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R &0 B k2B T — 23RBS S H K & RRE
TFIarChHED, TNebiHY VTSIV
B> THVIIVL, ava—F AEY—
WML 72 DOR VWbY L5 —F—% (raw

data) TH 5. WH DO OOX BT Z
LB, INGENERLD ELTHED N
BEER L9\

Fig. 112 k-%#f#(a), n—5—%(b), B &
UFBEBES (o) Zrd. (a) D k-ZERON,
BRLCHA 72845 % 256 X 256 T MIfmIC
VIV Ll OPa—5—2(b)Thb. @t
HOBE L7370 k2T —2 e LTTF
VRINWT— R BT Th A, EEICE (a)
WIHEB IR ISR S 2R &% 2 TEL .
O—F—XBZEFRTH 50, KITIZFEILO A
FRL 7z,

CNSOWEBOHENT I N TR HHEATHRS
5. (@07 ns k22T, ##zo
FROEMAEREES. ToEf LTINS
FIRWHIPR T T — % 24D % H CHRERE RO
SfREES R E 5. Fig. 1 OFITIE, SHETRL
7o #ifA 7 256/16 cm = 16 points/ cm %34 .
R EE T\ 213 0.625 mm Th 5. ZOFPEHO
F— R h SRR T 256 X 256 Y IV L7 b
OHBRD) OB —F—=ATH5. <FUy 7 AY
A RAFE—FT—=2D xy HADT —F mfwFz
. X TIiL 256 %256 ##AEL LT, TOKE
STHERLTCVWA. O—F—x &7 —V T
B L /oo DD HHREGR (c) TH 5. B
T—VIEBR TR T2 E BRI EDL VD
T, FERERBEG L 256 X256 KL s S,
LUF, ThakiEl LT, MREEP FOV %0

*—rJ— K k-space, k-trajectory, resolution

121



Wit #33% 3 %5 (2013)

16/cm

16/cm
256

a

Fig. 1. Reference

256 256

256

(a) Analog k-space data. The area indicated by the dotted line is sampled, and stored in memory as ‘‘raw data”
(b). Image resolution is determined by extent of sampled area (dotted line) (a). In this example, the FOV is 16
cm and the matrix size is 256 X 256, so the resolution is 16 points/cm in both frequency and phase directions.
“Matrix size”’ is the size of the raw data. The raw data is Fourier transformed to make the reconstructed image
(c). The size of the image does not change with Fourier transformation, so the image size is 256 x 256. These im-
ages are all complex, but only real part (a), (b) or magnitude (c) is displayed in this figure.
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A TE=27ms) Thb. #EEILGE ## Sig-
na 1.5T. HEifRF — 23§ N TEBEIZZ OHE
NG A=A TREL =T —Z &L 754
TR L. AT GEDLO%Hi-Tn5b
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8/cm 256 256

8/cm
256

Fig. 2. FOV

FOV =32 cm, matrix size = 256 X 256. Image resolution is 256/32 =8 points/cm (a). The raw data looks enlarged
compared to Fig. 1, because smaller area is sampled with the same number of samples (b). FOV is inversely
proportional to the data interval in the analog k-space (a), (b).

16/cm 256 256
0
£ oo 0
3] ~ LA
> - ~
0
a b c

Fig. 3. Zero-fill

FOV =16 cm, matrix size = 128 X 128. Since the FOV is the same as Fig. 1, sample interval in the analog k-space
is also the same. With smaller number of samples, the sampled area becomes smaller, which in turn means lower
resolution in the phase direction. In the raw data (b), only central part (256 x 128) is sampled, and is expanded to
256 x 256 by inserting 0’s where data is missing. The resulting reconstructed image is 256 X 256, but with lower
image resolution along the phase direction (c).

BLTWRWEZICTIE 0 2 AN T 256 X256 T
KT % (Fig. 3). FREBERIL 256 x 256
V7RI B0, RS L5 5D Tl
<, PEHEFRNICIET 7-EBRBEONA. CO#
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BRN517: 5 C & CTRIGFRFRE S 510k 5
B, MAHARORBE S Y51k b EnD Tk

Ths.

