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<7 ZADMATE L, BREEREZNE T2 200EEE L L CoMiEE2 > T,
FRT v AT EEIC B L TE, WS 2 08 BRI S o SRR
ERICHMN 2B S 2R T2 ENREINT LS. 2D LR, w7 ADBHWIZT
HIL T 28D, BB E & L TREL T3 HEIEZRBL w5, LaL,
FEATIFSE CIERM St DRI &2 B ICEE G 2 T\ 5 72912, FIEOFEEHDE L)
SR T 57200 C, I SERAfR 2 Rl Re 3 b % .

Z 2 OARBIZETCIX, NS 2 S & L CHERM: Go/No-Go ifi % < 7 A 1T
T3 72, > IR AR - JELHIRAE - BIIRAE & SefF iz BT 1, ZREETIRTE
EEID E D X ) R E R o T 2 0. BEEGEE LT, WBES 0L T —
Z S FIREM TR RN 2REEZ Yy 77y 7L, % b 74 7L
B % D 72, xRz, AEEE D S Go/NoGo SUERF D& + 74 7V D&% HEE
THRETHZ 2R L HEERE 2 TR

ZORSER, WlE PHL CwaREL, PHIL Qo WRETHEBES O 7 —
AR7 Fa S5 LEGHE SN BRI 2 S L 7RRE &, Wil 2 A I
7REET, R 2 & WIES R IC 2 CORBEH DX v b B4~ b DE1L
HIGEO RN, TN DR S RIFFEIE, WP HIREE - BERIRE - A
REECTEL 2 WBEESNH SN D E2RBRL .
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Statistical analysis on characteristic whisking
movement observed in reward anticipation and

acquisition.”
Jumpei Ozaki

Abstract

The mice’s whisking has a function as a haptic device for perceiving envi-
ronmental information. On the other hand, in the operant conditioning task,
the whisker movement shows a characteristic of movement after reward acqui-
sition and conditioned stimuli associated with the reward. This result suggests
that the acquisition that the mouse internally predicts may be manifesting as
a whisker movement. However, in the previous study, since stimulation of the
reward condition was given directly to the whisker movement, it reflected only
the difference in the type of stimulation. Thus, the whisker movement maybe
not related to the reward.

Therefore, in this study, the mouse performed the auditory Go / No-Go task
with the reward condition as a sound stimulus. We associated reward antic-
ipation state, reward acquisition state, and unexpected reward omission state
with condition stimulus, and examined what kind of features of the whisker
movement have in each state. As a verification method, each feature quantity
was divided for each trial, and the significant difference was examined. The
condition of each trial at the time of the Go / NoGo task is estimated from
the whisker movement. Then, we constructed the decoder and examined the
estimation accuracy.

As a result, there was a difference in the power spectrogram of the whisker
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movement between reward anticipation state and non-reward anticipation state.
Also, whisker movement has a difference in the rate of up of baseline from
the time of reward anticipation to time of reward acquisition state, with the
condition of getting reward and unexpected-reward-omission. Through these
results, this study suggests that whisker movement may be different in reward

anticipation state, acquisition state, and omission state.
Keywords:

mouse, whisker, Go/No-Go task, facial expression, machine learning
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F1E IUDHIC

1.1 HERESR

b MENNREEREZ B ERGER L L CLIFLIEERET 2. 2ohTb, il
G Z A AN EBINEE 2 R T 720 (1], FEDKHRBICE W TERE K
iz 9 L b s, Duchenne[2] I KU, IEEZZEVORGE I, HE0FEL
A & IR DR A G DI & UG IC X > TR I 1, B0 B OO 725
WIZIREGF ONGEZ B SR T2 TERW([1B]. ZtUE TTav 2 A4
Iy EMEEN, B PICBWTARY 74 7REEREPEHER I cRISIh s L%
WG L eRPIDFLR EEZ 5D,

L L, i d 2 I3 HHDBRE D & OFEIC X - T2 OIGEILH S 2 lEE
P23% % . Fernandez-Dols & [4] I3, thX M AEH DA C 25518\ C, KH
DEHINPT VI EZMELTWS. 2O L5, HEIC X 2 BEEHIZHL
DR TIEERS, aiaslr—ravofRicE o THEERKREZR LTI L 2R
%24 % [5]. Klineberg & D3 [6] Ti&, FEIADHEHADBK ST WS L T
RHZERL, MHET 2 AREZBH ST T2 AHEIHREIN TS, Ledis
T, E FOEHIIHICAY T4 7HBEEREZ KL Twa b Tk, @rxsD
FEAALHIRDUS IR U CEF S N AJREMED D 5. Z2HUTINA T, & R 23, b8
LML THMBE RSB Z TR L TWw b 2 L2 EB8T 5 &, —MRIVICKHE
ESINTVL R RIEPHISTEN 2R Y T 4 7 HEHREOREEEE LTk 2 Lol
LIPRRINS.

t P2 RNRE LEETE TR, BRSNS IR EDKGIRELZFHAIE L5740
2, R T4 7THD0IERAT 4 7 5 BAEME 2 b DHRAVHI 2 &R 2 HZRTF
FEEBLIF LIRS TW 2 [7], 29 LARBTIRERICHES N5 myEER
R T 20+ ThvwiEIzONE. COREEZTEDRZ 5 720121F, Wik
ZREIRIRBICEZ 2BV X9 I, B TEAZRIGIRE Z 7T 2 FlH 2%
HCHh 50, RN AHEL S, & MWL TfT) 2 L IERAIEETH % [4)].

PLEXY, G L 203 SN2 BHEE ORI Z, © FOKREZXWRE LT
FND BT LHEYThwEEZ NS, COMBERZRRTZDIC, &



FED S HMI AR AEN 2R L, BROIEEIRIER 5] i 2 3 72 o 12 A BRAYH
DERPUHERETIVEYZ VT, ZOHAKFHEAZHS L, et 2 MM
PEE v BLED S RAG L ENERGEOBRIEZBHT 2 L vy 77 e —F03EF 2 o6n
5. ZDXIBETNVEYE LT, KA TIIERBEICERZYTS.

