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--- Gradient echo technique

« SRV DIBHEBIRE

« EVD B AR ISR AL R 2

--- R EBEITE - BuBEERBERF
--- Haste

NN ARASRYREL / TR

--- TSE ~ EPI

« EITRIERI




NSRBI ER

- NIBREZEZ—RAIZAEE - —BAZBXOLSEM1/200VERE -
A5 (0] s 22 e A O) LASE AL ? SR/ E—EREIT - ERBR LT
A1/20NERE - FFREIFEE R LISTA?

(TSE)

» BABBEEZ—REE  WRE—RIREZ - FEIOXRTEETAK 75\
=R BN BEESIN—RIEREHEZ - ﬁD%H)\E’J HE—1% - &
E TR EE RO DASER??

(SENSE)




L]

SR A

--- K space
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- K Ewavelength (A): M {E1E551E 2 FEHY b Bt
- JEEwavenumber (k): EEIEEEE KAV ELE
kK=1/A

ERRCE  BIK - #WE - B2 and so on.

wavelength
A=0.5cm

&3

k =4 cycles over 2 cm = 2 cycles/cm

or, alternatively

k=1/A=1/0.5cm=2cycles/cm=2cm
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MRI vs. K space 777

» MRIRYRHEE--- —Z5URY sine Fl cosinei&#H A, A

. —ETR---AR . TR TE

BRI AAYEL=

HEE A RBIRYT EE

1

T

£

r’~r

=/
-t

1D Fourier Projection

2D Fourier Projection
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tE % 1= (Slice selection)
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JSE 68 MHz~1.6T
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band width 155
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PEE RIS (Frequency encoding)
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AR (Phase encoding)
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BB vs. 1T R & B

« BRKBEMCATSERA - ETL=16)

imHalsE = (TR x NEX x tH{U#mASHYREN) / (ETL)

TR=3000ms * NEX=1 « tHI#RIEAIXREI=256 « ETL=16
Scan time= 48000ms = 48s
« SATRB T
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Scan time= 48000ms/2 = 24s
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B> BAIARASHI R B (under sampling)

NSrVAN z
- /JEJZ /| -I}FE' E|Z H__l' F'Eﬁ To gain speed you must rgduce the number of phase
encoding steps

- EE BB (warp-around artifact)

- 1B E 2 (reconstruction)

- BT EEE1Z (image domain)ETHE
2 :SENSE, mSENSE

--- B EEE] (frequency domain )i
TTHVEE :SMASH, GRAPPA)

But you then
get reduced
FOV and
wrap-around
artifact
(aliasing)




[T

= BHIEE

[} - »” o
Feldad/wamnad The “Unfolding” Problem in
data from each coil para“e| Imaging

Coil 1 Coil 2

il To this... To this
from this...




Ll
I

B17E#EHZ (image domain)ETHIEE
« SENSE(SENSitivity Encoding)
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« E4 coil sensitivity map
- IVEE0> K space B9 MR data
- IEERISHRBEPEEE D K space

A9 MR data
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Reference images and Aliased images

Coil B




MSENSE(Modified SENSE)

- A5 ESEReference images
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(or element) 73 B EX 1S
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Reference images




B 17 E#IBE] (frequency domain )ETHERE
- SMASH (SiMultaneous Acquisition of Spatial Harmonics)

« Auto-calibrating SMASH
- Variable density Auto-SMASH (VD-Auto-SMASH)

- GRAPPA (GeneRalized Autocalibrating Partially Parallel
Acquisitions)




SMASH (SiMultaneous Acquisition of
Spatial Harmonics)

« BB FITR &R
- YERTE K space B H
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Auto-calibrating SMASH

- BB El D K space B9 MR data
- TERA G0 EXAS auto-calibrating signal’ (ACS) lines
« STE I ACS BIK space &HaRIZEAACS FHIREITEIED
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Variable density Auto-SMASH (VD-
Auto-SMASH)

- FEPOERD BV EE 2 auto-calibrating signal’ (ACS) lines
- JR/MERE (artifacts) &k E ARV EE R
- tHERACAuto-calibrating SMASH - scan time & &




SMASH vs. Auto- SMASH vs. VD-auto SMASH
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GRAPPA (GeneRalized Autocalibrating
Partially Parallel Acquisitions)
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GRAPPA fEFf 0B

- Zf> K space MR data B9EE
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k-t BLAST (Broad-use Linear

Acquisition Speed-up Technique)
 GERARE—YEPRIE ISR (dynamic techniques)

- BRIE: (LD BB AS 5 25 1)

- BEE - B - B NASABEEEBRPIREAAZE

— AE— ... BEASRM—R  RStEBENLETEREME
- HRIE - B R 2 R R

. TESENSER TS - BHiRE - SUE - SBEREBRTIELY
.+ Training data: —#A{ERRAT R EETR(RELERNT ...)
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Conventional full k-space
acquisition at each time point

Fourier transform
in t direction

Training data Undersampled k-t acquisition

Reconstructed k-t BLAST images




CAIPIRINHA

 Controlled Aliasing in Parallel Imaging Results in Higher
Acceleration
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Acceleration in a single direction (R=4)
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Acceleration in two directions (R =2 x 2 = 4)
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CAIPIRINHA pattern with acceleration in two
directions plus phase shift of alternate rows



3D hthiEgis =

3D T1-VIBE using
CAIPIRINHA with
acceleration factor (R) =

A set of 72 slices (3-mm-
thick) through the entire
liver are repeatedly
acquired every 2secina
single breath hold

during dynamic passage of
contrast.
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B RRE RO R Y s SNREZAE
« MZREF(R)IBAN - SNR TP
BIF:R=2 - BHREEIER1/2

 SNR F&7% 1/V2=0.71

« BOIRF(g): ExBRBVBIE HEAR B &
’_ZF_E/JEA%?% R: reduction or acceleration factor

e  EESBNEEERAE g : geometry factor
--- YJE#1Z B phase encoding B30

SNRparallel — T =
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--- noise, motion, aliasing, chemical shift, Gibbs, susceptibility, RF-
interference, etc.

« ARIREBHIFFITESZMNPNES

--- SENSE ghost: Btz A EEEHNIRBES - BEREEPR

--- Motion artifacts: 24X calibration scan &1 image acquisitionf&
--- Noise: R0 X F(g) EERIES




SENSE ghost

« JARFOV
« Over Sampling
- FRIENNZEREF(R)
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Motion artifacts
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Noise in SENSE

- EFETRLE(calibration)

---g&7&coil sensitivity mapping
--- Acquiring more ACS lines
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- EPIFN &I FERT

--- #EFecho train length (increasing the PE bandwidth)
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--- B ZDsusceptibility distortions
» RIEHASTER &P RIEZFE LB P echo spacing)
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SENSE & [#1E IRk = BI FE FH (255 vs. 135)
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" EPIEIEH e 1---8 >susceptibility distortions
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he whole of science is nothing more
than a refinement of everyday thinking.




