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B8 b . : .

8 P m f d t n 1 g k h j q X zh ch sh r z ® s y w
a ba | pa | ma fa da ta na la ga ka ha zha cha sha za ca sa ya | wa
[ bo | po | mo | fo lo yo | wo
& me de te ne le ge ke he zhe che she e ze ce se ye
i bi pi mi di ti ni li jt qi Xi zhi chi shi r1 pal ci si i
u bu | pu | mu | fu du tu nu lu gu ku hu zhu chu shu u zZu cu su wu
i nii il ju qu | xu yu
ai bai | pai | mai dai [ tai | nai | lai wal
ei bei | pei | mei | fei | dei nei | lei gei | kei | hei zhei shei zei wel
ui dui | tui gui | kui | hui zhui | chui | shui | i | zui | cui | sui
a0 | bao | pao | mao dao | tao | nao | lao | gao | kao | hao zhao | chao | shao | rao | zao | cao | sao | yao
ou pou [ mou | fou | dou | tou | nou | lou | gou [ kou | hou zhou | chou | shou | rou | zou | cou | sou | you
iu miu diu niu | liu jlu_| qiu | xiu
ie bie | pie | mie die | tie | nie | lie jie | qie | xie ye
iie niie | lie jue | que | xue yue
er
an | ban | pan [ man | fan | dan | tan | nan | lan | gan | kan | han zhan | chan | shan | ran | zan | can | san | yan | wan
en | ben | pen | men | fen | den nen gen | ken [ hen zhen | chen | shen | ren | zen | cen | sen wen
in bin | pin | min nin | lin jin | gin | xin yin
un dun | tun lun | gun | kun | hun zhun | chun | shun | run | zun | cun | sun
iin jun | qun | xun yun

ang | bang | pang |mang| fang | dang | tang | nang | lang | gang | kang | hang zhang | chang | shang | rang | zang | cang | sang | yang | wang
eng | beng | peng |meng| feng | deng | teng | neng | leng | geng | keng | heng zheng | cheng | sheng | reng | zeng | ceng | sen, weng |
ing | bing | ping | ming ding | ting | ning | ling jing | ging | Xing ying

ong dong | tong | nong | long | gong | kong | hong | jiong |giong|xiong| zhong | chong rong | zong | cong | song | yong

ia dia lia jia | qia | xia

ian | bian | pian | mian dian | tian | nian | lian jlan | gian | xian

iang niang| liang jlang | giang| xiang

iao | biao | piao | miao diao | tiao | niao | liao jlao | giao | xiao

iong jiong | qiong| xiong

ua gua | kua | hua zhua | chua | shua | rua

uai guai | kuai | huai zhuai | chuai | shuai

uan duan | tuan | nuan | luan | guan | kuan | huan zhuan | chuan | shuan | ruan | zuan | cuan | suan

uang guang | kuang| huang zhuang | chuang | shuang
uo duo | tuo | nuo | luo | guo | kuo [ huo zhuo | chuo | shuo | ruo | zuo | cuo | suo

iian juan | quan | xuan yuan

B1 UEEEEEPSRLAS
Figure 1 Combination of initials and finals in Mandarin Chinese

326 KU DA A 4 B2 BB S T AT R AE I Gt et (38 12 O ) N OkdE, Sk T8
Xof B D AP . BT TR S AR B DUE M B G A R AL A, AR R EER.
AT 1024 MR EHRIG, HAPE—7H 318 AN 55 246 A~ B =75 302 >, VYR 334 4
FERTEE 4 A, 23 NS RE, 24 NMRIRESER, SHRBEE. BB B KBRS, H
IR SR A IO T 100%, 75 AT A, R E RERGVA, 588 5 DOE Bl 1% 05 R .

oy R CARERIINR 1 iR, BT RS Ron A DOE S 8 G SEPR AR Ak T, e
HAELE, BB RAS, SN POEEEE S R EREMES . CARERU=5 B G720 T
i s g B, Eetn “1-ba)/\ 7, R E AT LAEINEE B ID 5. & A R Pt DU BT
EAERHE RN KB Roo B, R FRMEGER, NN ERICTEME— ID, @5
REREEEIRN — WKL R, HP ID N 1201-1204 FERDNE R EEIEE, RlZér JL) . ér
() «ér () L ai (B o

