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Trade-offs: SNR,
Resolution, and Time

4o =

1. MR imagingol|A{ scan parametersS =2} 7§45 E 05 3ICf
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MRe #9937l A= +4 #AE HolEd w3lx #d¥ RF 29& X3tk 1 &

MR console roomol| X HFEIE 225t AL §-9, pulse sequence, scan parametersE 273}

i scan MES FEA HY, FA4F, 4AE2Y, RF 2, AFHE| FEdtd FdZ scan time
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+ MR ¥4 97 9314 od JdE & & U717 Hso] $2 RF 3dS AHESAY, &
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1. MR Scan Parameters

MR g4& @cdl 7 T8¢ RS 2 A5 339 (signal-to-noise ratio, SNR), 974
Z % (contrast-to-noise ratio, CNR), E7+s)AF % (spatial resolution)& 7} A& ZE scan time
Yol 2= Aolch. _ '

MR 949 $4¢ 2R scan parameterst 9§ 57t B BR@H, ZA primary &
secondary parametersZ Y& F 9l Primary parameterst MR EUE A 23 dAF ok 3}
+ Ao Z TR, TE, TL flip angle(FA), FOV, slice thickness, interslice gap, matrix size, NEX,
bandwidth(BW) o] &3t} Secondary parameterst primary parameters®] AAe ujel #H3}
A H= A 2.2, SNR, spatial resolution, scan time, CNR, scan coverage & ¥ 33t

(1) TR, TE, TI, & FA (Parameters related to CNR)

Primary parameterst =% MR %49 SNRel 9%< wizth of & TR, TE, TI, FAE
SNRE T+ CNR(image contrast)& ZAAst= 7FF 71241 parameterselth. ojg2 871 &
8 T1 7z97%, T2 ZAxFdolgdtn 225 7]E2 3 pulse sequenceE AA 3 parameters©]
of, ojn] A HY WA AFH o2 SNRe] IS FA ok

TRE repetition time®.2, spin echo HAA X RF pulse At} AJ7telr) TRel ZW
2817 6% 8ol 3EHo A MR signale]l A #AAA HAT T1 contrast’t Goizit}, Tl
B2343E A &2 TRol "asd.

TE= echo time2. 2, X RF pulseE 31 MR signale d=d Al A7telt. TEZ}Y 2
¥ dephasing®] Z7}39 MR signald A& zHAsA| T2 contrast’} Z71ath T2 #z44&
d7] AsHE 2 TEZ desteh - '

TIT inversion time2.®, inversion recovery B¢l pulse sequenced) =83+ parameterth-
oy X ZA9 signal suppresionS & AFEH7] @i, tissue contrast’t ¥X% MR
signal< 743t} o

Flip angle RF pulse® £9Z-%0olt}. Flip angles A 318 A8y 2AsM 234 Atol
¢} T1 relaxation z}o}7} Zto}xlal T2 contrast’} F7}3tc}. Flip angle2 3 A 31H £3 Alold
T1 relaxation to}7} 5:7Fst T1 contrast’} 7}38He}, |
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(2) FOV, Slice Thickness, Interslice Gap, & Matrix Size (Parameters

related to Voxel Volume)

FOV, slice thickness, interslice gap, matrix size= SNR# spatial resolution®l] &3 d3S
FA ", AZ 9 §3E5 Jebddh o]E parameterst 25 scan ¥ $(voxel volume, pixel
size)& 2R3t A&

FOV+ field-of-viewo] L x-y W] scan HHE Yeldth AAL £99 we} 7Tem~48cm7t
2| GgFetA A L34A Ed. | | -

Slice thickness$} interslice gaps z-% W3] scan BHE ZA3t, scan coverage$t B
gt Interslice gape § slice®} RF pulse "11%011 A slice®] proton®] ¥3tH+ cross-talk A

2 FA8L7] Y8 scan slice Atole] T+ S AFsHA 9= Aol

Matrix sizee FOVE xZ3 y%502 Wi pixel ATE AWeH, BF 512 x 256, T 256
x 122 g3+ Aol

(3) NEX, & BW

NEXE number of excitaion®, AA) scanS u¥HE3 ZFE L3t} Scand WHEIETE
MR signal> F7}8t22, SNRE F7441717) 91 718 2 A Q) parameter©| t.

