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(ZUDHIC: KIAFTDER

OBBRL: [FHERFAILXTLa=2T 1LV RIFIRE
ASEICSTNARERA() - BERBEEHASE D
AEFCERINF-BESNIL (B BelE) OFREONGENRISILREEER

4 )
AT o %I:IEXQ'f) L = oC _
": -'Illllllll" v Fa= ol — FERAZINTYILIL
L ETI)L f5l: “A male bass said slowly and loudly.”
S /

OFBR2: BEFRFAINXNTAVERD=ODET ILISstyleCap IZIRE
AEGRFvT 3= Fi& (ClipCap [Mokady et al,, 2021]) ZARZR V[ ITIZHESE
ALY EBWVHHBMEO-OICEFLEEODBECHEHYFEE (SSL) ETILEEF
AKIMESEET )L (LLM) [ZE D Sentence Rephrasing [C&AT—43HLEHIRE
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ONTEiE/IEEBITHAH
AANSN-BEENLRIFLEB I GED/NSEFE/FEHBIFHRTHTE
AEWREBEL T TS, AR ERAIRGEAM THR/IoNHIENEFLL
s EFR: BRICERNATIVADOSEOREOHEENTHH

— NS EE/FEBFEROBASEICISEBRABRKRICEYVRES

B /A —T4FxTNvTa=2d
EIE@E/T TAAT—3DANREHRETBAS ETEL
A5 BHEX YT a=2T -8 D ClipCap [Mokady et al., 2021]
« H{BELEED SSLETILEFTRAL, T—J‘**F BExyToaz= 0 #EH
— BEERFMNINXNT A= T ICEBFREEED SSL ETILEER




FHEBEAIINFvISa=>PVDHE
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FEFERIAIL
-'lllllllll'- — FvTa= g —— EERIAILFrTIav
ETIL
- /
2k “His voice is very loud,
QE)D " but the tone is very low.”

OARHERTHW=T—2tvE: PromptSpeech A—/\X [Guoetal, 2023]
AFRRTGE (BFE, BEAZMIVICEAT SR X)) DRT7T—RZKYERK
ABAS B THRERFIMNI=HIHAI LR T FANEESRET ILICAITTHEE
- ELRHERR: FEEOMR, Ba, iR B
* LibriTTS 3—/\X [Zenetal, 2019] [CTEFENDEFICHFBAZANIVICEAT R Xzt 5
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StyleCap DV —FF D F Vv

Aggregation Module (AM)

~ Fixed-length vector
Sum along frame Prefix embeddings
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Aggregation Module (AM)

~ Fixed-length vector
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StyleCap DV —FF D F Vv

Fixed-length vector

Sum along frame [fr—m

Prefix embeddings

1 1
Multi-head A
ationtion ear -0 @ @ @ o |
Transformer 7 1
) BLSTM Transformer
Transformer : : LLM
! BLSTM Transformer
Transformer 3 f
CIT\JN BLSTM Trans}ormer A male bass said slowly and loudly.
1 ‘ I Speaking-style caption
Weighted-sum 1 T T T \
along layer ! Prefix const
Input speech ” Linear '
it J \ | I
| | |

Text decoder

Mapping network DA% LIM ICABD L, BEEREFRAXA VDX 7 avZ5ERk




Sentence Rephrasinglc &k —A LR

OFREFERFAINFTNTIA=T DELE: R24ILF D one-to-many [E1E
A1 DDEBEEICHT ARFBRAIMNIKRBIE—RICEFLT, BHOEBNFHE

— LLMIZ &% Sentence Rephrasing TRZAJLER D ZHk1EZ1EMN

e . BHDIRFENLRXED
fBAX (0 IH) 4 ) /| BERTScore hiBH &L & RIR [
Rewrite the —

following sentence... —~~ LLM & LMELZ &4 1: BERTScore 0.81

(uama 2-Chat 7B) — & LML Z {%4#H2: BERTScore 0.86

. e = S LM X %4 3: BERTScore 0.75

REAIANFNT Ay \ Py £ \#.% 244 BERTScore 0.91
(FR3) \_ ELRRIRHES: BERTScore 0.79

151 JR3: “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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IR (¥l (XRTRSER)

OStyleCap DETILERTE
ISpeech encoder: (WavLM BASE+ + AM) or (AL ARSI +O% S L + AM) or x-vector
 Aggregation module (AM): EIERAIMILIEDT=ODED 1 —IL
IMapping network: Transformer encoder x 8
1Text decoder: GPT-2 (125M params) or Llama 2 (7B params)

OT—%2tvh: PromptSpeech O—/ AR [Guo et al,, 2023]
QEEEBY/FEEEN: 1,19144/%926,000F:F
A& AR/l T — 2%k 24,953/857/778%%5F

ODNN FEDEH
A\ FH A X/TRYVE: 16/20(T — LR E LA 510)
8 RBIE: Ground-truth Fv TS av EEFFvT L3V ED Cross-entropy loss 45




RREFEDBMNESRICET D& EH i

OFE{fi$§48: METEOR (M), BERTScore (BS), Distinct-1 (D1) (it (&R #&EES I8)
w/o Sentence Rephrasing w/ Sentence Rephrasing
Speech encoder Text decoder | M(T)  BS(T) DI1(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
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
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REFEDIBNERICE T SEH M

