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A method of mood induction according to feedback of voice sound modified
emotional prosody
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Our research aimed to construct a system that helps people to improve their
mood naturally using a theory that emotions can be caused by the false recognition of physiological
reactions. The system needs to modify a person®s voice in real time. The first, we surveyed what
kind of acoustic features are modified for emotion recognition in speech from related researches.
There were dozens of kinds of acoustic features used for these researches. However, most of the
acoustic features are not adequate to modify the voice in real time. Therefore, we developed the
system that modifies pitches and volumes of real-time speech. We described 24 algorithms for
converting sounds. Then, we conducted an experiment in which subjects read an essay while listening
to their individual utterance converted by the system in real time. The results for the items calm,
lazy, and comfortable show that the sounds converted like an equalizer were more agreeable than
those converted the whole pitch.
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derived from a subject’s audio data
before an experiment.

[ InCP/ InCV: Average pitch/ volume ]

Detection processing
Detected pitch: InP(t)

Converting processing

OutP(+ Var_Xx(1))

—

Convert whole pitch ]

Var_Pc(t) = InP(t)-InCP

Detected volume: InV(t) ]
Var_Vt(t) = InV(®)-InV(-1) 5
Var_Ve(t) = InV(t)-InCV

2:

Convert whole volume
OutV(£ Var_Xx (t))

Convert like an equalizer
OutE(* Var_Xx (1))

64 ms 64 ms
ot t
“ InP(t) (Hz)”
“ InvV(t) (dB)” InP(t)
Inv(t) 64 ms

Var_Pt(t), Var_Pc(t),
Var_Vt(t), Var_Vc(t)

Var_Pt(t) = InP(t) - InP(t-1),eq. (1)
Var_Pt(t) ) 1
(-1



Var_Pc(t) = InP(t) - InCP,eq. (2)

Var_Pc(t) )
(InCP)
Var_vVt(t)= InV(t) - InV(t-1),eq. (3)
Var_Vt(t) ) 1
(-1
Var_Vc(t) = InvV(t) - InCV,eq. (4)
Var_Vc(t) )
(InCVv)
FFT
IFFT
75ms
OutP(t))
“ OutP(t)=1"
“ OutP(t)=2" 1
“ OutP(t)=0.5" 1
OutP(t)

(PtP+, PtP-, PcP+, PcP-, VtP+, VtP-,
and VcP+, VcP-)

PtP+:  OutP(t) = 1+ Var_Pt (t) /500,
eq- (5)

PcP+: OutP(t) = 1+ Var Pc (t) /500,
eq. (6)

VtP+:  OutP(t) = 1+ Var_Vt (t) /250,
eq. (7)

VcP+: OutP(t) = 1+ Var_ Vc (t) /100,
eq- (8)

PtP+, PcP+, VtP+, VcP+

OutP(t) Var_Pt (t), Var_Pc (t),
Var_Vt (t), Var_Vc (t)
PtP-:  OutP(t) = 1- Var_Pt (t) /500,
eq- (9)
PcP-: OutP(t) = 1- Var Pc (t) /500,
eq. (10)
VtP-:  OutP(t) = 1- Var_Vt (t) /250,
eq. (11)
VcP-: OutP(t) = 1- Var_ Vc (t) /100,
eq. (12)

PtP-, PcP-, VtP-, VcP-

OutP(t) Var_Pt (t), Var_Pc (t),
Var_Vt (t), Var_Vc (t)
0.93 OutP(t) 1.15, eq.- (13)
eq.(13) OutP(t)
outV(t))

“ OutP(t)=1"

“ QutP(t)=2"
2 “ Outv(t)=0.5"
OutVv(t)

(Ptv+, PtV-, PcV+, PcV-, VtV+, VtV-, and
Vcv+, Vev-)

PtV+: OutV(t) = 20 x
(t)/100}, eq. (14)

Pcv+: Outv(t) = 20 x
_Pc(t)/100}, eq. (15)
Vtv+: OutvV(t) = 10°{Var _Vt (1t)/20},

eq. (16)

Vev+: OutvV(t) = 10M{Var _Vc (1)/20%,
eq. (17)

OutV(t)
Var_Vt (1),

log1l0{1+ Var_Pt

logl0{1+ Var

PtV+, PcV+, Vtv+, Vcv+
Var_Pt (t), Var_Pc (t),
Var_Vc (t)

PtV-: OutV(t) = 20 X loglO{l- Var Pt
(t)/100}, eq. (18)
PcV-: OutV(t) = 20 X loglO{l- Var _
Pc(t)/100}, eq- (19)
VtV-: OutV(t) = 10°{- Var _Vt (t)/20},
eq. (20)
VeV-: OutV(t) = 10°{- Var _Vc (t)/20},
eq. (21)

PtV+, PcV+, VtV+, Vcv+

OutV(t) Var_Pt (t), Var_Pc (t),
Var_Vt (t), Var_Vc (t)
(OHz-
12000Hz) 512
“ OutE (t)” 1-512
Ev(n) = ojxuzﬁiﬁ— +0.3,
n={1,2,3...512}, L(Z572) +&l. (22)
Ev(n)
“ OUtE(t)” OUtE(t)
0
100% PtE+, PtE-, PcE+,
PcE-, VtE+, VtE-, VcE+, VcE- 3
0 12000[Hz]



