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Ry M oT, BiBfER»OEEZENRT S
AES1, WICEIEEEYNCEIE LT 2 RE0E, HEE
EDLB T A tHE T2 ETARAIRTH 3. K%
TIXFFE L EED Autoencoder Z A B DY, X5
WCHEE DO HATF BB AR ZEEICEI L TE
THIET, Sk CEEORN A EEHL /-
KR E—>arvFrx FFr 7 -2ty b2V
MEZBOEBER? 51X, BET2E710, ¥
FEFRRICHANT—HOEEE X b FFHlicR THA
PEBTAMEMCHZ L, SEI—NRADELS
BN BB, X hEfRIcE W
HEBETE 2 LR TE-.

1 FE®IC

Ry M oT, BBl oBEZENRT 2
HEH, BEOTEZRIEA 2603 HEAFRD
BCE s 5 ETARAIRE RS, rERY MTKBE
FEMfE T, EMFoEY L FERNEEZMUDIT S
REDDH Y, B EZ2HWTERT 2581232
NLEDOR7TF—Rty bBRKDENB., LrL, &)
EBEREE EDT— Ry NEIXEDADT —X
v MIHAREEREDOaZ FREV. X512, AN
WBWTSELEED — X — I 3ELTE S T,
XN AAREEDH 2 SiE L EfEDMASDE R
ETHEIESZ I IFHENTRY., Lo T,
05Ky MMEIRFE O HEE T B LRI b EYNT L
LEDBE, Z0oZNAAICERT 2 081D 5.

SR EEO N AL B—DE T IV TIT R -
7=gE e LT, SiECEIfED 22D Autoencoder
(AE) DHIRBEZIA DT 2 Z ¥ TEBE LW (1]
PEITOENZH, T—Xty MHNOHZEIZD ARG
ARETH o7z, REFOHGEICHET 2L LT
X, FRIFEEEADDTHREOMHIC X D EA
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someone moves forward in a jog.

a human starts jogging, moving up its hands and stopping the jogging movement
a person jogs for some meters

a person jogs a few steps.

B1 #fEeSRx v 7> a fl

HEBOHEFEOEBEL AR LS 2] 2, BiEL
FEDHEZERICB VT, BIEONEE KIS 3 X
IR R BT 2B R HOMA B D 5.
BB DOWFFEE, A SCRDFELIL TV 2 HEEICIE
L 0MERPG 60 TLE S 2 W 5k
B4 RN 2HEORRERAZDDTHD,
Bl 21X, XFEET H 3 "fast" & "slowly" & [F| — 3 2
ZrickduRy b OEESNOEE RG] 572
DOEBRNLBELPFTE 2. LrL, ZhasDu
HTHOVONLIERSLEMEIZIEEICE  BTDH
b, EHFUHARIER BB RFRE) TH o 7.
AFETIE, XD FEAEFBICHLRE TONITM
EWeRBET 22 2HNE L, ZDLDITE—
YardFy Iy LHASHEOSRF Yy S a v
KRR R7 F—&E v b [5] 2T 5. EdD
1 DDETIVTHNHAEMZERH LET V(1] &,
DEHERRZ T 2 2 L TRYEE OHEED ZAGE
ELEETIL[3] D2 ODONGREET LE R,
& B RANED & D 2R FESCEIENICBI 52
et 3. HEDOETIALTIE, BEOIHERES
Tk D ICE BN HEEO TIMERIER NS -
B, FOFMRIZOVWTHEERT 3.

1) RiE OWIE (1] Tl 1 BEEDHERD S 3 BEOEEO WS
NEER L. %BEDOHIZ [3] TIX BOS ¥ EOS &z 5 H
FEOTR, S R EEOEEEER L. b2 E—>a Y
¥y TFrDF—Kty bHRT, SEIFELANY T —
TaviRZ UL/ DTH - 7.
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retrofit = =" N = =
e SESS8E FFTFFF
embedding BOS “someone” ‘walks” “forward”  *" EOS BOS  “someone” ‘walks” “forward”

B2 f{fHETI  retrofitted Paired Recurrent Autoencoder

2 BERCHFONSTERELRETI

AL TIE, ERBEEEONT AR ZFHT %
ETNELT, BH—DETILTEBLEEONITM
% I L 72 € 7 )L Paired Recurrent Autoencoder
(PRAE) [1] &, 2RI R EDOHGES ZAEA]
BE 72 B & R ELMETS £ 7 )L retrofitted Paired Recurrent
Autoencoder (rPRAE) [3] Z fi\»%. PRAE (35 &5
L ENMER D 2 O D Recurrent AE (RAE) THERL X 41,
i RAE G A DEFEFSRZ1T 50, Sab & #E
ZREODT 2 7o DI R Z a0 5 1il# %2 5
ZTW3%. rPRAE X, PRAE ICHFEDEIERIA 28l
TEDIEHRE G RT PILRBICE#R T 2 IEREE
retrofit layer Z /N2 % Z & CHIRL7ZET LV TH 5.