1.2 $REM & BE U fc BB D BEE R

O O R E H B OB 22 2 YRR 3 % BRI, W EfE) 2 sEEh Y 1< 208U /i
BIHEENT 2 2 L TR DOMESL T 7 AF v — BT 2 MR EHREED D LS
NTw3., ZNEHEREHOEFICE W TEELREH 2572 L Tw3 [8][9]. HEH
3, BEENOA 7Y 27 FOgFE RO L, BT 3 2 L2 BIc T 5B
HEENGETH 25, 2DV R AN, G0ERSTZODEILBATH S, A
=v 7 4 7 (Sniffing) LFEONDVTW5 [8][10][11]. =/ TA=y 74 v 7%, H)
DT DARBICBIE S 2 AIREME 2 R § 23RSV K D S Tw 5. Clarke
5 [12] 1, 7 v F OHHMUBR T~ DR 2 5 o & U 72 RS2 1 FEBRIc B
W, FREOBRERT TR/ A =y 7 4 v T RIGD FIEEENZBIZ L. 20
FEEDILR £ LT Clarke[12] %, HEHHRA 7Y 2 —NVIZBWTHRKEDF A 2
YO /A=y 7 4 v TROBDSEER SN D T ERIRL, £, R %50
Ll TA7u0—22HOTHRAROKIEHFERINE Z L 2EERLE. &5
12, Waranch & [13] IZBEOERTZZ 1T TR, HRICA=Z Y 74 VY 7 D/N— R b
DFEHIND I E2BIE L. 7, Kepees & [11] &, BEARFEICE VT, &
= 74 VMR SN BHIIC 9-12 Hz OB 2 R 2 EEHELL. 2 hs
X, A= 7 4 V7 DEEEOFE DT ORE LEIEROWTE D, Wiz i
TORICRN L EMERFDO—D L LTHRAONDARIEEZRRT S, A=y 74V
ZHSEIN T & B D B D THIUE, TNDEMREL E 2 UChERET 3 BT o
DR EZEETIEAVISE, IEEREFHSI NI WEELH L. ZorICEL
T, it Lefevre & [14] 23, WRELFAHIEEIC B T, 3 & EA LU 72 & RS R
HDRAZ Yy 7 4 v TRBEED FEBEO M BB, BT 2 2 E2FEIEL . A
=y 7470 B BIOHEBORE 2 I NI ALE—F—>—7F
VADKEREFRD 1 DTH 5729 [11], WEEHE) S L /28O FH L BEH#EHL Twvw 3



HIREMEDS D 5. EBRIC, A=y 7 4 v 7 LllBEENIFEPIL Twb. L, A=y
7 4 v ZI3AEEE N CTHAEL 228, WEEBIZA =y 7 4 v 7w EAED
72\ [8] [10] [15].

1.3 [HE

CNETHMNAKFE L 72 RA=y 74 v 7 OGN LTIt s TE
D, ZAUSHRTE L 7B EB OIEEICBI L CRIZEAEMFNINTI hd ok, 3
AR, B E) O R E IR 2 FF 0T 2 R R RCE &E A4 o BHE DY S X
NTETVLIEZE™T 2L [16)[17][18][19], WM HAE L 7 M B#EB) O 58 %
ERMICEHI LGSR T 2 2 L OREBEEDIRBINDG.

B, T S IR ATB R & AR 2 35 S8 2 B0 1T 8% = 7 AR T L, ff
PIGEIOERIEFE N ED L H IR 202 TEL % [16). ORI FEIT—RiE
PERREE N VOV BB — R RCE &) —RARPERGE N VOV BB —>—RGEB) BCE
NDERIEFE D HEE Y E (Goal-oriented-task) T & 9 #2357 2 2R T
Wi, — B CHIRIZGHE L LT, =7 2ICEMEE2 LCh o BmlnEon s £
TORMFIIRGE & WS OFBE) IR BN 22 R o (M1.1).
DFEFRIL, =7 A D BEB) (X H > RMER R O NIIREEDO R & Ak 5
AREMEZ "R LT3, Lo L, 2OERBRTIE, FARBESTHBICEEZENICIGZ 5
NTV 570, 7 ZONKREE & 13 MR LR 12 SO Y 12 BB 233578 S L7z vl g
TEBHETE R\,

1.4 ®WEREHN

Z 2 CARMIE IR, WA 2 E I L L 7 HETEME Go/No-Go iz = 7 X ITiE
fr, Wl WIREE, WEEFFIRAE, O ERI A HIRREIC 3\ TR BEE A3 & 0 &
O R RO ORI L, Wil & RBEBOBEZ S 00T 5. £, 2NEN
DIRFEIC B W TRBEB VRIS ENC TV 5 7% 61X, TAEEB ) 6 2 2O
- JIIRRE, SIE SRR, I O A IR 2 TS 2 IRE T Hldr 2 A EE L, ik
2 BEE) D BIZE D & Z 2 L OWIRE DS I AT BEDREE 5 .



Get reward Characteristic | Don’t get reward

|20 deg
Whisker Whisker
Lick i N Lick
A ——— RIS NS AT
200 ms
Reward M Reward il

1.1 HB~OR % WIS & L7 Go/No-Go #EICE T 2 WEs + -
A 7T ORI 2 BEB o 22, il B (Rl X R 2 7 9. Whisker (&
—AROFEHEHZNA A= FARX7EZHOT L2 L BOAKETH 5.
Lick A ODMEIAH T o Yy ETFOEETH 5. Reward IZ/KHRITH
%. (C2 whisker stimulus 3B ICH Z 2T HEMO Y 4 S v 72 £ LTED,
Go b 74 7V (7K) & No-Go 74 7V (X)) Tk, 7 2 JlEH PR
INb. Go 74 7PV, <7 AR TR D & K3 5- 2 515 £ TD
R IR & AR (S5 O SIS BT I B T B L < RIRY 72 Gt
ZRTDIZK LT, No-Go b 74 7K TIEZ D & 9 Zili@i) 278 X e,

% B, R4l BRI E AT - I N & 2R OME SNV — T D
HEFRE L THEEL DD TH S, w7 A &L 2HEEM Go/No-Go D F Bk
(55 2 %) ZIIT 70— 7ML, Al R R BRET R AT i i R B 2 07K
REBTEGL. 20Uk > THONLERT — 5 Ot (5 3#8) 2®4 24
WL7 Kok, DhickoTlRonfReER2F 45 mTZNETNF &
05,



F2E RE&

2.1 SRERE(E

AREBRTHWE 27 AIE3EDA A TH Y, Finid 6 B L, 7 2D RHIZ
C57BL6J TH 5. 3D < 7 A% Zh 21t KM1, KM2, KM3 & 47,

JATHSE [16] 12HE > T, BEEBIEE D 72 12 3V = 7 At L T Em iy i R
A P2 AT (K 2.1a), BB OWE D 72 014 DIEICH 5-C2 A OTHTE
ZETHy F L% (¥21b). ABEETEH L THVTW D), —ARICEPLT
FRNTS 2 2 EIRMEZR S, —ARICT 32 T EBELRIE2EEHT 2. HEE
INnA AE—FA X7 (DITECT 1) 2 HTEDH % i3t D C2 Tz i3
%, KT 72 E 9D (Vv ¥ v 7)) OHBNE, HAKDODRICE L ET %M
HSE (K 2.1b), ExVETOEFEIC L > CERML, Bz ET I LIck-
THEBT 3.

