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RF Field Inhomogeneity Changes Depending on the Head Position
in Parallel-Transmission Ultra-High-Field MRI
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Abstract - 300 MHz7l @& Z3A% MRIAE 44 E=& 44 RF
Magnetic Field o EF9=7 AsiAA o)& Adsls] A3 22 wis
ol AAdH: gk 2 F Y HEAY PPLE 4~ 32 A2 Transmit
Amray®] 7t Ajde] A7t At 914E WA A RF Magnetic Field
o] EFYEE AMAse wyold £ =FdME  Transmit Array W
A A A9 W3l wil RF Magnetic Field (B, Field) ¢ B7d%x7}
Bo] A3ty olof w2t RF $48 Az A4 Patternd M2 H#3
o &2 FHaldtgh. E3 RF field Mappinge 87) 9814 Composite
RF SequenceE Al43 Rapid Sequence® Ab&3 3 A¢tat 94 F
Agatr] &M 9t Tterative WARTH AT WE  Target
MethodE A3t Driving el #43= Complex $34E AL 3
o} RF Magnetic Field (B, Field) ¥+ FDTD w4 o2 #AAlstgic
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1. =
MRIZ &7} 300 MHz7t 9+ 23124 MRIGINE AA75 EQ4 RF
Magnetic Field (By Field)d E#9E7 AdAn, REAoz

SAR(Specific Absoroption Rate)®= AA e LRt Zo} A 7} 9
ol# & B Field ¢ EddZT BFAHEY ol BFUE oju]x] g5o
2 oloJA 1, Yolrha= ofAtEo] &t AW e Adsed B o
€ 37 2t 2RARg ] 48 B sl A4 ATHH
I glen aF 71 EHQ o2 e Transmit Array F32 & W8HA]
ZIAY, d# Adz olFolA Transmit Array 2t Ao A7 e Mt
A4& WANA B, Fied 9 2d9EES A2 £ e R8sy
Driving Patterng 2t W4 ol ™ 2 =204+ B, Field 9 &
FUYEE ANE7) 91d Al RF LS Abgets 348 Abggion,
Transmit Array WielA F4NFE 94X el B, Fieldd 7Y%
7t Wgtehe glad £ olo) W Driving Pattens F4diAbol u
g Az Aol §& FU3A) Driving Pattern & & Wy oze
kAl Tterative LA BT= Target MethodE A3t Rk 7HHn
w24 HA3E Driving Pattemd & £ AT Transmit ArrayolAl
249 B field o 38% £4& 939 Composite RF SequenceZ AH4
3 Rapid RF Field Map Sequence™2 <] 831500l Add 24 300 MHz
ol A 16 A9 Head Transmit ArrayE o], FDTD #2402 B, Field
o B¥EZ AMR
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2.1 Octagonal Phatom& AR# Simulation

3-D Digital Human Head Model& At8-3t¢d 300 MHz tiqolA Ae
£ By Field 8 #X& Adszlo &4 712 dolHg 27 da A o
219} FAME =719 Octagonal Phantom (Conductivity: 0553 S/m,
Relative Permittivity: 51.898, Thermal Conductivity: 0.026 W/(m'K)) &
A &std By Field? 222 #9189 th Transmit Arrays Rectangular
Loop array(16-elements)2 FA39 1 300 MHz Yo SaA3zE A
Agdden, 2 Arraye VH7F 7 om Zol7t 20 emE Ze FE2 AA
gt AAd wsd ARE 97 Y8 Copper (Conductivity: 5.8x107
S/m, Relative Permittivity: 1, Density: 89%60 Kg/m® Thermal
Conductivity: 0026 W/(m'K) ) 2 T4 € Shield Layer (D: 35 cm, L: 25
cmE olg3te] YoM Wg & 9t JFO2HE Transmit ArrayE
Bastgih, ddddEe 9% W3 g B, Fieldd 27 9ES 893
7l Y8 A Octagonal Phantom& 0°, 1°, 2°, 5°, 10° 3| d&lej(l° gxe o
25 mm ¥+AGd D) G4 R #A 9 (Region of Interest:

RODAA ¢ B, Fieldd B#Y%EE U39 Phantomo] 3 Askx kst
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< 9 H3 Driving Pattern® 323 ¥ M= #A 3¢ Driving Pattern
S olg5te] AL 77} B Fieldd 7Y EE W3l By Fieldd &%
drel  #ele BAAY(Region of Interest RODWOIA  Relative
SD(STD/Avg)s  Alitstedl  &elddeh. By Field o A
xFDTD(REMCOM Corp., State College, PA, USA)Z21# & <] &3y
FDTD %4 oz Adsdoen Voxel sizee 5 mmE AHE3H5dh