BEFETI

FAREF I 72 % PRAE IZEIER RAE (X 2 )
SEF RAE (X 2 AiER) THER X, e v a—
Z RNN ¥ 732 —X& RNN 22 5% 5. RIFFRIZEWL
T, EFHRAE ClE=ya—& - Fa—Xzh?
NCE—varIFry 7FyilLoTHEONZE2HD
BAETAE r BROME, M ZEEFHRE LTAHN
NT 3. SEHRAE THE L HEEO D HIERE %
AL, FHEEHIT5.

PRAE X[l RAE O BEMEGERAZICINZ, SaE L BIfE
XSO 2720 DB EH 2o 5 #l# %
MLTW2., BHEMICIE2O00FRENEFELLIRD,
CORBTENZThOTa—-XEewiftsa L
T1DDETFTNVTHRAAZEBRDBAIRELE 725, Ny
FH A X% N, it o IRHE T Zzhzh
{411 <i < N}, {z¢]1 <i < N} & L7l SAERE
RO 1KLL T TH 5.
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+ZZmax{OA+w( ) w(za z?)}
i J#i
TITyl3a—2Vy FEHZERL, #HEEZNST
2 NERRILE L0V, 8IS LRV D D %
S5, T ABREEZRTNIXZTHS.

22 DERMZMEICHLITZER

HAFEHBEADOHREOTHEIZ, oy M
Lo THELLTWENEDERS BORIITENT
% 7=, tPRAE TIXFFEH RAE ND A JTHITIZ IERR
T8 (retrofit layer, X 2 THF) 2 HAA L. Z D IERR
Tl REIC & » TR IR 2 8)
TERPRIICEDETZRT PVITEL, XD EHA
DHERH L -2 5iEM RAEICANT 5.

AFRFETIEIEELBEE0C tanh & FIW 72 3 J8 D IERR
FEEEZHWTWS., £z, 7 XXEOEINMFES
ETFTNVORBRNZHIBR UBEEZ <7, 220D
RAE & retrofit layer % X HAZ#HE § 5.

3 EER

3.1 EHERERTE

XD FEMFITHEVT =X TONG ML Z FE
W20, T—varFx I7Frves@Bxrv 7
Y a YDOKEET — &+ v b KIT Motion-Language
Dataset [5] Z W TERZ{TR o /-,

FERZEERBE R O OFHAXER, SR * v
Trarvro0REOEFEERE WS 2
DERRAZ PSS, XA KD FHIE X BLEU [6],

(1
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BEZERL

BLEU SimCSE Pprrr Rperr Feerr X & T3 BLEU SimCSE Pgprr Reerr FBERT

rPRAE 2686 .6671 9050 .9023 .9035
PRAE 2850 .6886  .9083 .9040

10.21 163.0 .2588 .6482 9051 .9010 .9029
9060 10.04 205.7 .2626 .6579  .9062 .9020 .9040

SimCSE [7] 12 X > T/ 672 XRT M LD cos FALL
&, BERTScore [8] O & & MY 12 I 2 M 1Y FFAf &
1375 o 7. BIVEERR DFHIX, SEEZFHS 2 —
EDRED K BIEL ~ILT O E BT 3 R 72
72, AR LZEER B0 BEADET VEH
W CHBHER U 7= 302 A B o 8 BRI & 1772 - 7=,
it ofetE % v, PRAE ¥ rPRAE ZL#E L 7=.

3.1.1 KIT Motion-Language Dataset

KIT Motion-Language Dataset (& 3,911 f#l (J 11.23
KRef) OBIEESRE, 2O ZFHHT 2 6,278 XD
FEOBRE vy S a TR ENRS.

FIETE R & 1% 44DoF (Degrees of Freedom) D 42 &
DRI FE ¥ 4% 3DoF D HRDAE & [ X % &bt
=&t 50DOF D7 — X T 5. RFFLTIINHAE
FRDFEATIHFE (1 ICAID 1 BRBB L300 EDE
W —XZHIFRL, SBIfE% 100Hz 2° 5 10Hz 12X
OB TLTVS.