(a) FEBBREID B (b) WEDAH v b, KOEZLYEFD
&

21 WEDAY b, KOEZYZERTOMNE. (a) FFEBBREO 2K %R LT
W3, w7 AT T ST 2 SERIC X o THEBEZEE T 5. M
HHBROFEIZC 7 AT ER T 72015 T2, (b) 1 (a) IKBF S22 A
DHiHi % A—L LK TH 5. WEBIZ4HD C2IHEMNEZETH Y FL, C2iHE
DEEDARZBH L 2. BHOMETH >N TV 2DI1IZHKOTH D, =7 AW
DAY 2 &) ICHKODRICE LV E 2 MESE .



2.2 BERMY Go/No-Go HE

AT, =7 2O HIREE, HMIERS DIREE, MOz Al S L7tk
B8, 2D 5 7= DIHETEM Go/No-Go iz =7 ATETT 5. Wiz A S e
TREE & 1%, N E 2 2 % Z T HL - 72 2583 o 9, B S iRigs w
IRTH D (FEIERID). FHific=y 2%, Mo D Go fE EH ok w»
No-Go #HED Xl 2+ E L (2.4 i), ZDRICT A L2179 2 & T, @l
TREE, SERR 2 DIREE, B I NIREEZED L 2 LN TE L. 2o DR
ERED D 7-DICHW B HEIE, Go U, No-Go #4#, Omission fED 3 D TH
% (¥ 2.2a).

Go Y8 T3, 3kHz ORIz 2.2 HEEFICR L) 2 C &L okEiz 5 2 %
L) E#RE 7 AR T % (Cue period) (X 2.2a). Z D, 1 BEOWREIEER
X[ (Reward window) Tv 7 ADBMIKODEICH 3 EZ VR 2o UL (Vv
730UR) R E G 2%, 2O IA4A TR Hit 74 TV E@mbAT 5. Go il
FICY v 7% LT UdKEiz 5 22w, 2O 74 7)V% Miss b 74 7Lk
W49 5. No-Go #ETIE, Go #E & 13 ¥ 7 2 ¥l 13 kHz 2 HEFIH Lt 2
ZETY R LTHOHMEEG AR, LI ERE T RAIRRTS. Yy ok
11213 False Alarm (FA) 7 4 7V, 1% 1L Correct Rejection (CR) + 7
A7V EwmHT 5.

Go HETIIFHRIMIE R X TV v 7 TUTRIM DM S (LTI, No-Go i Tl
WG S e WIERTH 2 7 OWMMIERIXETY v 72 L 2T Th 5.
COMEE RIS AT EE I S (FEIE 2.4 FICER). 2o%, La—
T A YT RITO, La—T 4 v 7ROTAEEE) 2 KO RRET 5.

¥/, La—F 4 v 7B TIEHEIC Omission R ZEMT 5. Z @ Omission
AEIE KB Z Z THL D FPETH 5723 v 7 %2 L THKREBNIIAE S kv, o
FD 2T AWM E A I NIRETH 5. Go il & FIRkIC 3 kHz O &l %
PETEITH S 28, Bl RIXETY v 7 217> TOHMIIF oz we. Uy 7217
7o i % Omission Lick (OL) b 74 7V, fTb %> 7+ 74 7))V % Omission
Non-Licking (ON) F 74 7V EfT 5.

KR IATAVDIA LAY 2 —F (K2.2b) D@D TH 5. 2.2 BEDOEHRNL
(Go Cue) 2, 1 BEIOMHIMELRIXFEIDET & 5.~ 74 7OVIERE (IST) 1 3.0-9.0 #

6



Water

Lick Reward
N -
o I/ : Success
(3 kHz tone)
Go Task Hit
Miss
No-Go cue |
No-Go (13 kHz tone) False Alarm (FA)
Task

Correct Rejection’

Go cue (CR)

3 kHz t . .
Gl o) Omission Lick (OL)
Omission No-Lick (ON)
ITI Cue period Reward window
(3-9 s, random) (2.2s) (1.0s)
(a) TEHEM: Go/No-Go #HEDHENE
@
Cue period Reward window Inter trial interval Cue period
(2.25) (1.0s) (3.0-9.0s, random) (2.25)

" If Lick, return®
2.0s

(b) HEDY A L AT Y 2 —)

2.2 HEHEME Go/No-Go EONE. (a) X, HHEM Go/No-Go FEIZE 1)
284 DHENRZTIL TS, BlNIRER, fEE&L2D 74 7 L2 RLT
w5, 3-9#® ITI(Inter Traial Interval) £, & HIIHEER XM (Cue period) T
2 DFTENASRE U 7 5 532 BEE IS HDE U, MER 2 [X[H] (Reward window)
BT 2Y Yy 7OEMICE 5T I7A4 PADBFHE TS, (b) 1, Wil
Th 5. 2.2 BEOFHEIZRIXH (Cue period), 1.0 B OHEMEER XM, 3.0
226 9.0 BRID A » & — 3L (Inter trial interval) & o 7c—#HDiNn%z 1 H
200-250 F 74 7LD KT

MIOFELE E T 5. F 72, RSO 2 #5720, ISI DRHED 2 BRI v
XUTHRIT)ERDE FATIVICBIT LBV L ) ICHET 5.

WM WIX T H 2 FHEdR R XMICEB T, Hit 894 7L, KXOL F 547
I, R & BT T & 7z 3 kHz OB RIBUCEED &, il 2 P L T2z i
T27-0DR)EE HE 570, #®T Reward anticipation(RA) ~ 74 7L EE



#21 BHERRXMICBI2 RS54 7LDE LD

Cue (3 kHz) | Lick | Reward Anticipation (RA)
Hit O O O
Miss O X X
False Alarm (FA) X O X
Correct Rejection (CR) X X X
Omission Lick (OL) O O O
Omission Non-Lick (ON) O X X

5 (#£2.1). b b 7 4 7V Non-Reward anticipation(Non-RA) £ 9 3.

