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| have not failed.

've just found 10,000 ways that won't work,
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HICHZ ZSEIX| 24= 188 JEX| 9] BHH S ZHOHH A 0|LCH
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H1E | kl 32 oiSik TES ol 113 HUBEYE ol JI=

] A17 gAF 7]8E ] 3% (brain decoding) 7] Hok= ¥ 31271 77} H S o] @A
FAo=A], H7F F44E ZEE DA HEst=AE A6kl o] 7|Nte R HpekA,
AFefeka Algjsta o 2 3-8-ok= ofo|tt. 9] X 34w FJH A7 3F2 e
(deep learning) oF7|8) A o] 7o) H S HedS HolAl= & BAF QlF A& A+l
83 mdo] Hr}, o]ggt ¥ Ay FAES 583t ] ol Eob= dld ] At 7Rt
o & oofye}t I At HAY Fatt HHEe] Ho ¥ A §9] AT TE I
(fMRDZ 0|83t & o= 7|e2 X AR E Eﬁt} A ol Al °‘°1L‘r— oY= AlE7E
2] i8S 7| ASES ol&oto] 5, A, Aok ohefRt Atsol -85 Sl

E3t o] S-S AR o Aol AZolit ofXof m ¥ 8% 2Aol, ¥4
S $Al% Aol Yet. & Al mol: AAss A

Qlejso] 2o 7|3 ]

Bl 7168 S48 HAFGY A A% AT & S, AAIZE o o=
5 8] g A= AT 9449 4 5)2 £ 0] /e T ORI 71
SrRul=a A obg as)gk, ¥ % obel waT WA 3400 el Ao

w317 gk,

KR -

A 2049 FF 715H A7 FHAEMRD 7N =75 FAF 71 A3t & Ay
oA E ¥ A HH o7 HOl5tal 7] A S5 (machine learning) g T Y3sle] 7ol HE
1~10 mm?)

OHEO}% 7|&g S ok ARk %‘é‘o]ab— ot 2R HAIA A o9 (

H 24 tx (contrast) HEE BATCR Wb ARt 2ol oA, ¥ FHE
st HgS ] SiE E= B2l gFd (brain decoding)o] 2kl gtct, o] AL W7}
E4 A=olu WA Ao s ABEAES 4ol S 4 H AE 755}
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(encoding)#4 9] o Fgoleta & 4= k. ¥ G4 7|t o HEL 28 $H0lX

Foto] 24T AR E BIHeT 7t 3l .
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7t k715 SE(fMRI) 7|8 k| 55 A

J21-1 DE=2ATEIEM (MVPA, multivariate pattern analysis)S AF28H LI AR 615 2"
(a) Feature
Categories = 8 selection
i @
’ 2
Bottle Shoe 1
(b) Training set Test set
Run 1 Run 2 Run 3
NoNZEE  NonEEZ =EEEnnn
000000 000000 QUOee
>° ] QL@
% : @, i :
d Il
7 386888 5838%¢ 88001
>~ 00000 000000 O 9
Time '
Classifier-derived
© decision boundary @
/—__‘_\-\
— =
El
8 I
O —
e - [Tk
Input Classification Decision Feature space
TRENDS in Cognitive Sciences
= 0 I Al ofigt AR BolF0lE ] 57 H o] B A AT S FEste] i(ilE)E WS (), ol HEES

k&3t A9 glolE] JER Ut (b). Sk dlolE AES o] &5to] 77| (classifien S T, o] EF7]E 0]§-5}o]
Alg dlole] NEe] siE& EF3tct (d).

fMRI 75t} W ofj= 7|2 W 71 Adefofl wet O v HA fiA]oflA HEH= 279
Aaa=2(BOLD:Blood Oxygen Level Dependent)Al S5 HAIHEA gjel oz olslal,
7| At = ARSSA | AEE slisshe Aotk [C1E 1-11. 20019 ScienceA| ol Haxby 7}
“Distributed and Overlapping Representations of Faces and Objects in Ventral Temporal
Cortex” & W3t" gt ujel o] 74 317 At & QA 7|sol tal) =488 sfeo] U4
st L35 £59) Hol Qluks AMLLS fMRIE ©]&3 ¥ 3158 755 stk .
T1Eet HAEEA fHES ohdet AAA AL Bt 7)Aok WHAE o]8ske] 4
sto] gt X o= 7o R = AR oE A sjel A (MVPA, multivariate pattern
analysis)Z} FAGAMI A (RSA, representational similarity analysis)& S 5= =t A=
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B2 (Classification)?] #A2 HLsh= Zo]al TA= S AE Y (Clustering)o] A= A¥
745} 4= it} m]a UC Berkeley ] Gallant 1&o] wp2@!> V| ¥ )& 7|4 B/

