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BEIZ 2009 <L, RBLeL<$57
DICERIN/IHDOTHY, —HIDOEZTi*H
HE4 T MRI O3 & 8 % 0@ 5% BIR
BB 22 EMTEL LD D. ATl
O kZEEOME TELRIRREH DY
IZ, LOPLEALTEALRTIEMICHNT ST L
HOILTW5.

MR R ZzhHAEMERKHEZ L - TEDL
F, MRIZEE S EEMEZFHTL AN
Ll > T, FIz2iE CT TR XHEED
BEOMBET 4 77 Z—DMMETX O
BAEERE LS, MRIBETIICS L-HE
B AR, COHOZHIC MRI 3%
B CIIERIRES % - T2 7 A B 5 R A A
s, ThaefisTESEBREELPEND
ORFEME T A TH A0, ORREE LD
fF5 &, ZERNAER L ZET 20505 k-
EEE WO METH L. EARE & 22/,
MR 55 & k-Z2fH], XU MR % & k-Z2H

DR E VD EDICH T TEZB EGDDRT
W UTFICCORRE AT v Tl - THl
5.

MR {5 £{I48

MRI #:& CHEI S 58 5 I3 EBRICIIZE
T WVICHENLBR CH LM, COBZEFTE
FZEH TR S LIk > THAERZ Lo
MEEREIEHMBIENTESL. ZORDFE
MCIIER 7 PUVDEEBHCES EE 2 S
ZrICTH. L, ZDOFEE TIERAEFHRIT
Bond, BEGREAEDDOESORMER
INAHT LIS,

WAt Vit Z s (ReRidk) &, X
Bl JOY B (BERME) &b o728, MR
BHICHEH T 5, MBALIIES 2 S v
O, B2 R CvniEvwnw I icikn b, F
P OEIEES R I IIIEER 2> L 5HE
R, S TOLEBIbERTOICEE
Ba@Eoricd b, B XaE, Y
TR RNEWRETTH L. OBy
Fovid, XY SPiia LR (15T Cidl
64 MHz) TEERL TWAH, INd E/-ZE
B COMBCHROLAFEE THEEEL TWAb D%
FEAEL LT, ZNEDE NSO IEDMH E D
i, BV OXAOREOMERE L TRAZ &
WTE5.

F—"J— K k-space, k-trajectory
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WH O MR R TR S h /g s b
VOKES (HaRHE) 7200 %2ERL TOBEH,
EBONTIEANY FLOR & HFHIII T
L. TONY PIVOREDT LaHEL TR
L\WS T ERBL. Eh, NI PO XY K
SHEEER S RT, MREGD XK, YK
SEELTIFETITRIL] > bbb,
SHBOFHERTLRY PV EEREBOXRE PR
Lo>TWBH, ZOBITIGL TEHE DWW %
#>Zkicd s (Fig. 1.

AR & 2R BRRE

TR IC & AL 72T 2 X
TAB LT 5. HRHES &\ D OITSA
FEDMLEIC J > TEILT A LD [/ OT & T
H»5. MRIZEETIEX, Y, ZOKEIC L1,
RO O OFEBEC IEREIC HLFId 5 & D e
BrfEAl LB TE5. flziE, XihoEp
WHa AV EEIESE 5 &, BEHPOLTHED &
SE15T THAHH, PLrbleam 720X S
FIC N/ 8T 1.5T+0.1mT, 2cm OS5 T

—

i3 1.5 T+0.2mT, X i 7B A &1 1cm B
N7E T 15T-0.1mT, 2\ X575
DA LA CO%E, YRS XU Z
FHENZZ » THRHBIIELL 2 vwoT, Xl
FEELENTEIEEGREIFRCIC LS. Y il
BLXOZEOaA L THREIC, YHEIARO
(LEFZITRAE L TEL T 5135, HHWIEZ
BT 1R ORLE 72 KA L CEE § B RS M
bNnb. ERRSOBREITL P> TmT/m
TEsh5 (Fig. 2).

