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In current study we developed a method of analysis for empathic behavior in
rodents using machine learning, which has achieved remarkable development in recent years. For
machine learning technique, the semantic segmentation neural network with convolutional neural
network (CNN) structure was adopted. We obtained the result that animals demonstrated the action of

"consolation"” between two individuals, strongly suggesting the occurrence of empathy. The behavior
could have a great significance as a new mode of empathic behavior. We also found that sniffing
(smell seeking behavior) is a frequent mode of behavior in addition to freezing (immobile) and
rearing (rising) behavior intermittently seen during empathic behavior. The above results contribute

to the elucidation of empathic behavior and also have important significance as an application
example of machine learning to neuroscience.



B X C—19.F—19-1,Z2-19, CK—19(Jt;@)

LSRRG SR D 5=
(1) HLREENE, IFTRITMEB DL AU BRITE D HADP RN TRt Bt 2%
DL/ DIDO THEGIMB THLHLHE ZAONG L FRE SN R DL IZBEWTEH
DI BEE LR E R LT EHEREIND, T DD, SLETHI DM EED D Z L I3 2
ICHHELHRETHD,

UL, A2 GIZU 725818, R OEREX | B E rl REME DML S FO R AL IR EN5
BFTLEEGTHR, — T AHERILBITEI DR ZE DN GUTBR->T I8 o o s (W IE Z
M ISIZTORIIYI2A)NTHLBITEIN RO ZE MR EE DM Lo TIREIN TS, &
SOEFEMMABIC RS- FBRZ O THBIFEI 2BV TR T ZDIZRVIRILTH o7z,

(2) ARIFEDFHHESHHIAIFIZIE, HEDEREMTE (N TRIEE) OIS NT, =a—F)ry kY
— DL EINFZEDTHET 1—TF7—=V 7 FEFE) iy MU TR EZ DS
ZEMHIHL, =a—FIIV R NI =V ISR ARG IER Z T D DH >/ Th o7,

BOETIZATHIBEDZDEL T=a—I N3y NI —2IEHINEERUTNDH, ZOERTETIHE
HUZZRIBDMENTE Y M B ORI A7 TER A IMMET TH o7z, LED NS, RifFZED LS
BATEIIRICBOTE, TR CIREE B e U CHEIG U 2= a—I ) 3y NI — 2% F [ U= Tf
FLERZDBRIRIETHY s BORF CE DRI TH 72,

2. D HM

(1) ARFETIZF 2RO 2778 % R Ze 2 HINE Uz, SLBATEI & MR 4 5 DIZ
L FHEUSIEFIEDOETHR RS &H51Z, shocker-observer EF V&S B DM %EHREL
freezing (AN E)) {TEIZ B UE &S 2 HIEN R TH 72, LU ZDOBRDATIIIHLEITEID
ERERZAZINTORNATREMER D ST, TDIDIIZ TN 2RE T O RUIZTDBELDH D, U
MU BERD H % £ LU GIE Tl RERIANE KICB B TH D L DT & 8N D FHE X H
FHZARAE S 2 & BEDEETF ONVRD DTz, AAFFETIE Z D2 W 9 D Z LI L AT D FEA
% B BT B OE-R(EEDOE-R) 2R ET I8,

(2) fifhir % 2n7s) DB 5y H BL L TE JIAb L AT 8 DME N ZE DR E FEATS DITIE, S TR ZEA R
AU TN T =T 75—V TR AT 2N Y THDEE Z6NE, TITAIHEDE S —
DOHEHMEUTX, EZ2EAGIODRNRBI LN T — T 57— =V JERBRAU TN 2170 D
B TE IO NAR Y N A E SN (5 A NP O

3. AHED Fik

(1) ZEENIETIVE )X A THS ICR YT ADREERE Nz, — R IGE R AR T A
BEIZHWSLNT WS C57BLE Y ATIHAL ICRYIAZHWZHEBLUTIL, C57BL6 YA
TR RTINSO BUER (FHZ ARV ARE) THEDIZH L, ICR YD AR A LRI AT T
HEATEIOMZRIZE L TWNBEEZSNZNETHD,

BT FRTIREANBRAT— LU TOB)THD, FTHRVELRMNavIr%2%F5
shocker (¥ayH—)&DY I A2 IT<HVEE ( 0.1 BFRE) WA RER RO HICANS, — 7.
observer (54 ) LIEEND HUEKRD Y I A% FBHZA TN EZNALTY av %22 oI AN A
IR TR 27O E D, —ERfEB W O RLE DT EHET D, —



HOEFEE T N THE B TRLERL . RT O RE U7, B85 ARG T O FEERFH ST OWTIIZEANR
KH DO EREBE OB ERMHE R B 2OFEL KR 22T/ ETHITU,

(2) FTENEMRNTT 5720I11%, FTHEBEFE DXV NI =% FEH I DB ED DD, BifE 5 D70
DL U TE, —EDITHEFNS AZ>EVEERD 3 EEEATS 720 DT B % F L E NS U7z, 7
(=T F7—=2 7 DAY NI =2 LT BAHRA=a—TF)V 3y T—2(  Convolutional Neural
Network, CNN ) & R—2IZHW 2 FiEE R AUz, £ (2R R L E DRV DD B 72D K IH
THEARZHN) —DHELT, YOLO LW O sz Ay 7 A FERAR) THW HI$  CNN o —fEiz
Wz IHIT i 782 D L@ FE TR LV BIERD LRI o 722 b iR 4 5 ZE S BT
2D T,ThEafEL L7z Semantic Segmentation -7z %y NJ—2Tdh% PSPnet Z{#i\ >,
FRE 7o ECE)E AR R U7,

