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- 1970F, REREBRATEE L
- REARFHEFHHEEZNER (RATHRZE BEEE)
AV T AT IRKZELREET ( Ph.D, Computation
and Neural Systems )
c N=NN—=R, TUVARNY RFEZET, 20045F & V) ATRICENT
+ 2008F, ATR: #HREEHFMRE- ER (NAISTEEHER )
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DT 7Y A RINHKA > T F ] (https://www.nhk-ondemand.jp/)
DIIR—  FBHETHAIVRZERO IDOHBAHNEZIZ ! ? KA
A A= R ERAIHR]
https://www.nhk-ondemand.jp/goods/G2013048607 SAO0OO/
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[#HA8 T Vol.34 No.7 (201578 5)
FWAT,HILFRE
%5 £E : Decode of the Brain
ErDREFRO =77 0—F (B A ZE)
http://gakken-
mesh.jp/journal/detail/9784780901689.html
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Yisual image Reconstruction
from Human Brain Activity
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OKY N (BMI) BB GEBR o

(Kimura, Imamizu, Shimada, (Miyawaki, Uchida, Yamashita, Sato,

Oztop, Harner, Kamitani , 2006)  Morito, Tanabe, Sadato, Kamitani, 2008) ([ °orikawa, Miyawaki, Tamaki,
Kamitani, 2013)
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CZITHASNTULV=EEZFHIBRLELT=

Youtube B[]
THE ANATOMY OF THE BRAIN PART 2
https://www.youtube.com/watch?v=Qn4NArz385U
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CZITHASNTULV=EEZFHIBRLELT=

Youtube Efj [E]
Blue Brain Project - Flying through the column
https://www.youtube.com/watch?v=cXw3NW;j2L-s
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ZFEFOHMEICLY,
CITHAShTUWV-ERZHIBRLELT-

i EEID SRR X
Larry Squire et al. eds. Fundamental
Neuroscience, 2nd edition, Elsevier, 2002.
http://store.elsevier.com/product.jsp?isbn=97
80080521800&pagename=search
P744 Fig27 .13
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EEMEE
http://www.nips.ac.jp/fmritms/contents/brain-activation-inspection.html
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ZEEZFDHEEIZEKY.
ZZIZHEASN TV =B ZEHIBRLELT-

fMRIOD B & Eh 5T A ENE
J boynton
http://www.cns.nyu.edu/heegerlab/index.php
?page=demos&id=vimt
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(Kimura, Imamizu, Shimada, Oztop, Harner, Kamitani , 2006)
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(Kamitani and Tong, Nat Neurosci 2005)
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KBENANNOTFOA—FT120

(Kamitani and Tong, Nat Neurosci 2005; Curr Biol 2006; Kamitani and
Sawahata, Neuroimage 2008; Tong et al. Neuroimage 2012)

Decoded
Trained orientation
decoder
(linear SVM)

Novel data




Visual Pathway

Uneroased ﬁhﬂ:
Optic chiasma

Optic tract
Commissure of Gudden

Pulvinar

Lateral geniculate body
Superior colliculus
Medial geviculate body

Nucleus of oculomotor nerve

Nutcleus of trochlear nerve

Nuclews of abducent nerve

@ Cortex of occipital lobes



FAOEBRN - 1 —0O2 OFTH
(Hubel and Wiesel)

Z1EHEZDAEESIZKY
CCITHASN TV =MEZFHIBRLELT-

ALLER—2—0O 2 EHRIENE
Hubel & Wiesel's demonstration of simple, complex
and hypercomplex cells in the cat's visual cortex
https://www.youtube.com/watch?v=jw6nBWo21Zk
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[

pib ik
piklialin

% (cf., Boynton, 2005; Rojer and -7 | \ N~
Schwartz, 1990)

Information from subvoxel representation via random bias of voxel
sampling due to irregular columnar and/or vasculature structure
(Kamitani and Tong, 2000 ) o e e e e o, e Neresdenc 8 541

http://www.nature.com/neuro/journal /v8/n5/full/nn0505-541.html
doi:10.1038/nn0505-541

(See also: Op de Beeck, 2009; Kamitani & Sawahata, 2009; Gardner, 2009; Shmuel
et al. 2009; Kriegeskorte et al 2009; Mannion et al., 2009; Swisher et al. 2010;
Freeman et al. 2011; Clifford et al., 2011; Chaimow et al 2011)
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(See also: Op de Beeck, 2009; Kamitani & Sawahata, 2009; Gardner, 2009; Shmuel et al.
2009; Kriegeskorte et al 2009; Mannion et al., 2009; Swisheret al. 2010; Freeman et al. 2011;
Clifford et al., 2011; Chaimow et al 2011)
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(

