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[ Abstract] This study designs a multi-source MRI digital radio frequency transmission method by applying multi-channel
parallel transmission technology and digital modulation technology to magnetic resonance imaging (MRI) radio frequency signal
transmission. This radio frequency method realizes direct digital frequency synthesis (DDS) through FPGA, stores the radio
frequency pulse waveform in the internal memory of FPGA, and performs digital up-conversion (DUC) by means of quadrature
mixing. This method is simple and easy to operate, improves the integration and flexibility, and applies multi-rate signal processing
technology to improve the flexibility of data rate changes. In addition, it uses the Xilinx’s digital signal processing (DSP)
development tool System Generator for design and development, reducing the difficulty of digital development. The design verifies
the function of multi-source digital radio frequency transmission, and the simulation and test results prove the effectiveness of the
transmission method.
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Fig.1 Block diagram of multi-source digital emission method
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Fig.2 Block diagram of designing scheme

3 DDS REGRIHEE
Fig.3 Block diagram design for DDS system
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Fig.4 Block diagram of interpolation filter design
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Fig.5 Interpolation effect of 21.29MHz baseband signal
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Fig.7 Two channels 63.87MHz, 21.29MHz 3SINC type soft pulse and Gaussian type soft pulse

33 itig

ZARGHEH VIVADO #17H %& , it T 4 B
MRI Sk & A R Ge, Xt 4 3038 R G5B 5%
DA FRR GG 00T, SUH TRE4 M RF, 4512575
P g e 1 FR. L PRI, UERH AR BT
BELITF;: 4 @B RS T, WHEHET Zyng-7000
RO/ IRA Z —, ML, A R
Ao XFTF 16 @I YR 32 @il , TR AR
SRR RGBT T

F1 FROE
Tab.1 Results of Resource Analysis

SFk BRAMs DSPs LUTs Registers

7]\

' (60) (80) (17 600) (35200)
RF 32 60 5054 7283

4 L5E

ARSCEI T —Fh Z ISR S i, %07
LN System Generator JF &34, LAAT AL R TR
T A TECT AT K o AT BT B 2 U5 S0 k5 T
B, wOriEs ECEETREOR, A g et
DDS . DUC, NAfiEMISF R 58, #4121 DDS, DUC
I 1 B RE 2ot T2 2R IR, [ RERAIG T 4K
FACTF R BIMERE , Pl T A JEI, i MRI 295407
SR AR T T 5.

S 30k

[1] FENG K, HOLLINGSWORTH N A, MCDOUGALL M P, et al. A
64-channel transmitter for investigating parallel transmit MRI[J].
Transactions on Biomedical Engineering, 2012, 59(8):2152-2160.

[2] TWIEG M, GRISWOLD M A. High efficiency RFPA module for pTX
at 3 T[J]. Other, 2017, 78(4): 1589-1598.

3] Z%4. S9atrRg S @ EHIRL A B3 [D]. b7 b

[4]

[3]

[6]

[7]

[8]

[9]

I KZF, 2016.

LI Yuwei. Design of multi-channel RF generation circuit for high-field
magnetic resonance imaging[D]. Beijing: Beijing University of
Chemical Technology, 2016

TANH BT R F L. R H ARG LA —F RAS
FEAAR[T). 7B EFBRIA, 2011, 27 (9): 19481950
PHILIPS HEALTHCARE DIVISION. Future of ultra high field MRI:
MultiTransmit parallel RF transmission[J]. Chinese Journal of
Medical Imaging Technology: 2011, 27(9): 19481950.

WM E. SRAEERE AR —21 MGtk LRI @[]
EffEARE, 2010, 31 (6): 131-132.

HU Congyun. Multi source magnetic resonance technology — the
development direction of high field magnetic resonance in the 21st
century [J]. Chinese Medical Equipment Journal, 2010, 31(6):
131-132.

CHUN 1Y, SONG N, LOVE D J, et al. Mean squared error based
excitation pattern design for parallel transmit and receive SENSE MRI
image reconstruction[J]. IEEE Transactions on Computational
Imaging, 2016, 2(4): 424-439.

REUE, ATAH, AT, &, KT HF S ER R AU
HE AR kEFRE, 2018, 35 (3): 318-327.

ZHU Yunfeng, HE Wei, HE Chuanhong, et al. A nuclear magnetic
resonance radiofrequency pulse transmitter based on digital
modulation technology[J]. Chinese Journal of Magnetic Resonance,
2018, 35(3): 318-327.

DE MENEZES N R, HERNANDEZ H D, CARVALHO D, et al.
All-digital FPGA-based RF pulsed transmitter with hardware
complexity reduction techniques[C]//2020 33rd Symposium on
Integrated Circuits and Systems Design (SBCCI), 2020: 1-5.

EILF. —A#HA MRI 34069353 A AR KB [D]. A e F
E A FH AKX, 2011.

PAN Wenyu. Design and key technology research of a novel MRI



(CEWBE 2 TR ) 2023 4255 4 B3 3 ) BEFRUK

* 259 -

[10]

[11]

[12]

[13]

spectrometer[D]. Hefei: University of Science and Technology of
China, 2011.

TEKX. —# 2. 5GHz #F L LM B w9kt 5 KAD]. B B4
wFAHHE KR, 2018.

DING Xinghuo. Design and implementation of a 2.5GHz digital
upconverter [D]. Xi’an: Xidian University, 2018.

B B AR RS 49 BE A (D] BT ELITRFE, 2014
LIU Min. Preliminary study on miniature NMR instrument[D].
Xiamen: Xiamen University, 2014.

X#, SeHE, R, F. KT System Generator 494157 A4

i KA MRIAZ 538477 ik [J]. KB F&&, 2019, 36(3): 278-287.
LIU Ying, FAN Shufei, SONG Minghui, et al. An MRI signal
receiving method based on radio frequency direct band-pass sampling
with System Generator[J]. Chinese Journal of Magnetic Resonance,
2019, 36(3): 278-287.

5 A 3. &F FPGA 5 DDS 497335 RS FU A K 2k 35 04 514
[D]. 43 dbFALITRF, 2013.

[14]

[15]

[16]

MA Yueping. Development of magnetic resonance imaging RF pulse
generator based on FPGA and DDS [D]. Beijing: Beijing University of
Chemical Technology, 2013.

AR Z AL, MRI A6 - 5| 42 %) 5 490K A& 934484 [D]. b7w: bR
I XF, 2014,

ZHAO Ruyan. Sequence control and RF generation circuit design of
MRI spectrometer [D]. Beijing: Beijing University of Chemical
Technology, 2014.

#A%. MIMO &4t % %t ¥ LT System Generator #9405 ¥ 97 % 4.4
%It [D]. Rk KR K%, 2010.

HU Ling. Design of digital intermediate frequency system based on
System Generator in MIMO transmission system[D]. Wuhan: Wuhan
University of Technology, 2010.

ELAMARAN YV, VAISHNAVI R, ROZARIO A M, et al. CIC for
decimation and interpolation using Xilinx system generator[C]//2013
International Conference on Communication and Signal Processing,

2013: 622-626.