(classification, ol EH, Zotxet a1¢fo] &2 FHst= Z), 282} (identification, &
SH, o] HolAE FolA 54 A 5ol BEAE HgolE s He A), 843t

(reconstruction, GAN:Generative Adversarial Network, 2 t&] A AF W} 242 7/fgo =z

4 444 Ao o 9 A o RS 4 qlnt (19 1-3) 01310} woFEe]
A 3LE 9E] 14l (support vector machine)?t 2= Xd%’i‘ﬂ‘ﬂ 7 ASES Bl Aol TR
oAt Kol e Held 7Eo] mYE o] wol 81 itk 1L o=, X J7§ s 2
ste] AFFEo] Bl gl vt L o[ ES sfSela ), EXo] tigt ofu] &4 2)4E o5

ot Al o] Ay ar glet”

HEY I S A B -2 10E SA ELEH=E

© fMRI, Brain decoding, Classification
Real-time fMRI, Brain decoding

5000+
$ 40001 .
g
~§ 3000+ .
rh) o
£ 200{ _ o
2 [ ]
1000+
0 T T T u| T T «l T T T
N
S S e S S A A

Google scholar, F48¢]1: fMRI, Brain decoding, Classification, F44¢] 2: Real-time fMRI, Brain decoding.

35S $Ja A IMRIETE ofU e} Hu} (BEG), HAHE (MEG), -2 2]41 £555 (INIRs),
A9l =7 ure]u] vt (ECoG) S 22 W Al Al 2E o8t dd+-50] EsHA 113
ATh fMRI 7192 of=et 7[5ol| vls] E1F s =7 BrdstL= ¥ o] =44 ]l 417884
2 (contrast)ol] F4H JEE Hrt a2 o7 o] gd = vk, TS | A5 Zakeh A
P9l A e SEY ¢ eBR YA dofus w4 BAE
A8 ol Fost Hol e AEE o8 & AUtk 1310}7] 2ol 7k 7HAl =
golut A8 3= =] fMRI 9] ﬂ%ﬁi%% Hokes Ut FFAor A HL
AT I~ = ;L#x ol/d= fMRI 7|1t 24 sfjglo] ZFA|aL 3l7] w2
e RO A= oulrt Ergste] Faet s sk L Aol 7]zt Tt
oLt 7 Qlof mhE =44 ] Oﬂoﬂ-J A g 28 Zofo]l ARG = A Rt
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Q213 | 6HS JI1=0l MIJHK S¥: 233t (classification), 2123} (identification), A3t
— (reconstruction)"'”!

Stimulus representation

,:;; Type of brain
o o o activity
Pixel luminance E Z %X
Neurons

Local contrast

%

Objeci caiegories

(40

— 7 Voxels
— A
Grating orientations
Type of decoding
— Classification

touch, move, eat,

hear, smell, ... — Identification

Semantics — Reconstruction

=] AAE e m (3D, ¥ 2B/ 3E o] FA FiloflM S7gsto] () Ewe, AEe), Agetel 2

A W% 7142 AR (real-time) VRIS 2Este] AAZE 4% 28, rssj=olu}
BCI 17 5 A $-8 o] B9 4= olekal s olefat 3L A ns i,
Q17re] w= AH Hee) }
Aot Azfolut oo upet AR shere] 4174 8)2E 25}

o|c}. 7L ol 0] Shk= H shae] 4174 327 Ao ofwo uheh oA uhgs
ST S GoIA] TEUE WS S gl dolet. Qke] §7F L ofAjo] e 417
A BokE AAREOR BEaka 1 B AEL shEste] AN ME rEve

7to 2
(neurofeedback)ol o}l sk,
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At 718 AN U AFANT AT SEAY
. Al L v N S
LIBR, Ijaureate Institute ALAZH MRI S ] 2 7] % A A 7F fMRI 29 =8 &8
for Brain Research (9]=}) o5 WO A2 At

