StyleCap: BHE P KOFEOHCHMMDH D FHETWVITEDL
HHRORGEARANVIET 5% v 7> a VRS

Sl —#E (NTT/BKBE -

1 [EC®IC

HHEIZIEEFEERZ T TR, FHE ORIEREEE M
REDNT JFEEEEHRBEETNT VWS [1). N7 /3
SralE ORI IL, FANEE T —Y v MR E AR
B % B e TH LB A & B 9 5 b CE B R Bl
Tdhd. b, Transformer [2] X H KA H » FH
(Self-Supervised Learning; SSL) [3] 7% & D&% ¥
FHEOHESIZE Y, N T /IESEHERORMEE N K
Mz ELTW3 [4,5,6]. ZhsOFEE, RKEH
BPRTHRANEFRAK 7] PRRIGE AL 8] Y
D BRI X 2 2 121K I NES.

N JHEEREE AR OEE R ER L U T, ks
ROBHAREEDZE T NG, BEREDO—HDT 7
V7 —a yTld, BRI Tm <, AHAER
ARERHEMNITE/ONE T ENEF LV (9], X
A EDBIFEMIET — 22y b ORIRE R EDE
FLZ 7DV TOHR T T HEREEH T
BRZETTVS. ZOREERMRT 270D 120
HiEE, BFEICEEND NS JIESFEEHRE HAREEHE
IZXBERTRIATEI L THD. NT /HEFFEFR
CHASHEIC X 23 & OBRIZ DO WTOMEIZW
SOMFAET BD[10, 11], TS DFIRIFMKR L L
TRIEDOREBRED I T ATV EHRHLTWS

HREEZD L, ANT—RIINT 2HASFEICK
LHMAXERERTEZI X, ¥y Tvam v I RAY
ERBRTIENTES. HIZIE, A—T1AF¥ T3
=7 [12] R/ XY T a= v T [13] Ik, T
NA—T 4 X LT -2 ONEER (A 7Yz b
EZFDEE) IZETAFIANZERTER AT TH 5.
—H, ARBEI oD R AT i E ey, NEEHRT
372N 7 JIEEFEHEIMORERIZERZ YL TTWS.

AFTIE, EHEORKFTEAXANBREDNT [IEFEE
IEHh%E BASEEIC L Vil 95 “Speakng-Style Cap-
tioning” (FFEA X ANV F ¥ T a=vr K1) LD
RADZHTZIEEREL, TOODOREFEFLETDH
% “StyleCap” 2% T 5. BTy S a=r I D7
DD DNN R—ZDFk [14] ICEME B IREFIET
»5 StyleCap i, EHE LY I—XK, ¥y VT Exy b
J—2, T¥ANTI—=KXH 575 End-to-End DF
FARANF Y T a= v TETIVTHB. StyleCap
%, FESSLETNVAR—ADZFEEL Y A—-XIZE-T
X NFEEEDEFERHIAN 2 bV % | Transformer
JEromb3 vy ey xy MU —2 %@L T, KB
SEE TV (Large Language Model; LLM) X—ZA®D
FHEART A=K prefix L UTEHX, HFEAXA I
R X EAERT D, FHDZHDT KLy &L
T, BEAZ®D LibriTTS 3 —/3Z & PromptSpeech I —
NAZMAEDLYE, GREFHARANL (v F, G

MHREL L), HEBEM (NTT), ZRBRAI (KRG - ML)

ﬂ Speaking-style .
W. 4#—“—4 captioning model — A male bass said slowly and loudly.

Input speech Speaking-style caption

Fig. 1 HKiFEARANF Y TV a=v T ORE.

