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Evaluation of the neural dynamics of three-dimensional object perception and
manipulation
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The objective of this study was to analyze human brain activities underlying the
three-dimensional object perception from visual motion especially in terms of the neural information flow
between various brain regions, and also, to develop the method to evaluate individual performance in
mental three-dimensional object manipulation. The results show that the three-dimensional object
perception from motion relies on the cooperative engagement of higher order visual processing that takes
place both in the dorsal and the ventral visual pathways located in the occipital, parietal and inferior
temporal lobule. The results also indicate that the individual performance in three-dimensional object

manipulation correlates with the gamma-band brain activities measured in the occipital and the parietal
areas.



3D-SFM

fMRI

3D-SFM
(GA. Orban et al.,1999 )

(EEG) (MEG) fMRI

( ) (S.
iwaki et al, 2002 ) 3D-SFM

(S. Iwaki et al.,
2007)

(mental)

(MEG)

fMRI

MEG-fMRI

(ROI)

(Granger Causdlity)
ROI

mental rotation
(EEG) (MEG)

MEG-fMRI

(dorsal visua system)
(ventral visual system)

Granger

(3D-SFM)
MT -

P - pIT

pIT PO



Random

ke P A

Occipital visual area (V1/V2,

PN SO = AV

Occipital visual area (V1/V2)

220 ms

arieto-occipital
junction

ke EA

Intra-parietal
area

380 ms

Inferior-temporal area

1 MEG-fMRI
3D-SFM
MT:Middle temporal area
MT PO: Parieto-occipital area
\1, IP: Intra-parietal area
PO pIT: posterior intero-
temporal area
IP > pIT
Random
MT
PO
IP pIT
2

(S. Iwaki et al., 2013)

Occipital area

Frequency [Hz]

Frequency [Hz]

Y

(30 Hz)

E_
40 I ‘\{%‘ 1] -
imm
30 . — - - il 1
20F
10 : .
0 500 1000 1500
Time [ms]
‘ - -
- — N
- e
20
10— : - .
500 1000 1500
Time [ms]
N R
00001  0.01 NS 001 00001
P-values for correlation analysis
3

MEG -



GA. Orban et al., Human cortical regions
involved in extracting depth from motion,
Neuron, 24: 929-940, 1999.

S. lwaki et al., Visualization of the brain
activity during mental rotation processing using
MUSIC-weighted lead-field synthetic filtering,
IEICE Trans. Info. & Syst., 85-D: 175-183,
2002.

S. Iwaki et al., Neuromagnetic brain responses
during 3D object perception from 2D optic flow,
Excerpta Medica, 1300: 543-546, 2007.

S. Iwaki et al., Dynamic cortical activity during
the perception of three-dimensional object
shape from two-dimensional random-dot
motion, J. Integr. Neurosci., 12; 355-367, 2013.

32

D. Ueno, K. Masumoto, K. Sutani, S. Iwaki,
Latency of modality-specific reactivation of
auditory and visual information during
episodic memory retrieval, Neuroreport,

, vol. 26, 2015, 303-308
DOI: 10.1097/WNR.0000000000000325
K. Nishimura, T. Aoki, M. Inagawa, Y.
Tobimatsu, S. Iwaki, Brain activities of
visua thinkers and verbal thinkers: a MEG
study, Neuroscience Letters, , vol.
596, 2015, 155-160
DOI: 10.1016/j.neul€t.2015.03.043
S. Iwaki, Visualization of human cognitive
processing by MEG Proceedings of the

XXXlIst URSI General Assembly and
Scientific Symposium, , vol. 31,
2014, 1-4

DOI: 10.1109/URSIGASS.2014.6930115

T. Kagawa, N. Narita, S. lwaki, S. Kawasaki,
K. Kamiya, S. Minakuchi, Does shape
discrimination by the mouth activate the
parietal and occipital lobes? - near-infrared
spectroscopy study, PLoS One, , vol.
9, 2014, 108685

