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MR-teori og medisinsk diagnostikk

Kap 8
Image quality, signal,
contrast and noise
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Main source of noise in MRI:

*Noise generated within the reciever RF electronics

*Brownian motion of electrons within the body (in
conducting tissue)

Signal induced in received coil with N turns
(ignoring effect of sequence parameters)

S(t)= aJDNIM (r)exp(jk(t)r)dr +n(t)

N=number of turns in receiver coil

n(t)=complex noise term

NB: M o MR- signal < B, =@,/ ys0S(t) = B, < @

Noise-independent signal from a voxel of volume V,
(Macovski A. Magn Reson Med 1996)

M, = wOZNZVh ly M(r)=¢B,

Signal-Noise ratio (single voxel, one measurement)
2
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SNR =

N=No of coil terms, x=tissue susceptibility, k=Boltzmanns const, T=temp,

Tr=read-out time (time to record echo), R=coil resistance,

Does SNR scale with B2 ?
(probably not in reality)

Coil resistance R, complex function of B,

SNR also function of sequence parameters and Q-factor of
coil (Q=wL/R)

QBOXNSA NN,
SNR=A-\|—————V, -S(TR,TE, &, T1,T2, T2*, p)
BW

A=constant (susceptibility, temp, object geometry, size etc)
BW=pixel bandwidth=1/T,
NSA=number of averages

Ny=number of phase encoding steps; Ns=number of slice enc
steps (=1 for 2D)




Pixel bandwdth (receiver bandwidth):

receivar bandwidth

measured signal
includes also noise

sampling time of echo
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increasing the bandwidth

G receiver bandwidth

ﬂ sampling time

sampling time of echo

receiver bandwidth and gradient strength

frequency

ﬁ frequency
encoding

gradient

rbw
receiver
bandwidth
frequency encoding gradient ﬁ

faster rephasing due to gradient; i.e. echo forms faster

noise and frequency encoding

24 -16 0 16 24
. X X frequency/
total amount of signal of signal per voxel is unchanged,  py,
:> bigger difference of resonance frequencies inside the voxel

but:  total amount of noise is increased !!!

Signal vs contrast

CNR = SNR, — SNR,, = 5(4)-5(8)
o

o = image noise (assumed position independent)

Signal vs contrast (T1.GRE)

Rel SI, Rel CNR

Flipangle (deg)




Rel signal, rel CNR

— TI1=300
* CNR
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Signal vs contrast (SE)

_ TITL,

TR, =
T =TI,

In(T1, /T1,)

Rel signal, rel CNR

Practical measurement of SNR

Effect of NSA on SNR

Effect of BW on SNR

AW
e

BW=750 Hz BW=2055 Hz

Partial k-space sampling
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‘Half-scan’ (partial Fourier)

phase partial fourier

example: half fourier

FOVx,y : 256 mm

matrix= 256 x (128+8)

pixel size: (1 x 1) mm2

acquisition time : ca. 50 % (256 x 256)

SNR (relative) = 1./1.41

phase error due to
inhomogeneity of B,

8 further steps required
for phase correction

‘Partiabecho’

— g — TE
G, | I 1
Toca I:L Tea  *

Rectangular field of view (rFoV)

QBOXNSA ‘NN,
SNR=A- TV,7 -S(TR, TE, &, T1, T2, T2%, p)

Working examples:

Ref scan: FoV 256 x 256; BW=1000 Hz/px; V=1x1x1 mm3

75% rFoV

Half-scan (partial fourier)

Reduced phase sampling (reduced Ny)
Reduced BW =BW/2

Increased TR (SE sequence)

Increased FA (GRE sequence)

Partial echo

NN AL =

Parallel imaging

Basic concepts:

*Many small coils give better overall SNR than one large
*Phased array technology: parallel processing of signal from
multiple coils

*Requires fast data handling and high processing capacity due to
parallel processing of multiple data streams

*Use of signal sensitivity profile from each coil element to
reconstruct corrected ‘undersampled’ image
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Use of multiple receive coils