IO

R1 PUEEBEREXATR

Table 1 Mandarin Chinese pronunciation text corpus

S
B
Reci

ks HE PR HEFRAS ERRT

1 b a ba F—mE (P ba AN
2 b 0 bo F—mE (P bo b4
3 b i bi F—H (P bi pii}
4 b ai bai F—E (P bai s
5 b ei bei F—m (P béi %
6 b a0 bao F—AE (P bao £,
7 b ie bie - (PP bie i
8 b an ban F—mE (A ban HE
9 b en ben FE—E (FAF) bén 75
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ETHFBEHERGRNGETRESES R EAESES C5R\al
DERESHR
D PR i HE iR & A HRNE
10 b in bin B (B bin 5%
11 b ang bang F—AE (P bang 5
12 b eng beng F—m (P béng o
13 b ing bing F—F (AP bing K
14 b ian bian Hr (P bian i
15 b iao biao B (M biao L
327 P a pa o (FHP) pa J
328 p 0 po B (A po %
329 p i pi FE (AT pi )4
330 p u pu F o (BT pu Ap
331 p ai pai FE (B pai 4
332 p ei pei F o (BT péi i
333 P ao pao FEE (PP pao i
334 P an pan FE (P pan #it
335 P en pen FoE (B pén £
336 p in pin o (FHP) pin 5y
337 p ang pang FoE (B pang e
338 P eng peng EoE (B péng HH
339 P ing ping FE (P ping F
340 P ian pian FoE (P pian i
341 P iao piao EE (PP pi4o et
588 m a ma FB=F (LA mi =
589 m 0 mo B=F (LEFD mod E7
590 m i mi B (R mi S
591 m u mu F=m (L mii
592 m ai mai FB=F (LA mai D
593 m ei mei BEF (LEFD méi %
594 m ao mao FE=E (EFD mio &2
595 m ou mou FE=E (BFD mou Xt
596 m an man FE=E (EBFD min i
597 m in min B=F (L min {7
598 m ang mang B=F (LEFD ming i
599 m eng meng = (LB méng M
600 m ian mian FE=E (EFD midn %
601 m iao miao F=m (L mido »
911 f a fa SEPURE (FE) fa V3
912 f u fu SO (EE) fu 1
913 f ei fei CHLENESD) fei b
914 f an fan IR (D fan R
915 f en fen A (LD fen %
916 f ang fang FEIE () fang T
917 f eng feng IS (EH) feng A

T ARMETRH D FEA
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FTA B R T IR & S S0 = N S, BN S <30 dB (A), FREEIR S 5185 (R EF
EE, WEGIAE R ZON RS R T . B RE RS A R . EAURE B FIISCR &
W = AR, =BG S A E RID AR 2% SIS R EE WS I FB ik, RIS 7E S AP IE RN
FG KRS 5, A Sk 2 A EE X e SR b g — I 1) S v, R A 5000 45 R0 1 A A2 R0 1) L

(1) HFEG &SRR ELEE . A KNS K Ultrasonix Medical 2 & #F ] /] SonixOP
A% A%, W 2 EE PR, B4 5.0 MHz £ EC9-5 BN B L. HEkEE T RS AT ERAE,
KGRI 7 il gk B REPE R IET R 1Z8) . A RESHRE R RERE
10.0 cm, &[X 100%, Wisi 33 Hz, hASTEH 80 dB, AHE 6, (FEIFEE 1, & High, Fib%,
TR 100%, B[] 38 25 FMZ AR I A 185 B0 AT L A4 LURA O/ o THI 8 50775 B o 368 75 AAT0E I S-Video i T
B BACREE R, REWIZA 25 fps, MR N 864 X768 155, LL AVI M IRTE . Hik
/3B Bt 7 R AR E VER T, SR e ) O U ] 5 S 3248 75 Rk [ e T T T B R4
i 2 LR . RENKEEE TR AT, BELSEES LB E e, Wb N g s 5
3, KRR LR ORER Sk 5 R AR A A B AR E

===

B2 BEEE () . BkEEXHE )
Figure 2 Ultrasound device (left), probe bracket (right)

(2) EICRERS . KB IR RGCRES A O 3 For) , [, £5
Hb—& Bl BRI A Cool Edit Pro 30 1H & H A CRE (WK 4 Fus) N JE SR 2RI 7 il
B E LAy o KH COMICA/RHE V020 ik 3032 5e X CAnf&l 5 Frzs ), A5 By il 50 Hz—20 kHz.
FZ o RE T R ANBEE— ML) S em &b, (R DUERAR AL B A8 5 DLg s i s 35 228 . 35
M5 518 1d Creative/8#T Blaster X-Fi Surround 5.1 Pro #h & =& (W1l 6 Fron) FIE RiE Q502 &
& (B 7R BAEENL, REEREN 44.1 kHz, BEALKSE 16 bit, BAAIEITS:, L WAV BB
TRAE -

(3) MR AE B4 . R HIKVISION/# BRI 4K i B A5 S A E 2 =28 Canl&l 8 o)
JCE T k8 NIERTTT, JRER L S RSV R 48, e TR & N IERT 74 50 em 4L,
S R R FE B E T AR . MUATSH0 N 1920 X 1080 4335, WK 30 fps, LA AVI A% UIRAF
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Cool Edit

N 3' ] BEERS BERR  0:00.000 || -°

B B G AW 5080H s

B3 HFWUTRFIEMS RS B 4 Cool Edit Pro #

Figure 3 Audio-video recording system Figure 4 Cool Edit Pro software

Bs5 ZX Be AR B7 @ES

Figure 5 Microphone Figure 6 Audio interface Figure 7 Audio mixer

B8 miERGkKE e =R

Figure 8 HD camera and tripod

14 ZESHEHEFRP ERFTHIE

NORUESCAERL TE& &5 W5 IS LAIURI 75 o R U s 2 R R AR @ I — — X RR &,
KRG — 95 FSflR . IRARIC . 5 R HER 22 2 KR 25 5

B, EREMASANRERICKEM— ID, K% D RSN CARER . EEEM. WE
RUATURIAE 75 5 A8 S0 4 b, WSCHFSUZ T EE ST 4 S Z R I RS R . B, 1D A 11 “ba
I\ TEBR T SCARTERIAMG 3 BRI LL “1-ba)\” {E NS4, I8 TG 4Rz . Hoxnd Al
&AL HE .