—77, INERE T H 2 WML R XTI, Hit & 7 4 7 VIIIREE D 12 % 5
3T & 7z Expected reward acquisition 74 7L, OL t 7 A 7)VIE#H 2 BIRE L
7RO L7212 b B &3, AN I 41T L £ 5 7% Unexpected reward omission
F AT, D T T A TIOVIIIRIESSAE D 72 D DR SOED W03 7% <
IR D IZHIN D35 2 6 117 > o 72 Expected reward absence b 74 7L, E5ED
% (#£2.2).

2.3 UyFYIRUAEEHDEE

Dy ¥y ZiRMAKODEICMHTIeonE L YyETOBRBTLICE>TERLEINS
(K 2.3a). vVABELYRTZMO 2 LEEDPHET S, BEORZI0.1
V (FVE) 2825, $7213-01 VZ TRV v X 7 2fTo AT (M
2.3b).

TTEEE X 200 Hz DA AE—=FA X FI2X > TR LTE D, Image] 2 H
WT O ZEY) Y (X 2.3(a,c)). 0 REEL 78S Bii~OEMRZHEIE L, C2 i
TORLBOEBROFIRE TEMEL L T2 [24]. X 2.3a XD, 0 DEOBIINIX
Protraction (Fi/G~NDO#HE) 12, A 1Z Retraction (BT ~NDEE) IZHIHT 5.



22 W RXEICBIA 94 T7LDEED

Expected Unexpected Expected

RA | Reward Reward Reward Reward

Acquisition Omission Absence
Hit O O X X
Miss X X X X O
False Alarm X X X X O
Correct Rejection X X X X O
Omission Lick O X X O X
Omission Non-Lick | X X X X O

2.4 PHEE

FEMBRIIRELS AT T3 2H 2. 9, Tt ICRENRZ 3¢, 2 Of%AKHIR
L T2 6 2 4 KR8 12 Pre-training 7 = — R1Z A %. Pre-training 7 = — ATl
v AN v 7 Z2AT2AE, HAKO S KM I 2z~ 7 R3FET 5.
E7, TO7 2 — A CHEHHRREBICEGEIE 2. 1 HHD 3y arifw (1
v ar=20-3074), 823 HTe 7 RI¥EET 3.

RIT Traning 7 = — AT, HHIR L KRN EPHEEL THE 2 E2¥EEHL, Go

HUE (3 kHz O HM) & No-Go #E (12 kHz 0 M) 0 KXWl % %8 T 3.

-
—

DFE, Omission FEIZEFICE TR\, P74 7IVOFREMERIL, Go N 74 7L
X 70-100%, No-Go b+ 7 A 7V ik 0-30% DR Tird i, 1 H 200-250 F 74 7
HETY v 7 2T HED 0% ZiH A,
No-Go ##ETY v 7 2T > 72 HIE&03 20% % TRl 5 4R58) 23 3-5 Hig 1, =7
AFEEFE LI AR T (X2.4). 2 L CANROBHIINRTHLL a—T«

VAT 7%, d-prime>2.5 DIRE (= Go

V7 2 —RIKES.

*Go F A4 TAEE 70-100%, No-Go + 54 7% 0-30% & L7BHIE, %4 50% CThL—=v
TERMTIE, AR ZLZOHHEEZRZ L VHEHALRH L 2 L, MUty ¥ a vy OBPTER BRI,

VX 72 Lkl k06 TH5.




(b) Lick Timing: piezo element
02 : : .

retraction oF

Lick [V]

02 A A L \ L .
2 -1 0 1 2 3 4 5
Time [s]

Whisker Movement (WM): high-speed camera
150

—_
()
~

Licking

Whisker [deg.]
g

o
, O

N
(=}
N

W

IS
o

Time [s]
Reward Output

2.3 Vv X v ROHEHEBOERMITIE. (a) 1X, "N AE=FAXFITK
2HEEE) 0 ot 51k, E LV ERFOBEICL S Y v X v roERLGEERR
LT3, (b) 3ERLENLY v ¥ v VOB TH 5. FEliliIC KR, feffic 2
VHETOEETH 5. (c) FERMINIFEET Cb 2. Rl ReE, K m
BHEE O DKEXITHS. 0 DEDOHINNIE Protraction (HiF~DEE) 12, I
1% Retraction (/T ~DEE) ICHIET 5.

2.5 BINRT—5

La—74 Y77 z—=ATl, KMI1 iZ 7 HE, KM2 1 3 HiH, KM3 & 3 Hi{ LV
a—F 4 v %59, KM2, KM3 TlE, =7 2ADHEEBICH 3@ EI AN S, £
T — I BATRICB I 2L EORNICK ), SHEOF—YDAaZHVS. 5
A 7NV DFAEMEEIX, Go b7 A 7IVEUZ 70-100%, No-Go + 74 7 V%E 0-30%
DIERTITbI, Go b 74 7 AED I B 10% IFHMM2IEm S 5. 1 H 200-250
FIAT7NTY (HL, BlEZH L2 E2 S, i LTy 7Lk
(U, 3-6 MRICHEIE T 3 5.) |, FEMECHBAEIZIN TR 747
WV, KOEZYVETDEEE N IATADRHLAEVWZ I — T4 7 LERIL
FESL, TN R E 22 b 74 7B, (£2.3) DD Lot

10



(a)

10
08

06

rate

04

02

0.0

—e— Hit Rate
—e— FA Rate

2.4 Training 7 = —XICE T 24 HlfRE. (a) I3 RGE H 8 fitdhic g
ZRL TV S, fitEIEEREZ R Y. A chi2n/ Hit L—F (Hit 747
WL/ Go EDE) 230.8 2 5, HOEM iz FAL—1+ (FA 74
7 VE/No-Go #EDE) 73 0.2 2 FEl 2 H23 3-5 Hg L, #HIZHE T L&
AL TLaA—T4 77 2—A~K2%. (b) IZHHICRE HEL, fEfic d-prime
ZARLTW5, MEEIIEEHER S 2R Y. d-prime &, Hit L—F & FA L—F
DA DVYIREERAZTH ), 2z Bz TE#EIND (d = Zur — Zrarg,

10

(n=3)

(b) .,

30
25
20

15

d-prime

10

05

0.0

-05

ZHR I% 1-Hit 2’-,53% Z%@, ZFAR I 1-FA i%id? Z %j’@)

#£23 bI7AT7VE (AL )
Hit | Miss | FA | CR | OL | ON
KM1 mouse (7 days) | 372 | 270 | 21 | 324 | 40 | 22
KM2 mouse (3 days) | 63 42 | 14 | 86 8
KM3 mouse (3 days) | 177 47 | 13| 84| 25
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BEIE BF

