra gb LaS ¢ i)

Fluctuations (inhomogeneities in the field strength) within the scan region should be

less than three parts per million (3 ppm). 40 (e S geawel] dilaia Ji o (Jlaall 53 (A udlad] ) Clulidl] 557 5 g
(S e a 3) Gatadl A e
When we put a patient in the magnet, all the protons, from head to toe, align with Bo. They spin at

the Larmor frequency of 63.6 MHz. (Figure 9.33). ¢x «ligigual) auan (8 uihilinal) b Uiy o gl Ladis
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Figure 9.33: patient in the magnet, all the protons, align with By and
they spin at the Larmor frequency
LFlie 63.6 ssa ¥ 35 o e Ll | aa AT (Gpadll) paed) ) Gal )

If we use a 90° excitation RF-pulse to flip the magnetization into the x-y plane, then all the protons would
react and return a signal. We would have no clue where the signal comes from: from head or toe. Waiiul 13)
oo BUSE Aol Wl eS8y o LB LAY) g Jo U Cgas g g sl aman (M ¢(g gial) ) Adaiial) Gl da ja 90 AL B ) Ay

Cadll) el gl Gl Y Cpa 23 LAY e

Slice Encoding Gradient
The magnetic field gradient (e.g. Z-gradient) is temporarily applied (Z-gradient is switched on) at the same
time as the RF pulse (see figure 9.34).
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90°

Figure 9.34: Slice selection pulse sequence, a gradient magnetic field is
applied at the same time as the RF pulse.

This will generate an additional magnetic field in the Z-direction, which is superimposed on Bo. The
indication +Gz in Figure 9.34 means there is a slightly stronger B, field in the head as there is in the iso-centre
of the magnet. &} 5 9.34 JS&l A + 3 L&) | o 4l d aly sdl g cola¥) B Al diline Jlase 268 ) 138 o2
sohliiall (g gluciall S sall (B Jladl b LS (il 1) B S (5 g8 Yl llin

A stronger By field means a higher Larmor frequency. Along the entire the slope of the gradient there is a
different By field and consequently the protons spin at slightly different frequencies. Therefore, the protons
in the head will spin slightly faster than the ones in the iso-centre. The reverse goes for the protons in the
feet. Figure 11.30 shows that the protons in the feet now spin at 63.5 MHz, the ones in the iso-centre of the
magnet still at 63.6 MHz and the ones in the head with 63.7 MHz. Jsh e . o] ssa¥ 335 oy o 681 Jlaal)
Qi (B Baga gall cligigol) b celldly DGl AdliAa oy iy cilighgpll jed Milly ccdlida Jlaa 295y Alasly g al jaaie
JSA g Omedlll B Baga gall Cligigodl o Galal (uSally L 95Y) S e A Basagall Qi (ha S £ pud JSE ) i G gu
¥ ulaliall g gludiall JS pall 8 8392 gall Clighgall g ¢ 5in Laga 63.5 A8 (Y )9 (ppadill (B 33 g gal) ligh gl f 11,30
LR e 63.7 a5 (el ) (B Bagagall lliy Jija Lasa 63.6 2= IV

This means we can "*pick out™ the section which we want to excite by choosing the right frequency range of
RF excitation pulse. The section which contains Larmor frequencies which match the frequencies of the
oscillating magnetic field will respond. An MRI signal will be generated only from that section of the
patient. Thisis called Slice-Encoding or Slice-Selection. (&b e 05_5) i 1) acdl) "elEG" LiCe 45 ey )38
Slaall claa il Aiiaall e ¥ il o s siag oA andll Cuadion Ciga LU 03 a1 3 ) Al cauliall 3331 (glai jLad)
9 Ayl AT pansy La 1By o sall (e pedl) 13 (pa JaB paaliiial) i pll g geall) B LG £ L) alla lpdial) (palalinal)
RENGRARIC