Kamitani & Tong, 2005, 2006)
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Common neural representation
for perception and imagery

(Kamitani and Tong, 2005, 2006; Stokes et al.,2009; Harrison et al., 2009)
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(Kamitani & Tong, Current Biology 2006)

Decodedgglirection

N /
\ 7/
A\ R4
V4 N\
A \ A
/, \ // \ /, \ // \
7 \ / N /7 \ / A

V1-V4 800 voxels)

Kamitani and Tong (2006) Decoding Seen and Attended Motion Directions
from Activity in the Human Visual Cortex, Current Biology 16 (11): 1096—
1102, p. 1097 Fig. 1: Decoding Analysis of Ensemble fMRI Signals.
http://www.sciencedirect.com/science/article/pii/S0960982206014643
doi:10.1016/j.cub.2006.04.003



(Hassabis et al. Curr Biol 2009)

Hassabis et al. (2009) Decoding Neuronal Ensembles in the Human Hippocampus, Current Biology 19 (7): 546-554, p. 548 Fig. 2B, C, D, E.
http://www.sciencedirect.com/science/article/pii/S0960982209007416
doi:10.1016/j.cub.2009.02.033 CC BY 3.0
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(@) Neural art appraiser

TFained with:
‘Picasso’
Voxels Image  Voxels
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s 0T~ (Yamamura, Sawahata, Yamamoto,
T ] Kamitani, Neuroreport 2009)
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Brain—-machine hybrid intelligence
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dimensions

1

Brain

Many states/
dimensions
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Features Modules

‘ ‘ Decoder #1
‘ ‘ Decoder #2

‘ ‘ Decoder #3

(Miyawaki, Uchida, Yamashita, Sato, Morito,
Tanabe, Sadato, and Kamitani, Neuron 2008)



Miyawaki et al. (2008) Visual Image Reconstruction from Human Brain Activity using a Combination of Multiscale Local
Image Decoders, Neuron 60 (5): 915-929, p. 917 Fig. 1A.
http://www.sciencedirect.com/science/article/pii/S0896627308009586
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(ZOALBEEG, MZERFE, TILTTRYN)
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Miyawaki et al. (2008) Visual Image Reconstruction from Human Brain Activity using a Combination of Multiscale Local
Image Decoders, Neuron 60 (5): 915— 929, p. 918 Fig. 2A.
http://www.sci d ect.com/science/article/pii/S0896627308009586

doi:10. 1016/J ........ 2008.11. 004
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X

Miyawaki et al. (2008) Visual Image Reconstruction from Human Brain Activity using a
Combination of Multiscale Local Image Decoders, Neuron 60 (5): 915-929, p. 918 Fig. 2A.

Movie S1.
http://www.sciencedirect.com/science/article/pii/S0896627308009586

doi:10.1016/j.neuron.2008.11.004
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Visual images

EIREE

Data-driven estimation
of image bases

W,

Wi
. . . Image bases Voxel weights
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Encode model P(r|l)
Fujiwara et al. (2013) Modular Encoding and DeCOde mOdeI P(I | r)

Decoding Models Derived from Bayesian
Canonical Correlation Analysis, Neural
Computation 25 (4): 979-1005, Fig. 1A.
http://www.mitpressjournals.org/doi/abs/1
0.1162/NECO_a_00423#.Vsq__VICOVM
doi:10.1162/NECO_a_00423
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Z1EHEFDEEIZKY.,
CCIZHRASNTULV-ESEHIBRLELS-

ADEVCRSGTENEER
Nishimoto et al. (2011) Reconstructing Visual Experiences from
Brain Activity Evoked by Natural Movies, Current Biology 21 (19):
1641-1646, p. 1644 Fig. 4A, B, C.
http://www.sciencedirect.com/science/article/pii/S096098221100

9377

(d0i:10.1016/j.cub.2011.08.031)




Encode and decode models

O¥ Encode \

O

* model » -3
el O

(Kay et al. Nature 2008;
n Mitchell et al. Science 2008;
£ Thiron et al. Neuroimage 2006)

%k | OLWBLF &P Decode
ind o model @ m

(Miyawaki et al. Neuron 2008)
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ZZICASh TV =EEFEIBRLELT=

The SunDF¥TJTFvER
[DREAMY scientists say they will come up with new
technology which shows what is on our minds when
we're ASLEEP. ] (August 23, 2009)
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Neural decoding

AZAMIETOLGT &

(Horikawa, Miyawaki, Tamaki, Kamitani, Science 2013)



