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Non-invasive brain imaging of target motion prediction

and its application to Brain Network Interface *

Dai Kawawaki

Abstract

To elucidate human brain function has large expectations in brain science and med-
ical engineering. In recent years, studies of interface connecting brain to computers
have been developing rapidly. For instance, a cursor on the computer screen can control
by using electroencephalograms. However, there are many problems to utilize those
technologies generally: safety, accuracy, and user-friendliness. For these problems,
it is expected to use Brain Network Interface (BNI) leveraging high spatio-temporal
information in specific cortices based on knowledge of neurosciences, estimated by
multiple non-invasive brain imagings. The aims of this study are to elucidate hu-
man brain mechanisms during predicting a target motion by using functional magnetic
resonance imaging (fMRI), and to utilize the activities during tracking the target for
BNI. The fMRI experiments suggested that lateral occipito-temporal cortex (LOTC)
were responsible for target motion prediction. Moreover, | examined whether the high
spatio-temporal information in the cortices related to the prediction were read out us-
ing magnetoencephalography by means of a hierarchical variational Bayesian method
which integrates knowledge acquired by collateral fMRI studies. The result showed
that the information read out from LOTC were able to reconstruct the target velocity.

Keywords:

Brain Network Interface ,target motion prediction, fMRI, MEG, hierarchical Bayes

*Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of Informa-
tion Science, Nara Institute of Science and Technology, NAIST-IS-DD0461009, January 30, 2008.
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A Overt pursuit task

Overt pursuit vs. Rest
f-’ L3

th—3

JNTA

3.08 N 863 (p <0.001 uncorrected: Mask - a)
451 I 3 .63 (p <0.05 corrected: Mask - b)

B

Blink vs. Continuous

ﬁ "\ V/
331 733 (for Mask - a)

.3 732 (for Mask - b)
3.61 732 (for DLPFC)
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Continuous vs. Blink
Y =-92
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B 4 .02 (for Mask - b)

] 347

D Covert pursuit task

——

Covert pursuit vs. Rest
s

/ %

. f ‘\\‘ > ’ 7
i N
3.28 " 8-54 (p <0.001 uncorrected: Mask - ¢)

478 I ¢ .54 (p <0.05 corrected: Mask - d)

E

Blink vs. Continuous

\ }.. j \\‘- /
334 5 41
324 5 41

(for Mask - ¢)
(for Mask - d)

F

Continuous vs. Blink
Y=-84

\\

2.94 -3.61 (for Mask - ¢)
2.67 I3 61 (for Mask - d)

[0 2 overt pursuit taskl covert pursuittask 00O fMRIO O OOOOOO0O
A)-C)0J D)-F) 00000 Jovertd 00O covertpursuittask 000000000
O00000000000000000000 ZODODA)OOODODOOOoOoOoO0OO
0000000000000 000000000000000d inclusive mask O
000 Mask-all Mask-id1 000 b)-c)dOO0O0O00OB)Mask-ad OO b0 OO
00 Oblink vs. continuous condition 0 00000000 OOO [p<0.05, corrected:
Mask-a (red), Mask-b (yellow)[J OO OO O DLPFCO OO0 O0OOOO [p<0.05,
corrected]. C) AY] Mask-all 0 0 b O O O O blink vs. continuous conditionl [
00000000000 [p<0.05, corrected: Mask-a (blue), Mask-b (cyan)]. covert
pursuittaskl 0 00000 D)-FOO0O0D0OOO 10000
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0 0O O overt pursuit task covert pursuit task [0 [0 [0 attend-to-stationary target
taskDDOOOOOMTOOMSTOOODODOOODDODOODODOODOOODOO
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gobubooouoooobouoooboobouoooouooooon
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0ododoooooooooodoooodonooooooooooooon
O0O00O0DLPFCO0ODUOODOOOOOOODOOOODOOODOOOnO PreCdd
MSFCOIPCOOODOODOOOOOO LOTCO DO O O Ocontinuous conditionl [
00 blinkconditionD O DO 00000 OODOODO [p<0.05, corrected for multi-
ple comparison for both types of inclusive mask§)LPFCC 00 0 0O 0 O continuous
conditiond 00 O O blink conditionD0 0000000 OOO [p<0.05, corrected] O
2-B00 100000V100O0OO continuous conditionl O 00 O blink conditiond
0000000000 [p<0.05, corrected for multiple comparison for both types of
inclusive masks][( 2-C,0 1). 000000000 DOOODOOOOOOODOO
0o0dooooooboooooooooooooooooooooooooon
O0000D00 MSFCO IPCOO0OD0OO0OODODODO0ODOOODODOOOOOOn
000000000 [p<0.001, uncorrected] O 200