CCT, WL NIV O[RERHEE T 2 OB
OWEREICHHT DT, AT k- T
(LIS & B EIHSEE S D S L O RERTED
NHT LIk A. 2FED, WO TN
7 FViZEEES S, 2 E X SO EA RSO
TTRHXEIZZ-> THLALHENRSIZL /2
Do TLRZWICES BT A L5105, —&
A RIBES - B S ¥ 7B ORMEE 5.5 LT
bR F ik X #hiZ % - T U hcREIC
o TR, oL TET S (Fig. 3).
COWDOMM» S g U TR & v,
I\ D TR H 2 1 3F O & D ICkEHEIC

»

A
Imaginary

=

a

v

Real

b

Fig. 1. The magnetization M is a vector in a 3D space. It precesses
around the z-axis, and this rotation generates the MRI signal (a). Since
only the transverse component generates the signal, sometimes this x-y
component is shown in a 2D space. In this case, M is treated as a complex
number, for mathematical convenience (b).
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£ o TELT 2BLICH LT @R P I i [a]
B L0 w RS 528, 22 ABBUTIRREIC
BT 7 S BLEIC K » T T HUITH
L T—EDEMEIC WL DR B A0 EEKT.

—OOBEREES I A IV EEIFS /B EE,
ZOEDOHEDOWNTE L. T, —>0aA
WEFRHCEWES B L ESHBIEH S0
DG, —ODOWEHENEDLR/IZLDNTES

A Bz (mT)
R RRREEEEE :
T T I i >
0.2 -0.1 01 02 x(m)
_2—
-4 -

Fig. 2. The gradient field is a magnetic field
whose strength changes according to the spatial
location. There are three gradient coils in the
MRI system, and each of them generates a
gradient field along the axis of x, y or z. The
direction of the magnetic field is along the z-ax-
is, and only its strength changes along x, y or z
axis. The strength of the gradient field is the
slope of the graph, and the unit is mT/m.

IOICEDNS L LN}, EBICIE=D
OEOFRIORS D F T - 1 h—DTE
BHIEFTH . WHEEICEL TE=>OMEA
WSaAILTOL NSO &7 > T
5. ZEEEAEEE e N ORI OB T
T2 LU, XETMIC 10 DA B B IR
REIE (10, 0), Y HhHMIC 5 OFEAD HIREEX
(0,5) LFEINSL. TOZODOENERICH
H¥E1T (10,5) Eino> T, ZEMBME A EE
HEEOMBELTRTIENTESL. OB
&, WD C DB DIFEE D 6 AT KD 1A
L% (Fig. 4).

Fig. 3. When a gradient field is applied, the
magnetization vectors rotates around the z-axis,
and its rotation speed is proportional to the dis-
tance from the isocenter, and the strength of
the gradient field. After the gradient field is ap-
plied, a kind of spatial wave is formed. Its spa-
tial frequency is proportional to the product of
the strength and the duration of the gradient
field.

a b c

Fig. 4. Waves with spatial frequencies (0, 5) (a), (10, 0) (b) and (10, 5) (c).
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{ERHEYS & k-Z2f (k-BABK)

T TN L DI, ERHEEHC & - T2
BICREHAZL T 5 X D P MEBN A, T C
TEOMEL SOV UEEMCATASL Z &IC
T 5. BAHBAOEREEISIC & A O
3, ERHESRE &, BRI % 0 0 R O
BICHAIT 5. LD T 2id, RS CIES
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W% I 1R ORI B 5 2 L2 5.
ZERI 7R B O T AN T 7RIS O L [F U
TH5H. EEOERES & FRHCEH S $7c8
&, WOHMIEEMOBE s W &35 |k
WVOFRERA. TIT, k 8 WO ER A ESE
T 5. kT ETHRAN/EZREAERZDSDTH
B0, ERESEE G - T

k=yGt

LEINS. T TG IIERNBEERE, I3
LQEEELTH L. hE—EOME OB
% —ERE T 2R ORE IR TH B3, G 3R]
IZ & - TE{LT BT,

t
k=y§ G)dt
0

Einh . THUTERES R A RIS LT
0y b L72RE, EAHESS O MR TP % i
DEBICHYSYT . bHVITGEHEE, kA&
BEEE: RS2 L L aTRETH S (Fig. 5).
IHIT, FHhD k D% 2 N2 OBERHE
B L CHEL, ZORED kx, ky #{7&E
LEZLT LTS oFED (kx, ky) WD
BhEE2LYE, OHBERBEEOZITIE
LT, kx & ky Zlih& + 570 %E2BEH 5. O
D kx, ky wiih & 4 %220 % k-22[H] (k-space)
WY, RS OBITHIET B, A (kx,
ky) OB & DEH & k-#ipF (k-trajectory) &
S Bl ziE, XoEAESEmE 1 <1
WHEBEEcE % &, & (kx, ky) (3 X filiJim
WCHEE 1 CLIHREBEHL, HARSE VS &
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Fig. 5. The relation between G (gradient) and
k (spatial frequency). This relation can be seen
as time-integral, area under the curve, or
velocity-distance relation.
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k-ZE /] EOFEI R AR A E T OT, K
BT, 2% D kx 8 LU ky OfEANSI W



k-ZEf AT

a

Fig. 6. (a) The k-space data. (b) Reconstructed image.