Bandwidth(BW)ol= RF pulse® 2 W slice selection gradientd] A3l transmitter
bandwidth®} MR signal® 9§ W frequency-encoding gradient®] A48}l receiver bandwidth
7b 9Ed, 9714 B3 bandwidth:s B2 receiver bandwidthE® 9vi¥th  Receiver
bandwidth(RBW)E= x-= W3ke] 93 ARE A7) 98} doJF+ frequency-encoding gradient
o] dAzkolm, MR signal® sampling 3h=dl AHEEE F949 W ot

o]&3 MR scan parameterst™ -2 54 7IXEA 94 st HAF At IS T
AA 5E=d, MR 942 3338317] 8l primary parametersE 2 2EE 4 ojoF gtk

2. SNR (Signal-to-Noise Ratio)

SNR< MR signal®} noised] ]S olvldin, 94 312S 2R 71F $8.3 parameter©]



..............................................................................................................................................................................................................

th. £ SNRo] & AL M3z, SNRe] e gAe A&t Signale ROI(region of
interest) WolX &4 ZA 9l H signal intensityZ, noiseE ROI WA background noise]
BEFHAE Y|, SNR = (average of Signal) / (standard deviation of noise)8} T4 22 7
AHt 4 91t} Signale A EHHE sliced] excitation® proton spinoll Al Yo = ¥kl noise:= U}
& sourceoll ] 2ASIA ©r}d. Noiser 1) MR system AHA9] A3 2) image processing 374,
a8a 3) #AEEEH Ut 1 & B 293 source: @Aolm, 2 849 motionTh
thermal processol €3tk A% MR 71718 £2 SNRE 7M1 44L& whso] FEH oJRAL
743t main magnetic field strength®} surface coil& AF&3}7] wFEo|t},

‘MR %44 SNRE primary parameters®t o+ & #AE 1A

(NEX)
BW

SNR oc (Vozel Volume) \/ (Vy) -

SNR& voxel volumeo] WH]#|3}il, phase-encoding steps(Ny)$} NEX9 AlFZol ulashd,
BWe} AlFo vl #) s}

(1) Voxel Volume

Voxel volume2 FOV, slice thickness, matrix sized] e} AA = 11 voxel volume®] AAH
voxel W&} proton®} 7} BolAER voxelolA UL &= signalo] F718HAl €.

Voxel Volume = Ax « Ay « Az

Voxel volume2 ¢ 347 pixel size(Ax x Ay)$} slice thickness(Az)E& F3 gholth
Pixel sizet: FOVS matrix sizeol ¢j8) 2= x- E& y-Z W3e] FOVY] 22+9] matrix
size€ Y #ol vk 97}9) sice thicknessE #F3HH voxel volumeo] Hth (& Eof, FOV
30cm, matrix size 256 x 192, slice thickness 5mm 24, AxE 30cm + 256 = 1.2mm, Ay<
0cm + 192 = 1.6mm7} 53, pixel size= 12mm x 1.6mm = 1.9 mm®, voxel size® 1.9mm’ X
5mm = 95mm’7} BtH Matrix size?} YA3H FOV/} #A24E pixel size7t AAEE SNRO)
S7FstaL, slice thickness7t #A&4E SNRol F7)3te}h w2 FOV7E YA3HH matrix size?}
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AZATE pixel size7t ZAstd SNRE "@ojzth A F2o|A phase-encoding steps(Ny)7}
SNR# 4743t vl #AE 7IRga ded o)A pixel sizeZt EAE W(FOV7ZE 2o #AA
)l sHFEct.

A2std, SNRE voxel volumed uvl|ste #HAA=d|, FOV, slice thicknessol Auj#|stx
matrix sizeol] ®¥Hy] s}

(2) NEX

NEXE AA scans ©5F 315F Uehdth Scand WHESHE signal 7l Ts|AA 1)E)
274842 %, noiset= random Brownian motion theoryol el A2 AHHE AT ol AF
24 wAs 27tk = noise 27t AR signal 27} A7 $ASEE NEXS 2714
71" SNRo] F713t}.

3 sliced] ¥ scans 2W ¥HE3I} 2709 signal(S1, S2)& AT signal®] &L 2571 &
o 224 noiser ETHALE BAH7] WF9 noise?] T

o

N,+ N, =V 02 + 0,2 = V2% = V20 = V2N

o] A}

& scan® 29 9HEEW signal® 28] S718EA 9 noise® v 2 ¥l S8R, SNR2 2/vV/ 2
o) F7tsted A= V2w SU18HA €k wiEbM NEX7F 19 wh SNR3# ®lashd, NEX7} 291
25 14v}, NEX7} 3?1 % 1749, NEX7} 491 735 2¥) F7hebAl €. 22y NEX7F $713)
H scan time®] W3 FIIEHA HEZ NEXE WF ®ol ¥ SNR F7F E3| Hl3
scan timeo} UF @o| ZAAA Act wahx HH3 SNRF scan timed] ™ol FQ3HA .