Usually the slice selection gradient is applied in the z-axis—the head-foot direction in the scanner. But
because a gradient magnetic field may be applied in any orientation, slices may be acquired at literally any
angle or orientation in the patient. This is one of strength MRI.
Jlaa GGl ey 43y 1503 o<1y gl qaaball (B il )l 0 olad) gag — jsaall B Aay i) maad g Gl ol L Bile
Ol gl (5 8 2a g2 13 G sal) sal oladl ) A9l (sl A LA il sl e Jguand) (Sad colad) (g (A g dia askilita
ralalial)
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Now, if we apply an RF-pulse with a frequency of 63.7 MHz only the protons in athin slice in the head
will react because they are the only ones which spin with the same frequency. In this example Gz is the
slice-encoding gradient. If we would stop here, this means that we receive the returned signal comes from the
single slice in the head. That is we have identified the site by using the Z-gradient (Gz). (figure 9.35). 13} «&,¥)
iy )90 (A B gl) LY Jo U cigau al Y1 (8 ABB 5 A pi (B B g gal) Jah g g ) (B ¢ 5 Alaa 63.7 24y Ay Uik
B Baa) g Ayl (e (AU A pall B LAY Jaiad L ey 13g8 (Ua UsBgi 1)) g Aagpddl Jaa il gl ga JUl 1da A a9 3
(9.35 JSadl) () pladiuly ad gall yaay Liad U gf ol )

These frequencies are for this example; in reality the differences are much smaller. & ¢JUall 13gd claa ) sa
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Figure 9.35: Generate an additional magnetic field in the Z-direction.
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Slice L ocations: sl a2 sa

The slice to be imaged is moved to the centre of the scanner bore (the iso-centre).
If there's time between imaging different slices, we can simply move the patient-table so that the

section of interest within the patient is at the iso-centre. This is preferable because placing the section
of interest in the part of the main magnetic field which is most homogenous will give us better
images. gl o) gl G by Uia S 1) (Ragll) (5 gual) greslal) oy g Jac g () W g guall ) yal) Ao pil) SRS o3y
bl a 13 g g3 38 e (B ol pall JA12 aLaiaY) Jaa a5 58 Eung (g yal) Al gl ey ja Al LiiSasd (Adlidal)
(e 15 g Uamsos Uil €Y) (g 1) (puslalinal) Jlanall 6 (8 alaia¥) Ja anddl] puda g oY
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Figure 9.36: Process of choice the slice location

Slice Thickness

Slice thickness helps get better resolution and finer detailed images. The slice
thickness is governed by the following equation: 48 le Jgaadl & day il dlaw oluy
40U Adalaal) daSal Aoy ydd) o 483 IS dluadl | gua g Juad)

BWtrans
Yo. Gs

thk =

Where;
thk is the slice thickness, das sl dlaw g

BW rans is the transmitted RF bandwidth (the range of frequencies it covers), sl cilaa ill gaa 3l glalll e
((Apbaiy o1 il ) glai)

Yo is the gyromagnetic ratio and swsilia g ) duil)
G, is the magnitude of the slice selection magnetic field gradient.
Aay )yl AR il Jlaal) a0l aaa 98
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In Figure 9.37A show that varying the steepness of the gradient, while keeping the RF-pulse bandwidth the
same.. s& LaS g gl 23 il Al 3 Gl g (Ao Blial) ga oz il lasd) da ol 0 9.37 JSA agy

Alternatively, Figure 9.37B the steepness of the gradient is kept the same, while the bandwidth of the RF-
pulse is varied. Can also change the slice thickness, ¢ 4 « s LS zail lasily Bliay) 2% 9,37 JSAl) elld ¢ Yaug
Aoy yal) o it Ul Sy g 990l 238 2l gaa ) (glall) G e g iy

The slice thickness may be reduced by either increasing the gradient of the magnetic field (dashed line in
figure 9.37A) or by decreasing the RF pulse width, (or transmit bandwidth, figures 9.37B & 9.38). Jslii (S
31) s AN A e QS (Ga bk oo ol (JSAD) (A adatial) adll) edaliiall Jlnal) g o B3l Baok 08 La) Ay ) dlan
.(9.3859.37 JS&Y) (Jlu ¥ (§lai 4