HoR, (ERGESRET, @A E RS R 2 B RIS S R AR AR A B AR A
B, IR EIE TR R RKE S, VA ZBESI X % — 2% . 1% ki e &0
B PRI I BRI W AR, R T AR S A Y R R RS AR I o %o R S o RS R TS
B, 43 BIAR AR SR A % e N i H1 B T il TS A, AR 44.1 KHz SRFE 3 B2 R AE AU )
o @I D Bk P BT ZE RS 1) s o B F 2 A, AT DUE S SR ARE S WS AR 7S AR i g —
I S5F 1) ] — i 1) A AR B v

FEK, 105 WKL B, (6 Praat X118 & & AT ANES A &, ARiE R A s, FHER
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esfEE 299

BORSR &K 8 B i MATLAB 50 Python JAIAS TR S, W JE AL AT 75 o ) A8 SC AR R [0 45
B IFHRAR D R B SRR A RIS AR S A HEAT I () B . BARRRE A 9 BT

L. WA A 2. A 3. W5 B 4. BBTHIRIX 5. A TSRS
(B WA 3 (W WA 5L 1 R R U X180 5 1) Hc 3

0 90 71 5 B o 8 LAR AV 51 55 % U0 5] WY =Kt 47 N\ TS
{5, Hi5E % Hint SciE, I B HEAT R, W 5E A A1 B IREE, EaEs 1
CESS I 2 2R 5 — i R 45 {2 B AL B TR AR
FIF . S ) o ) SRR 5 5 12 7 323 3% B2

B, AR X I 7 i) 7547 2 &

AR Ht

B9 KRS ZRKXFAERE
Figure 9 Alignment workflow across different modalities

FERARN TR RE T, AW FUA Al DO K — BN R A be e, T2 45 & &My &
HIE B R AR IS S I O E AR AT A SUIRAIE . BN, 7R “ba” HERUSEEE T, 1SS
(R BRI 18] L W S AL PR U R i 221, DA KGR P i A b i B BUE A8 s K F R I 1) B 24 BA
EEIS AN R R o X T LSS PR, kI s BSOS IR UL RS REAS, A
PR HLE B R & . B LR AN, AT AR DRUE 2 A S B AR A Z T IS [ Al 25 R O B 5 2
R EE 2 G E

2.1 BLEIFEAREL

NET 1 BB ECR R R SR, AR R F T ID N 1 “ba” (FE] D,
BIEEa, Y, HHMNT O\ ) AR REEET MR . PR R EZE R EXUS%E
B RIS IC H R BE, 0 L L AN L BRAL AT R SR, BRI & A h B SRR AL s
TR “a” uEHAEH ARG LR IR RSN, (T RN BB AL =% O DO I T
B, R EEAEN.

22 HARBREESHSRE

AEHRE LR E B NEARBL RN, BANRERITONN—NERRAS, G5 CRIER. 18
B WEISPUA . R AR 4 B . BRI EE 1024 MRS I, RS S
TRHBAT =R HFHLR . T2 ID NI “ba” W BARH:

(1) SCARERL. BT SCARER N 5 A PDF UG Cnl& 10 By, Hd “1-318 S5 —75
(FHF) pdf” ST TN BAE L EEE: IDS 1. kb, #5 a. $55 ba. AL —F (J
) PEEAEIEAA ba WA O\ & CnE 1 R .

(2) iEFEEM. BEHRH WAV #& Ak, SOy “1-ba/\.wav” (A0 12 Fios) , RAE
441 kHz, =AKERE 16 bit, HFIE., SMKZL 1.3 7. (FH Praat HAFFT I balf i & & 06 B
(s 13 B MBS R T USRS, fia3 o g akb Rt E R X (FEEKL0
BEJEIENTCE B, RIS I IRIESE R, JUHGR AT A LRI (F1 AT F2) [iE, Refig X
WAL M A BT R S RRAE, T F TSR 4R 15 T 5 A

