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a E5)L f5]: “A male bass said slowly and loudly.”
S /

OBF#R2: REFRFMILXTNT A ERD=HDETILIStyleCap I1ZIRE
AERFvT 3= Fi& (ClipCap [Mokady et al,, 2021]) ZARZ AT [ [TIZHESE
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but the tone is very low.

5ll: ﬂ »>> _ "His voice is very loud,

OARMETHL=T—2tYk: PromptSpeech A—/\X [6uo et al., 2023]
ARG (BFE, BEAZMIVICEAT 508 X)) DRT7T—RIZKYHERK
- %?)SEEE’C%EEZQ’HL%%MEH_IA HTXAMEFEARETILICHITTHESE
s FHFIEHMR: FEOMR, B, X BE
e LibriTTS 3—/\X [Zenetal, 2019] [TEFENSIBFRIZRFRAFMIVIZCEHT HEERXNTTE 4



StyleCap DV —FF DI F+

Aggregation Module (AM)

Fixed-length vector

Sum along frame " Prefix embeddings
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Transformer 5 F
: BLSTM Transiformer
Transformer : ) LLM
; BLSTM Transformer
Transformer 1 T ¥
t Transformer :
K CNN , \ BLS“TM 1) NG : 4 A male bass said slowly and loudly.
4 . .
| [. 00 .’J Speaking-style caption
Weighted-sum + ¢+ ¢ v
"'II||| Ie-- ‘ l
along |
I 9 aver R . I Prefix const.
Input speech > Linear
\ J \ J \ J

Speech encoder Mapping network Text decoder



StyleCap DV —FF DI F+

Aggregation Module (AM)
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StyleCap DV —FF DI F Vv

Fixed-length vector

Sum along frame [

Prefix embeddings

1 [
Multi-head : A
attention Linear o000 [’ .‘]
Transformer 7 i
) BLSTM Transformer
Transformer : : LLM
! BLSTM Transformer
Transformer 3 7
CIIIN BLSTM Trans{ormer A male bass said slowly and loudly.
I \ | Speaking-style caption
Weighted-sum T T T T Y
along layer ! Prefix const
Input speech - Linear '
L J \ | 1
| | |

Text decoder

Mapping network D% LM ICAA L, BEEFBRA XA ILDF ¥y T arvz4E




Sentence RephrasinglC &k D7 — LR

OFFERZAILX T a2 T DHLE: X214 )LFBID one-to-many [ &
A1 DDERICH I ERFBRAFIMNIILKRBIE—ZEICEFRLY, EHOHENFE

— LLMI[Z &% Sentence Rephrasing TAA A JLER 1 D Z FR1EZ1E N

= I=Vy] BHDIR@EMNLEED
fErX (T8~ 4 ) /| BERTScore A& L X ZEER |
Rewrite th
followe;l‘:;]”ssnteice... T~ LLM E LV Z 1E#H 1: BERTScore 0.81
(Llama 2-Chat 7B) = U\ % {Z4#H2: BERTScore 0.86

3 N E UM Z {Z4E3: BERTScore 0.75
FHEFEXZS LN Tay g Y, S U\#A % (%454 : BERTScore 0.91
(JR3C) \_ EULMRA{BRMS: BERTScore 0.79

151 [ 3Z: “His sound height is normal, but the speed is very fast, and the volume is very low.”
Z#11%: “Despite his normal height, his sound is incredibly fast and surprisingly quiet.”
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R (¥l (XRTRSER)

OStyleCap DET ILERTE
ISpeech encoder: (WavLM BASE+ + AM) or (AL ARSI KO S5 L + AM) or x-vector
* Aggregation module (AM): BEIERAVFILIED =8O DED 1 —)L
JIMapping network: Transformer encoder x 8
JText decoder: GPT-2 (125M params) or Llama 2 (7B params)

OT—43tvk: PromptSpeech 3A—7/\ X (Guo et al, 2023]
EEE B/ FEEE: 1,19148/%926,000F 58
A E /RREE/FTM T — 5230 24,953/857/778 %58

ODNN F&E DEH
ANYTF YA X/ITRYIE: 16/20(T—2HERFELA510)
B BH%L: Ground-truth v 7S a3 EERRF T3> B D Cross-entropy loss
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REFEDBNESRICET D& EH

OF{Hi $54Z: METEOR (M), BERTScore (BS), Distinct-1 (D1) (fth (R F5 S HE)

w/o Sentence Rephrasing w/ Sentence Rephrasing

Speech encoder Textdecoder | M(T)  BS(T) DI(T) | M(T) BS(T) DI(T)
Mel-spec. + AM GPT-2 0.357 0827 0.020 | 0.334 0.822 0.021
X-vec. GPT-2 0.255 0.800 0.013 | 0.237 0.798 0.013
WavLM + AM GPT-2 0.410 0.839 0.022 | 0.439 0.848 0.022
Mel-spec. + AM Llama 2 0.332 0.821 0.022 | 0.327 0.818 0.024
X-vec. Llama 2 0.239 0.799 0.016 | 0.237 0.769 0.014
WavLM + AM Llama 2 0.469 0855 0.023 | 0479 0.857 0.027
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REFEDBNESRICET D& EH