A thinner slice produces better anatomical detail, the partial volume effect being less, but it takes

longer to excite..s LU Jghal By (§ aius LSty (81 Ajad) analdl il ¢ 6% g cJuabl Aoy pdil Jauali (§,Y) day pl) i

In practice, the slice thickness is determined by a combination of both gradient steepness and RF-pulse
bandwidth. 2330 Gaxll g2l GUail) (ase g ol sl ¢ e BA e dagdll daw yaat o dglad) dajlaall b
,é‘gg.ﬂ)ﬂ\

The total magnetic field at a position ZSS (SS = slice selection) during application of
GZ is given by: Bo+tZSS:GZ and the spatially selective excitation energy or

frequency, respectively, can be easily calculated using the Larmor equation.
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Figure 9.37: Slice thickness is dependent on RF bandwidth and gradient strength. (A)
For a fixed gradient strength. the RF bandwidth determines the slice thickness. (B) for a
fixed RF bandwidth, gradient strength determines the slice thickness.
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Figure 9.38: Reduced of slice thickness by decreasing the RF (or transmit) bandwidth.

e Atypical slice thickness is 2-10 mm..als 10-2 & 23 gaill day yl) dlac
The RF pulse inevitably contains a certain amount of electromagnetic energy of frequencies slightly

higher or lower than the intended bandwidth, thus mildly exciting tissues either side of the desired
slice. To prevent this affecting the image slice, a gap (say 10% of the slice thickness) may be left
between slices, although this is not necessary when the slices are interleaved. e s 33 il i s gial
Al g 3 gaalall a3 3l Gail) (i o cpa DLl B g Ao f a5 < pudalina g ¢Sl A8l (ha ddima 43aS o Lalia
Jiw o) 5528 & 5 oL 38 B guall dag pd o 0l 10 pdal dpthal) Ayl ila e cidh (S8 daudy)
Al gl ) (980 Ladis Uy g pd Gl 138 O (0 a8 511 A o) ) G (A o) s (0 %10 JUial)

Eor example, for a 10 mm slice thickness using a gradient magnetic field strength of (10mTm™), the
transmitted RF pulse bandwidth would be about 4.3 kHz (using yo =

42.58 MHz T). (s (1-) &5 A e (puushilite Jlaa 868 3350l pa 10 anss Aag ol pdlly (JBal) Jineu (o
= aladiady) i sLS 4.3 s Jepall (5 g0l 20l Al Ui (e

In order to get optimal image resolution, must be very thin slices with a high SNR. But whenever
were thinner slices the noise was more, the SNR decreases and spatial resolution increases. J sl
Sl gl OIS G0 il pdl) Cils LalS o<t | el ) cld 1as dagd ) il pdl) 08 o) g Al B gual) By e
AilSal) ABal) bl g

Spatial Resolution is the ability to distinguish one structure from another. Conversely, increase of
the slice thickness leads to increase signal to noise ratio and reduces spatial resolution. Because
the thicker slices result other problems such as an increase in partial volume effects. ¢ €wi<al/ 41y
Mg pLidygudal) ) Y)Y L 5301 A 5430 At il s 55 ol (o uSel) o i 8T 00 s T Ao 5080

o) aaad) <ol p0 54§ Jia o AT SSldia griis ASuacd) peil pudil] Y, LilSal) 48l (a
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The effects of poorer SNR of thin slices can be addressed for to some extent by increasing the
number of acquisitions or by a longer TR. This is accomplished only at the expense of the overall
image acquisition time (the period of time required to collect the image data. This time does not
include the time necessary to reconstruct the image. ADC - analog-to-digital converter) and reduces
the cost efficiency of the MR imaging system (&b o& Lo da ) 4640 peil jdl) s <) 105 dallea Sy
S pall Ao Jpardt Maa¥l Cdoll cilua o bid Al Gdad als | Jeb 5458 Gk oo g dgaday) clile die Sl
A s B Joaall — 5 sl gl sale o DU gl Jadl ¥ 5 pall odb 5 gl Cilily gand da U Luda il 5 il
sibliial) G plty gy puall] alii 5¢ LS AAIST M g (e A