. . q Al A7} aogltull 0]l8s
University of Tubingen ALAZF MR b 2] 0 7] AAIZHMRI 23] =S o]-§-51
(54 S Ak 2E AT
Max Planck Institute AAZHMRI 2T 7]&S FRIEWS o] 83 FAEd o
=g ol 43k 71 Q14 AT ghAo] WA e] st o 2
3
5,
Columbia University A} AekS 913t real-time AFA 715 A, E4ast f;:
(u]=) IMRT £ 2203 9 4 Q17] 71%59] ¥417 e A 23
i0
L HE2 599 H&43= . _
Bangor University o y T A RS 91 AARE
0]-&-3} real-time fMRI b
(=D fMRI 23| =8 o1

Dipartimento di Sistemi H| 25401 A1 85 AHE-5fo] A2} g H(elm]A], &34 5718t
e Informatica (e]&&]oh) 23 2174 914 AR 9 3 214 A 213 i
i
<0
University of Gottingen R =S o] 83t ADHDS] ADHD A& o g & o
=g A 5z 4% sewe) g 53 4% AT =
i
by
30
AAZF IMRIE A 75 5
- g8l = o KO
Omneuron AAZE VRIS AH-EF B 27 7|a 29 olElAolA 2
oy = =5 S|
(=) 719} =23} Ao 7Ht'o} °
=
Max Planck UCL Centere {17t X S5O0 R AlZE 1) ool A “u] e
C:E) e -8 (decoding) T

ZOoIA]7| 71, Tl = Ele # x
Advanced T A T e Aw aae 9 gl
Telecommunications QJF-o] ZpF§lo] Azto 2t RO 2 Bh2so] 710} Ao w
Research Institute 5152 Al7]+= 71&(DecNef J1el
International (ATR) (&) - Decoded Neurofeedback)
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A9 a4 (linear
discriminant analysis)¥t
Athinoula A. A2 E W v 4l(support
Martinos Center for
Biomedical Imaging (W] =)

vector machine)& ¥35t v}
W o e B4 1 g 0]-8-5}o]
cheFst E5Fo] A1z A= digt
A A

e}

Yonsei University AAZFMRI A8 A8 7] &,
College of Medicine AAZE M
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A4 =S s ol = (biofeedback)?h o] 1=
2s3h A, o] o] Euo] 417 9jRoAq 2% 7H5 et ulo] ou}
R s w4 ojubs B5S gAo R ks HolA]
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| (Hebbian learning: Cells that fire together wire

2 249 54 o 328 54 7)o S3hE el
DCSH TMS#o] 52191 WA 0.2 g 1 o] o]
SH= TRRRE 1 7)ol MBkE 918 4= 9l Aak Fol 7} ek,

together)oll whe} 417 AZ44

-

KeX

=
MAEHos 243 4 A |

EMRIZINE 725 02 o] §31902 ] 42 FAA 2] Mok ST Bk oflet 417
A AAo] WSS 1A 031 914 W 0] FHL bA e BiEe] wolx il ik, i
S Su glo] ¥HES B3 23 Mk S RS 548 AFoks Jo] Hrk o A%
0 2310 AL Alo] T 4 93 L A3 417 QAT WekE FhA ek AHlo] W
S (1% 1-4), chpet Fee] zfolut 914 2] G (17 1-5, 161 7H4 & % Glek

-
HySo] vry 511 %E}[m—m].

12  Brain Insight H4S



BRI A se DA S MR 32 AR 45 G2 E AL
wo] 7k 591 417 BASH e RS S F AT FolxelA Aqe g
Agshe B 7HgE BelA olo] Ak, 1%Fﬂﬁ¥3¢— +191 25 €21 ol
EMRI 27 9] e e eist] |2Izke] BAES wrejsok s el A ol4s] maal
—wam‘ﬂﬂi%w%lmﬂiA*7wﬂhﬁw:%a”ﬂ@34@§%lﬂﬂ

% Qlek. 71 AAIZE RS APSE) 917 AEA A A ol Yl Bt sl

Eﬂla 23 Flo|ck, 4% ¥ T Bk ohfeh ¥ Gt 4T AEL AR PETH

, of ©1A] e g2 ol §7 AT B Flolek. olelF WA
3P4yt ohjet M B3 AEAel BAE ¥ 48 el 2ol lolAl Held sl et
717} WA b 1 9l