OF{Hi $54Z: METEOR (M), BERTScore (BS), Distinct-1 (D1) (fth (R F5 S HE)

w/o Sentence Rephrasing w/ Sentence Rephrasing

Speech encoder Textdecoder | M(T) BS(T) DI(T) | M(T) BS(T) DI(T)

Mel-spec. + AM GPT-2 0.357 0.827 0.020 | 0.334 0.822 0.021
X-vec. GPT-2 0.255 0.800 0.013 | 0.237 0.798 0.013
WavlM + AM GPT-2 0.410 0.839 0.022 | 0.439 0.848 0.022

Speech encoder M A %: WavLM + AM > others
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REFEDBNESRICET D& EH

O&Fih:

H4Z: METEOR (M), BERTScore (BS), Distinct-1 (D1) (fi (X [RF&S 18)

w/o Sentence Rephrasing w/ Sentence Rephrasing

Speech encoder Textdecoder | M(T) BS(T) DI(T) | M(T) BS(T) DI(T)

Mel-spec. + AM Llama 2 0.332 0.821 0.022 | 0.327 0.818 0.024
X-vec. Llama 2 0.239 0.799 0.016 | 0.237 0.769 0.014
WavlM + AM Llama 2 0.469 0.855 0.023 | 0.479 0.857 0.027

Speech encoder M A %: WavLM + AM > others
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REFEDBNESRICET D& EH

O&Fih:

H4Z: METEOR (M), BERTScore (BS), Distinct-1 (D1) (fi (X [RF&S 18)

w/o Sentence Rephrasing w/ Sentence Rephrasing

Speech encoder Textdecoder | M(T) BS(T) DI(T) | M(T) BS(T) DI(T)

WavlM + AM GPT-2 0.410 0.839 0.022 | 0.439 0.848 0.022

WavlM + AM Llama 2 0.469 0.855 0.023 | 0.479 0.857 0.027

Text encoder DB #I%: Llama 2 > GPT-2
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REFEDBNESRICET D& EH

O&Fih:

H4Z: METEOR (M), BERTScore (BS), Distinct-1 (D1) (fi (X [RF&S 18)

w/o Sentence Rephrasing w/ Sentence Rephrasing

Speech encoder Textdecoder | M(T) BS(T) DI(T) | M(T) BS(T) DI(T)

WavlM + AM Llama 2 0.469 0.855 0.023 | 0.479 0.857 0.027

Sentence Rephrasing: £ ¥ ¥ 723> D EHREERHICHE
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B2l

Speech: )

Ground-truth: His tone is so high, the volume is very large, and he speak very fast.

—_ o o — ~ —
TEN—VIFTEL +

Speech encoder Text decoder

Generated caption

His sound height is really high, the volume is very large, and he speaks quickly.

Please generate a man with a loud voice tg(say slowly.

His sound height is really high, the volume is very large, and he speaks quickly.

Mel-spec. + AM GPT-2

X-vec. GPT-2

WavLM + AM GPT-2
Mel-spec. + AM Llama 2
X-vec. Llama 2
WavlLM + AM Llama 2

His tone is so high, the volume is very large, and he speaks quickly.
His sound height is really high, the volume is very large, and he speaks quickly.

His tone is so high, the volume is very large, and he speak very fast.

x-vector [EFEFERA Y T ILICEIT BREITB D REFL TWERWESH, XY A7 ICIEFEY]
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ORML: HEFERAFMILFTrYTaz=o i DIRE
BEICETNARERAL - BERBEAASHCRR [w]

AFFNCEEINT=BERTANIL (BI: BRF) OF RIS LD
IC:_A\SSP2024HJ§0)
OE#k2: StyleCap DIRE & HXE D EE(H WL HS

ASSLETILHEDEEREANVNILE, RO FEL LLM ZHL V= StyleCap A
RUBEVVEEDORERFIMNINTYI 3= VTERR

Sentence Rephrasing [C&5T—ALEZAWNSIET, ERSNLHREERZAIL
FvTavDFEESFELSFA L

O ERDFE
b D/ NSEFE/IFEEER (BIE, DHVKEBLRE) DX vT az=o I ~DHEIG
AEYBHRGRFBRAZMNIN XT3V J AT =T —52 Y MEE 18



Appendix: N—X 51 2EFTIL EDLEE

OR—RXS5A>FT JL: Transformer encoder-decoder
AT A)ILARS AT S L

JEncoder: Transformer encoder x 12, Decoder: Transformer decoder x 6

OFF i

H4Z: METEOR (M), BERTScore (BS), Distinct-1 (D1) ({2 (X [RF&S 18)

w/o Sentence Rephrasing w/ Sentence Rephrasing

Model M(T)  BS(T) D1(T) | M(T) BS(T) D1(T)