FIIZERIICD 5 K DT L, 2F0E
BE»EBELRITHGVBAAEL T, K
I k-ZER O BRIy, 2F D kx BL U ky O
K EWES T T s 2323 0 B EAE
LTw5 (Fig. 6).
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D k-2 EOMBEICIN. TR N/ T — X &
k- ZEZRHIC TN TV . T —=F BT X THij - 72
L TATT— TAIC X D 2RI R % B
DZERN AW 5 & & TREMZREBR 1B 5N
%.

IR =i X & k-Z2H

BRI, EBROIOVAY—r v Ak, kB
DR EBBIZRTAS (Fig. 7). T&5%7%2
YRy —r v 2D ET, 2D TS5 Y
IVFLa—&%EficEs T LiICThH. £,
AT A ADERE S HH, Thid Z o
W% 76 RF B x1T5 2 & TEB
%. ZEhOMEAEEC & > TRERE D Z filh
FHCZ L L, BN L - TR AL D S
WS, EBRICHE SN S RF O M
Wk L —F+ SR 0 R ERICHR S h
5.

183



HBBRRE

>
<

H31& 45 (2011)

»
»

TR
e\ A
Gz \ / \
Gy GY1 GY1
GX2 GX2
Gx
a GX1 GX1
A ky
GX2 >
K GX2 >
GX1, GY1
kx

Fig. 7. (a) A pulse sequence (a gradient echo sequence). (b) The k-
trajectory corresponding to the pulse sequence.

iR E % CTIEBERALOMARIZ E S > T BT
®, k- k-ZEE DR S» O A —F 9§ 5.
£ GX1 OFHIC k> CTkx HEIZFES R
D, WIZGY1 O T Y Esmic A LBEd
%. ZOHK GX2 DG TT — 2R 2Hh 6
k-Z2fa] % X HENIC B4 5. TR KfE 7206
7otk ARV EL TROTF— 2 #BiE4 %
B, CORFGYL DRI %42 %52 T, HMH
Y Wl RN R BB O T — 2 WA T & p
TE5.

GX2 O ITEE MR Ty a—F LT
N, GYL OF 5 IIMHT vy a—F &FiEnT
W5, AT a— IR A RS T
H5HP, MHALVI—FrEROICERT S
UFEEL V. kZEHA M TR a—F

184

T a—F EpEEHT A L],
BAZ K-BBE & WD — Do D& Z T > THE
fBd 5 ENTES. WITANA FIVEORE
7o k-WR A D Rk A k-2 A I E
R ZOINTIERTERISENEF 2 5.

k-Z2fa) 7 — X AR RIIIC E S5 W S IEF T
WETHPENDDL k-Z2EE S LA L
29\ (Fig. 8). T Tk ky HAICT —F %
W DIHIC & > T FEEZRL TWBR, &
A4F 3y 7 MRIZTIAMMHT Y a— F OIEF
R 2 CHRODE S LI L 5 hHEL L Hbh
5.



k-ZEf AT

Fig. 8. The time relation between data acquisi-
tion and the k-space data. The upper figure
shows a gradient echo sequence for one slice. In
this case, the acquired data are filled in the k-
space in the same order as the time course (se-
quential order).
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Introduction to the k-space

Koichi OsHIO

Department of Diagnostic Radiology, Keio University School of Medicine
35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582

The concept of k-space underlies the graphic and intuitive interpretation of magnetic resonance
(MR) imaging techniques. The MR signal represents the spatial frequency content of the object and
the spatial frequency corresponding to each data point is calculated as the time integral of the
gradient field, which can be seen as a point in the frequency space (k-space); and a trajectory in this
space is defined by the pulse sequence (k-trajectory). The acquisition of MR imaging data is a
process in which the spatial frequency content of the object is sampled in the k-space along the k-

trajectory.
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