F

TIZHAIZOl HEE PMRI S 2 IISHHK OSt X|2t 3H As Bxp 0

A B  Gabor Report C
presentation orientation

g a0me , w26 10deg 70deg 130deg
} i »Time
Response
EUIGERSLE D g Gabor 2nd Gabor 6th Gabor period

construction

. 6 sec
Induction | } » Time
(fMRI feedback)
E Induction Fixation Feedback Inter-trial
@ period period interval
Post-test
b 6 sec : 6 sec ; " 6 sec Time

1 A (10°, 70", 13070 EI 42 A5l tish) SHssln, 412 23o) ABS7) e Yol AAs Ao
2% 919] 2718 280K £AL Agelela, rEn sk Az 5o A7t 3] SEsiE s

HERE LY 7z 88 13
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MMP |
Mental motor practice | Walking Tuming Tuming Touching = MMP | == MMP Il
v g et 3 e s
(MMP ) res 1 T I e EG: Neurofeedback -
CG: No neurofeedback -

Exporimenial - eartime fMRI Control - =0.006 o6
*Peroup Goup Ist PRACTICE Real-time fMRI > _*p=0.0067_ _pe046T_
(Training stage ) g
g 0.

© SVMTraining @ Mental motor execution
o according to computer-

Neurofeedback Non-Neurofeedback

training training gui efi cues

L [ — a

] | ["online rtfMRI S coe 1 > [

e preprocessi 2 —

£ 1 Navigation ] EG

K SVM Training | Control ] 2nd PRACTICE ? Waking

| (Testing stage) forward *p=0.0273
=M SVM Model { 0stage) © Mental motor execution <« Tuming 97
Z [ Online rtfMRI OSVM Classification with classified actions “ 64004 06273
H B[ rprocessing e . as feedbacks e _*p=6de0. _p=06273
H 3
H < SVM @ Towrng
< Classification aveo
Virtual Navigation Controller

£
! N g0
Mental motor practice Il < et
lental motor practice Walking Tuming Tuming Touching .
(MMP 1) Re:.w.:‘s S e EG CG

SLZHMRI 2N EM AARS A0t 2ITIE

The subjects’ data are
processed using a custom-
designed real-time fMRI
system implemented on a
GE MR750 3T scanner by J
Bodurka et al. 2008.

Happy os

The subjects were asked to try to raise
the level of the red feedback bar to the
level of the static blue target bar by
recalling specific, vivid, and highly
arousing positive autobiographical
memories in order to activate the
amygdala.

Average signal from a spherical region of
. interest with R=7 mm was computed and

fed back to the subject as a red bar with
a dynamic height. The bar height was
updated every TR (2 s).

1 AAREMRIE o85te] A (3%, £330l tiet B2hS 1S W], BEA| (amygdala)oll Al =] 4135 F&dte] A+
HoiAo 7] e A2t
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t. fMRI 0|8 EISEH ol = 718 k[-7]|A AEHO|A A4

fMRIZ]5Ee] AAIZE HAE] 85 7]ee HASE 213 oA HAFEU 7[AEDE 25
A7 ¥-FH57E elg #|o] 2 (BCI: brain computer interface), T+ |-7|4] QIE]do|A (BMI:
brain machine interface)& ¢t 7|&= &-8-0| 7}soltt. ¥ at (BEQE ©]83t BCl7|&2>
}s} 71* 4H 9 sHA o theket A o = AR AL ik 54 <l B4 S = microelectrode®
=45t & _L]x]/] A] ﬁQLHJHEJ oz _:J7] AR oggg AT R HIAER Hqg]—o},_

B2 A% AR A dREy| s skgoHay 1-71.

_\"L_l

21 M=o A2t o=

Probabilities
aper Thresholding Raw online
'm (online) output

..tnepaper.. —

Viterbi search
Gaiiry Offline output
B\ _ H from the

u 5

language model

‘r\me (s) .. the paper ...
Language model
1.0
00
O
09
T u?
c
20 * Raw output 100, . .
= .
b £ | withoffine 2 o e "
% 15F  language model 2 -

Prompt: you must be the change you wish to see in the world = E 80 el
Raw output: yourmust >be >t he >change »you> wi shato>se e >inst he>world 8 10 3

1 L 1 1 > 2 2 Previous intracortical BCIs

0 10 20 30 2 . o 8 AOp---------

Time (s) g ol oo ., §
.