From Larkman & Nunes; Phys Med Biol (2007)

Reduced K-space sampling

(a) (b)

From Larkman & Nunes; Phys Med Biol (2007)

Sensitivity Encoding (SENSE)

*Extent of k-space (resolution ) unchanged

Distance between adjacent k-space lines increased by factor r
*Results in signal components from r locations overlap in the
(undersampled) image

*Provided the coil sensitivty is different for each coil element,
the correct signal distribution in the whole image can be
reconstrcuted from the aliased image if the coil sensitivity
profile for each coil element is known.

The concept of parallel imaging

Coil 2 Full
Fov

Coil 1 Full Coil 11/2
Fov FoV

From Larkman & Nunes; Phys Med Biol (2007)

SENSE

' '
Sie,y) =Ci(x, y)plx, v) +C (x, v+ %) p (x. y+ Fo )

FOV FOV
$20x, ¥) = Calx, y)p(x, y) + C2 (1, Y+ ).0 (,n v ) .

S(x,y) =SI in the sub-sampled (alisased) image

C(x,y) = coil sensitivities at the location of the two aliased
pixels

p = signal (spin density) from the object at the two
locations (x,y) and (x, y+FoV/2)

The concept of parallel imaging

S,(x, 9 Cy(x,y) plx.y

S;65, 9 Cox,y)  plx.y)

v v
Si(x.y) = Ci(x, y)p(x, y) +C, (.\‘,y+ g)p (x_) + g)

. . FOV FOV
S:(x,y) =Calx, y)px, M +Co [ x, ¥+ B 13 ,\'._\-+T .

From Larkman & Nunes; Phys Med Biol (2007)
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SENSE

'
Si(x, ) =Ci(x, y)plx, y) + Cy (,t, v+ g) P (,\'. v+ 2)

FOV FOov
S2(x, y) = Calx, Ipx, )+ Ca | x, v+ 5 plx,y+ - )

In matrix notation: S=Cp

= pI:(CHq‘—IC)—ch‘P—Is‘

Where y=receive noise matrix

From Larkman & Nunes; Phys Med Biol (2007)

SENSE does not affect spatial resolution but reduced
SNR:

full
SN = R
r .&’p\/;

r= SENSE factor
g="g-factor’ and is a function of coil geometry, noise profile and r

*g-factor’ images

From Larkman & Nunes; Phys Med Biol (2007)

Extraction of coil sensitivity data:

F A

2 k‘v —_—
Coilt/SOS Low
resolution

a9 X
|

» “

resolution

Coill

SOS coil1
and coil 2

Coil 2 Coil2/SOS

SOS = sum of squares

From Larkman & Nunes; Phys Med Biol (2007)

Applications of SENSE (and similar PI techniques):

*Reduced scan-time (all sequence types)
*Reduced geometric distortion and signal loss in
EPI sequences

Phase contrast angiography (PCA)

r=1 (12 min) r=2 (6 min) r=3 (4 min)

From Larkman & Nunes; Phys Med Biol (2007)
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EPT - echo modulation:

Echo Planar Imaging (EPI)
o Fea /2
R e S(Py= [ P(k,)exp(= jk,)dk,
—kax 12
s - I Exp T2*-decay =>Lorentzian kernel
G, -
A BC DE F S, T2 = l+i'/2v:/W W=6Y2/TI (ETL-ES/T2*)
. Ay= pixel dim in phase enc-dir
B 6r
C D
F E J ‘
0 K 5
EPI - 'damping factor' in k-space: = =24
1/Ty* = 1/T, + /T, 1/T,’="inhomogeneity induced’ SE-EPI 3 T)
—TE—(k, =k, —lk, -k
(k)= rect(k,)-exp) &~k i )/v":|exp|: 1%, y,mml/v)}
) T, X

V, = average "k-space’ speed in y-direction, which is
proportional to SENSE reduction (r-) factor

Jaermann et al MRM (2006)




