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Abstract: Conventional MRI ( magnetic resonance imaging) equipments are usually bulky expensive large
noise and difficult to set up which limits their wide application. Low field mobile MRI devices are expected to
solve these disadvantages. In the conventional magnetic resonance imaging small sample is surrounded by a
large magnet and the image is taken in the highly uniform magnetic environment ( <5 ppm/40 mm DSV) . The
hardware design of the conventional magnetic resonance imaging and its corresponding technology are relatively
mature and perfect. The open NMR ( nuclear magnetic resonance) system is based on extremely inhomogeneous
magnetic field conditions ( >1000 ppm/mm DSV) and has a wide gap between the traditional hardware design
and imaging techniques and the difficulty is also increased dramatically. This paper reviews the origin
development and key technologies of the low field open magnetic resonance imaging technology including
hardware such as magnet RF coil gradient coil and method such as the design of radio frequency pulses
imaging sequence image post processing. The aim of the review is to provide insights about the research and
development of mobile MRI equipment.
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Fig. 1 Based on the u-shaped magnet: MRI-
MOUSE ® . (a) A u-shaped MRI-MOUSE magnet;
(b) Magnetic field intensity distribution along the x

direction as a zero point from magnet surface
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distribution of the sensitive area; (c¢) Magnetic field
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Fig.3 A MRI-MOUSE of 3 d imaging based on U-shaped
magnet " . (a) A U-shaped MRI-MOUSE magnet; (b)
Magnetic field intensity scanned at 0 30 and 75 mm from
the magnet surface; (c¢) Magnetic field distribution along

the y axis
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Fig.5 Unilateral magnet model ” . (a) Magnet structure;
(b) The magnetic field distribution of magnet
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Fig.6 Magnet structure * . (a) The magnetic field
distribution of the initial structure; (b) The magnetic
field distribution of optimized magnet
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Fig. 7 Three magnets structures of different

curvature . (a) Magnet structure 1; (b) Magnet
structure 2; (¢) Magnet structure 3; (d) The magnetic

equipotential line of three magnet structure
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Fig.8 Main magnet structure of unilateral magnetic

resonance based on linear Halbach array " .

( MRI-

MOUSE)
8 ( 9(a)) " -
( U MRI-

MOUSE)

(
9(b)) .
9 B, (a) 8
(b)

Fig.9 Plane rf coil ** . (a) Figure 8 rf coil;

('b) Plane solenoid coil

1992 Komu  Kormano (
10) .
I\h  d
HP4 815 A
0.02T

20

o

1993 Sun-Ling



220 37
10 20
Fig.10 Low-field cup volume coil *
12 RF 2
Fig.12 A photograph of the open RF coil *
o 2 mm
1.3
©~ R n o
NMR-MOUSE
- 13(a) =« x
z z
. 13(b) 50x 50
o 11( a)
s R FOV 4 cm X4 cm 1 mm,
¢ 13( ¢) 13( d)
R=c,(c,=¢) CinGy 24
11(b) (¢) 4 5 2008
5
4 o
Tomanek ( 25
2 °
12) 2016 o MRI NMR
2
2014 o
2
11 . (a) s ; (b) 4 ; () 5

Fig.11 The solenoidike coil and the magnetic field distribution ' . (a) 5-turn optimized breast coil; (b) Magnetic

field distribution of 4-turn optimized breast coil; (c) Magnetic field distribution of 5-turn optimized breast coil
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Fig. 13 NMR-MOUSE gradient coil and its
imaging > . (a) Gradient coils fitted in the NMR- MRI 90°
MOUSE; (b) An image taken by the sensor in
picture (a); (c¢) Flat gradient coil fitted in the
NMR-MOUSE; (d) An image taken by the sensor
in picture ( ¢)
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. Fig.14 The echo excited by conventional sinc-pulse * .
Bloch (a) CP sequence: echo chain excited by 4 180° sinc-pulse

with 3 lobes; (b) CPMG sequence: echo chain excited by
4 180° sinc—pulse with 3 lobes



222 37
180° RF 7
R 180°
31 90°
: SLR ?
3
29
2.2
2.2.1
15 %
; Fig. 15 One-dimensional pure phase coding spin
echo sequence **
( )
16 37
2.2.2 ’ Fig.16 Two-dimensional phase encoding spin echo sequence
( single point imaging SPI) 2.2.4 CPMG
2004  Blumich (
o 17) 38
3435
FID o 180°
T/m FID . RF
2000 Ty
Prado ( .
15) NMR-MOUSE Ty
36
2.2.3 Hurlimann
2003 Blumich ¥ 180°
( 16) o y
y x
(Th) o 180°



2 : 223

17 CPMG »

Fig.17 CPMGHike sequence *
xoy
x ¥ o
18 2, (a)
o ( 15) © (b)  FSE
Hurlimann
0, Fig.18 Phase coding multiple echo sequence ** . ( a)
2.2.5 FSE Multiple echo sequence directly extension by the
2.2.4 Hurlimann - Griffin single echo imaging sequence ( figure 15); (b) FSE-
Balibanu like sequence
CPMG CPMG .
41 . °
o Blumich 18( a)
2003 19( b)
( 18( b)) 2
19( a) 18( a) 18( b) FSE
8 ( )
19 “ 5 (a) 18( a) i (b) 18( a)
i (0 18( b)

Fig.19 Simulation echos based on different sequences ** . (a) Simulation echos based on the sequence in picture 18 a; (b)
Simulation echos with the sequence that the gradient pulse in the sequence of graph 18( a) is moved to the front of the refocus

pulse; (c) Simulation echos with the sequence in picture 18( b)
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