O0OOcovertpursuittask 0000000000 PreCIPCOOOOOONO
LOTCOODOO VIODODOOooOooooooooooooooooooooooao
0000000 oooddononooon
00 [p<0.05, corrected] DLPFCO O O 00O OO OO [p<0.001, uncorrected]™
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O0000002000000000covertpursuib 0000 O0OO0O0OO0O0OOOO
000000 [p<0.05, corrected andq.001, uncorrected|0 000000000
O0000DLPFCOOODOODOODOODOODOODOOOOD LOTCOOOO
0000 LOTCO OO OO O OO continuous conditionl 0 00 0 blink condition™
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[0 1 overt pursuit task covert pursuit task attend-to-stationary target task [ [
Jdo0odoooo MNIOOO zZzod

Overt pursuit task Covert pursuit task Attend-to-stationary target task

Cortical area overt pursuit vs. rest blink vs. continuous covert pursuit vs. rest blink vs. continuous attention vs. rest

X y z  Z-score X y z  Z-score X y z  Z-score X y z  Z-score X y z Z-score
V1
Left -4 -2 0 782" 20 94 -6 -4.02%¢ 210 86 -10 4.96" - - - - -2 -84 <10 3.60%
Right 10 -8 6 7727 24 92 4 370 10 -8 -10 561 10 -84 -8 340" 12 88 -10  421*
Posterior LOTC
Left 50 <70 6 8.63" 52 66 -4 618 48 0 6 7557 - - - - -46  -68 6 3.30%
Right 46 62 4 8527 64 54 0 485" 52 66 0 7907 - - - - 46 -74 2 3.88*
Anterior LOTC
Left - - - - - - - - 64 50 12 589" 44 52 60 341
Right - - - - 52 -40 10 377 60 -54 8 656" 66 44 0 343"
Superior LOTC
Left - - - - 5460 16 5.66™ - - - - - - - -
Right - - - - 34 720 20 458 - - - - 52 72 18 483
IPC
Left 230 -0 52 7787 24 52 50 6.89%° 36 48 58 6277 - - - - -28 58 48 4.32%
Right 40 38 48 7.06” 28 68 40  556™ 30 52 60 673" - - - - 28 56 56 4.54%
Mesial PCC
Left 30 -6 54 8147 38 -6 64 5457 28 6 54 5637
Right 38 6 52 807 24 2 70 6.06™ 30 -10 52 6397
Lateral PCC
Left -S540 40 7947 S50 10 44 5.80™ 50 0 40 496" - - - -
Right 52 0 46 7617 50 8 40 500 56 2 38 496" - - - - 46 2 34 338
MSFC
Left/Right 4 2 66 776" 4 14 56 5.66™
DLPFC
Left - - - - 32036 42 5.05%° 38 24 50 344
Right - - - - 34 28 38 468 -

“**>and “*’ depict the significant level P<0.05 (corrected for multiple comparison) and P<0.001 (uncorrected), respectively.
‘svc’ depicts the significant level P<0.05 (corrected based on interested volumes, see the text for details).

02 MRIDOOODODODODODOODOOOOOOODOOOODOODOObOODOO
MNIOOO zZODO

correlation with saccade frequency

Cortical area X y z Z-score

IPC
Left -54 -30 58 3.66"
Right 52 -52 46 3.29"
Inferior MSFC
Left -10 16 40 4.11°
Superior MSFC
Right 10 8 74 3.64"
“*’ depicts the significant level P<0.001 (uncorrected).
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