7
H
o7
H
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(2] 1-318%—7 (B5F) SCiBkLpdf

(£) 319-5648 =7

[4] 565-866F =5

(£) 867-120080U7 (£7) XAEH.pdf
(2] 1201-120445 29 AiER). polf

>l
1-ba/\.wav

o |

11-bang#;.wav

o

21-péilk.wav

Figure 11 Example of “ba” in the text corpus

e B - it K
2026/3/12 10:18 Adobe Acrobat 3744 384 KB
(PAE) XAiEH.pdf 2026/3/12 10:19 Adobe Acrobat 374 319 KB
(L) XAFiEkpdf 2026/3/12 10:19 Adobe Acrobat 3784 407 KB
2026/3/12 10:20 Adobe Acrobat 3744 399 KB
2026/3/12 10:20 Adobe Acrobat 3744 79 KB
B 10 SCAERSUH
Figure 10 Text corpus files
ID BE | B8 | #HE 7= HEERES BEREXF
1 b a ba |F—F (P ba JA
2 b o bo |F—H (B b6 b
3 b i bi A P bi 18
4 b ai bai |H—AE (P bai i
S5 b el bei |F—F (P béi FF
B 11 SCAER banpl

g
1]
B
N3
=0
E 15

IZEE

2026/3/1210:18
2026/3/12 10:19
2026/3/12 10:19
2026/3/12 10:20

2026/3/12 10:20

|
2-boi.wav 3-biig.wav 4-baifi.wav 5-béitf.wav 6-baof.wav 7-biei&.wav 8-banif.wav 9-bénZ.wav 10-binE.wav
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B 12 EEFHCH AD: 1-30)
Figure 12 Speech audio files (ID: 1-30)
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A 13

BE TP baiEEE

Figure 13  Spectrogram of the “ba” speech audio file
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(3) BEEMIN. B 50/ B AR H el R N SN, DL AVI A A2k, X8 “1-ba
J\avi” , 73N 1920X 1080, MiZ 30 fps, B K5 EH M4 FID . SR G M Sk FBAAI - H W J5 50
gy, SPHEEN 1280720, WK 14 Fizc.  “ba” MMM IETidf R &I R TR R, a8
WU A I HES B (128 1-3 WD« BUBHIA R b A RERBHRY B (s 4-7 WD« XUB TS 1B
FARGKIF Do a, WEE 9-23 W) K4t Wik 15 Fiws.

O O [ up e =
N O = ! i =
N [ = = |
uiilln = - "
wills - - =

1-ba/\.avi 2-boif.avi 3-bif.avi 4-baifavi 5-béitk.avi 6-baofl.avi 7-bigikavi 8-banif.avi 9-bénF.avi 10-binE.avi

11-bang#;.avi 12-béngEd.avi 17-poik.avi 18-piftt.avi 19-push.avi

u il = - -‘ --‘ u
21-péilE.avi 22-paofil.avi 23-poufl.avi 24-piet.avi 25-panif.avi 26-pénfii.avi 27-pinift.avi 28-pangf.avi 29-péngl#.avi 30-ping&.avi

B 14 BEEMSSOH (ID: 1-30)
Figure 14 Lip video files (ID: 1-30)
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001 jpg 002.jpg 003.jpg 004.jpg 005.jpg 006.jpg 007 jpg 008.jpg 009.jpg 010.,jpg

011.jpg 012jpg 013.jpg 014.jpg 015.jpg 016.jpg 017.jpg 018.jpg 019.jpg DZ.jpg

021jpg 022.jpg 023.jpg 024.jpg 025.jpg 026.jpg 027.jpg 028.jpg 029.jpg 030jpg
_ _

031.jpg 032.jpg 033.jpg

B 15 baR T HIMEE 022
Figure 15 Lip shape changes during the pronunciation of “ba”

(4) Mo R B HE DL AV A7, SR “1-ba/\avi” , RS AVI LA AT LA
AN N I TR 9 5 1 PG IR 98 Mt OWf ML 33 fps SRARMIR, B 1.8 8 o iR
e N 864X 768 1R, WoR R IEh IR BNAS . v 1L A & g h I e (5 B TR R
LBk, TTUHEEE R ETE] 644 X496 153K, RORE PaIE kX, T80, WK 16 Fros.
55 1-10 WOV A FRIAHTE AL T A AREE BARES, 55 11-40 ok NS & b BB CRAIED , %
41-70 Wixt R H a K& B GRARRT L7 E TI7183)) , 2 71-98 Woh & 145 a IR i 7s,
N 17 s . B VR TEW RIS RIS IE, R REEIZ SR AR A

3 BB AT

N ORBAEEE R AT FEE . ERRIEAT AT FIYE, ARHE FEAE SRR ME R B B Bt R &R R T S Ak
BB AL T ARG R, SR R AT TR A AR PR IE
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015jpg 016pg 018jpg 019jpg 020jpg 023jpg 024jpg 025jpg 026.jpg 027jpg 028jpg

029jpg 030jpg 031jpg 032jpg 033jpg 034y 035jpg 036.pg 037jpg 038jpg 039jpg 040jpg 041jpg 042jpg

043jpg 044.jpg 045.jpg 046.jpg 047jpg 048.jpg 049,jpg 051jpg 053jpg 055jpg 056,jpg

057.jpg 058 jpg 059 jpe 060.jpg 061.jpg 062 jpg 063.jpe 065,jpg 066.jpg 067.jpg 06B.jpg 063.jpg 070.jpg

