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A Synthesis Method of Emotional Speech
Using Subspace Constraints in Prosody

Tsuvyosnl MoRrIivyAMA,1*1 SHINYA Morif!*2
and SHINJI OzAawAfl*3

An efficient method of speech synthesis that uses subspace constraint be-
tween prosody components is proposed. Conventional methods that utilize
unit selection concatenate speech segments, which require enormous number of
waveforms stored in database for synthesizing arbitrary texts with various emo-
tional expressions. The proposed method employs principal component analysis
to reduce the dimensionality of prosodic components, which also allows us to
generate new prosody that is similar to training samples. Experimental results
demonstrated that only about 4 dimensions were sufficient for representing the
prosodic changes due to emotion at over 90% of the total variance. Synthesized
emotions in steps were successfully recognized by the listeners for “sorrow”,
“boredom”, “anger”, “surprise”, “depression” and “disgust”.
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Fig.1 An example set of pitch contours that vary over various emotions conveyed.
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Fig.2 Emotional speech synthesis using subspace constraints in speech prosody.
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Table 1 Words used for training prosody constraints, that are selected for each combination of

accent position and the number of morae.

gooo gooooo oooooo
9 HL O\O /nama/
LH 0’o /nami/
HLL o‘oo /midori/
3 LHL O&) /naname/
LHH 0/0‘o /nagame/
HLLL cx)\O\O /arawani/
4 LHLL OIO\O\O /amamizu/
LHHL cfo*o /arayuru/
LHHH 0,0‘00 /omonaga/
HLLLL Q\0‘0()0 /naniyorimo/
5 LHLLL O’O\OOO /amamizuwa/
LHHLL cf)o‘oo /amanogawa/
LHHHL OPOQO /yawarageru/
LHHHH O,O‘OOO /amarimono/
HLLLLL o‘ooooo /emoiwarenu/
LHLLLL M /omoumamani/
6 LHHLLL m /amagaeruwa/
LHHHLL OPO%O /iwazumogana/
LHHHHL M /oborozukiyo/
LHHHHH M /warawaremono/
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Table 2 Emotions that speaker tried to express in recording training samples of speech.

1. oo 17. oo 33. oo
2. oo 18. ooooo 34. oo
3. oo 19. oo 35. ooo
4. oo 20. oo 36. oo
5. oooo 21. ooo 37. oo
6. oo 22. oo 38. oo
7. ooo 23. oo 39. oo
8. oo 24. oo 40. oo
9. oo 25. ooo 41. oo
10. oo 26. oo 42. oo
11. ooo 27. ooo 43. oo
12. oo 28. oo 44. oo
13. ooo 29. oo 45. oo
14. oo 30. O 46. ooo
15. oo 31. oo 47. oo
16. oooao 32. oo

0 3 /maniyorimo/05 D00U0OHLLLL 0000000000 DODO0ODDO0O0O0O0O0O0O0OOOOOODOODODO
gooooo0oooooooooooooo
Table 3 Cumulative proportions of the total variance and coefficients of determination for
/naniyorimo/ (5 morae and HLLLL-accent).
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D 79.4 0.749
AL 88.8 0.410
AR 93.1 0.305
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Table 4 Cumulative proportions of the total variance.

gooo oooooo o1 02 O3 04

HL 59.3 81.3 89.5 93.3
2 LH 56.6 82.3 88.6 92.1
HLL 68.1 79.8 88.0 92.2
3 LHL 55.8 81.6 92.4 94.8

LHH 57.1 82.7 90.8 94.0
HLLL 56.1 76.8 85.8 92.2
LHLL 58.7 83.3 88.7 92.3
LHHL 51.3 76.2 85.8 91.2
LHHH 49.4 75.9 88.4 91.8
HLLLL 63.5 79.4 88.8 93.1
LHLLL 61.4 77.0 87.7 91.9
5 LHHLL 56.3 79.9 87.6 92.6
LHHHL  64.0 79.0 89.1 92.4
LHHHH  56.7 79.0 89.5 92.7
HLLLLL 72.5 85.4 91.0 94.0
LHLLLL 63.8 82.6 88.6 93.2
LHHLLL 60.1 81.5 89.4 93.6
LHHHLL 47.0 72.3 84.4 89.7
LHHHHL 61.1 77.6 86.7 90.5
LHHHHH 54.9 78.5 90.5 94.3
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Fig.3 Example contours of FO that are generated by varying prosody parameter.
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Table 5 Emotions synthesized in the current implementation.
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Table 6 Reconstruction error of the prosody patterns.

ooooo gooono gooooo

oooo oooooo 4B joct.x1072) [ms]
) HL 9.14 (5.18) 9.84 (7.88) 37.3 (32.7)
LH 8.21 (5.06) 11.2 (9.35) 30.3 (36.7)

HLL 7.48 (5.52) 12.9 (9.57) 33.6 (39.8)

