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Tone investigation of non-native Chinese speakers
based on acoustic features
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Abstract: Starting from the practical application requirements of ethnic minorities to improve the capabilities in the
mandarin speech synthesis with high naturalness and the high precision mandarin speech recognition, this paper makes a
comparison of the first order difference, the time length and similarity of tones between 50 Uyghur students in the junior,
intermediate and advanced stages and 10 native mandarin speakers from the perspective of experimental phonetics. The
experimental results of the first order difference model, the tone duration and other prosodic parameters are analyzed,
and the relationship between Uyghur students' Chinese tone errors and MHK scores is obtained. It can be found that the
three groups have difficulty in learning Mandarin tones, and the characteristics of phonological, intonation and stress of
the two kinds of languages affect the tone characteristics in the second language. The tonality feature and tone duration
of Uyghur learners and some important rules and conclusions are summarized. The present research can help strengthen
phonetic teaching among ethnic minorities and provide more effective empirical data for speech synthesis and speech
recognition of the Chinese spoken by ethnic minorities.
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Fig.1 The first order difference of T1 tone for MC&UCA&UCI&UCB
(Note: In this figure and all the following figures and tables of this paper,
MC represents native Mandarin speakers, UCA represents high-level Uygur
learners, UCI represents middle-level Uygur learners, UCB represents low
level Uygur learners; M means male, F means female, T1 is yin-ping tone,
T2 is yang-ping tone, T3 is rising tone and T4 is falling tone)
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Fig.2 The first order difference of T2 tone for MC&UCA&UCI&UCB
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Fig.3 The first order difference of T3 tone for MC&UCA&UCI&UCB
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Fig.4 The first order difference of T4 tone for MC&UCA&UCI&UCB
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Fig.5 The first order difference of tone for Mandarin
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Fig.7 The first order difference of tone for Uyghur speakers (UCA_M)
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Fig.9 The first order difference of tone for Uyghur speakers (UCI_M)
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Fig.10 The first order difference of tone for Uyghur speakers (UCI_F)
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Fig.11 The first order difference of tone for Uyghur speakers (UCB_M)
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Fig.12 The first order difference of tone for Uyghur speakers (UCB_F)
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Table 2 Relative durations of mono tones spoken by native
Mandarin speakers and Uyghur learners
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REN T2 T3 T4 MBS
MCM 127 101 129 084 0.43
UCAM 107 085 122 0.8 0.44
UCIM  1.04 094 124 072 0.52
UCBM 098 075 115 06l 0.54
MCF 084 081 097 069 0.28
UCAF 114 095 146 0.9 0.67
UCLF 092 076 115 0.0 0.55
UCBF 099 085 128 0.64 0.64
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Fig.13 The relative duration distribution model of native Mandarin
speakers and Uyghur learners: (a) for female and (b) for male
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Table 3 The similarity of duration distribution models between
native Mandarin speakers and Uyghur learners
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UCA M 0.71 0.92
UCA F 0.83 0.97
UCI M 0.86 0.99
UCI_F 0.82 0.98
UCB M 0.75 0.95
UCB_F 0.86 0.98
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Fig.14 Tone intensity distribution patterns of native Mandarin
speakers and Uyghur learners

MAEAR 5, Toi e P2 Lotk k3 N, MC
A UC HEREHERMEFHEZER. MC EAH
PEERZ 65 dB DAL, & iy 55 dB BLL, #iE T UC,

BARKRE, MC Al UC 13558 B 2R 7E &2 1
R EFTATHT, 5P MC &R
B P&, #AEN 69 dB, TRECE, KEL
TFREHaR, &5 64dB. BYEE. Bl KT UC
EHEME ML ER AR, Bk HET B MC,
NETSRM . Pk MC [ 5R i N RTsR AL,
B, KRB TFRFGEREAWE. & UC f5iE
LATEH, HREML FEET.

ERSFAT2) T, B MC At MC 193558
BHERAFAE 22 5. AT B S sRih 2o 5, 26 1~4
A EBAR, B S~8 AN iR LT, s ik 71
dB. Ja#E N TFERL, HARE, BT, KEL
TR R, BGAT] 58 dB. BEAEM L UC #
NG, Horh B AR E KT 2 B N 2= R R
AN, ZLMRETNAE 50 dB KA. M S H IR
Big e T H I E, AR N ES,
KgAK P2 E SRt i, K2
JHEW M AR, £ LFRET)T, TR

N ()35 i 2R o DU Y, 5 — AN AR 2R 2
R, BMEE IR 9 S MC &R E
N 69 dB, #/MEN 63 dB. fEEF I (T4)F, MC
MM UC MFmM 2 o yaram Y, 5 2~5 ikt
VERIR S, RS mJEE IR MBI, HA BN
UC MMk AIAE] 36 dB, Lk MC HIRAK 5N 56
dB. Zt: UC E Rz v F a8, 5 7~10 5%
TREAE, mIKAIAR] 42 dB.