3.1 AEEEDOHHERR

T LRGSR R, A IR AR 1 3 W TR 72 i B E) 2 o) %
72 DI, HHRIEEE R X OERESER X I B W» T, FIRERITHEEZD H 5 Rl
BEFNL. HEE LT, £9 Hit, CR, OL F 74 7V TOHEBEFDET—¥ %
FHAR, R EZ T o REEZ2E P EYy 77y 7775 (K 3.1). SRR
Xz WT, Hit X OL F 54 74 TlE, —E DRI CEINIIFATE AN ES) T 2
HIZH B DI LT, CR b 74 7L TR EE ch W H - 7. ko
TRA P74 70 E Non-RA + 74 7IVETIE AT —AXRT P LERBEE LT
PRI FEHE U 72 — 77 Ol E /s X ¢k, S Rl s IXE AR, Hit X OL
F oA T TIRAMNAIRIER R SN2 DI LT, CR b 74 7Tl EEN 2
RIEVSH SN 0D, 2 Z BIRIEL 2WHW23d > 7. X 5T Expected reward
acquisition/Unexpected reward omission &, Expecetd reward absence + 7 A 7
IVIEICIRIERIEL, 7 —ART PVIGEWDRH 5 L EZMEEL 2. 7, Hit F 74
TILTIE, BRI R XD & SIEE S XN 2200 T, B DAZE DS retraction {Hl
(#7) » & protraction fll (§i/5) ~> 7 M 2 fHANHR SN0 L T, OL F
FZATNTRZOEADP RSN Lo, XoT, 2Dy 7 bE%2%y PRA Vb
oz bE GElIZ®d) EEFEL., Z1d’ Expected reward acquisition 7 A4 7
)L & Unexpected reward omission F 7 4 7 VO TEOWDH 5 0% MGEEL 72, .

RIZEFE 4 oFEdR (BRSO RXEIC BT 587 — A7 v, SR X
BT 287 — 27 bV RIERE, KOy FRA v FOZ{LE) %, Hit, Miss,
FA, CR, OL, ON F 7 4 7Vl Vi, Lz Ry 7270y Fick->T
HHEUEL, Ya a2y VEEIC K > TKBUTRITOEEEZZ NS, 7, g4l
AR R IXE T RA £ Non-RA + 7 A 7)v, ##l$27R X[ T3 Expected reward
acquisition, Expected reward absence, Unexpected reward omission + 7 A 7V
iR A HOREZE N 7 A4 PRI FEE, LV g#z Ry 7 270y b
LoTHHLL, w4 val Y UIREIC L > TE N 74 7LVRITOEREZZ TN
HICHEAD ® > 7-FiE %2 2 ZKouD#ANIC & - Tl L, FRETERIXHE, &
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—150 . . : . : : -
(@ 3
()
S,
g 100 w
x
[}
=
50 . h n . " ; .
2 -1 0 1 2 3 4 5
Time [s]
—150 . . . . : :
i %WW
S,
© 100 - ]
X
]
N
= 50 !
2 1 0 1 2 3 4 5
Time [s]
—150 . . : :
© 5
[0}
S,
© 100 l |
X
2] ~
§ s
50 . h ! !
-2 -1 0 1 2 3 4 5
Time [s]

3.1 FAMICH 2 WEES OB, (a) 1 Hit b 54 74, (b) &
Omission Lick F 7 A4 7, (¢) (& Correct Rejection 7 A 7L TG HEE)
ZRLTVS. 2 TORIZ, iR, HthhicmlTEE) 0 2§, FEsEEi
WG R I, R SRISHRIMSE R X, AFRIE ITI 287,

ORI S XIS B TR IC R S a FifliE 2 A & L ¢, ABEH) 2 5 %
IRFEZ HEE § 2 KRBTl a2 3t L 72,

PUMIC &R a0 BN 28 5%k 2R ¢, IRERIE O E B IE, matlab O
findpeak BI%t% 72 (X 3.2). if/ A A%BRETH7DIT, 3-25 Hz DNV F
INAT7 4 VFIZ & D FELZ{T> 7. KIC findpeak Eéﬂ%ﬁﬁmf YR 25 % AT
Xz s % l:°—-7,'§\0)ﬁ<‘:%ﬁbf:.

N =27 Vi, K 3.3 DO-@DMHIC k> Tt s, £, HEE R
IR A D> & 2 Mol 2 BAIRRE A, SRR S X Of& TIRZI & 2 B2 i TIZl & L
(et 7R, WEEHOLT—2 2D Y (©). KIS, /A AZHIBRT 570K
OBICIERL L 72 BRIz 5l o 5R S v X IS T 2721 3-25 Hz DNV FoSA
74N EPITS (@) HIC, G 7 =) 22 mEH O TARZ bur 7 L%
% (®). 2 LT, MHTRRIXE TS 2 BRI XE (0 - 2.2 s), KO SIX R
(22-3.2s) ZHO T (@) 7, BHITNRKBEICE T 5 b 74 7ABIORHAY 4%
EHALZ1T9 (B). miEIC, FR53HT (Principal Component Analysis : PCA)
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ZHOTNRNT —ZAXR7 P VDOERT %25 6). EHICHRE 7 —V Z28#1% w7
DIFfthD 7 — V) B R THERDIE L7056 TH S,
oy ALY FOEMEE X, RERR X EIC BT SRR & R R X
MicB 1 2tz 5\ Wi fETcd % (X 3.4).

3.2 KREFAFOESE

TEHEB 3% 2 DIRFECREINICEN T 3% 2 61X, M2 MEBEBOBLED 5
%2 DIREEDS P AIBE D BEE T 5. B RS S DX, SR X B A =
BholFEZ ANE L, WE2& 747N E L TIREBTFHIZ ZHEET 2.

BRI AXEICE T, v A7 4 v 7z Ho AN %2 AEEE) D
7 —AXRY PVDFE—FERT A7, 1%z RA 74 7V Non-RA + 7 A
7T E LTIl EZIT ). MR Leave-one-subject-out cross validation % Hi
WT KM1, KM2, KM3 T=I[H[{T 9 * (3 3.1). WGEEIC X %87 + — = > A G 1%
Accuracy, F1 score, Area Under the Curve (AUC) % fJ\> 5% [25].

W R X BV TE, 7 4 v & v —DFIZH (Liner Discriminant Analysis
: LDA) Z HHO T AN ZTABEB D NRT —AXT7 P VDOFE —FRT A7, KO
v FRA VDR, K% Expected reward acquisition, Expected reward
absence, M U} Unexpected reward omission & L TR7 7 4 ZIZ0HT 5. MGE
I¥ Leave-one-subject-out cross validation % H\»T KM1, KM2, KM3 T=[H]{T
9 (F3.1). BEEEIC X 587  —= v A5, Accuracy, F1 score, AUC % >
% [25].