W)V ICET AR ERTICUAESEEEEH I —
NRAERAWS. £72, 1 DDFKFHEARA NI I T F
RAETHBING L7720, FEEARA VT Y T 3
=TT —NEOY Yy U TR EET HHEDD
5. ZOHEERRT 577012, LLM 28 LU T
X DEERIZTD 7 — XEERFETH 5 “Sentence
Rephrasing” Z A9 5. REFEZRLT S DNN
DT —FT 7 F ¥ LFEEOEMNMZFHMT 5720
2, D EREFBER R A7 T H X 53
filifEiE %2 (HH L T, HEHFAR ANV F ¥y T a=vrD
AEAMSE Bk % FEHE U 72, FEERFESR A 5, StyleCap 2%, &
DRETDOEW LLM, KSR T —&X Yy N TH
IR X N7z 5% SSL € T IVHRDRFHMARZ bV, B
& O Sentence Rephrasing 12 & % 7 — X5k 2 1G9
52L& oT, ERINBFHFTHEARANFEY TV 3
VOKEE & LRRMEIR BT B Z LRI N

2 REFE
21 YRVDHE

FFTARANFY T am v 7%, ASIEHEOFRES
ARANEHRGHETRIHTIEVWI R AT THS.
BARINIZIX, FFEARANF Y T am v JETVIE
MBI LRIV EALE L, HlZIE “The
speaker’s sound height is normal, but the speed is
very fast, and the volume is very low.” &\\>7z, &
FHDFGHEA XA AT BEHXZ AT 5.

T &y BENTNEFERIL L TS T S FEEA
RANFYToay (HiEb—2 V3)) &9 5. H#iba
HEE LT, BFESENUBD R X7 TR b T
% Transformer [2] 7% &£ @ Sequence-to-Sequence E 7
NalDFy TVaVvRAZIZHWSZENEZ LN
5. 3fiTIX, R—AF 1 VEFI)N & LT Transformer
R—=ADTYIA—=R - FTA=RETFNVEERAL, Fah
ARANF Yy Ty a7 ONEEE T 5.

2.2 StyleCap: ¥EXA Y1 ILF+ T avERK

StyleCap &, HATFEHFEADEH SSL ET NV &
LLM %7z, End-to-End RFFEA XTIV £+ 7
YAZVTETIVCTHS. K2 ITHEHKF Y T azy
JET IV TS ClipCap [14] IZE M %1372 StyleCap
DOWE %R 7. StyleCap 1%, &4 SSL €T V2 &L
FREIYVI—X LIMZ2FEHALEZTFANTI—X
B L Transformer D525y EY T3y N7 —
2805 3 D0 DNN oI TWS.

*StyleCap: Automatic Speaking-Style Captioning from Speech Using Speech and Language Self-supervised
Learning Models, by YAMAUCHI Kazuki (NTT/The University of Tokyo), IJIMA Yusuke (NTT), SAITO

Yuki (The University of Tokyo).



Aggregation module
z

Sum along frame H——@

Fixed-length vector

Prefix embeddings

Speech SSL model p
Multi-head
- e 00005 00
h—
BLSTM l
hy — ; :
[_BLsTM |
g [ BT |
i
ho — BLSTM A male bass said slowly and loudly.
= Speaking-style caption
h [ ]
- =
Weighted-sum c
L—
along layer Prefix const.

Input speech
L e ) \

J J

Speech encoder

Mapping network Text decoder

Fig. 2 StyleCap D7 —F 727 F ¥ DHE. ANEFDOHKGFEA XMV 2 HREETHRT 5.

BELYI—%1F, ANEFRBE» SEERDER
R MV RIS 5. ARETIE, B2 0 EH S iE
IR 2 7 CEENMEREZ /R L TWA EA SSLET IV

FEIYI—=KIZHWS. £9,SSLETFTNLDOTA
ToRNEES by =[hi1,... 7] (1=1,...,L)
EEFEIE ¢ ofliti T s, kI, &7V —LT Y
Fo o 2t T, BV OIER By = 3, wih,
285, 22T w 3l HHOBEWE M TOFEE A
REREAMRMTH S, E#&IZ, Bi-Directional Long
Short-Term Memory (BLSTM) & & % Multi-Head
Attention (MHA) E» 5725 Aggregation Module
IZ&- f, ﬂﬂ%ﬂﬂ%%@%ﬁﬂ ’_7, = [’_11, ey ’_LT]T 721
va—RU, Z0OHHE 7V —LHEICINET S Z &
T, D, RuDEEREFREANT ML 2 2195,

