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TOM TAT - Trong bdi bdo nay, ching t6i trinh bay y tuwong diéu khién robot Pioneer P3-DX bdng tiéng néi theo thoi gian
thuwc voi giai thudt Naive Bayes Nearest Neighbor (NBNN) sur dung ddc trung MFCC (Mel-scale Frequency Cepstral Coefficient).
Tép dit liéu cho qud trinh hudn luyén va nhdn dang la cac mau tiéng néi tirong g voi cac Ignh diéu khién robot dwoc thu am tir 20
nguoi doc khac nhau. Budc xu ly tiép theo la thuc hién rut trich 39 dac trung MFCC tir méi méu ém thanh cia tdp dir liéu thu duoc.
Chiuing toi dé xudt sir dung giai thudt may hoc NBNN dé nhan dang truc tié'p cdc tiéng néi la cdc lénh diéu khién hoat dong robot tur
cdc ddc trung MFCC tirong vmg khéng can bat ky thao tac xir Iy trung gian ndo khdc. Két qua thire nghiém cho thdy rang phirong
phdp dé xudt (NBNN st dung déc trung MFCC) ¢6 thé nhdn dang chinh xdc tiéng néi la cdc lénh diéu khién robot, dép ting thoi
gian thuc. Giai thudt NBNN cho do chinh xdac trong nhdn dang la 98.5%, cao hon khi so sanh voi gidi thudt (Support vector
machines - may hoc vécto hé tro) SVM va mé hinh tii tir véi dg chinh xdc twong iing la 97.14%, gidi thudt (Dynamic time warping
— xodn thoi gian dong) DTW ¢6 d¢ chinh xdc twong vmg la 98.4%, va (Hidden Markov model - mé hinh Markov dn) HMM c¢é dé
chinh xac la 97.8%. Hon nita, phwong phap NBNN sur dung MFCC don gidan va cé thoi gian thuc hién nhanh hon, dap rng dwoc yéu
cdu diéu khién robot thoi gian thie.

Tir khéa - Nhin dang am thanh, Déc trung MFCC, Naive Bayes Nearest Neighbor, Piéu khién robot Pioneer P3-DX.

I. GIOI THIEU

Nghién ctru diéu khién robot 1a bai toan duoc cac nha khoa hoc quan tim, nham phuc vu cho con ngudi trong
nhiéu linh vic tng dung nhu: robot khuan hang hoa, robot don rac, lau nha, d4 bong, dan duong, robot trong cong
nghiép 6t6, tham do khai thac mo, robot thg lan, v.v. Do c6 tinh tmg dung cao nén cac nha nghién ciru di bit tay vao
phat trién robot thong minh hon, phuc vu t6t cho nhu cau phat trién kinh té - xa hoi. Bé 1am duoc didu do, can co su két
nbi gitra “bd ndo thong minh” va robot dé tao nén nhimg robot thong minh nhw ngay nay. May hoc chinh 1a nén tang
gitp robot c6 thé théng minh, hoat dong tinh vi hon. Trong cic hudng nghién ciru vé linh vuc robot, didu khién robot
thong qua nhan dang hinh anh va nhan dang tiéng n6i 1a mot trong nhiing linh vuc dwoc cac nhidu nha nghién ctru quan
tam rat nhiéu do tinh kha thi va kha ning img dung trong thuc tién.

Hién nay céc nghién ctru lién quan dén nhan dang tiéng néi da dugc thuc hién trén nhiéu hudng phat trién, muc
tiéu khac nhau va dat hiéu qué cao. Tiéu biéu 1a hé thong Desktop Via Voice ciia IBM hay hé thong Speed Recognition
Engine cua Microsoft va bo cong cu HTK dua trén m6 hinh Markov an cua Dai hoc Cambridge hay Dai hoc Mellon
v6i CMU Sphinx. Nhimg san pham (cong cu) da dugc ap dung nhiéu trong thyc té, nhan dang va xir Iy 4m thanh. Hé
thong nhan dang tiéng néi bao gom hai bude chinh [5], [6], [7]: rat trich va biéu dién dic trung, huan luyén mé hinh
may hoc nhén dang. Rut trich va biéu dién dic trung tin hi€u am thanh thudng duoc str dung [6] 1a MFCC (Mel-scale
Frequency Cepstral Coefficient), LPC (Linear Prediction Coefficients), FFT (Fast Fourier Transform). M6 hinh may
hoc thuong dugc sir dung c6 thé 1a mang noron nhan tao [10], [12], m6é hinh Markov 4n HMM [16], [20].