<18 1> 3-D Digital Head Phantom Model 2] 2%

B =RoAd Al4E Target Methodd) f84& #2324 Phantom ©]
A e wh(0°)9) Iterative Method (1000 Iteration) Z 3¢} Target
Methods AH4# ZA#E Transmit Array #HAGoN 9 E2dEg 28
A zkel tidte} wmste] ®okch

<E 1> Iterative Y21} Target #Ale] A £QAIZF HIE

Iterative Method Target Method

RSD Time RSD RSD
Non 1.558 35 min 1.558 3 sec
Opt. 0.474 0.3601

<E 1> oA B F F Ud%0| lterative 3 LA HTHE Target Walo] &
SAZE FA AF % ol ROI e BFYE AXe £ o a4
Helg #a & & ok T3 Phantom® ©|€3 Simulation Z3=
<ag 2o ngen ad 9 B Fieldd $7YEE <E 2> 3
233t Octagonal Phantoms AHE 3 Simulationof A} Phantomo] 2° ¢}
A 3d 22 240l HW B Field o EFY=st Adgon H1sd
Driving Pattern& 42 Adalol & #d & 4 IAh(<E 29 22
FIRVE-



<18 2> Octagonal PhantomZ M2 W2 B, Field of BX

<E 2> Octagonal PhantomZ AI2HE T2 B, Field 2| ERUE

<18 3> Digital Human Head Model@ A2 E Wl By Field o X

<E 3> Digital Human Head Modelg AI2¥E Y B, Field & BZY
=

Driving Pattern &

Q,

Avg. e " Avg. -
Mag Phase STD RSD Mag Phase STD RSD
0° Ref. 0.0075 -118.6093 | 0.0123 1.5583 0° Ref. 0.0016 ~124.5832 | 0.0099 6.18721
0°opt 0.0056 1.0605 0.0020 0.3601 0%pt 0.0001 0.00573 0.0003 2.1391
Ref. 0.0096 -135.0380 | 0.0118 1.2230 Ref. 0.0012 157.7821 | G.0109 9.0910
1° 0%opt 0.0070 -(0.5894 0.0034 0.4844 1° 0°opt 0.0002 33.6286 0.0004 1.6818
1°opt 0.0075 -0.0721 0.0024 0.3173 1°opt 0.0003 8.9809 0.0004 1.0915
Ref. 0.0043 -126.3913 | 0.0084 1.9615 Ref. 0.0003 1289366 | 0.0069 22,1703
2° 0°opt 0.0027 ~7.2796 0.0033 1.2218 2° 0°cpt 0.0002 -8.2613 0.0006 3.6726
2°0pt 0.0034 1.7893 0.0012 0.3534 2°0pt 0.0001 7.9365 0.0001 1.2763
Ref. 0.0080 -130.4581 | 0.0096 1.0636 Ref. 0.0005 -85.7606 | 0.0072 15.6060
5° 0°opt 0.0051 -36.7377 | 0.0055 1.0870 3° 0°opt 0.0011 -4.8791 0.0079 7.3733
5%pt 0.0079 -2.3977 0.0024 0.2978 3°opt 0.0001 4.5355 0.0001 0.9838
Ref. 0.0061 ~-02.8762 | 0.0094 1.5300 Ref. 0.0033 11.1117 0.0127 3.8665
10° | 0%pt 0.0034 ~-49.5320 | 0.0049 1.4544 4° 0%opt 0.0014 170.7418 | 0.0045 3.1576
10°0pt 0.0052 1.4390 0.0012 0.2204 4%opt 0.0008 -5,1805 0.0009 1.1766
<% 2> Al& Phantom®l 3ol 0°d (914 Optimize B4 & t} B1-E1& 77 o] Phantome} 1° 2° 5° 10° &AL o Optimize ¥
& By Field o B3ols, A2% Target Method® F&4 Aoz 7 k& By Fieldd ¥ ¥ i B2-E2E A28 Optimization 317]918) A&
Hofdl

ol gt BEFUEE AMAE Wel By Fieldd ¥ 20|
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o} & Driving Patterng ol48tel A4kg By Field £3olth BI-E3e