4 RS IER
(1) Consolation (&) F7EDFE K

AR THBHELTRESNAEOD5 RS S
UINIPSYSIY o =SB IRV D78 s d p a5 7 N =7 23

| RV REE L
HERD2E R E S av oI R av %2t || 'ﬂ ‘
PR R U2 B 20D E D TRIT B LI K |
U RONAZETHD, BIATEI MR I3 &
THINITHIN HHALIOGTHE |
| | 1] ({1
i EEIES a2 %2 COARWEE IZ S SR
BIRIETH B, v AN — BB 7B &Y
IFIEITND 28R IFOH, 2O AR UIZUIR L K 1 “HH HITHIW i
FORDBA% DB EHL, K [ ( |

W .
r

consolation (EHOITE)) L4417,
FERIZDOWTHEBOFEBRE 4% FAWTHHT 5,

Y av e AR EZ T TOBRWER T,

BB R TV ROBEIEN R ON, 8

fEARTEICIZPEREASE D S8 X 5 L BBRITEIN A S

INDZLEUIRUIEDH DD, ¥ 200 %% T 7k

LEEFDOMTIEFLLAZD LS consolation

TEIMUIESKOBIRONE Z 3% hro /-,

A FXIE AFHBOEAIZHNL T Semantic
Segmentation ( PSP net)% W /2 fi#fffrz =L

ZEDTHD, A EHTHOZMRE ALK Ry A

IROBIEA D 25§ 24y 7 —2 (YOLO3)

THoOTM Ry AT 2 LN ST OVEE

L BN EAR ORI IE R E AL TES

23, consolation DLHAMEF EDEARD DA

T BARPUTILE IR D B,

CREZHEL)




(RTE»5H:<)
ZITHWAZDOD, Ry 7 ZRERTIE B EROME 24D TESSemantic
Segmentation THd, ZDFER, fTEA FRIZZAOND IO 2HERNFDHRHOTEBES>TND LD
B CEMBERBIZITO AT BRIZA ST,

(2) Sniffing (BJWIRI)ITEID /3 HH

AR TIE, UER CTOFTEIE ST B % 555
FERERIIZDDTIIRNEE R VavlExzl)
721812, ¥ av 2 &2 TG R > 7R RE O LA
BB FE ORI OV TEFH R DEHER
U7z ek 2w 7% 213 -8 07 8E s 2y 7%
LI RICE o TAEREE( immobility) A%
BN 22 NRBI TN ZAS, REPREIZ 2R D
FTEID— % HDDDATHY, TOMODIREIZEE
UTCEShEVERBIDONTREN 72, BidD
EHizSemantic Segmentation TIEAEDILIRIZ
N7 RKT DS BEIZ 2D 72D T, AR 27 ZARFE IS
MHETIEEITER -6 ERD X548 B
REEZDET LN TE 2, R DE R NI
Sniffing (BAJ\WMRE)TEITHD LAV
U7z(F FRIOEFE RS E ERTORLEED
B IS U7 ) o ZORERIZED BRI RSN TS EANFTEIZ &0, LBATENI DR 5]
REMEDHDITENIMERE ZON TV ZENELRRTH D ZEWRIBI N,

(3) Bk FIEOMBERI A B AD
HrUE G TR DB ¥
R EZILUD LT ORI, (R

s
— I DIIZEE 2RO TR R AT O 52
R TIF AR N BT ZEN BT Ul
TIFRNEBE R AGRE BB LT,
AWFFETRIFEUZFIEIX, UNBREEDFHE
T —ZPHERTEIZTIUIRY NI =7 DFEE N

1725, XBIZEBINIR U I DB D F R

ORI 1
TGRS - SEBEATS 2 L T B R
AU S A AT G T ‘
AIRETH D, PA ED T AMAEDAMILEELT
4 BB B B T B PRI S Y
UTORISERRL 35 I LIC ML,

5. TR FE K L F
(F2FERIGE 24)



(1) MUKAI Hideo, TAKEMOTO Kenji, and INOUE Takuya

Development of Deep Convolutional Neural Network for Automated Detection of
Rodent Social Behavior

11th FENS Forum of Neuroscience, Berlin( FE%4 ), 2018 4
(2) Hideo Mukai, Ippei Yabe, Yoshiki Okada, and Inoue Takuya

Detection of rodent social behavior using machine learning based method with

convolutional neural network

Society for Neuroscience (Neuroscience2017), Washington DC ( EE¥ 4 ), 20174

6. W e A
IR EE DA

KB EIZ LD I RE D EREBRICBOVTEMETEEDTY, TD1D, MDD ERERA IR R DARFIZONT
&, E D EFEFIZEDEDTIZ AL, TOHZEH R T2 RFPHE LI e EENREINET,