71ipg 072jpg 083jpg

085jpg 086.jpg 088.jpg 089jpg 090.jpg 095.jpg 096,jpg 097.jpg 038jpg

& 16 baﬁ%ﬂﬂ‘ﬂ‘]ﬁﬁ %ﬁ!ﬂ%ﬁ?ﬁﬂ @

Figure 16 Ultrasound tongue image sequence during the pronunciation of “ba”

B 17 baRHFEHIE 10, 40, 70, 85 BIBAEHRE (XTE\ZJ:E tH. TE. THED
Figure 17 Ultrasound tongue imaging at frames 10, 40, 70, and 85 during the pronunciation of “ba” (corresponding

to top-left, top-right, bottom-left, and bottom-right images, respectively)
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PURA BT KT LB — R 55, TARFF I W behG . SCIR R pr A R e b AT R e B 4R
S 38 LA AR IR R AR T SE P B R P A P RS A R B, AR A Skt AT P i A
XHRERHE . Tk [ A B A TSI IR, R E N KB R o sl U5 e ORI Ik 55 T AR oz B AR
o WHRHRTIBTBL B A TE & L O I K E BT S NPEEATIE — %, #iREAT &
I AR

3.2 HEREMBE

AL e S s 2 B SR . PR R S A SO E, R TR BN 4Rk
BB GRS, 2 U BB RSk B BT S SR A B el TS
WHRTEHIR I, e — MR TG, REFBCRIF R FRIC. SR 1/ Ie R R 2 7
PR RIS RE, BRI PR 8 4 T RAE

3.3 JEHAEMB

BB e G, K2 FRERAE. H5, ATERERE, mAE S R RS
PR 8 BUREAT VA, DIBR A B R B B . SR IOREA, R (b3 T
KEHITC. HK, BEHEEHRE I, THEITAABEEARNEREL, iR HBeR IS,
LA 3 A A A SR I P, R SRR B S BB MR ISR AR . BRI, R B MR
BUFME T, B AL . BRI SV KSR DR B, T R TC IS SO Bl A KRR
I P A S SRR 5 IR W R AE L . foc e, A TR T T A 0 i AR B 0 5 P
fiti, BEHLIEEL 10 AN HTHIESE 10 WG (3L 100 WD, f[E— A 3 (a R — )5 R e
JBR, THE SRR BRI TR 2, SFIME Y 1.32 mm (BBBER R 0.5 m/BHR) , wEE
FURP TR, B —BUE R, B2, BUEEBMEHE SR, AR RS T
ROV B, TEBE SRR B A, BETB R R ] SR R R R

34 ETHEEFEFHARRIE

AUTAES 3.1 52056 3.3 1l 1 AEHUERAE S A F I AR h kAT (1) 5 85 15 S48 IT, X5t
it e % R B 2 AL H R AR K T SE I SNV o ARV AR IR A oK 22 BRAS H 4R 23 0 B B IR
SiE& G BOX R IANE S TS, B AE 5 e RN 2 SR I R It g E, HH
FEESEN 5 P A SERR R I, IF 70 i A RIS RRAEAE 15 5 A0 B A2 b S 00t PR 6 22 BE S5 AH B b 78
KA.

KTRHET ISR, Ao R A MRISEE R (MFCCs) « 4B R Z27&# (DCT)
STRAIGHT M8 iR 5 TR, TEBETLITNEE: £—, XWINEEEE N, 555
HUR B AR R A A 3 B B AT R VE ARG E M, T T 0 AN (RIS Bt i A ] Ve kAT 120
ks S5, ARGURFER AR SR AR IS, B S A T IR M DL — bR A R S AN A% 0
FEIUEAESS: =, MFCCs W] 5BA | JEHARE B 4E UL, PRIUE 2 B RE S50 1K) A
PESTATECME: 560U, MFCCs\ DCT S8 FEME 15 BEAA 5 & TR AR 75 0 OGO SR 78 EA T4 1) LU
BT UL RS B BB B AR S NE . SRR, AR At AR 3], HuBERT . AV-HuBERT.
WavVec 2.0+ data2vec. Whisper. WavLM S8 O 75 1 15 5 1R I FIE & KR 22 S A8 81 2 R H ,
FE 5 SRR Fe rpn] g — P B T IX SR B M B AL SR L B R S R A, PSSR SRR
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RS HATRIG, DHRFHRA. & s i kg .

(D EF R H, EIMTHIER FIRDURAAE, FFARYE TE 25 2 S0 0 R 4G PR A 0 B A5 - U
HJE AR AT (14T 46 AN 45 AR AL B R BROIRAS AT 380 o B TE & A0, I 13 4E MFCCs 5 H—Fr .
W FECH A R 39 HERHIE IR E0 TR B AR AT R o B0 SR R, R 4Rk
RIZAZ (DCT) L AR 8 A & UG S S A E . R, 8 Kaldi 15 & 50 T A A
SR A, % BB BRI AR N AFERI I AR, RSB R M =B RN a2t H )
M7 (LDA) Al KSR ER AR (MLLT) A% NAFFAE, f# FHFF =5 [A] MLLR (fMLLR) H i& M.
W&, 4% Kaldi T F ALK nnet3 YIZRIS SEFIZ /2% (TDNN)D U6, g B —ANfaj 8 (R 3 ) — o018 & 4
RIBAT Y . SR S5 R AN3R 2 R, B il A AR AT B8 & URO0) i) S R R IR, R Tl
P BB HEAT B35 5 R0 I B R R b, T S MLRURFAE AT BV 5 1R 0 ) B 1] A R
B, TR T A T BRRR A AT 5 AR (I R 4T PRV 8 1R 01 P B 1) 15 R ROR R A1