3 LHL 7.65 (5.13) 10.9 (8.72) 26.1 (26.4)
LHH 8.48 (5.54) 10.0 (8.78) 29.7 (26.5)

HLLL  8.50 (5.47) 9.64 (8.12) 19.5 (27.0)
LHLL  7.72 (5.87) 10.4 (8.58) 21.8 (21.1)
LHHL  9.35 (5.52) 8.61 (7.09) 19.4 (25.9)
LHHH  9.01 (5.38) 9.37 (7.36) 20.2 (28.4)
HLLLL  8.34 (4.94) 9.56 (8.23) 18.7 (24.0)
LHLLL  9.87 (5.63) 8.73 (7.22) 15.6 (19.9)
5 LHHLL  9.11 (5.34) 8.30 (6.53) 14.7 (15.5)
LHHHL  9.36 (5.43) 9.72 (7.56) 19.3 (17.3)

LHHHH 9.14 (5.33) 9.76 (8.34) 16.9 (29.3)
HLLLLL 7.93 (5.43) 10.3 (8.80) 18.2 (23.0)
LHLLLL 7.33 (5.08) 12.2 (10.3) 16.5 (19.1)
LHHLLL 8.29 (5.43) 10.8 (9.14) 20.1 (27.1)
LHHHLL 9.29 (5.33) 9.27 (7.18) 14.2 (15.6)
LHHHHL 7.75 (5.39) 10.5 (8.66) 17.9 (20.9)
LHHHHH 9.80 (5.42) 10.4 (7.97) 15.3 (18.0)
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Fig.4 An example set of prosody patterns synthesized by varying emotions to synthesize.
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Table 7 Words used in the subjective listening test, that were not included in the training speech. Table 8 The number of speech that were perceived to contain the synthesized emotion (with words
0000 000000 0000000000 used for training).
HL qo Jmic/ 00 00 00 00 00 00 00 00 00 00 00 00
2 0ooo 10 0 0 0 0 0 0 0 0 0 0 0
LH s /mizu/ oo 0 10 0 0 0 0 0 0 0 0 0 0
HLL °s°° kagawa/ oo 0 0 10 0 0 0 0 0 0 0 0 0
3 o’o‘o oo 0 0 0 10 0 0 0 0 0 0 0 0
LHL /erabu/ oo 0 2 0 0 8 0 0 0 0 0 0 0
LHH d /omae/ oo 0 0 1 0 2 7 0 0 0 0 0 0
HLLL Q Jborudoo/ oo 0 0 2 1 0 0 7 0 0 0 0 0
orucoo 0o 2 1 0 2 0 0 1 2 1 0 0 0
4 LHLL oo /aomori/ oo 0 0 3 6 0 0 0 1 0 0 0 0
LHAL 2% Jimamade/ 0oo 4 1 0 0 0 0 0 2 1 1 1 0
P oo 0 3 0 0 3 0 2 1 0 0 0 1
LHHH /kumamoto/ oooo . o 0 0 1 0 0 1 5 0 0 0 0
HLLLL 0-0-0-0 /baieruN/
5 LHLLL CP*OOO /karugarii/ 09 000000000 00000000000000000000000000000000D0000O000
LHHLL O’o‘%o /yamazakura,/ Table 9 The number of speech that were perceived to contain the synthesized emotion (with words
t used for training).
LHHHL O’O‘OO\O /hokakebune/ ot used for training)
M - 0o 00 00 00 00 00 00 00 00 00 00 00
LHHHH /arakajime/ ooo 10 0 0 0 0 0 0 0 0 0 0 0
HLLLLL  Qooooo /iNguraNdo/ oo 0 10 0 0 0 0 0 0 0 0 0 0
oo 0 0 9 0 0 0 0 1 0 0 0 0
LHLLLL do‘oooo /burukkuriN/
oo 0 0 2 8 0 0 0 0 0 0 0 0
6 LHHLLL cfo‘oo-o /hokkaidoo/ oo 0 3 0 0 6 0 0 0 1 0 0 0
LHHHLL & %00  /airuraNdo) oo 0 0 1 0 3 6 0 0 0 0 0 0
oo 0 0 2 3 0 2 4 0 0 0 0 0
LHHHHL d O /ilarawasu/ 0o 0 0 4 1 0 1 0 a 0 0 0 0
LHHHHH /aikawarazu/ oa 0 0 1 4 0 0 0 1 4 0 0 0
0oo 1 1 4 0 2 0 1 1 2 1 0 0
oo 2 2 0 0 2 1 2 0 0 0 1 0
0oDooooooo0oooooooooDoooooog gugoo 1 1 2 3 0 0 1 0 2 0 0 0
0000000000000 0000000000000 50 120000000070
00603000500 200000000 000000LOUOLUODLOODOOOODOOO oooooes0 000000000000 00D00000D0000000ODOD0O00OODOO0
00000D00000o00o00o0oo0 1000000000000 DOoooOoon 000120000 200000000000000 500000 500000000000
0000000000000 00o0o000o0o0oooO0ooOoooO0oDoooonooo 02000000000000000D0000D00D00O00O0O0O0O0O0O0O0ODOO0
000000000000 b00000oO0oOoDO0ooooooooooooDbOon 7™ 430000000 2000000000000000000000D004.3 00007
000000012000 200000000000 2000000 20000 40000 0000000000000 0000000000000000000o00OoDOo0O0o0oOoon
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Fig. 5 Subjective evaluation for speech synthesized by two levels of emotion intensity.
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