L HTal W, MC AT UC 35 05 i 28 3= BT
FEdk Bz, MR IR —8. SRS
NV B N )& o 22 AR &A1 B R I
AN o T MC 2 MC 2 5 35 BRI T2(F
A VS AR T3EE N VS #tE ) B, B
P UC ALt UC 102 57 2 BARIUAE TI(RTR A VS
SFEROM T4RTHEA VS FEAE) . H. P, K
AKF UC &R BN —8, ZE RN,

4 5B

AHHFEEEAHT T 10 A2 MC A1 50 132 UCHR I
MHK #4170 AR K. 8K mKE=
FOTE RS 2= ST HE T I — B Z R, X uC s
VA RARBEAT 7 P SRS IS AT MR 525
FR) — By 22 43 B AT AR I AN [ 7K T ) = 2L 4 R iR
N2 28 SR 0 P AR A R e, 0 R A R

=R R = T I S = N B Al
TARE AR XFE RGN E R ST 4
BRI 2@ 7 I . 5 ok A R
PERIERTLF . AESNIES, MES X
BTE SCHIVE R o 48 JRVETE R Tl 2 403 A i
BT ESE A, R AT AT S ARG
e PR R, B BE S s A R
W, AR R SCR AR . BTCL, 4R
S HARIB R BRI AN B AR ] DL 4E R
BB RERE T IR AR, R R B MC A
UCH Z 5, M 1042 MC 75 R AE v LLE H
X 10 AR R v KA R R 2
WoH T3>T1>T2>T4.

MSEE GRS, UC ST RUHE, (B
#&, UC fEVY S s i KT MC. T H MC
UC fEfeE FHAHEMZESR . 2% MHK itk
Gl OB ACE D NRAKCE . KRR KR,
(SR IXFE 40 A AR B 7 1 I B 20 Ta) 1Y)
FHEE, MRk, MHK ik ss 5 il R
FEHAFMER, — BRI MHK K&, ik
HE R, {HSEIX R R R IA SR LR AL ). R,



578 oo R 2018 4F
B MHK G 945 KR N DUE KT (M — i‘Illi-T WANG Lifi A S
#Z:$+ #y s %; %E& ﬂ: 7/% ;H\: ’fﬂ_j‘ B{'_\I;IZ % */]_?{ﬁ, 5’% %IJ 7% 5 ot rz:i)t,y s 20 11]317211.5-12cvourse in phonetics[M]. Beijing: Beijing
A SR (R v o (7] BET, BUE, IR SCHAIRUE E A PR, e
A, 2014, 33(1): 42-45.
2 £ X W MOU Hongyu, YUAN Meng, FENG Haihong. Research on di-
chotic listening of Mandarin tone[J]. Technical Acoustics, 2014,

[11 ke, EF2M]. dbat JEniw s e 431, 2010: 190-195. 33(1): 42-45.

ZHU Xiaonong. Phonetics [M]. Beijing: The Commercial Press, [8] ZEMR K. P BT Rk B 2 R DR E A B R R ST A
2010: 190-195. PAHTID]. # % WG A, 2015: 1-5.

[2] ZHAO Lu, FENG Hui, WANG Huixia, et al. Acoustic Features of LI Xiaofei. Middle school Uyghur Students, Mandarin Chinese,
Mandarin Monophthongs by Tibetan Speakers[C]//Banchs R E, tone, tone, tone, acquisition, error analysis[D]. Xinxiang: Henan
Minghui Dong, Yanfeng Lu, Bali Ranaivo-Malangon. Proceedings Normal University, 2015: 1-5.
of the International Conference on Asian Language Processing [9]1 YUAN J, Ryant N, Liberman M. Automatic phonetic segmenta-
2014 (TALP 2014). Kuching: IEEE, 2014a: 147-150. tion using boundary models[C]/INTERSPEECH. 2013: 2306-

B3] BRR, MY, MR REZAEDGETE IR PITBER AR 2310.

SEESHTFE[T]. EREE W, 2009, 20(1): 108-115. [10] &fd. DUETT 5 HABIALEMEIR[D]. M Ak, 2009.
CHEN Chen, LI Qiuyang, WANG Zhongli. An acoustic experi- JIN Jian. An experiment on typical cases of Chinese dialects[D].
ment on transfer of Thai students in their acquisition of Chinese Guangzhou: Zhongshan University, 2009.

vowels [J]. Journal of Research on Education for Ethnic Minori- [11] Bruno Gauthier, Rushen Shi, Yi Xu. Learning phonetic categories
ties, 2009, 20(1): 108-115. by tracking movements[R]. Beijing, Speech Research Report. 2008.

[4] WTE. AAREEDGELE IRNRBMAD]. EEEE 5, [12] Jewek. BiEAESLIRRM]. Rilg: RIGHEE HIREEL, 2005.
2008, (4): 62-69. ZHU Xiaonong. Shanghai tone experimental proceedings[M].
WEN Xueying. An experimental study of Japanese students' ac- Shanghai: Shanghai Education Press, 2005.
quisition of Chinese vowels[J]. Language Teaching and Linguistic [13] DANG J. Comparison of emotion perception among difference
Studies, 2008, (4): 62-69. cultures[C]//presented at the APSIPA, sapporo, Japan, 2009.

[5] BUsE. TS e E DUE S 23 0w I AR T SO R R [14] SR, MO, ST EF A M. 83T, et bRtk

(6]

[D]. Lifg: EigAMEIE R, 2012.

LIAO Yongshun. Error analysis and teaching strategies of vowel
acquisition in Thailand Chinese learners of zero distance[D].
Shanghai: Shanghai International Studies University, 2012.

AR, EHF. GG FEEEM]. JLAT JERORSE AR AL, 2013,

HipAL, 2014, 175-177.

BAO Huaiqgiao, LIN Maoshan. Overview of Experimental Pho-
netic[M]. Revised Edition. Beijing: Peking University Press, 2014,
175-177.