K2 AFEAESRHERTE S R e

Table 2 Speech recognition performance using different modal features

RERELSS HiFHRE (WER/%)
B 423
i 7 AR 28.67
=2 R 4541
B P T BB+ S AR A 19.25

() BEEM. NEEEHEE (Ek BE) BURHHRRBUFERE B, BN 25 225,
RAGHIES . B, X TWEMAAEE S & AR, i 2 R A3 T A FFmpeg X # AR 5557 K
LA UCTC P I R IDE 26 o T 75 22 4FAE, A STRAIGHT RS2 THEEL 41 4k MFCCs Hl— 4 5E 43

(FO) , FEAIAE I & Wi A 4G (B 40N logF0 A1 it diE S/ B br &, BT REEEREH R T i —
A A3 e AR R, A ERHEIA — . FLIR, VISR B S FH S bt o5 - 25 20, G AL i il A
o AR M B AR A R 4 Dy 512 el . i A RO S AL F AR A NI, 3 0l SR FH B
MIgmAs &%, T ORRE A g i 2 1) & R AR ok, I RIABIID &8 . KT ESPnet!'SIJTJ5 ) ASR
(automatic speech recognition ) 8% & Al 115 & FEA AT S . S /a4 Rk 3 fow, RTHEH
T AR AT B)VE 5 A UK MCD (Mel Cepstral Distortion, 7~ & & 5 18 35 B MFCC #1iE 5
FrfEdm 155 1) MFCC R 28R, BAL A4 DD FIER B R R K, BT W S AR AR 1R AT ()35
B AU MCD Rl RLR R 2B Ry, T S T8 7 o AR R+ TS R AE JEAT (118 5 & K MCD ATER
AR R AR PG

R3 ARABSRHARIES &R kRe

Table 3 Speech synthesis performance using different modal features

e RIREE HE/R B R E (MCD/dB) B RE (WER/%)
P AR 4.63 36.72
W AL 5.18 4935
e 7 A B AL 4.34 20.11

LR EPRIR, SR RTIZ T 2 B B S ] 10 2 BUSBUR R IEAT 1 SPRN IR E, AU T
HI ST FE T A R, i ORI SR RE 6 R SE 35 75 R, S MO P2 e el R 06T 1 Dh etk
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Rk, B ZHSRFIER SR TERE R R 5T, i T RS EE AR H S B AN B R EAMA &
FURBT 3 — S M R L 35— — L R I B A RIS AL RE O 1 R B R B B RO 55
MR AR (Figsh) SHMBAT A EEE (&3 RFErs MG IReE. X thoRR
MW S4B ST B R G RS R DR TR ST B [RI JJA SEAR SR AT
T 2SR N S R R R IR O TSRS S IR S .

AYIERA T RERCE . SRR BlR R Lo B il b A 55 07 T B AT & 5 4
. 5 EASELA RSN R B AR DU S, B i (SR T 7T 5 S B ST AT 5, AT
T A B LRIER R i BOR QI K51 5 P 7 S 0 i D O S Atk B S

4.1 R SRY

5 [ AN RIS Bt SR 701 2SI B, AKE R 1 BTV 55 0o (i R BEARTAE LR AN 5 T

R RV b, EERFEREE R RS 2R SR G, EROEEEEREANR D, H
REHCEFEIRA G B ABRETT T, A8 12 REEDOR BT ol /= 8, RE s L
A A RS EE RS DS, HR SIS BAREHE D . A KR 4R 72 B 2 DUR
WIE BT PR BRI S A, RN AR RCCAS . A, BRSO, B R 4 KRS, SEILT
PURE RS RN B &S 2R ABE R MG, BN TIH FEEE.

FEREIN TSR B, AR R IR, AERIE_ B HDOE @ — R L5 bR
BN WIS PR B N NE s 2N T AR A R RB fil A 50K, 454 Praat. MATLAB S8 5L T H,
K2 S HAE IR 5 SARMEL AL, MR A5 MO BAR R, ok 1 I Bl SR R D2
INTASVE R ) R, RADREERTRHE . REEM M. )5 2 B IR 1 i A i
F, BRI .