(3) Phase-encoding Steps (Ny)

Phase-encoding steps(Ny)+= 1 $9& MR signal& ¥HESA Q7] w29l pixel size?} I3
shobyl NEX9} 22 a8 7IAd. wagkA Ny7) 282 F718k SNRE 1.4¥H, scan time 24}
F7VeHAl drh

3D imaging®] 7% z% W< phase-encodingS F7I8koF ¥7] wWEo] 29F signal 85
347 olvA SNRe] S7KsHA "ok 3D imaging®l SNR2 ©g o2 FoAw, 2D
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) « (Vz2) « (NEX)
BW

SNR < (Volzel Volume) \F Ny

SNR (3D) = Nz « SNR (2D)

(4) Bandwidth (BW)

Receiver bandwidth(BW)< frequency-encoding gradientE Zo] 31 MR signalZ samp]jng
3w Agdts Fu Wolth BWE frequency-encoding steps(Nx)9l Hl#EI3t1 sampling
time(Ts)ol] ®¥Hd] g},

1 Nzx

BW=27= T

o] F3¢ WHE WIAIE o JHA Aol Uehdth RAA, Fo WABW)IZ S5
noise’} o ®Wo| ¥§=o] SNRo|] BWE AlFZol uvldste 4dith. ¢& E° BWE 32 kHz
dA 16 kHz2 £°]¥ SNRS v 2 d F7igth. A, Fo+ HA4BWE F7M7E o g2
A7kl MR signal€ sampling®@ 5 At el Eo] Nx7} 256 matrix¥ 7%, BW7F 16kHzol™
sampling time< 16msec, BW7} 32kHzolH 8msec”} 5113} o] A& TE(echo time)E &olx T2
dephasingS Z4&AAH 23]8 SNRe o4t 7142 & Utk SHAT, noise S710 €% SNR 7

49| v)3 T2 dephasing®l 93 SNR 371 &3+ #7| W&o 25 SNRE ZAastA €t Al
- A, Fo HAE F7HA sampling timeo] ZobAH o #9] TR(repetition time) AJZto] F7}
o O WL slice® A€ 4 I, scan timed] FAF o2 gt YA, Fu5 W7t 371
5 chemical shift artifact’} 74 %71x 3o}

TA Z3lM, BWE Z4A7]™, SNRO| F718}3l sampling time¥} TE7} ZojA|a €&
Qe slice 7} 243} chemical shift artifact?} 27}t

(5) CNR (Contrast-to-Noise Ratio)

SNR¥} H|523k 7§ d o2 AZE 4~ 9l Aol CNR(contrast-to—noise ratio)¢}th. CNR<S Q13
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SNRo] $oizgle A4 23 wjAAL zFo] Z FRIEE Aol ¢ F83Y. dE £9, acute
cerebral infarction® ¢ SNRo] £& T2 ZxAGAHTUE SNRE X4 CNRo| dl$- Hojd
FAAZGZDOWDAM o =2 A93 712 & ReolA €t

-TJ

3. Spatial Resolution

Spatial resolution2 2718 A&
oy Aol MAHAT, Fow oAile] Fatu EHFs)Ath Spatial resolutionS HAHORE
voxel volumeol] 9|8} A= 3L, voxel volumeol Z&4% spatial resolution F7}3ttt. SNR¥
v 28322 FOV, slice thickness?} ZAE4E, matrix size’t F7HESE spatial

resolution& Z7}3tc}

Voxel Volume = Az « Ay o Az

(1) Frequency-encoding Steps (Nx)

Fo]2 FOVIlA x-& o2 resolutions F7HA7)17] $38) frequency-encoding steps(Nx)
Z7 A A B, o] AL receiver bandwidth(RBW)et d#to] 3tk Nx& F7H7Ie W2
oS 27Fx7F Utk AA, sampling interval(AT)S ZAAZIZ(RBWE  v}7EA] ¢311) total
sampling time(Ts)2 ZA 3t Nx& Z7HA171H SNRS Wyt fley TEZF S$7bskat T1 %
Z337F A%t} 8kd total scan time(Ts)E TAA|F|1L sampling interval(ATYE &7 3HH
(RBW7} 5718HH) noise7t BokAA SNRe| #4skA| 9 TEx F71ekAl ¥4