Transformer encoder-decoder 0.320 0.817 0.019 | 0.303 0.814 0.018
StyleCap w/ WavLM, Llama2 0.469 0.855 0.023 | 0.479 0.857 0.027

Model @B #h14E: StyleCap > Transformer encoder-decoder
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Appendix: Speech encoderth DIC KD IS AN %

ORBZALIITF7IR—57 48
dPromptSpeech DEFEIZIX GEBEDMR, B8, 55&E, BE) DADDRAZSLIVIFY
A—IZBH T HTIRNILHTEIN TNV
o EAIIE (male/female) W20 X, Dl (low/mid/high) 395X
AEEBRTRLIZFEEFHA DL Speech encoder DEHE AN REFAILIT7H3—%F A
TH1BDHREEEZEE

Speech encoder 45| BEE HE B= FH
Mel-spec. + AM  93.8 62.1 67.8 54.7 69.6
X-vec. 94.0 40.5 44.0 49.4 57.0
WavLM + AM 91.0 61.0 85.2 69.9 76.8

S FETERE: WavLM + AM > others
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Appendix: D¥EMEEEE F v T S 3 2 1EEEDE R
ORBALIVIFIRA—RDED IR LD METEOR 73 7h

EREMRLEEBIEE 1
XvTa= T EEN
FIEL TS ‘

Number of correct predlctlons
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Appendix: LLMAD A I Prefix DEFFR

OPrefix embeddingZa YAV HUENZHL RS VEEE(ICEHR

Ground-truth caption

His tone is so high, the volume is very large, and he speak very fast.

Generated Caption (Llama 2)

Prefix (Llama 2)

His sound height is really high, the volume is very large, and he speaks quickly.

A ggTT Dir czas czas czas czas Czas czaspper czas czasourceourcecketcketourceource
violent czasourceventory czasJtclarource wzource spriteventoryppy visual estate
gemeins gun clevergers best western

Generated Caption (GPT-2)

Prefix (GPT-2)

His tone is very high, the volume is very large, and he speak quickly.

heastgaeagementrastructure Dmitentious seeming gaping vertically skyline Explain
loudly Explaingae guiding heights technologically soaring firsthandylethrough HIGHstros
RIGHT HIGHgaepdffolder Thewhethergae urgently HIGH trave trave traveenged
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Appendix: WavLMDENEBD 31

OFHFEH StyleCap O Speech encoder M WavlM D EAH R

6 7 8 9 10 11 12
n th layer

AAIGEVWEBIEREEAFRHL KRS
— AAITEVWEBIFERAFBRAIAIVICEATHIFHRINEE

23



Appendix: Mapping network @D Ablation

OLLM [ZA 519 % Prefix DEEIZEH T 5 Ablaton study

JETJ)L: StyleCap w/ WavLM + AM, Llama 2, Sentence rephrasing

Prefix length 1 2 5 10 40 60
METEOR 0.419 0.437 0.468 0.464 0.479 0.459
BERTScore 0.839 0.845 0.853 0.853 0.857 0.852

24



Appendix: RERFERFH (T —H LR L)

Ol Fa4%R:

1B@4: BLEU4, R: ROUGE, M: METEOR, BS: BERTScore, C: CIDEr-D, S: SPICE scores

Model Speech encoder B@4(T) R(T) M(T) BS(T) C(T) S(T) distict-1(T) distict-2(T)
Mel-spectrogram 0.163 0.352 0.320 0.817 2.171 0.273 0.019 0.049
Transformer x-vector 0.096 0.269 0.248 0.799 1.289 0209  0.015 0.039

encoder-decoder

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 x-vector 0.085 0.273 0.255 0.800 1.138 0.214 0.013 0.032
WavlLM + 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 x-vector 0.076 0.262 0.239 0.799 1.107 0.213 0.016 0.042
WavlLM + AM 0.273 0.497 0.469 0.855 3.471 0.434 0.023 0.073
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Appendix: RERFERFH(T—HHLiRH D)

Ol Fa4%R:

1B@4: BLEU4, R: ROUGE, M: METEOR, BS: BERTScore, C: CIDEr-D, S: SPICE scores

Model Speech encoder B@4(T) R(T) M™M(T) BS(T) C(T) S(T) distict-1(T) distict-2(T)

Mel-spectrogram 0.140 0.332 0.303 0.814 1.847 0.239  0.018 0.046

Transformer x-vector 0.071 0244 0212 0.792 1.046 0.191  0.012 0.027
encoder-decoder

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 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 0.353 0.327 0.818 2.131 0.279  0.024 0.065

StyleCap w/ Llama 2 x-vector 0.084 0259 0.237 0.769 1.157 0.212  0.014 0.034

WavLM + AM 0.279 0.507 0.479 0.857 3.594 0.447  0.027 0.079
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