THFRANT I, FRTFHEEAD LLM % 16 H
U, AHEFBEEOHGEAZ AT Xy 7> 3
vERAEKT S, ClipCap DT FA MFa—X& &FERIZ,
HHEREARZ MV 2z poxv By T2y P U2
Lo TFRMINZNT A =X K x Dy, D prefix
DihHp=[p{,....,pK]"T ZZITLY, p &ZM (T
oy 7h) LT, HERRIIZHEFTFAZ AL F ¥ 7
Yavph—oVHlEERTS. 22T, K i prefix
DEZ, Dy (& LLM OHEEMDIAADIRICE 2 KT

RYBY TRy D=0 HEHETVI—XDOH
NTHD z % HPFEMDIAAZERITH I U, prefix #
DIAA p 2135, Xy VT Ry VT =T IXEROD
Transformer B X X5 A — X8 K x D, ODFHE A4
73 prefix EHANRZ bV e=[c],...,ck]T 545,
2.3 Sentence Rephrasing I & %7 — 4% {5k

1 DOFEGHA R A IVIIE A BT TRIL S G S
72, KA RANF Yy T a=v TiE—x{E0xy
CY e 2B 068N DL, ZOHSERENT S
7212, LLM % {# [ U 7z Sentence Rephrasing 12 &
57— AHEREEAL, FET—XNOFEFHEAXA )
¥y TV arOEhMEE DD, BARNIZIE, WEEHIZ
B#Ak X 1172 Llama 2-Chat (7B)! [15] £\ 5 LLM
WL, IROTB Yy T MIE-THEXDPSFTDE WV
HZ X% 5 DAY 5 LD ITERKT 5. “Rewrite the
following sentence that describes someone’s style of
speaking in a different way, keeping the meaning of
the original description. Original Description: [sub-

Ihttps://huggingface.co/meta-1lama/Llama-2-7b-chat

ject to be rephrased].” D, 5 DDXD S HILD X
& M BERTScore[16] 23 H E\WX (T80 5, DX
EHRBERNIENWEFZZ 65N EX) 2 #ERT 5.
Z ¥, “His sound height is normal, but the speed is
very fast, and the volume is very low.” &\ 5 gdifiid,
“Despite his normal height, his sound is incredibly
fast and surprisingly quiet.” 2 ¥ & FWVWHZ 6N 5.

3 =&
3.1 7—4%+tvkh

BRA e FEEA XA VD ERFFEIZ K DR (AR
AN 7a Y7 N &L PromptSpeech? % i fH L 7z.
ZOTF—REy ME, ARANTa Yy T N> TH
&G T E % PromptTTS [17] D= IZHEFE T N
7z. LibriTTS [18] & N EBEEHIC L 2 HFRH Y
VTV 26,588 FEHIZH LT, AF T/ F—YavX
NZARA)NT B YT ~h 6745 PromptSpeech D
Training ¥ 7 v N %2 H L7z, 26,588 FKih 263
%717 b % Training(1,113 F54& 2 & % 24,953 ¥
7 ), Development (40 G412 & % 857 F&afh), Test(38
FEFIZ LB TIRFEEE) O Ty MIAEIL, 20
5% LibriTTS OISR T 2 HRY v TV e RT7IZL
7z. PromptSpeech (2%, MEHl, v F, s, &I
I 57T ATRVERTHT I ANVIRARXA )
Ty I R—EEENTVAEY, Fv TV a=vrES
VDFEBFIZIZHN Lo 7z
3.2 EERFEMH