T{fi+54Z: METEOR (M), BERTScore (BS), Distinct-1 (D1) ({E (X RFE S HR)

w/o Sentence Rephrasing w/ Sentence Rephrasing

O
ﬂlllll

Speech encoder Text decoder | 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

hTE: WavLM + AM > others
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REFEDIBNERICE T SEH M

T{fi+54Z: METEOR (M), BERTScore (BS), Distinct-1 (D1) ({E (X RFE S HR)

w/o Sentence Rephrasing w/ Sentence Rephrasing

O
ﬂlllll

Speech encoder Text decoder | 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
WavlLM + AM Llama 2 0.469 0.855 0.023 | 0.479 0.857 0.027

hTE: WavLM + AM > others

14



REFEDIBNERICE T SEH M

T{fi+54Z: METEOR (M), BERTScore (BS), Distinct-1 (D1) ({E (X RFE S HR)

w/o Sentence Rephrasing w/ Sentence Rephrasing

O
ﬂlllll

Speech encoder Text decoder | M(T)  BS(T) DI(T) | M(T) BS(T) DI(T)

WavlLM + AM GPT-2 0410 0.839 0.022 | 0439 0.848 0.022

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

NTE: Llama 2 > GPT-2
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REFEDIBNERICE T SEH M

T{fi+54Z: METEOR (M), BERTScore (BS), Distinct-1 (D1) (ftt (LB F5 S HR)

w/o Sentence Rephrasing w/ Sentence Rephrasing

O
ﬂlllll

Speech encoder Text decoder | M(T)  BS(T) DI(T) | M(T) BS(T) DI(T)

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

Sentence Rephrasing: £ ¥+ 723> D ZHREXFICHE
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B2l

N > —
\ e I
Speech: Q@)j TEN—VEIEL +
Ground-truth: His tone is so high, the volume is very large, and he speak very fast.

Speech encoder Text decoder Generated caption
Mel-spec. + AM GPT-2 His sound height is really high, the volume is very large, and he speaks quickly.
X-vec. GPT-2 Please generate a man with a loud voice tg(say slowly.
WavLM + AM GPT-2 His sound height is really high, the volume is very large, and he speaks quickly.
Mel-spec. + AM Llama 2 His tone is so high, the volume is very large, and he speaks quickly.
X-Vec. Llama 2 His sound height is really high, the volume is very large, and he speaks quickly.
WavLM + AM Llama 2 His tone is so high, the volume is very large, and he speak very fast.

x-vector [THEERXA XA IVICETBIBHRIIHE YV RFL TULWEWESD, XXX 7 ICITFqEL] 17
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OF#R2: StyleCap DIRE & HEE D ST RN
ASSLETILHEDBEERERNILILE, RIFADEL LLM L = StyleCap HY
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Appendix: N—X 51 ETFILEDLEE

OR—RX 54 >2FET JL: Transformer encoder-decoder
AR A)ILARS AT S L

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

OFE{M$54E: METEOR (M), BERTScore (BS), Distinct-1 (D1) (ftt LR TESHR)

ol

w/o Sentence Rephrasing w/ Sentence Rephrasing
Model M(T)  BS(T) DL(T) | M(T) BS(T) DI(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 D E #htE: StyleCap > Transformer encoder-decoder
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Appendix: SRERFESREFHl (- — LR L)

Hilfi 5 4%

O
ol

IB@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 0.209  0.015 0.039

encoder-decoder

WavlLM 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
WavLM + AM 0.273 0.497 0.469 0.855 3.471 0.434 0.023 0.073
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Appendix: SRERFESREFHll (- —FHnsRHB D)

Hilfi 5 4%

O
ol

IB@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 0.140 0.332 0.303 0.814 1.847 0.239 0.018 0.046
Transformer
x-vector 0.071 0.244 0.212 0.792 1.046 0.191 0.012 0.027
encoder-decoder
WavlLM 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 0.259 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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Appendix: Speech encodertB DIC KD I S A HA

ORBZALINIFI3—55R
dPromptSpeech DEFEIZIE GEBDMR, B8, 58%E, BE) DADDAIANIVITFY
B—[ZEATEHINILIFEINTULVS
o MRIE (male/female) M2 X, FD i (low/mid/high) 395X
AEERTRLULEEEFH DS Speech encoder DH IAMSRAAILIT7HI3—%F 8|
ITHIEDREEEZFE

Speechencoder ™R B HE B= FEBY
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
WavlLM + AM 91.0 61.0 85.2 69.9 76.8

S ¥ETERE: WavLM + AM > others
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Appendix: Mapping network @D Ablation

OLLM IZA 39 B Prefix DR SIZEH9 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
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Appendix: WavLMDENED D

O H iH - StyleCap @ Speech encoder @) WavlM D EAFEK

& 7 8 9 10 11 12
n th layer

ARNTGENWEBEEEARBHKEL
— AAIGEVWBEERFERAZMIVICEATHRHRNEE
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Appendix: LLMAD A 7 Prefix DEER

OPrefix embeddingZea YA/ U ENRHL RS VVHEEICE R

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.

FggTT 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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