*Leave-one-subject out cross validation : #EA#D 5 1 2D T —FDAZKZMLTTAIT—F L
L,EDZ L —=v 77 —2 L LT, I efs—RT>7 A M & 4% & 9 WREER DR

14



#¢ 3.1 Leave-one-subject-out cross validation

Round Training data set Test data set
1 All trials of KM2 & KM3 | All trials of KM1
2 All trials of KM1 & KM3 | All trials of KM2
3 All trials of KM1 & KM2 | All trials of KM3

15




Go -> Hit

® 150 T T T T T
S
(@]
S,
s 100} i
'y
[}
2
=
50 1 I 1 1 I 1 1
-1 0 1 2 3 4 5
Time [s]
Smoothing whisking movement in reward acquisition
]20 T T T T T T T T T
S 100} 4
(0]
5,
g 8o} 4
(2]
2
=
60 L 4
I I | I 1 I I
2.2 2.3 24 25 2.6 2.7 2.8 29 3 3.1 3.2
Time [s]
Using a findpeak function (Amplitude >= 3)
]20 T T T T T T T T T
S 100L _
o}
S,
§ = Pl A A
© N
§ | \//JT\\/ \ \/T\\/ |
sl \_/" |
| | | 1 1 1 1 1 1
2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3 3.1 3.2
Time [s]

3.2 AEEEHOIRIEFIEDOERTIE KO - @D 7 v — Tl RXHIcE
V2 AEEE OIRIEN S Z R T 5. A TORITE T, Bl 3R, el
BHEH) 0 278 L, §i st 3 SRR X, S SRR Xz £ L Tw 3.
O &, WEBHEEOA VP F VT =8 Th 2. @, R IX I ©OE#ES) %
ML, 4-25Hz DNV FANAT7 4 L F T T 5. Bl, Matlab D7 7 A ~
FE—=Z7BBZHOTEHE CHlirN i ZAFTthIE— 7 HE2ERL, 2OE—
7 ROBzIRIERE E LTw 5.
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3.3 WEEHD 7 —Z <2 FLOHE. ©-@ & 5 RELR X EE
BT — 557 — 27 FADOERSZMD T ETHO70—TH %, O,
@RI SR, WS B S 0 2R T, T RN SRR X R,
W RIX B CH 5. G- i Wl B, G IR CH 5. © iz
TRy, REINC S R TH B
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The median of this
section (2.2 s)

-
(&)
(@]

B i

-2 -1 0 1 2 3 4 5
Time [s]

Whisker [deg.]
3

)]
o

3.4 HHIGER X, K OHMiERXHEICE U 2 ABEBH DL v R4 >~ b
ZACREDESRSTIE. Ml e, MERh i B E) 0 289, fod 3 S R R IX
I 3 1) 2 IFBEE) 0 O h YLl 1 RI R s XIS 3 1 2 G ) 0 ok
iTH 5. MR okEZEIVWEZEy FRA Y FOZLREERT 5.
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F4E BR

4.1 AEBEHDORHHERE
4.1.1 BRBERRXME

BN R IR BEE D 7 — 27 b LD — TS A a 7 DRI B < A
AR D 7201z, HRIEERRXHIZE W T, RA, Non-RA + 7 A4 7IVHET/7 — AR
7 FPVOHFE—-FIRTAATICEREEZBR N 22T — Y ZHOTHIEL 2. 7«
Nazy vOENHBEZMH>T, RA b 74 7Lz HEL U 22#E, p E2°0.001
DN OBEBZENME S e (X 4.1).

¥, HKL4D2I A, HRBICKFEE T, R —AXT7 FLVOE—FERT AT
RA, Non-RA IR RN TH 2 gD 2 70, HFEBIZO T THBEEZ FAXE
(K 4.2). ZOfER, Hit b7 4 7)LiE, Omission F 74 7V E, 2TD2 Y
A, RBHBICHEBRENRD . 2026, 27 APEBHICIKFEE T, RA,
Non-RA [ CRAEN B EBNH 5 2 L 2R L 7.

051

PC1 [a.ul]

-051

RA Non-RA

(N=685} (N=034)
M 4.1 FTHREERRXEICEB T 287 — 27 P LVOFE—FRD A 2 7 Ot
R Mz ZznZNnD 74 7, itz 7 — A7 P LVOE—-FRIITAAT
ELTW, RERUEFIEZ R L, BOMEESHERT. ¥ x4 1arzy
v DA AIEIC & 5 p<0.001 2T .
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Trial
Hit (RA) Miss FA CR OL (RA) ON
Subject| Day [N N]
KM1 | Day1 |54 Base
Day?2 | 26| Base
Day3 | 84| Base
Day4 |59 Base
Day5 |17 Base
Day6 |58 Base
Day7 |74 Base
KM2 | Day1 [19 Base
Day2 |19 Base
Day3 | 25| Base
KM3 | Day1 |52 Base
Day?2 | 55| Base
Day3 |70 Base

z

(2]

59
| 50]

(p<0.001; p<0.01; p<0.05)

4.2 HARMBEICTVT 7287 — 2R PV OE—FRD A 2 7 DFFHER. Go-
Hit Z8HEL L, ZNZENDFIA TNV EDHEEZZRL TV, Blllx& 7
A T, HEE S 2 D7 ADEBEHEZR L TWwb, MEHEZV 4 VaryY v
DIERFIRE Z VTV 5., RTEDODRINTWL LD p fH 0.001 LT, v
7 730.01 LUF, #A%0.05 LR T Go-Hit E HEAEDH 2. /'L —DEHTHi
PINTVBHHIE, Vv TVEBBD - DED SR L T 5.

4.1.2 IREMRRXME

W ELS, AR I B 2RI ICE) < RS 72 o, il X i
BT, £7 Expected Reward Acquisition / Unexpected reward omission &,
Expected Reward Absence t 7 A4 7L THRT — 2R b LD —~FRT AT
CHBREBR NPT —FZHOTHRIEL 72, 74 v a7y v OIENAIRE
% i 5T, Expected Reward Acquisition / Unexpected reward omission + 7 A
TNz L URER, p DY 0.001 M ToOFEENEo N (K4.3). LaL,
Expected reward acquisition + 74 7V &, Unexpected reward omission k 7 A
TTIENRT = AR P VO FRTICHEREE I R h o7 (K4.4).

—HT, v bARA v FOZELEZREE £ LT Expected reward acquisition
& Unexpected reward omission 74 7)LTY 4 )V a7y v OIENMARE CHE
2 HRTHE, p EIF 0.001 LN TH -7 (X4.5).