=
=

(2) Phase-encoding Steps (Ny)
Zol7l FOVolA y-% W30 @ resolutiond Z7FA1717] 918} phase-encoding steps(Ny)E
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7 Ak Y. FOVE dASA X3}, phase-encoding steps(Ny)E 2812 F7}A7]W
spatial resolution®] 28} %7}5}A|9F SNRE /2 8] 743} o) AL signal 852 2u)7F A gt
voxel volume©] 122 ZA3sEE SNR2 v 2/28 ZH4sHA §7] &ty 25 SNR #4AE
X4t NEXE 2812 3djjoF 322 total scan timeo] Zo] ZoUA du} ¥HA pixel sizeS
dAsHA AL, Nyg F7H719, FOV7E 2ol F71shdA SNRE =A% spatial
resolution®} ¥3= {13 scan timed F7}3Hc}

(3) Slice Thickness

z-% WHOZ resolutions F7HA717] A8 slice thicknessE &ojof 3t °] 3¢ voxel
volume®| #43dlq SNRE Z4%d W2 slice thicknessE Z7HA7]H SNRo] ZF7}slA| g
partial volume effect”7} 47|11 spatial resolution®] 7ZFA3%Hc},

4. Scan Time

Scan time< MR data® €+d dule £ A|7HE @8, motion artifactt A 284S
AASE Z2% parameterolth. SNROIU resolutiond) A7 Qb Hdigt BL A7 o A
AHE Blle Aol Basith 53] 3FRR] BRGFo, g2 & HA g a0} X &z}
AMe B 29 scan time 2o]= MR AAIA of$- F83 FEE AT & ok
Parallel imaginge 2o 7ALd A 2$ techniquel 2, scan timed Zol=d| wf$ g7 A o]
t}. o]AL multi-channel phased array coil ©]-8€3te, MDCT$} H|%3 &35 7}Ac) o] 7
HWe °]83hY, scan timee €Y & Y& ¥y HAEF scan time FASHA SNRo|Y
resolution®] =2 BAE 9T T Y. 53] IFAA B BHANAHE u&HGo] HQ

& A WS 548 JEolE B & o

oL

i
rlr

rlr

it

712491 MR pulse sequence®] scan time TR, phase-encoding steps(Ny), NEXE F&d
T 4 A

Scan Time

I

TR + Ny - NEX
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2HoF TR 600msec, TE 30msec, 256 x 192 matrix size, 2 NEX9 Z7A o2 149 T1 ZAZx%
A4S =, 06sec x 192 x 2 = 2304sec (9F 3% 50%)9] scan timeo] Z8|A )
Fast spin echo imaging< echo train length(ETL)ol 23} scan time®] © #ropzitl.

TR « Ny « NEX

FSE Scan Time = BT

2k TR 3000msec, TE 8msec, 256 x 192 matrix size, 2 NEX, ETL 169 X002 139
FSE T2 7Z234& 4=t (3sec x 192 x 2)/16 = T2sec (12 12%)9] scan timeo} Z&|A €
c}.

o]2J 3t scan time< single slice imagingllA Zd& AIZHE 23, 44 MR AARIA A
8l multislice imaging°| A1+ slice 47} scan timeo] 93-S £t} Single slice imagingijA
& cycle®] TR A7 5 MR signale 93 YA o8 RF pulseE ©& 711 d& A|7HE B
A A #o}. Multislice imaginglA= o] & At 2 sliceg ZHANSHA €t o] o €2
A= sliced] ==

o

rlr

Numbers of Slices = TR/ (TE+ Ts/2+ To)

2 Yyehd § A3 9 FA A sampling time(Ts)# overhead time(To)= TE| H|3f u]-%
Zorvg TRS TER YF FHO=E slice FE AT S Atk TR 1500msec, TE 100msec, 256
x 192 matrix, 1 NEX¢| T2 ZAZIAS 9=ttt & o oF 15 slices PIRFY A4S 45 48%
9] scan timeo] @& F UA HHAAZE ol®Y} o HL sliced EA . AR 22
1402 20 slices7} BR3P, 5 slicesE Y38 2L acquisitione HHE-3jjofF 322 2u]d] a3
9 6%9 scan timeo] WA "ot ol WAS] A TR ZA std F He
acquisition®] ¥& F U= slice & ZFVMA7]H scan times € F A & TR 2000msec
2 PO 6% 4% 20 slicesE EF €42 & AA 4