Prompt: daisy leaned forward, at once horrified and fascinated. g w Yo' . & 20
Raw output: daisy>leare d>f orwa rd , = t>once =hoorri fied >ard >f ascimted . o? 0 a

I I 1 1 1 0 = ]

> S -y S
0 10 20 30 40 KR \«}‘19;;5 K4 A \q} _\r_;,
Time (s) Trial day Trial day
= O =5 1 - = () =] ) o3 A
(@) S0 29) darelEo] A4 (b) AA st A7) Al Ais (o) o= ofl2levt 2 &= [21].

Hito], ﬂvmuu - 20 ulg) LR o o] EEG 7]ute] BCIske 2] Algiel 43
o/ 5 DIRR: ¥ 18 8k ofufed 24 1S itk e 52 S iz
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PET /= A A PET A13.9] 9]4] F=4]0] 7153t PET-CT %/ rh= PET-MRI G/dolAl A2 7k Zet f-259] Aol -gogH
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1) E2& MRI &g

A7t e vlsf Fu]7} o=k 26002 131 uf--49] HE JA43kol7] YoliAl= Lol E 4
o] 7hsgt 1AEe] MRIZF D 85ttt -8 MRI= 7T(HIEEH7F B35 7] AZSARE,
&8 MRI= @A 15.2T ZH7HA] =1L Ut i ofl= 20t19] 58 MRIZF A=

o, 94T MRI7} & 10HHE 7H Wo] 28511 Ut = follA 717 1232l 15.2T MRI
= Ad o A= o] &G = AL ek A MRIO] A} w2 7444 7|9t 2 A&
% 1T MRI® Eg5 3L ok 22248 MRISE B o) | Atof] 4 2] 0 &2 AR5} | of+= 4 5°]
FEopA| gt Fuj7p 2k ] 7hA 3§28 7F A gote] Bgo] olual Qo §ECEE
AHEEIAE, PET-MRI A|ARI S 25 g o] 7]&2] PET-CTE iAotz FAloltt. Z<to
M| A AFg-oHA] oFar, Wb gt o 2 1A P45k 558 MRIZF = gt =
©] MR Solutions= 3T, 4.7T, 7T, 9.4T°] o2 A YA MRIE A-8-3Fotict. dHbA 91 MRI
L oA FELS AAsH= B=o] Bk 331 A AT MR Solutions7 7i g e = A5

< b

A7F A8 gloA] Rulet BAE 7o) ol STl Pk, 718 Aok wlas] $3He © A4
kAL, fAMIE AR Aol AR, A MRIO] 9= B Z27]o]m oAl 2o

JH
TRsAAL Aol o s,

94T /7.0T
PET INSERT
Cryogen-free MR

< (@) Bruker 9.4T MRI, (b) MR solutions cryogenic free MRI (¢) Aspect imaging 1T MRI

ZA]: https://www.mrsolutions.com/
https://www.scintica.com/products/aspect-imaging/m-series-compact-mri.
2) MRI k7% G4t ASE 54

AP A B TR 1
SR ol AHgE| T Slek, AT) RS ool Brael fAHARL| WS o] g3 §A

o
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FES IRFolAE A E tAde R T wo] ThEol A Al Qi HAg ¢t
s nR-A7F 7w HAkE = g
Wsht s &3t 2lol& #Es]ols MRIZE 78 &
At BjALe] HE et AR, HoluA 5 de
7HRs3It, H¢iate] 7127t Hl= o] sk Wal ] MRS thafet A7 1ol
S Sk H o] SjwA o] Bl wAle] 717], 7 F2E0] Hul= o= T1, T2 9
O & ARl oAl S0, A712Q1 AEH AL 7]of A 22l sfjufel] oFedRkS
A ST f18l, HHES] sint G4 A A/ FFskdrt. X At
Ax=9] AT = EAGHAE, A7 e Aol A et HAAS AmTF B
gk Aokl AEHA Jret e ol thek vha-o] ZHQl 2 -84 921 mjFo] AE
Kelof o5t sfjuf LRI} FAJof| ojzo] Ut AelEE dATtollAls AEH A ZX] A/
MRIZ &4sto], A71719] AE AL HE sfinfe] 275 Hdashs &l & 4= 3 chLee
et al., 2009). ¥ #+2& 7+o] A48 SHAFIA JAH(diffusion tensor imaging: DTDO.& 2l
7Vsotth. GA g Eo] Zr|sEd ¥ (magnetic resonance spectroscopy: MRS)<
ol gl o] 54 Fo EAct= HAREE Y w55 SHT = Ut vl S5
AHEYS BH GABA, SFEHI0|E, 197, E9 & tA=de 58 & & Utk g=
stolm| mpe-A0] sfutef x| S5t thAREE ] HolkE K, SFEHo]E) N opAHotAute|o|E
(N-acetylaspartate), 1] Q. o|J Al E(myo-inositol) & &2 =7} JAls5o] v|a) Zastaict .
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oFoq: lactate (Lac), N-acetyl-aspartate (NAA), glutamate (Glu) and glutamine (GIn), creatine (Cr), glycerophosphocholine
(GPC) and phosphocholine (PCh), taurine (Tau) and myo-inositol (mI)
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3) 7|5 MRI &3