INSDEERD S, “oDRMEZHWT=20REZEHTE 20 ELHBET
BEEd 27201, fifZ R L7 (K4.9). K4.9 X0, AT ICHRM2ES L koo
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PC1 [a.u]

051

A1 . .
Acquisition / Omission  Absence

(N=685) (N=934)

4.3 WHHRRXEICEB T 287 — A X7 FVOFE—FEIT A 2 7 OfGHER.
iz ZnF0D b 74 7, iz 7 — A7 FLOE-~FRTAaTEL
TV 3. FEHIEPFEEZR L, ROMHEIESHZRT. I erarzy o
NER7FIREE I & % p<0.001 25T,

TOIRRE, A7 LRI 2 SRS U 7R, £ T ISl 2 A lg S N 7REE,) & 3B TTRE IS
RZ57ay Mot

Expected Reward Acquisition / Unexpected reward omission &, Expected
Reward Absence F 7 4 7V TIFIRIEEIZEICE W THE O S 17223, 87 —
ARy b AN DE— TR & OMBIEDS R 6 N =01 (0 4.7), X ) HIEEERT p
NS D22 78T —=ZART PV OF—FRT 2 IRETF MR ORHE L L, K
TR =AY PIVDE—TRIT A 27 TOFRERIT O TREMNIC L L 72

4.2 DEER

4,1 i 6 N kiR 2 2RI, SiP 2 B EE) D BIZE D AU K - THRMITI, 5,
BMEIRED M E PR RGE S 5.

ERREER XIS B W TORBEBPHE I, 2E7VTY X820 P 2T 4 v 70
i, A2 WGEB DT — 27 by, 1% RA KO Non-RA F 74 7Lk L
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S ol L) ks F
5 4 £ .
a =
g 10} ®
g ®ee
05| o <
Ié” O | %
@©
5 e
L )
< “ o
-1 . . -10L ® ®
Acquisition Omission '5. ‘e
(N=612) (N=73) Acquisition Omiéion
(N=612) (N=73)

4.4 Expected reward acquisition,

Unexpected reward omission ] T?D /<
7 — A7 PO TR DOHEE.
Mz zhZzh o b 74 7o, fithz 3
J—AXR7 PVOHE—LRTAaT L
LTWw3, REFRIETPHEEZRL, Bo

4.5 Expected reward acquisition, Un-
expected reward omission [H]TD+X v kR
4 v F DELROFERZE. Mz zhZTho
F oA 7, fithZ 2y PR A v OZ LR
ELTw 3. AR FEEZ R L, BofE

e 1382 8 9. N.S. 13 p>0.05 % BRIz R $. K3 p<0.001 2 £ 7.
xY.

7z. #& 4.1 1%, Leave-one-subject-out cross validation THEGE L 7 #EERE K2 R L
TWw5. Accuracy 13454 D~ AT 0.85 DL I, F1 Score 1% 0.8 DL I, AUC Tl
0.9 U EDBMESHET VS, B2l SR TOHTETVRELEEAS. Ih
5DMRPORED 7 AP HBRICERZ <, @z FHIL Tws2, FHLTW
BV ZAGEB DT — A7 FLOARTHEBERICHHI R THS I E2mL
7o PR R X ENC B W TOLT ZODRE PRI, 77 V3V XL % LDA,
AN ZAEHEBE DT — 2T PIVOFE TRy bRA Y bOZ{LEE L,
Leave-one-subject-out cross validation “CHGE L 7.
Expected reward acquisition X 0" Expected reward absence % 738173 % IR

HI#R X, Accuracy 144 D=7 AT 0.75 L I, F1 Score & KM2 <=7 ADAT
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°: Distribution

o 30 —
2 e Expected reward acquisition
g_ e Expected reward absence
% Unexpected reward omission
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[0}
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o

P -10

Y
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[m)

4.6 WMERRXEICEIT 22y bARA Y POEEE, KT —ZART7 F LD
B—FWRa A a7 OWAR. ftlhdt v FRA v o2 E, filiEo07 — 2R
7 FPNVOEFE—ERTAATTHS.

0.75 Ak, AUC 1344 =7 2T 0.85 A LOEUE T 7z (R 4.2). 205 D
R, KM2 DSt D =7 2T, il 2 5 L 720, A L Twi\w) 2 HEiEE)
DT —=ZAR7 F)L, KOty FRA Y FOBLEDOAIZL D, 135D 7% L Eifif
KoM HEETH S Z L2 L7z, £, KM2 w7 ZD45 T 7 )V I1E FlScore 73
< e o723, AUC DED R\ 720, BIGHE & RO Z REIC % 5 K 9 ICEfE
ZBUET UL, Accuracy DX 0.75 DL EICPR -7 £ 1865 & % S HAREIC
"HEZEZOLND.

Expected reward acquisition & % Unexpected reward omission % 43779 % IR
RETP AR 1%, 4% D= AT Accuracy X 0.89 BA_L, F1 Score i 0.94 PA L, AUC
12 0.74 Y EOBAED Tz (R 4.3). 2o DfERD 6, &~ AT, Wi % 4
L7, R L TCuiuhz, HEEHO Ly s R4 v FOZLE, KO8T — 2R
JMVERELE TSI LT, X6 2E R AERICHBITETH L LR L.

Expected reward absence X" Unexpected reward omission % 43407 % JRfE
HZRZ, 5% D~ 7 AT Accuracy & 0.86 AL, AUC 1 0.87 DL EDEfEZH T L
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- oo o Expected reward aquisition
e o - o
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20 RSN & . Unexpected reward aquisition
r e 00 & WMee e a
EReclsfuas & L 1]
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000 GEDHS( X NI JSUEENN X)) ©
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00 @ome ¢ BOI WEEE X S8( X NI e
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10| * @ commame » @ o
© © oo EOSANRGES @
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Whisking count [N]

51 ammemmmme ¢
Lo s S
o e
e — T
0 m— e . .
-0.5 0 0.5
PC1 [a.u]

4.7 HEFERIXENIC B T 2IREEE E X7 — AT ba 77 L DHE T
DOFIBAME:. Bl IR, e 87 — 27 PV DE—~FRTEZRL T35,
A, EHBEOT =% 2 i,

7z, KM2 O KM3 =7 A® F1 Score 1%, Omission Licking F 74 7 VD4 > 7
WD nlzd, Bhdnkhrol. TNoDFEE»S, X6 2ZF kbbb Ll
LD, WA ES L T nh, ERI N » 2 HEETI DT — 27 b L, K
Ky RS Y FOZLEDOAIZK D, BHERCHTRETH S 2 L 2R L.