42 FEHIEARMESSTEREX

FEFERRAT TC IR T, A B ST DU IR AR FT DB 8 1 A 5 AR B LR (AR . T A A
AL R GEM A s B BB 75 IRIX = S5 AL 0 A 5 AR B AE DL B A T2 8] A AR ELAR 5%
B, T H AT P M AN R A 2 R T0 8 Al LIRS m RS 00, 38 7T Bh oy Wil 5 R AR A
JREEITE Z AR E IR . ABAEETT DSR2 YERE 0T, A I AR AT T A e A
FIBTAR BT 5L, 15 & BT A SRR b, W R AU AT Y O ROF S AR 7E, T~
AR WA A B A R S O R A E R A RT DR TR I8 Bl 5 P A A TR R R
KA. Wb, ALIEEICRENE N A8 A0 SR I DOE E @I b R H A S, WIEIE K
BB SR &S EHEE Z s Z 57 .

FEESIE S W URT, AR NS s 5 R & AT LI SR EH N S . AR 5k
T EOESEE S 1R SR LE, W FTN 1 RT DN 38 23 = T 7n DO 385 1F 9 75 1 5 1
RALZZRFAE, PR AFIE 5 & REMx R & Bz BE M . AUdEEEH 7 Eis
8 FH A B A% RO O S i R A 5 2K, O (8 B A AMIIE FEN B3 R 3R A

FEN BRI RIZ, AR R T TRESUR I 2N EOR Ty A E#aT DUE . fEiE& & 0
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FARBITH L, W] A 2 BB VR T Rl S R U R B, X AT DLSR T 7 A8 T R 8
PRk fESIERAREIH, AEHEEAT O IAL B 8 KRR Mt — LS, B UoyEE
REINGRIEHEAR R EAL H AR, fEE N TR BEBOR AW R, A RIETTH T II% R H123)
TR | A AU R F N DA BONAE B AL 1 35 AT BOR SR AL ati Bt . bk, ZHSIRE S
BN TR EE DS, EEMEEER. UK. 5. PSRRI KR IR T 2 BRI
PRI SHEPERE DT, ELan, A AR TEN BB T AR 22 W 2% (S RS R R IR T P 1 R A
B ISR, XFEAE R AR B S A S S ORI B SUN R TR S S SRS AN
POTRAE B2 AR RS (ANSETETE ) AN B CEIE ST (il g id) @i &
AT FUN 3 3R 5 25 ST (10 3 38 Sy B3¢ AR 125V U 3 3 U PO 75 o e P LA TR

T BB Y, AR VRGN T RIS B 1 AT L R A R B AR A
PR

1B S EE L WAV #&0fR 17, TTE S Praat. MATLAB. Python 5%, Kaldi % T. B b fdi F .
i Praat B, w[i#id “Open—Read from file” ‘T A\ WAV 344, BiJEEFWRIEAEREE, FHFRIEHE
TR ESRHMOEAN . JeiRE . K SR BRSBTS,
A fi FH| Python (] librosa. torchaudio %5 T. B 1HL WAV XU, FEidt— B4 MFCCs. #E&]. /R
T P B B R AR SRR

W JE MBS LA AVI K 2U0RA7, AT (6] FFmpeg #coiz2mi E% 7 51, ] B 4248 F OpenCV
BEH. BEARAE N E e AVI SUPRZ R AR R 0y PNG BYIPG UG T A1 HORE & 3 X 38
K7 B F BT RO R X 3, FIREE A OpenCV . MediaPipe B At i HALAL W T HARBUSE T & BT .
& HARE G RS S X T RS S AEGE 75 SR RS TR, NAREE WS
FEFRIEAE S, 0 OR)E 098 2 2 HU R 08 15 5 A5 1) Sl R ER 75 T 15 471 % R o

ji A T AR A DL AVI RS XS AH 56 XML SO ORAF . I AT 5648 ) FRmpeg KB A AV B4y
I T 9 (0 BB 51, AR A 4 41 10 3 B X IOk B T s S A O R X . B
K ST 515 N EdgeTrak B AAA FAFHEAT & TR BR > E 232, ] ] MATLAB & Python
HEAT HE LEG AR . BAR BB IR 18 s .

1. BRI 2. BE LR 3. S BN 4. B S 5. 11—k 6. HiR S 45
(e 1% i FIMATLAB WOLLfE B [ & T P S A kR BRI
12513 45— i T 0 EdgeTrak # /f oAk, (R 15— 4k % 0-1 B BH
BRI, ¥ TR AL HETRL 5 (k3 FANTXTH X6, R JEHE S
864 X 768 L1 F IR L X I £ ekt IR FE R HIRFEAIDA
BN Wi, #IH% L LN KA, B 1AL 7 3108 47
644X 49615 2, B TS B b5 (- Bbe AR wE

5% & & UIT VE- H 4347

i, UREE

RO S

A

B 18 S E R AR BN BlAL E AR

Figure 18 Workflow for ultrasound tongue contour extraction and preprocessing
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A dataset of multimodal articulatory physiological data for
Mandarin Chinese based on ultrasound tongue imaging

