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Design and evaluation of gustatory stimulation device based on functional magnetic resonance
imaging
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Abstract: Objective To design and evaluate the gustatory stimulation device, a common sense organ stimulation device.
Under the stimulus, the blood oxygen level dependent signal is used to obtain the functional magnetic resonance imaging
(fMRI). And there is no sophisticated scheme for gustatory stimulation device yet. Methods The design and evaluation of
gustatory stimulation device based on fMRI were proposed. The liquid delivery path of gustatory stimulation device was
designed; slave computer was the digital circuit with the core of microcontroller unit, delivering precise amounts of liquid; host
computer wrote the stimulation sequence for the practical requirement of users by using LabVIEW platform. The stimulation
sequence of host computer was sent to the slave computer by using the data acquisition card to execute the order, delivering the
quantitative gustatory stimulation in real- time. Results The designed device was used to perform the gustatory fMRI
experiment. The gustation-related activity areas like insula and island cover area were preliminarily verified by the obtained
fMRI images, achieving the function of designed gustatory stimulation device. Conclusion A gustatory stimulation device is
designed and evaluated in the experiment, and their availabilities and practicability were verified.

Key words: functional magnetic resonance imaging; gustatory stimulation; microcontroller unit; LabVIEW

[ 475 B #7]2015-08-19 B =
(E£TB P EFFE BRI & OF 50 H (YZ201313) 5 7T A4 F o ‘ ) _
SRRFEIE4 (BK20131171) I fERE AR 1014 (Functional Magnetic Resonance

(V& B IR (1990-) , &, 1+, B 52 05 1« RE SRR 1R o Tel: Imaging, MR £ A F H ARG A TCH ST 2540 9%
15501603309; E-mail: cecilia.liang06@gmail.com. et et SIS N ey e
Uit Vb AR B BRC B, Tel 18000016030, o 1 E A FRIBIOAEMURBOAR T i LR,

E-mail: xiaodong.yang@sibet.ac.cn., REAE M I PR RN 3L AR K SR A58 I , o v] DL SE B AE T



130

R, . —FIOE T ORI AR SR B 0B S 0

_77_

B R 58 WG 1) D Be T 2 5 N R 4E A3z )
B R IBFSY . 1990 4%, Ogawa %5 (35 E B JE 7R ik K
22 DLJRSCHG 2 ) 5 — B T MY A7 A 17 5 SR
4 = I D el 1K= 5 P 75 e 9 i == )
FHE EE 15 PP 5K P 5 5 S R A I ok . Ogawa
45120 Kwong %5 Fl Bandettini 454 BT 7 #9 3t <7
WF5T /N2 43 53] 2R FH I 480 7K PR A5t (BOLD ) 50 H I
T PG 7 P o A8 A HEA T M B 205 B A5, 3 2
FEEUER TAERZE % T fMRI B EERY . H AT, E b5 78
1222 R BREFATUR A A FMR 1 AR EA TR 5T B R
ZRE S/, 2007 4F , IMRIAS A 4 AR AE S5 [
EXH TR A E &I R ML 5 B B e T
fMRIA1E H #iE Z  fMRI B 280 I S BERF5E b
B E T H . ST aE R 15 Je 75 2%t H b2
A8 DX AT S5 KRR B A B, I s HERR T S I
T, ST e 2 ) B — AL B ARAL , [R] A i 2 [
A58 I Bk R B MR R A o i Dy RE A4
T R e R D RENG 2h RIS OS5 B,
DCSLI A R BRE R AR, X
] AR 1) 5 P AR (L8 W o WL fih o R
B ) e A L B R R S AR
B, JFRE MR U RERTFE X R B A R i ER
AR 2 A P R X OE R FMRI R D fig
FE A0 P I RE B DL A ], E R B e
R B R, © A 2R A (R At 3
A BCE RSO B i e AR A A AT HE Y I
IR B ) R T A A TR Ak XA A X LK
] SRR R M LA B A ) A, S A T R A
A 5 A% 50 PRI X