S L2 G A, H ATl M ol E8E= 7S VAT E I
(functional magnetic resonance imaging: fMRDo|t}. o] 7|2 FH-S 451+ 9| L F =2 R 9]
AAEDFE o] E JAHREE o|&5to] M54 AR S0k Wolth
A 4l TRl S EIFE=HE QA Ao 4AaE N5 ¢t £H7 FRE0
Hol-o] A%H F(heme)olet= 24871 4705 7HA] AL Ut A1 A4 HolZ
7HA gefl Abavt Aot AY e uf, Aol ¥sHA Hot Aol HMEk= MRI 4l5e
715 HIAA A FdollA 2o 2ol 7FA 2t & Ego] et o2 o | A]

o
YAt S7kstRA BRI AT BT, o] A BF

Ab4s 5% 9)& (blood
oxygenation level-dependent: BOLD) 4l&etal 2]t} 1990 Ogawa’} 7T MRIE
o]-g5te] o] Hof| A o] AL Fx & Z75I0], MRIGAT®] Ao E-8=|7] AlZskgict .
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AR, 58 G20l AL WA A3 58 AN SHA HIEL B, o2 2ol
AN EE B el HEso] WakE BAst] 17)5-S ATsks W] AMRI A0
714 Bro] AMR-E| s 2jrhel © & A =hfu MRIZHT Sk ol RolA] Bl a0 w et
olof, o] e AloA] M7 AL S L AT 9 T WS WAE 24 25 o]
AT £ ol eAY & AT A7} Aol Z7kstaL ol HMEE 1 A2shy pel
NAYES A BEL Bajals|o] Wiy, Betau 4L o] 4o AEFEoIA X BES
TSI P G Soluha X, FHAEAle] Falelo] doba o] o] s
o 9] $E 20| 7Rsslth fMRIE @0l 4N THs dA sl B, a4 ol 339
dapo] ZP5aA ¥ Anke] YESAE EAs =Y S8,

MRIE EYoh= &< Hel7t 2ol G4l di=ol A717 v 324 Hlolel & 245171
=014, diFEe] & MR A+ vHEAE oA Addnt. vhAls =2 ARkl
D55 ASHAIZIA, 2F ] A S ATl 5713 Rt 5o FAkA <l
e el AJHIolA AssiER, ni A o] ¥ Ege S A THS] HV s =
Ast71ol A7 (et ol AE S5o] fdl, viFeA o2 vhese] wElE 1A
ShiL fMRIE +5hk= 91947 solube Aol sHARE uhe-AE Aol A] SolA| a1dshd
LEHAE ] diel, 1~23t JRF e AeS Al7le dAv B asit kL
fMRI &9 ol Lol O0EIAE o)/ Fe] AL vl AEHAE 7] 2o, Ao
sl 28 G2 Sl A sfoF gt nhfskal % HGdE 7ol e =l H Y g
vk 2Tl maw, B A= His Aol e vh2e] B BAe G2 Al4u

|0

¢}

A5 S5l 2o SHbEich, kA vhHE FRoAE o] BAskE B HHSlsA et
Aol e B9st o] Myl @e] FABEE, Aojglis thgLolA] ehg el
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4 85 o) shgol Aasit,
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MRI= 7t o] 3 25 P Fol 7hsshal s E HGAto] 7Hsshth= Aol it
WA QL A= U o] & 1~24 9] A E HEgo] FAA o= HEYE 7] ufZol, theFst
A 153 vt B 8otk Holtt