DOI: 10.1371/journal .pone.0108685

S. Iwaki, G Bonmassar, J W. Belliveay,
Dynamic cortical activity during the
perception of three-dimensional object shape
from two-dimensional random-dot motion, J.
Integr. Neurosci., , vol. 12, 2013,
355-367

DOI: 10.1142/S0219635213500210
S. Iwaki, N. Harada, Mental fatigue
measurement based on the changes in flicker
perception threshold using consumer mobile

devices, Adv. Biomed. Eng.,
2013, 137-142

DOI: 10.14326/abe.2.137

S. Iwaki, M. Tonoike, Stimulus-feature
specific modulation of the visual processing
by audio-visua intermodal orientation of
attention, Neurosci. Biomed. Eng., ,
vol. 1, 2013, 116-124

DOI:
10.2174/2213385202666140207002650

H. Ora, K. Takano, T. Kawase, S. Iwaki, L.
Parkkonen, K. Kansaku, Implementation of a
beamforming  technique in real-time
magnetoencephal oghraphy, J. Integr.
Neurosci., ,vol. 12, 2013, 331-341
DOI: 10.1142/S0219635213500192

S. lwaki, Induced gammaband brain
responses to direct eye contact in the frontal
and parietal cortices, Proc. 35th Annual Conf.
|EEE Eng. Med. Biol. Soc., ,vol. 35,
2013, 6183-6186

DOI: 1109/EMBC.2013.6610965

, vol. 2,

S. Iwaki, Multimodal neurcimaging to
visuaize human  visual  processing,

Biomedical Engineering and Cognitive
Neuroscience for Healthcare, , 2012,
274-282

DOI: 10.4018/978-1-4666-2113-8.ch028

T. Mori, Y. Maekawa, Y. Akiyama, F
Mishima, K. Sutani, S. Iwaki, S. Nishijima,
Fundamental study  for  controlling
environment using biological signal, Control
and Intelligent Systems, , 2012, vol.
40, 151-159

DOI: 10.2316/Journal.201.2012.3.201-2342
T. Hamada, S. Iwaki, The speed of menta
addition in an abacus expert, estimated by
eye movements and neural activities, Percept.
Motor Skills, , 2012, vol. 115, 1-6
DOI: 10.2466/22.04.11.PMS.115.4.1-6

S. lwaki, Dynamic brain responses to eye
gaze perception between directly facing
subjects, Proc. CME 2012, , 2012,
705-708

DOI: 10.1109/ICCME.2012.6275652

S. Iwaki, G Bonmassar, JW. Belliveau,
MEG-fMRI integration to visualize brain
dynamics while perceiving 3-D object shape
from motion, Proc. 26th Symposium Biol.
Physiol. Eng., , 2011, 638-640

DOI: 10.1109/IEMBS.2011.6091218

49
S. lwaki, Interaction between the dorsal and
ventral visual systems during 3D-SFM: an
MEG-fMRI study, 20th Annual Meeting of
the Organization for Human Brain Mapping,
2014 6 12 ( )



, 35 ,
2014 6 6 (
)

S. lwaki, Induced gammaband brain
responses to direct eye contact in the frontal
and parietal cortices, 35th Annua Conf.
IEEE Eng. Med. Biol. Soc., 2013 7 4

: ( )
S. lwaki, Direct eye contact increases
gammaband oscillations in parieta and
frontal cortices, 36" Annua Meeting of the
Japan Neuroscience Society, 2013 6 22

, )
S. Iwaki, Event-related changes in the
gammaband activity reflect individua
performance in menta rotation, 19th Annual
Meeting of the Organization for Human
Brain Mapping, 2013 6 17

« )
S. lwaki, Visuaization of human visual
processing by MEG and fMRI, National
Taiwan University MEG Educationa
Training & International Symposium, 2013

1 24 ( )
S. lwaki, Performance-dependent changes in
gammaband brain activity during mental
image processing, 42th Annual Meeting of
the Society for Neuroscience, 2012 10
12, C )

http://staff.aist.go.jp/s.iwaki/

M

()

(€)

IWAKI, Sunao

70356525

NAKAI, Toshiharu

30344170

KUMADA, Takatsune

70221942