The slice thickness can be determined by: (1) the steepness of the slope of the gradient field (Gss)
and (2) the bandwidth of the 90° RF-pulse. () gl Jlae saaia glaadl (1) YA (e Aoy pdl) dlas paat (Say
A28 90 Laill aa AN Gl a2 (2)

Receiver Bandwidth s+ 2 Gaill o e

The receiver bandwidth is the range of frequencies collected by an MR system during frequency
encoding. The bandwidth is either set automatically or can be changed by the operator. (uaill oa &
OSay ol LN g0 30 (glail) Jass Aty 30 RS S U AUATY Lgmany AN clan il gUad ga JLdiaY) Slgad gaa il

A wide receiver bandwidth enables faster data acquisition and minimizes chemical shift artifacts
but also reduces SNR as more noise is included <l Ao Jgasd) Juiiad) lgad aul sl a2 il Guail) iy
Sl gadal) (o el Cppandal pa Ll JI&; 43Sy AbasS) Jgail) JBT e QBB g £ el JS,

Halving the bandwidth improves SNR by about 30%. With a narrow bandwidth, on the other hand,
there will be more chemical shift and motion artifacts and the number of slices that can be acquired
for a given TR is limited. @il g ¢ AT 4ali e %30 (Jsae ciail) ) s34 (@Uail) (o (ald Guuay
sl gale Jguand) (Say (Al gl pdd) 208 (g8 g AS al) g dpilpansl) Y gadll (a al) AR (G gSam Gl (g3 A
Jagana Gura

Figure 9.39 shows the axial slice, which has just been created by the Gz gradient. If we take a
closer look at proton 1 and 2 in this slice we see that they both spin with the same frequency and
have the same phase. duasl® 5 )5 U 13 gz i) Aol gy gl Lo L) a3 A1) Ay ) ganal) Ay i) 9,39 JS&) eda g
ookl gedl Legly sl Gally Oy Ll goied gyl e B 25 1 ggiand e
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Figure 9.39: The axial slice. which has just been created
by the Gz gradient.

Within the slice there are still an awful lot of protons and we still don't know from where the signal is
coming from within the slice; whether it comes from anterior, posterior, left or right. Further
encoding is therefore required in order to allow us to pinpoint the exact origin of the signals. J\3: ¥
S Al e 0 8l g shag JAl) JA8 cpa BLEYY A 0l (e iad W UL La g Aag ) JA08 il g g ) e Jila 23e Slia
LIS (BB jaeaal) apany Ul rlacd) Sl che 43 £ pa) a3k B cpal) sf bl sf R

Important Notes: :4egs claadla

» The thickness of the slice can be changed by varying the steepness of the magnetic field gradient, or
by changing the transmitted RF pulse bandwidth aswill be discussed later in detail. dlam uid (Say
SLadl) 208 ddall gaa Y (Glall) a e it Gk (8 9 eubilitall Jlaal) g Jlasdl pudS Gk oo dag dd)
Sanalilly BaY ALiBUia alies LaS Adu sl

» The RF pulse and the magnetic field gradient have to apply together. This process may be depicted
in a pulse sequence timing diagram. s« (Sar e bl Jlaall 7 500 (5 52300 28 Gl ool o))
o2l Jeabedi cud g Jaladia (8 dland) 038

» The shape of the RF excitation pulse in time is not a square (on/off) shape. This is because to excite
a discrete range of frequencies (a slice) a sinc shape pulse is used which can be seen by calculating
SIN(X)/X. Juabia (lai 3 Y 43 iy (il / S Lag ya SSE (sl conalial) cdgl) B SLSU) a3 1) 3 ) Liad IS
Gilaall A e L) OSay Al 9 i ga JS& D Adayd aladlia) ally o(Aag ) il il (pa

By: Muhammad Jabbar Hussein
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	less than three parts per million (3 ppm). يجب أن تكون التقلبات (عدم التجانس في شدة المجال) داخل منطقة المسح أقل من ثلاثة أجزاء في المليون (3 جزء في المليون).
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	The slice to be imaged is moved to the centre of the scanner bore (the iso-centre).
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