 FTAAA sampling time(Ts)E BWe d@to] glon BW7F S7HE®d Ts7t ZHAH, ¢
2 T U+ slice FE F7MNAA scan times €Y 5 A ok

Ael3td, scan time2 TR, Ny, NEX, ETL# AH d@ol 3z, 44 MR HAIAME slice
4, BWetE 23§ dvto] qich

[N

e
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5. Trade-offs & Optimization of Scan Parameters

(1) Trade-offs (Table 1)

MR 949 34& ZA3se $83¥ parameterst SNR, spatial resolution®|™, primary
parameters®] ZAdd| wel F parameters Atold trade-offs7} H 83ttt & Voxel volumed} &
HE FOV, matrix size, slice thickness® 37 Wz} SNR# resolutiono] Fyttie] d3& e}
WE2, spatial resolution® 57HA17]7] $18te] FoiZ FOV &tell A phase-encoding stepe E°
AW slice thicknessE €olH, SNRY #A+= %-’%:?‘SH.O’F sl T spatial resolution® SNR—% 2

F 7117171 918 parameter& ZEITHH scan timed] $7HE FHrahol "t

Scan time°] Zo{X|H motion artifact”t A3 7FsAo] EolA7] W& scan times 7}
T sjA WAl L& GAE A AL ohyn, FAF HAANTL Yo FH3d gL ¢
Aol F23t}h &, scan timeo] oUW AL §&°] ¥, oav|#e & A FHo| E
A A @t

SNR, spatial resolution, scan time 3 ©)= parameterS 7} 29874 SEA W AL
g2} e, AA E9ol et ol geh 15T o9 144% MR 71719} surface coil& ©
&3 #3d MR IA4L 2% JAdge d&& FA4 && Ax9 F& SNRES A3
pituitary glandY} cranial nerve$t 7Zro] ulN3F 5945 AALE B4 FARG 'spatial resolution
< ioﬁ o} o}“i SNR ¥+ scan timeS 3 AJA]|7]+= parameter AA o] o|Fo XA Hr} &

o

r

s

Table 1. Trade-offs of Scan Parameters. Primary parameters& Z7HAZTE
o LEIL}= secondary parametersel #i3}

1° Parameters 1 SNR Resoluton |  Scan time
TR 1 1
TE 1 ________________ | T
FOV t |
Slice thickness T |
Interslicezm;ap t l

.......... MamXS'Ze l __ ; :
NEX 1 t
e . 1 1'
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27} & 92 @7 Lohd WA Ao} #Axe) BT B scan timelE AALE Fjof E=

SNR# resolutionS 3] A A]AHoF sl

(2) Practical Optimization of Scan Parameters

Primary parameters& ™A 5%, A2819H, 1) Image contrast® ZA3%=, TR, TE, TI, FA,
2) Voxel volumeg ZAA 3= FOV, slice thickness, interslice gap, matrix size, 3) 1 £ SNR%
d#d NEX, BWEZ Uz T Ut 43dE S7M717] A8l o1 % primary parametersE
AAsE AL 953 2o
1) AR pulse sequenced] T TR, TE, TL FA, ETLS A A%

2) B4 HA} B9lo] g M (FOV, slice thickness, interslice gap, slice $)s}, o]o} e &
A3 matrix sizeE AT} o]F Matrix size¥ spatial resolutiong 7F3 47 5575;1?—_1’ T
A& parameterolth. A& E°] resolutiong Tk He HALEW matrix sizeE U ¥
8| = = SNR, scan timeS EA37| 93] B 7HAl € parametersE £A3HA €.

3) NEXE RE 1~4 Atolola] AAEAW, scan timedt SNR 3718 E&4< 3edhd 2
NEXE Abgste 747t 8ot ZFRAAFEol agt B HAidAe 1 NEX Ee
0ONEXE AHg-sHAl €.

4) Fold ZANA 7FF BL scan timel & FAFY + YEZ scan parameterss | A3}
Z43ty, o] o] F£2 0|85+ parameterst TR, ETL, BW Eolt},

olzigt MA A HAE Wi MR A writ} HES = AL ulg HEEHo|nE, A

MR AAtoA e 29 parametersE A} protocolsol] AA3F 5 AFE3IH, scan timed {3
¥ parameters®t 27t 2A3tq ZARSHA] Aok
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