i, R R D OHIWIERE 1L 4 < W U P MIRE Z i o 72 BT e e v e
FEBEZIT) 2 EICXoTHRIL 2. 20 FNOfEROF T, Accuracy & F %
VALV ED p DR D KE Do AR, Expected reward acquisition X O
Expected reward absence % 77 L 72 KM2 DR TH - 753 (Accuracy=0.75),
p 23 5.95E-15 TH 72720, R TDOT T RAILEVTF ¥y VALV LD IFHAREIC
FBEOE T TE I LR 7.
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#4.1 RA, Non-RA F 74 7L {38k HE

Prediction
Positive | Negative | Accuracy | F1 Score | AUC
Positive 375 37
KM1 : 0.85 0.83 0.93
= Negative 118 519
S Positive | 71 0
KM2 0.9 0.87 0.99
Zz Negative 21 128
=
Positive 138 3
KM3 0.86 0.88 0.94
Negative 34 86

Positive I3 RA F 74 7V, Negative i Non-RA F 74 7V ZRT. 26 4,5 FIHIEELZ DT AICEWTE

2% True Positive, /£ T %% False Negative, £i 124 False Positive, £i T4 True Negative £ %> 72 ThH 3.
F724 3TN ZNEFND T A TREMRE 2175 7D Accuracy, F1 score, AUC %57, iR, &2TH~<7 AT
BTG DERK FBICAEHTE WL EE A 5.

7% 4.2 Acquisition, Absence 7 A 7LD ZHS SRS H

Prediction
Positive | Negative | Accuracy | F1 Score | AUC
Positive 323 49
KM1 0.85 0.81 0.92
= Negative 100 237
g Positive | 35 28
KM2 0.75 0.57 0.85
7z Negative 25 124
=
Positive 84 38
KM3 0.78 0.76 0.86
Negative 15 105

Positive I& Acquisition, Negative ¥ Absence F 74 7 V%2R T. EH» 6 4,5 FHEKEL DT AICBWTEL

» True Positive, £ T %% False Negative, £ L% False Positive, £i T4 True Negative £ %> 728 TH 3.
b 3TN ZNTND 2T A CREMEZIT > 1BED Accuracy, F1 score, AUC %#§l7.
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7 4.3 Acquisition, Omission + 7 A 7L ® {5355 H

Prediction
Positive | Negative | Accuracy | F1 Score | AUC
Positive 368 4
KM1 0.91 0.95 0.74
5 Negative 34 6
E Positive 61 2
KM2 0.93 0.96 0.84
7z Negative 3 5
=
Positive 117 )
KM3 0.89 0.94 0.93
Negative 10 9

Positive I& Acquisition 74 7/, Negative | Omission F 74 7V ZRT. b5 4,5 FIHIZK A D=7 A
IZB W T LD True Positive, £ 2% False Negative, £ L2% False Positive, 5 T2’ True Negative & %>
T Th D, Fh 3TNCENTND 2T ATIREME%RTT> 1B D Accuracy, F1 score, AUC %7 .

# 4.4 Absence, Omission & 7 A 7 )LD fl53 Fif5H

Prediction

Positive | Negative | Accuracy | F1 Score | AUC

Positive 633 4
KM1 0.94 0.83 0.87
= Negative 36 4
= Positive 149 0
KM2 0.95 NaN 0.92
7z Negative 8 0
=
Positive 120 0
KM3 0.86 NaN 0.93
Negative 10 9

Positive (& Absence I 74 7, Negative | Omission F 74 7V %&RT. 6 4,5 FHIZKZLZ DT AICE
W C/E DY True Positive, £ T % False Negative, fi 123 False Positive, #i T % True Negative & 75 7: %
ThHb. £/ 35N ZNETND~ T ATREWE %2175 7D Accuracy, F1 score, AUC %39 .
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BLE EE

(11

AWFZED B, St %2 F R L L 7B Go/No-Go i % < 7 A ITEfT
S, WO IR, AR, S ORI IR BB 12 3 W TR BB S E D K 9
BREE RO ORI L, B & AEESOREZH O »ICTE I L, £, 20
FNOIRREICE O THBEBDRHLNICEN T 2 42 6 1F, ME#EEI» S 2 Fh
DRI WIRGE, MERIRAE, K ORI IR AE 2 I3 2 IREE a2 5L L,
FPE 22 ABEB OBE DRI L D ZNZNOIRMIREDS FRITTRE»BRET %5 2 LT
Hot.

4.1.1 fiOFERD 6, =7 A E P L T2 REL, @#lE P L Tokw
RED T, MEEH DT —ART FPUVBERLE LI ER2R L. £z, 4.1.2 fliOf
R o W 2 RS U 7 IRABD, I 2 1S L 2> o 7REE, il 2 A0 S 7 IR
T, HEEBPEL L 2 2R L. HIZ 4.2 HOED S MiF 2 W ES 0Bl
DA XD, I FIHIRAE & 3 %2 FHI L T2 IR, 2 A L 72 REE & 3
il % S8 U 7 20 o 7R AE, 3N 2 15 L 7200 o IR TE & il 2 A S - RfE % IE
MEIC B TEL T EaRm L. FRICHIIZ PIIL T RELE PIHIL TR WRED
SERERIIRRCIE o D E R EMEICHBINTE D, Sl R EE & B ES) 13
HWRH 2 ERRET S,

BT RLCE, P IIRAE & REEB OBHEDO KRB 2 M AT 5. X 5.1 13,
AL TR U 73 > IR RE O TR BB 7 — AR 7 PV DOE—F a7 b
ZRLTWS. 5.1 &0, FPED 5-8 Hz ORI IRENZ L T3 DR TE
ns.

—777C Moore 6 DX [20] ICFLH I N TV 5 A=y 7 1 ¥ Z{7E)* D6 #HE)
I 5-8 Hz DIREIB R OGNS Z L2 EoTw5. ZOMXTIE, MkZHEIERL, 4
WIS ) %2 5 2 2T O R AEEE THAEL Twb. INoDlth s, 5
[l D> B 1% Sniffing & ABEBEIDSH I I T2 EF 2 S0, Wi & A EE
B DBLHIDTH { R I 5.

DUNICIE AR O Z P27 §. g ORI, ARFSE O BT 12 H W 72 i 6
FxV vy XU 7 EBEEL T, 274 TILVOFREERXEICE TS v ¥ v
RO % fH D, MDD H 5 _HRETE LY ET 2T B OIHTE DA
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