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Summary
• We applied linguistic theories to neural sequence-to-sequence 

speech synthesis
• The proposed method was able to reproduce not only syntactic but 

also phonological phenomena
• Phenomenon 1. initial lowering
• Phenomenon 2. rhythmic boost

• Advances of End-to-end text-to-speech synthesis (TTS) [1]
• Other studies 

• Incorporated information of the post-lexical level, such as 
syntactic structure and syntactic dependency information [2] 

• However, 
• Not objectively examined whether they can reproduce pitch 

patterns of phonological phenomena
• This study aims to reproduce speech sounds of syntactic and 

phonological phenomena

Result of Exp.1
Backgrounds

Phenomenon 1. initial lowering
• The initial lowering is the F0 rise at the beginning of a PPhrase [3]
• The degree of pitch increase in initial lowering varies in response 

to syntactic structure [4]

Proposed method and Results of Exp.2 
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• Syntax–prosody mapping hypothesis (SPMH) [5]

• Syntactic clause àbe mapped to PClause
• Syntactic phrase such as NP, VP à be mapped to PPhrase

• Edge boost hypothesis (proposal): assuming that the number of 
edges in the PPhrases is proportional to the degree of the pitch 
increase in the initial lowering

Proposed method

model sentence cond RiseSizeA RiseSizeB Same pattern as natural prosody?
baseline 1 1 tree 1 0.68 > -0.26 No
baseline 2 1 tree 1 1.75 < 12.12 Yes
proposed 1 tree 1 8.17 < 11.84 Yes

baseline 1 1 tree 2 0.72 > 0.51 Yes
baseline 2 1 tree 2 14.17 > 3.50 Yes
proposed 1 tree 2 11.96 > 1.56 Yes

• The proposed model and Baseline 2 showed the same 
pattern as the natural prosody reported earlier [9]

Phenomenon 2. Rhythmic boost
• Rhythmic boost

• F0 is boosted on the third word in four-word sequences [10]

• But not in three-word sequences [10, 11]
• A prosodic well-formedness constarint triggers phonological re-

phrasing [10]

input N1 N2 N3 N4
item kinou yamanashi-no moriguchi-no aniyome-no waruguchi-o kouen-de tsutaeta
tone LHH LH*LLL LH*LLL LH*LLL LH*LLL HHHHH LHHHH
gloss yesterday Yamanashi-GEN Moriguchi-GEN sister.in.law-GENbad things-ACC park-in tell

‘Yesterday, I said the bad things about the sister-in-law of Moriguchi in Yamanashi in the park.’

baseline 1 (phonemes and accents)

baseline 2 (phonemes, accents, initial lowering, and dependency length)
4N:

proposed (phonemes, accents, and phonological structures)
4N:

k i / n o o #6 y a / m a \ n a sh i n o #1 m o / r i \ g u ch i n o #1 a / n i \ y o m e n o 
#1 w a / r u \ g u ch i o #2 k o / o e N d e #1 ts U / t a e t a .

{ [ k i n o o ] [ [ [ [ y a m a \ n a sh i n o ] [ m o r i \ g u ch i n o ] ] [ [ a n i \ y o m e n o ] 
[ w a r u \ g u ch i o ] ] ] [ k o o e N d e ] [ ts U t a e t a ] ] . }

k i n o o y a m a \ n a sh i n o m o r i \ g u ch i n o a n i \ y o m e n o w a r u \ g u ch i o k o o e N d 
e ts U t a e t a .

4N:

model sentence FallSizeA FallSizeB FallSizeC Same pattern as natural prosody?
baseline 1 1 4.95 -4.02 1.57 No
baseline 2 1 2.25 0.53 1.00 No
proposed 1 -3.79 -0.41 -3.98 Yes

• Only the proposed 
model showed the 
same patterns as 
those of natural 
language [11]

tree 1 N1 A N2 B N3
item imamurasan-no imagawayaki-ga omoide-o tsukurimashita.
tone LHHHHHH LHHHHHH LHHHH LHHHH*LL
gloss Mr. Imamura-GEN Japanese.muffin-NOM memory-ACC made

‘Mr. Imamura's muffin made memories.’

tree 2 N1 A N2 B N3
item imamurasan-ga imagawayaki-no omoide-o tsukurimashita.
tone LHHHHHH LHHHHHH LHHHH LHHHH*LL
gloss Mr. Imamura-NOM Japanese.muffin-GEN memory-ACC made

‘Mr. Imamura made a memory about muffins.’

baseline 1 (phonemes and accents)
tree 1:
tree 2:

baseline 2 (phonemes, accents, initial lowering, and dependency length)
tree 1:
tree 2:

proposed (phonemes, accents, and phonological structures)
tree 1:
tree 2:

{ [ [ i m a m u r a s a N n o ] [ i m a g a w a y a k i g a ] ] [ [ o m o i d e o ] [ ts U k u r i m a \ sh I t a ] ] . }
{ [ i m a m u r a s a N g a ] [ [ [ i m a g a w a y a k i n o ] [ o m o i d e o ] ] [ ts U k u r i m a \ sh I t a ] ] . }

i m a m u r a s a N n o i m a g a w a y a k i g a o m o i d e o ts U k u r i m a sh I t a .
i m a m u r a s a N g a i m a g a w a y a k i n o o m o i d e o ts U k u r i m a sh I t a .

i / m a m u r a s a N n o #1 i / m a g a w a y a k i g a #2 o / m o i d e o #1 ts U / k u r i m a \ sh I t a .
i / m a m u r a s a N g a #3 i / m a g a w a y a k i n o #1 o / m o i d e o #1 ts U / k u r i m a \ sh I t a .
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Experimental settings
• The database consists of an oral transcription of the Arabian Nights 

and its reading voice by a single speaker
• Japanese Tacotron 2 [8] generated a mel-spectrum, which is 

converted to waveforms via Griffin-Lim in ESPNet2 [9]
• 5,453 sentences for training, and 250 each for validation and testing