FRILYI—XDANZEL TIE, AVART ~E
7T I, ARG DS BDA M, HFE SSL €T I
DENEH IO 3 O & FRHERBEZ A L, g
Fhre R L7z, HEREE»S 10 I UMD 7LV —A
VT P TRORTEDANANRY ha s A U7,
72, %A SSL EF )L & LT WavLM BASE+2 [19]
ZMHAL, 7V — LI SR > 7 N Z Rl
U7z, ANVARZ N ZF hEEHE SSLET IV S [HE
ERARZ ML ABS 720121, 4 D BLSTM & 8 D
D~y Rz HD MHA 205725 Aggregation Module
W, SEEMOAACE L TIE, SEHRIFHICE
AR X 72 WavLM BASE+5 5135472 512 1K
JLD x-vector [20] Z FH\\ 7=,

2h‘t1:ps ://speechresearch.github.io/prompttts
3ht',tps ://huggingface.co/microsoft/wavlm-base-plus
4https://huggingface.co/microsoft/wavim-base-plus-sv



Table 1 FFEARAINF ¥ TV a=v TOERER. AM I% Aggregation Module %3, B@4, R, M, BS, C,
S i1 Zh BLEUG4, ROUGE-L, METEOR, BERTScore, CIDEr-D, SPICE # %3 Bi% v 7> 320

distinct-1/-2 (FZNZ 4 0.020 and 0.071 TH > 7=.

(a) Sentence Rephrasing & i\ 7202 o 72356 DFER

Model Speech encoder Ba@4t Rt Mt  BSt Ct St distinct-11 distinet-21
Mel-spectrogram 0.163 0.352 0.320 0.817 2.171 0.273 0.019 0.049
Transformer-based encoder-decoder X-vector 0.096 0.269 0.248 0.799 1.289 0.209 0.015 0.039
WavLM 0.253 0.475 0.456 0.850 3.239 0.419 0.022 0.064
Mel-spectrogram + AM 0.178 0.381 0.357 0.827 2.295 0.316 0.020 0.057
StyleCap w/ GPT-2 (proposed) x-vector 0.085 0.273 0.255 0.800 1.138 0.214  0.013 0.032
WavLM + AM 0.228 0.433 0.410 0.839 2.868 0.370 0.022 0.064
Mel-spectrogram + AM 0.160 0.358 0.332 0.821 2.109 0.295 0.022 0.066
StyleCap w/ Llama 2 (proposed) x-vector 0.076 0.262 0.239 0.799 1.107 0.213 0.016 0.042

WavLM + AM

0.273 0.497 0.469 0.855 3.471 0.434

0.023 0.073

(b) Sentence Rephrasing % i\ 72554 OF5 R

Model Speech encoder B@4t R7T Mt BSt Ct ST distinct-11 distinct-21
Mel-spectrogram 0.140 0.332 0.303 0.814 1.847 0.239 0.018 0.046
Transformer-based encoder-decoder x-vector 0.071 0.244 0.212 0.792 1.046 0.191 0.012 0.027
WavLM 0.246 0.464 0.441 0.848 3.172 0.404 0.021 0.059
Mel-spectrogram + AM 0.164 0.368 0.334 0.822 2.122 0.294 0.021 0.063
StyleCap w/ GPT-2 (proposed) x-vector 0.068 0.260 0.237 0.798 0.895 0.210 0.013 0.033
WavLM + AM 0.239 0.470 0.439 0.848 3.056 0.403 0.022 0.068

Mel-spectrogram + AM 0.165
0.084 0.259 0.237 0.796 1.157 0.212 0.014 0.034
0.279 0.507 0.479 0.857 3.594 0.447

x-vector
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StyleCap w/ Llama 2 (proposed)

0.353 0.327 0.818 2.131 0.279 0.024 0.065

0.027 0.079
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Table 2 HHHIYI—KITE-oTHELNGEHE

WRT MVERWEZAZRANT 77 X —3FD IEf#

% (%). P,S, VEZTNENY v 7, 3h, HiERT
Speech encoder Gender P S V Avg
Mel-spectrogram + AM  93.8 62.1 67.8 54.7 69.6
94.0 40.5 44.0 49.4 57.0
91.0 61.0 85.2 69.9 76.8
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ARA WA E YT TWB Y, FRETIEILREE PO
FLRAEZR E DD N T /IS FEIG R B A A AT
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