KFH# FOV

HOB &P LTSRS, BEELZE 23
FOV #/ X< g5 MM Vva—TFE%
WoT WO 8ERH S (Fig. 4). 7r-ars
k225 — 2 OY VR EEEOF) & 7 U
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16/cm

16/cm
128

a

Fig. 4. Rectangular FOV

256 256

128

FOV =16 cm X 8 cm, matrix size =256 x 256. Although sampled raw data size is 256 X 128, the matrix size is said
to be 256 X 256, probably because image resolution is the same as Fig. 1.

THhHPMMITROY VT Y v 7R 2 5
127> TC\Wh., H—F—X (%256 x128 1275
B, CNEZOEET— TERL TRGTFEO
WA {B 5. AL RO FOV 7210 %
DICTBHT LI, RITEFOV &5\ it
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EWVWOERTFEDLDSH. ROFITIE ETFICH DR
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No Phase Wrap

(LA D FOV DREFTER £ 0 v EHiTD
BDOEIH VR BAEF LR, Thakedsb
723 D JE: & L T no phase wrap & FEiEi %
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) 12 U7, MR RMEE IR & A iR C
£, MHEFROY T v /bR
FICT 5. BEL L TUIHIORTH FOV L
T, MHIvVaI-FRIT2/HICKRS. CThE
256512 Dk E T —) TAEMT L L, ST
WREOEGHAE OGNS, MEHFROY Y Y
TR E 512l TWADTFOV BIAAD,
PR E . 77— TEWRBIC ETFORS
T LD B & 256X 256 DT DR D D%
WHEREAEONS.
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Half NEX
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Half Echo

Half NEX & [RI%ED J5 B % % 505 R i H
L 7-®7 half echo TH 5 (Fig. 7). TOHE
ORI TE# L $52LTHD, Tv/a—
FEIZZED L WO TRERE L ED S0,
SN ftid half NEX [V —1F 255D 1127 %
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256 256

32/em

32/cm

512
512 (256)

a b c

Fig. 5. No Phase Wrap

FOV =8 cm, matrix size =256 X 256, with ‘“no phase wrap’’ option. In order to avoid image wrap around, the k-
space is sampled with finer interval along the phase direction. Resulting raw data size is 256 X512 (b), but again
the matrix size is said to be 256 x 256 to reflect the image resolution. By applying discrete Fourier transform, a
256 x 512 image without image wrap around is obtaind. The final image (dotted line) is obtained by removing ex-
cess part (c). Also, NEX is displayed as 2 although no signal averaging is made, to reflect the fact that imaging
time is twice as long and SNR is higher by square root of 2.

16/cm 256 256

136

16/cm
256

calculated

Fig. 6. Half NEX

FOV =16 cm, matrix size =256 X 256, with half NEX option. Actually-sampled raw data size is 256 x (128 +al-
pha). In this example, alpha =8. Unlike zero-filling shown in Fig. 3, the missing part is filled with calculated data.
Image resolution is the same as full 256 x 256, but SNR becomes lower by a factor of square root of 2.
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16/cm

16/cm
256
calculated

a

Fig. 7. Half Echo

147 256

256

FOV =16 cm, matrix size =256 X 256, with half-echo option. This is similar to half-NEX in Fig. 6, but here the
data amount along the frequency direction is reduced. Since the number of phase encodes is the same, the imaging
time is the same. Main purpose of this method is to reduce the miminum TE. With all other conditions unchanged,
SNR becomes lower in a similar way as half NEX. In this example, however, TE is shorter than the reference

image (Fig. 1), and the overall signal stregth is higher.
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Introduction to the k-space (2)

Koichi OsHIO

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

The relationship between k-space, raw data, and the reconstructed image is presented. The
gradient waveform defines a trajectory in k-space; magnetic resonance (MR) signal is sampled along
this trajectory and stored in computer memory (raw data); and a final image is reconstructed by ap-
plying discrete Fourier transform to this data. Various options in the acquisition of MR data can be
understood by considering relations among these images. Roughly speaking, image resolution is de-
termined by the extent of sampled k-space area, and field of view is determined by the sample inter-
val in k-space.
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