N AN L] FEo RO A7 AR 24 7SR QI MlELfe] BAS AFAY
=dolel= gfelEde ottt o= o] 7HX| 9] Al HEE o] EA oA o] = EES
JAFe} o 4= gl HpH o W& gtk MIT tehe] Jasanoff W= Al HIGEELS MRIE 943}
st= X2 RGAE Ndols 2ok AFAto|t), 576, BT S=of dAHe 54
Tupla} sl 2YAIE Autsle], BEQ] w4 BujEs muivl e Hxg SAsat
Cupd] 320 o4 HHS Hy|x =5k, Tyl 8471 7 wke =dl(nucleus accumbens)©l]

of =upil =5 wigstaitt. 20209 & % °4¥O1WL
Al F87 %= geote], BOLDRR-} Fvfd] % Joll gt gt v
Jasanoff dEollAe *ﬂ.‘%_“éﬂ% S7ohe A AVIAIE 2Adslel
29 S WIS Ftelle & Vh A= 5ol MRL 29415
0401 A 22 A ZMW o8 /et W7l ob & = Qe A
JJW dashlet™ VL B R f Xﬁh%r?i%ﬂﬂE(CGRP)% g2vs 24
, Ol HEIES Q91w 245t 7H dito] 2 o] BOLD A1 29t
2 E} ol HE|=ef 2 PG =L Hhgohe a4 Ao, A
She 2PES AR ol 2Aths MR 7ot oFd2 Td e
[ARE 2GAIE 2ol A s ot Hlv of 2] F5o] AREA|
, "§Estoll Al GFP7F vhgel BAPg ELef AAR 22ol= AA ™, MRIE
2 7hsAdel =

PN H
o,
X7
N
o,
_?L
_&
_ll)l'
_l%"

o}
@)
S
2
“
PN
1223
:i
5 PN

ot

BN
S
l

m\U
).
flo o

]‘

S
A 38

A,
xR
oZi
ol
ol

[‘

o

)
-
o —[N
o o
nﬂ'

]_

A

rr
ﬂ

N
rE
rlr Ho
X

Do
N
~,
off
o,

_|>:
ol
2K
=,
re
pas ) O
ol
2L
¥

qN oX i
1o,

-
o= O

il
2 A7 7361—/{]7]1:5
_;_‘_J]__

MRI ZEH Il fMRIGIZ

X
>

(d)

N .
",,»’ 1 vasodilation O) {

ticAmP) < .-

hemodynamic
molecular fMRI

) i I

€)
> = secreted
blocking J J:A:L/j vasoprobe
domain

enzyme

[DA] (uM) -
()%s3 S < JA419] T2 (b) EJWOﬂ J‘ﬂ MRI A2 3} (¢) oyl H2E vl g
(d) S e ZP fMRI2] 2] (e) Aol 25t MRI Al S WS} (f) G-AR 22 A 5 o] &

34  Brain Insight H4&



o
B
(@)
UO
—
o
*o
.’:Y‘
o
@3]
=3
flo -
m i
rlo
rEl
oy
o
il
S
Y
we,
=
K
4
[N
2
>
ne
Q.
I
rr o
O:d

oJAlslale u}m o okE 7

o H—T =

o -
= -
5o 852 de] AMH AL Qi 7]22] AFE-§ PET Y= PETS] W2 eI

e
o] 2 ) 19] PAS FHHT G4 WAL 918 F7h A A5E 9fsto] R CT9k 2 2F
sfo] ARG, B ATE B9 1 R840 SHEULE. SHAIR AT Kol et Ak
5] o RolAulA AFFEY 1] 2GS FUsHA GARR 4 Gl LIS MRIO]
5t %271 Z7kskin glond, ofo] wel PETS: CT7F obd MRIZ 25 Az Fefe] 717]¢)

PET-MRI®| tijgt 487} S571skal Q)

0

PET-MRI= o] 27 9] 22 12ES FEMA B 5 e d2F gRE7F =t
78t ofy e}, CT= QIR 71411 ‘%}AW uJi FA7F ¢lo] PET-CT|| vlste] Bl 9l 4
AAtlA B Ut AFE 7HsoHA oh= 59 71 o] AN RE 4128 o] §ok=
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