A AE Driving Patterng o439 /IH€ B Fled 9 £Xg el

2.2 3-D Digital Human Head T{Ei& AB# Simulation

£ =8d4A A}45o2A 3-D Digital Human Head Model & 23749 3}
e 2 EAo] HoJgla voxel size & %A Phantom 2483% ZA 5 mm
2 AAsgth 3-D Digital Human Head Simulation €Al 24 Phantom
A3 FYaA Rectangular Loop Array(16-elements) & T4 9
Transmit ArrayE ol43t4 o™ AR 9} ul5s A58 A7) A3 Shield
Layerg ©1 43t RZHE NI 2HE Transmit Array & B335}
%A Phantom 4872 7ol A Phantomo] 2° o] 3jAsA =W =&
Driving Pattern & Al%taioF &8 #2314 719] Human Head Model 4
£ 9 AAF B, Field o ¥33 &du7] 918 00, 1°, 2°, 3°, 4°¢] dis}
49 Simulationg 433} ch.

<J# 4> 3D Digital Human Head Model

Human Model & |43 A ¥l Phantom 233+ g2 23749
Mg & Conductivity & 22 & 3 E0| Head Model ol ZA43t7)
w#9 B; Field 9 27957} Phantom 439 Lt ¢ o 2739%¢
g & & Atk Head Model o) W& A¥e <@ 3> <E 3o 3
g etk <2" Dol ALR 0°3 A WS G(dX)9 B, Field & # X
2 ez 9l A2%E Target MethodE o] &3t A4 E o)z Driving
Patterne o] &3l Optimize® B; Field & ¥ & veldct B1-E1& 7
710,20, 3%, 4° A AAE w2 B Field ¢ ¥£¥2 Jehlv, B2-E2& A
19| By Field®] 8TY=E N487] A8 Target Method ol &3te] A4t
% o]7 Driving Patterng ©|-43}4] B, Field®] ¥X & A4ta Zlojth B3~
E3% AMEA A4slold Driving Pattern o] 43ta A4 B, Fieldd £
Fo|t}. Head Modell M % A Phantom 2 3¢} H]5:3 A Human Head
7} 2° o] A AYE Wl By Field BEFYE7 v S 89 & & IdAqx
SAl MEZ% Driving Pattern & Addol & & & 4 YAhKE 3>
9] 23 5£) Simulationo] A A}&5 )7 Head Model2 <13 4> 4
BE A 22 REMCOMA A AE§ datas Ab&atdth <28 4>A
i Transmit Array 9 72& B9F7] 939 Shield Layers AA 39
2.3 Driving Pattern2| =%}

B =EdMEe By Fied 9 £7F4EE AAM&7] 993 Multi Coild
Driving Pattem(D)9] A& 8 A< Iterative & W42 AHE3HA
%3 Target RF fieldE A A7 §A9 Target Position®) 7}<=o wa}
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Driving Voltage’} #4 ¢ RMS(Root-Mean-Square)#te ZA %+ RF
Field7} #2¢ RMS Error2 2AY Lagrange MultiplierS Atg3te] 44
312 Fgst9 )l Optimization® Complex #d2 oz Axg FI3IAL
Target 2732 (1) 3 #},

7; Bl,l' "Bl,k Dl
B m
7| 1B, B0

714 n# k¥ 247 Target 9 A5 Transmit Array9} Ade] A5t
T, & Adsna &+ Target Field o 270", By kdd Y
Elemente] 9|3 nHA #49dde|M9 BHF Complex B Fieldelth. 7§13
1A5E B, Field ¥ Rotating Frame ¢ 2#@3te] & F718 JEd &
g3tk Target Fielde ©Z%8e #4389 Driving Patterne n>k¥
B4 tgw go} Axkdrh

D= B'B'B'T ©

24 o] g3td HHsY Driving Pattemg 7832 o1& |43t B

Fieldg Ax# § 1 #7448 Adstsich
3.g £
E =RoAt 3% MRINA 948 sud & e s

wool weh B Field o $#UE7 W3kas] 2o o|o| B} RF Field
& Mapping 39 Driving Pattern & M & Adsior & <1 35t B
Fieldd #d%e 949 4o 2 9%& & F 32 ot 2 NE9
sate] AMS Adtdd gojA 88 dFL dvh AAdATE AP
A Composite RF PulseZ o]4& Rapid B Field Mapping 713" & ¢
239 Bz 9xe¢] BE B; Fieldd ETYES F4sn & =F4A4

T T

Agtet Target Method £ o]&3te] W A7k o] #AAGGd & Al
2¢ Driving Pattern & AT Bt} £ Ed A4 §5 & ¢
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