ZRX > 7> a ORI S~ FFETHL. K
WP CIFBHFEDSEER £ LT 300 RITDHR|
B AHD Word2Vec [9] DRZ M AP ZFWS. 20
ffEFIC X D, PRAE T& R¥EDHFEICHIGAHE
A, FRBEUNIOBERBE I N2 & 2 ED
» 57012, FHHIFEEAD Word2Vec € 7 /VIT
WHEEER B F v 7Y a VARV

Lo T, KfETCE PR d1oF v
> a YD 100~3000 27 v TOEMEL, £TOD
HEBICHAEE S o BERE s> ¥ vy T a v
DRT7 T =R HWTHEEB X O 21T o 7.
R L7281 2721 7— &, ¥ 7> 2 1k 5~38
RE D72 % 5538 3 (1331 3EH) TH D, 80%% 2%
W2, N F—=a vy R 10%3 0% .

3.2 RERER

321 EER1 I HEICKLZIEEER

BfEF RAEDTZYa—&X ¥ SiEM RAE DT a—
XERW, ANEEOFBALEAER LIz, £ 11
AR DERIFHE ORISR %, AppendixA DX 512

2) https://code.google.com/archive/p/word2vec/
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S RIE 9.573 HEE, B h SEE 520 TH - 7.
EBEMFHEIC B W TIX, PRAE DA RWER%E
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rPRAE 25 & D #Ffli7e CEZERR T 2 i & LT
TH#HER XN 3. PRAE IZTEGERZHEICHIL /-
RINCEHT 3720, ITWEIER R ITEROHZEH
L= 08ER RS, 20k, BTwaE
REEFHOZOHEBICH L THEE IS HIHE
FEOBIABEML, X DFEFMRHRArH Izt
HERITE 5. RFIEOERITENTIE, greedy IZ
ROHGERFIRT 2720, AL LREEROEK
DASTHFEIIR LT, HEROEVHE—OHEE )
T5. ZUTED, BROXERDPRBoTE
Z B 5. PRAE 75 rPRAE IZHER TR ENE
7o 72X, MITW A 0EERBICN T 2 1 HEE
M rPRAE ICHERTA W Z 2005, BEIEREA
T 2B EDMHEBRD S HEZ L HFELT
WARRHEHNLZbDeEZ NS,

322 RER2 : FFEICKIEMFER

S RAEDT Y a— X Y #ifEf RAE D7 O —
RERW, ¥¥ 7 arho@#fieztEmL K1
12, rPRAE % W TAERENIEZ HRIER L - XD EE
PRI OFE R Z RS, FBR 1 2[F L < PRAE D553
RREWER L Loz, THUE, SRIOFHE T — &
WA SR FELUC & b BfFAE I ERE L MIE
TAREMED H B2 HEENZENTE ST, rPRAEDZ
DREEZRBECERD ST E L EZD
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B4 ZHIXN7=EHEED cos FHLE

57— 2B AV THENRGEZ(T S BELD 5.
3.3 IR EREOIERE

PRAE O retrofit layer 12 & D BI{EDIBE#HRZ & &
5 LML Je B HFEDRILD cos HLUEZDFI %X 412
RT3 IEEHERTD Word2Vee DTHEIRIATH 5.

B DS, FiZ forward” ¥ "backward”, "fast”
& "slowly" 72 £ O XXEH T DD BTV 50t
FaE, EROEMEICEI UEZEEMTIXESWEME
Z, MEFEMTIHMERWVEMEZRT XSk,

—77C, K/MTBE 2 A TIEHAR L 7/ R
Bohhro7z. £3, "small" & "little" 23 HFEE D
HLEZRLAZDIE, ¥¥ 7> a YNTOEbIIT
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WERT 2 EZ 50%. "small"lZ circle 72 £ DY)
M REEZEE ST 2BICZ L Ebzd, "little"ld
BEZEITHEAENZh o ZhbDIHETHERD
AP LHMERCRBEL Ko b HETE S, %
7="small" ¥ "big", "large"/3 i \WEELE 2R L 7B
LTI, JeROBELL-RBCMZ, 7/ 57—X
WX TRENRER - HEHIT 2. KA Tt
a7z TITK T2 REZEIDPELR S K51,
HEOHERMEIZ LD KNDREIIRATH S, A
TR F D HEEDO T HRHZHVWT WS
2, Xk LTurRy hOBEKIFHRPST /) 7—&D
REDEAY 5 2 7- 5B BIfEOMERELEES
52T, EhoaRy FOSEEMIEL 2RKFL
RHEZEEZLND.