PtE+: OutE(t) = Fnc[ OutE(t-1)+ Var Pt

(M1, eq. (23)
PcE+: OutE(t) = Fnc [ 255+ Var _Pc(t) ],
eq. (24)

VtE+: OutE(t) = Fnc [ OutE(t-1)+ 8.2x Var

_Vt ()], eq. (25)
VcE+: OutE(t) = Fnc [ 255+ 8.2%x Var _Vc (t) ,

eq. (26)
Fnc [] 0
513 512
PtE+, PcE+, VtE+, VCE+

OutE(t) Var_Pt (t), Var_Pc (t),
Var_Vt (t), Var_Vc (t)
PtE-: OutE(t) = Fnc [ OutE(t-1)- Var _Pt
(1. eq. @D
PcE-: OutE(t) = Fnc [ 255- Var _Pc(t) ],
eq. (28)
VtE-: OutE(t) = Fnc [ OutE(t-1)-

8.2x Var_Vt (t)], eq- (29)
VeE-: OutE(t) = Fnc [ 255- 8.2x Var _Vc

M1, eq. (30)
PtE-, PcE-, VtE-, VCE-
OutE(t) Var_Pt (t), Var_Pc (t),
Var_Vt (t), Var_Vc (t)
®
12
10
1
2
3
10 24
8
[71 5
1
24
1
4
4 24 8
10
[8l
4
4

4
4
©)
24
Steel-Dwass
4
10
4
Steel-Dwass
24
ward
®)
24
4-11
4
8
**  n<0.01 *
p<0.05
4-8
3
9-11
3
25 k
2
15
1
0
non-converting  pitch converting volume converting converting like an
equalizer
4



0

25

15

0.5

35

25

155,

05

11

non-converting  pitch converting volume converting converting like an
equalizer

ES

non-converting  pitch converting volume converting converting like an
equalizer

111

non-converting  pitch converting volume converting converting like an

* sk

equalizer

non-converting  pitch converting volume converting converting like an

equalizer

25
2
15
1
05
0

non-converting  pitch converting volume converting converting like an
equalizer

25 f
2

145,
1

05
0

non-converting  pitch converting volume converting converting like an
equalizer

10

25

N

[

0.5

non-converting  pitch converting volume converting converting like an
equalizer

11

2.5 24

“ ch_,n “ tE-," “ VCE-,"

“ PCE_H

5 “ VtE_ , ”
“ VCE+ s ” “ PCE+ , ” “ VtE+n
“ VCP_ s ” “ Ptp_n

“ PtE+ s ”
“ th_ ,11

©)



[°]
¢ 57

9-11

C. Oshima, N. Itou, K. Nishimoto, K.
Yasuda, N. Hosoi, H. Yamashita, K.
Nakayama, and E. Horikawa: A Music
Therapy System for Patients with
Dementia Who Repeat Stereotypical
Utterances, Journal of Information
Processing, 21, 2, 283/294 (2013)
C.Oshima, K. Nakayama, N. Itou, K.
Nishimoto, K. Yasuda, N. Hosoi, H.
Okumura, and E. Horikawa: Towards a
System that Relieves Psychological
Symptoms of Dementia by Music,
Interna-tional Journal on Advances in
Life Sciences, 5, 384, 126/136 (2013)
W.B. Cannon: The James-Lange theory of
emotions: a critical examination and
an alternative theory. Am J Psy-chol .,
39, 106/124 (1927)

W. James: What 1is an
Mind,9,188/205 (1884)

S. Schachter, J.E. Singer: Cognitive,
Social and Physiological Determinants
of Emotional State, Psychological
Review, 69, 5, 379/399 (1962)

K. Nakayama, C. Oshima, R. Higashihara,

emotion?

K. Machishima: Mood Induction by
Emotional Prosody Modification
-Experiments that students read

scenario of a folk story-, Proc. of the
SICE Annual Conference 2015, 500/505
(2015)

(1933)http://www.aozora.gr.jp/cards/
001403/files/49961 37670.html

62, 6, 350/356
(1992)
J.J. Aucouturier, P. Johansson, L.
Hallb, R. Segnini, L. Mercadié, and K.

o

@

Watanabe: Covert digital manipulation
of vocal emotion alter speakers
emotional states in a congruent
direction, Proceedings of the National
Academy of Sciences of the United
States of America, 113, 4, 948/953
(2015)

57(3),
pp.266-269 (2016-02-15).
http://id.nii.ac.jp/1001/00147617/
5

2016-AAC-1(16) 2016 7 29,30 NII,
2016.
2015
2015 11 19
2015.
42
DVD F-02, 2015. 2015
3 18
8
20105 3 2
QoL
2014
pp.788-793, 2014.
2014 11 21
Chika Oshima
10395147

Nakayama Koichi

50418498