ZHANG Jinxi', YU Hongzhi*¥', ZHANG Jing'
1. School of Business and Media, Lanzhou University of Finance and Economics, Lanzhou 730020, P.R.
China
2. Key Laboratory of Linguistic and Cultural Computing Ministry of Education (Northwest Minzu
University), Lanzhou 730030, P.R. China
3. Key Laboratory of Minzu Languages and Cultures Intelligent Information Processing, Gansu Province
(Northwest Minzu University), Lanzhou 730030, P.R. China
*Email: yhz@xbmu.cn (YU Hongzhi)
Abstract: Articulatory physiological data are the core foundation of Mandarin Chinese phonetic research
and speech engineering. At present, the multimodal pronunciation physiological datasets for Mandarin
Chinese have several limitations, including incomplete coverage, single-modality acquisition, and lack of
synchronization, which are difficult to meet the requirements of high precise research. To address this issue,
this study constructs a multimodal pronunciation physiological dataset of Mandarin Chinese based on
ultrasound tongue imaging, thereby addressing the deficiency of existing datasets in the fusion of
multi-dimensional pronunciation physiological information. The dataset covers commonly used valid
syllable units formed by combinations of initials and finals under four tone conditions, forming 1,024
complete pronunciation units. Multimodal data consists of four parts: text corpora, speech audio, lip video,
and ultrasound tongue imaging, which can comprehensively reflect the physiological movement
characteristics and acoustic performance during the pronunciation process. In the data quality control stage,
a combination of manual verification and machine screening is adopted to eliminate invalid data such as
non-standard pronunciation, blurry images, and audio distortion, ultimately ensuring a high-quality dataset.
The dataset not only provides data support for basic research on the physiological mechanism of Mandarin
Chinese pronunciation, the rules of tone changes, and second language acquisition, but also has
applications in speech synthesis and recognition, diagnosis and rehabilitation of speech disorders, modeling
of pronunciation mechanisms, and training of artificial intelligence speech models. At the same time, it
offers a reference for cross-language comparative studies on pronunciation physiology.
Keywords: ultrasound tongue imaging; Mandarin Chinese; multimodal dataset; articulatory physiology;

artificial intelligence; speech engineering

b E R} HEE, 2026, 112) | 19



ETHAERERTUETRE SRS K EEEERE

Dataset Profile

Title

A dataset of multimodal articulatory physiological data for Mandarin Chinese based on

ultrasound tongue imaging

Data corresponding

author

ZHANG Jinxi (582361484(@qq.com)

Data authors

ZHANG Jinxi, YU Hongzhi, ZHANG Jing

Time range

2026

Geographical scope

Lanzhou City, Gansu Province

Data volume

41.33 GB (290 GB after decompression)

Data format

* avi, *.xml, *.wav, *.pdf

Data service system

https://doi.org/10.57760/sciencedb.j00001.01617

Sources of funding

The National Natural Science Foundation of China (62366045, 62566057); the National Social
Science Fund of China (22BYY165); Gansu Province Central Government Guides Local
Science and Technology Development Fund Project (25ZYJA034); Longyuan Young Talents
Project: A Study on the Co-evolutionary Features of Multi-ethnic Languages in Gansu

Province; Lanzhou City Science and Technology Plan Project (2025-2-42).

Dataset composition

The data files of the speakers include: (1) Text corpus. PDF files representing five categories of
pronunciation features, including 1-318 First Tone (High Level) Text Corpus.pdf, 319-564
Second Tone (Rising) Text Corpus.pdf, 565-866 Third Tone (Falling-Rising) Text Corpus.pdf,
867-1200 Fourth Tone (Falling) Text Corpus.pdf, and 1,201-1,204 Special Simple Finals Text
Corpus.pdf. The total data size is 1.54 MB. (2) Audio recordings. RAR compressed files
containing five categories of pronunciation features, with WAV format audio in the
compressed files, namely: 1-318 First Tone (High Level) Audio Recordings.rar, 319-564
Second Tone (Rising) Audio Recordings.rar, 565-866 Third Tone (Falling-Rising) Audio
Recordings.rar, 867-1,200 Fourth Tone (Falling) Audio Recordings.rar, and 1,201-1,204
Special Simple Finals Audio Recordings.rar. The total data size is 180 MB. (3) Lip videos.
RAR compressed files containing five categories of pronunciation features, with AVI format
videos in the compressed files, namely: 1-318 First Tone (High Level) Lip Videos.rar, 319-564
Second Tone (Rising) Lip Videos.rar, 565-866 Third Tone (Falling-Rising) Lip Videos.rar,
867-1,200 Fourth Tone (Falling) Lip Videos.rar, and 1,201-1,204 Special Simple Finals Lip
Videos.rar. The total data size is 639 MB. (4) Ultrasound tongue imaging. RAR compressed
files containing five categories of pronunciation features. The compressed files include AVI
format ultrasound video data and XML annotation files in the compressed files, namely: 1-318
First Tone (High Level) Ultrasound Tongue Imaging.rar, 319-564 Second Tone (Rising)
Ultrasound Tongue Imaging.rar, 565-866 Third Tone (Falling-Rising) Ultrasound Tongue
Imaging.rar, 867-1,200 Fourth Tone (Falling) Ultrasound Tongue Imaging.rar, and 1,201-1,204
Special Simple Finals Ultrasound Tongue Imaging.rar. The total data size is 40.6 GB (289 GB

after decompression).
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