4 HHHIC

AHETIRZEDRFICH LR ETSE L #E
OMAAEREERHL, 2 200FTLDOLEETT-
7z, 1 DIFRAR L 2 2 WITAZEHE 7L (PRAE) T,
5 1 DIFHGED T ERRZEEDER & MG
L EWEAT S WMAERBIIESR T 7L tPRAE) TH 5.
E—YarIFr 7SIy eBRE Y I a TS
NBZKBT -2ty P EHOTHABRIIEDZ
B BRESCEMEN DB L HEBRIICHHE Lz &
%, SEIOERFETITIETE L MEOM G DERKIC
BT, HiIE O MEHLTE TV DT HE &I FHf
MRWZ e hotz. —HTHARTESET L
X, XDFEMRXERERT 2EAPD S i
M b IR D PRAE £ 7L, ARG
HEOL R OMEL IR L, BIfE L oSy
WEDNFEORB L DT 2 e 2 Ho 2 ET L
ThH2=d, ZOHMWHEELTF—&tEy b %21E
BT 20END 3.

SEFALEZT—ZEy MICEREEBREZE X
Nihroiz. X HHEFEHFITE VIR TORSG HE
PN BWTIE, HERYOMEXY 7 4 DA
HIFEHRETH D, FhSEEKOFHMICE LT
X, BIfEE#RE &R MLVRBEEZTER LRz
175.
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Z > b %S JPMIMS2031, JSPS £Hif & 17H01831 @
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3.2.1 ICHEH L7 BRI R AR 5 1ORT. BCER TR ERBERTT,
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TW3. K125 5 KT,

23, K50 XS5 ICEMAR KRB Z B 2 AT 2 HAD DD 5.

(@) BZEFTHROBNZHZ#NTWAEETH 30, EAEDFERIELL

o KB ZH T TRLL

£ 2 B W T rPRAE 13 € BRYFHIECTlX PRAE I HERBEWER 2R LT

FUIR LTV B 721F T <, possibly

MFcHEEREZ DT TWS, fHT—&ty F TEFPLHEOMMAICET 2RI VWD, EEROSH

Xy T arihbiEMRfle LTRRT 5.
RRINCIR - 7= X EER L72HITH 2. Zhrhofflo EEicidR Lz
FRHIEFAZ IEL < W@t 2 EFE DL 3D 0 & iz,

B A RHHER T E /2.

rPRAE D3 1E LW T & 7=,
DRI TDOERRE WHEICIT> T\ 5.

TEEDFE - TNV D.

N5 DFIDZ IFERINICIZEYITH 2 & @IS

(b), (©) DAL rPRAE 3% v 7> a2 Tk, X hffin<

—HEOEEN S B K DT,
), @FF+vFarihvEyrEbh
) XEBOEEDP O X ¥ T2 a YR DTHS Z e DEIH SN TED, PRAE &
@ F—RLUZRD TERHELEETD %23,

PRAE 357 L ~oL

0 IR EROMINC X 2 KBHITH 5. BIRINIZIX, BffomzEo

M CE 20D, BERAWTW S EBIIEERS T

TIXFHEDRETH 2. T/, MEHEREZLELEICMZ 2 28T E DHIDO XS IR YR ->TL

E55END 5.

ZIn6, BLARELZREOHFOMEOAZ TN L, HEREEOKWHRHEHRIZH Lk

W, 2V AN BIERONERE2HIETE 2 22T, XOERANLGE COFHANHGEFTE 3.

caption someone moves his left arm.
a man wipes something with his left hand

1PRAE a person performs a circular motion with his left
hand possibly gripping an object.

PRAE  a person wipes something with its left hand

(a) wipe (left hand)

caption a human who looks sad to the left.

1PRAE a person practices a golf swing.

PRAE  a person doing a golf swing.

(d) play minigolf

caption someone sprints forwards
a human runs 4 steps [orward in a fast speed.
a person is running forward.
a person runs [orwards
a person walks fast.
rPRAE a person performs a few running steps from still
stand and comes to rest again.

PRAE  a person jogs forward

(b) run forward

caption a human impersonates a chicken flapping its wings.
someone imitates a chicken
a human is wagging its arms like a "chicken"
a person moves his hands to his chest and moves his
clbows up
and down several times.
a person does the chicken moves
human performs a chicken dance
a person squats while doing a chicken wing motion
with his arms.

1PRAE a person interacts with something uses a complex
sequence of interactions.

a person dances with another person

(e) imitate chicken (uncertain action)

5 S DR
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caption a person is pushed to the right.
somebody is pushed to the right.

rPRAE a person gets shoved from the left while standing
and performs a recovery step to the right.

PRAE  a person gets pushed from the right

(c) pushed to right

caption a person walking forwards, turning on the right
food and walking back
a person is walking forward than rotates 180
degree on it's right foot and walks back to it's
starting position.

PRAE a person walks little bit and then makes a sharp turn
to the left.

PRAE human goes forward and turns around partway

(f) walk forward and u-turn (turn right)
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