WA D S A T G 2 R R — L A
Bl | LR R R AR RN 2D SR AR SR X IR
BRI NARBR D8 87 ()R i, SR AR ik i R P

a: Design diagram

BARZORETH T —2 A b ke M R 4, g
PR EMRI Y 3 8 A o b A2 L8 1T % Lab-
VIEW B4 ] AR R 52 bR =R 4 5 )75, 8 ik A 1
T 20K S B A 6 5T AL RS g 2 kg il
i AR R 1IN 3 4 il =OR A H R R L 4k
LA 19 AR S (Al i TAE 7 Xy v)dte, 58
B B R B ARk o AR SO AR A I R R
FAFESE ARSI, BT RS R T 2 50 SCPIR
T T BRSE MR SER T 45 R i R 2R SR FIR
A AL 7 A TR SE B, IR T T DI REPEER
UESES . S50 PO R AR T A A B TR A
TSP R o R R A o 1 S 38, 8 R
T, TS . SR i Siemens 3.0T MRI
18 B EPL P AT 4148, S0 804 R I 56 T MAT-
LAB # {4 DPARSF . SPM 25 T HL A AT kb B, 52
U5 AR F T RO S AR T RE TG X W AFTE,
USIE T R SE A ke A mT

1.1 RFR BRI

e A AR T I R L R, R b
SIALPC i RAE R T AL ALE 2 B R Ak i 0% 3
B e HoA B B4y . EALHL PC £ B LabVIEW 5 1F
9 5 R IV s T AUV E A A% O FE IR
SR B0 I A R L %) S 5, 45 TR A A 226 3 1% 1Y)
AR B R A R BT 91 B i 2 A0UE B
FIR 5T NEHLEIAT ; 1l By FoL B0 23 o6 28 T DI RE L I
B HCOE R TAE,

HEAREF L B AE TARERTAE TREVDIRAS, EALHL
K H PC I 19 LabVIEW # {4, 3 1:F USB6008 %k 4 >k
R LabVIEW BYRIET N Ak 2= T Aibl, AL
FEAAFERAC TR A5 T AP B S R . b PR

b: Physical map

1 B IHERRRHRESSYE

Fig.1 Design diagram and physical map of stimulation device
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Fig.2 Schematic diagram of liquid delivery path
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Fig.3 Experimental stimulation sequence
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Tab.1 Results of gustatory stimulation on brain activation area

Activation center

Taste Activation area Area in brain Voxel
X y z
Sweet
Temporal-pole-Sup-L Superior temporal gyrus -48 20 -20 26
Brodmann area 47 -56 24 -28 56
Precuneus -14 -44 48 13
Parahippocampagyrus 26 -32 -18 35
Inferior frontal gyrus/BA47 Inferior frontal gyrus -46 28 6 26
Brodmann area 45 -40 20 6 21
Frontal-Inf-Oper-L -42 10 8 21
Occipital-Inf-R Inferior occipital gyrus 46 -82 -8 26
Occipital-Mid-R Middle occipital gyrus 38 78 0 26
Temporal-Inf-L Inferior temporal gyrus -44 -66 -10 11
Cingulum-Ant-R 6 46 2 13

Salty

Inferior frontal gyrus/BA45/BA13 Inferior frontal gyrus/insula 44 40 8 32

Precuneus-R
Occipital-Sup-R (Occipital-Sup-L)
Cingulate gyrus
Temporal-Inf-L (aal)
Frontal lobe

Superior parietal lobule

Cuneus 18 -78 44 22
Superior occipital gyrus 28 76 30 17
Cingulate gyrus -8 -10 -24 11
Inferior temporal gyrus -42 -22 -22 11
-10 32 -18 30

24 -66 54 11

Note: Parameter: P<0.01; Cluster>10; Degrees of freedom=[1.0,2.0]; Voxel size=[2.0,2.0,2.0] mm
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