Céc nghién ctru trong thoi gian gan day [11], [15], [19] tap trung vao sir dung dic trung MFCC [7] dat dwoc
hiéu qua cao. Nhom tac gia trong [11] dé xuét rut trich ddc trung MFCC tir 4m thanh, biéu din cac dic trung MFCC
theo m6 hinh tai tir véi hd trg cla giai thuat gom cum kmeans [13], huén luyén mo hinh may hoc vécto hd tro SVM
[18] dé nhan dang 4m thanh. Nghién ctru cia [15], [19] ciing thuc hién rat trich ddc trung MFCC nhung st dung giai
thuat xoan thoi gian dong DTW (Dynamic Time Warping) dé nhan dang truc tiép tiéng néi.

Trong bai viét nay, ching t6i dé xuét hé thong nhan dang tiéng néi dé diéu khién robot Pioneer P3-DX theo thoi
gian thyc. Hé thong thuc hién rit trich dic trung am thanh MFCC, khong can qua budc tién xir 1y va biéu dién phirc
tap, hé thong st dung giai thuat NBNN (Naive Bayes Nearest Neighbor [2]) dé nhan dang truc tiép tiéng noi 1a cac
1énh diéu khién. Két qua thir nghiém trén tap dir liéu thu thap tir 20 ngudi noi khac nhau cho thiy dé xuit ciia chung toi
dat duoc do chinh xac dén 98.5% nhung van dap tmg duoc vé thoi gian nhan dang dé diéu khién robot theo thoi gian
thue.

Phan tiép theo ctia bai bao duoc té chirc nhu sau: Phan II gidi thidu vé robot Pioneer P3-DX. Phan III trinh bay
viée didu khién robot Pioneer P3-DX bang tiéng noi thong qua giai thuat NBNN véi dic trung MFCC dugc rat trich dé
nhan dang. Phan IV trinh bay két qua thuc nghiém ciing nhu cach di chuyén cua robot va khoang cach thong qua Sonar
va Laser twong mg véi van toc diéu khién robot trude khi két luan va hudng phat trién dugc trinh bay trong phan V.

I1. SO LUQC VE ROBOT PIONEER P3-DX
Robot duge sir dung trong bai bao nay la loai robot di dong cua hang Adept Mobile Robot voi dong Pioneer P3-
DX. Robot Pioneer [22] 1a mdt dong san pham robot dugc nhiéu nha chuyén gia, cac nghién ctru danh gia cao va dugc
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sir dung phd bién trong cac nghién ctru robot hién nay. Robot ndy dugc tao ra va cho phép nguoi nghién cirt hoan toan
6 thé “lap trinh duogc”.

Robot Pioneer P3-DX [22] 1a loai robot di dong nho, trong lugng nhe véi 3 banh xe (2 banh trude chi dong con
goi 1a banh chinh va banh phu sau di chuyén tu do, thuc hién nhiém vu can lbi'lng va r€), banh xe c6 duong kinh
19.5cm, than dugc bao boc bdi kim loai nhom cing cép. Phia trude dugce trang bi 8 cam bién Sonar — day ld dang cam
bién siéu am dé do tim vat can. Robot Pioneer P3-DX ¢6 3 pin nhdm duy trit va c6 thé thay d6i nhanh chéng.

Vi kha nang c6 thé 1ap trinh duoc nén hing Adept Mobile Robot di hd trg bd SDK (software development kit)
danh cho nhiing nha nghién ctru robot, cac loai may tinh c6 thé dé dang cai dat va tich hgp vao dé robot ¢6 thé hoat
dong nhip nhang.

C6t 13i ciia SDK ma robot Pioneer hoat dong chinh 1a géi thu vién ARIA[21], ddy 1a géi thu vién dé phat trién
phin mém cho tit ca cic nén tang va cac thiét bi, goi thu vién kha linh hoat gitip cho nhiéu nha phat trién ¢& dang lwa
chon ngdn ngit phi hgp cho minh véi 3 ngdn ngir hd trg: C++, Java hodc Python, géi thu vién co thé duoc phat trién
trén da nén (Windows va Linux).

Goi thu vién Aria st dung gece trén Linux va Visual C++ trén Window dé thye hién viét cac g dung ciing nhur
bién dich goi thu vién. Aria la mét goi thu vién ma nguon mé duge dinh kém theo gidy phép cia GNU GPL (General
Public License). Robot Pioneer P3-DX c6 thé di chuyén t6i va di chuyén lui ciing nhu di chuyén ré& v6i van toc tdi da 1a
1.2 m/s va c6 tai trong do vay lén dén 22kg.

Hinh 1. Robot Pionner P3-DX [22]
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Xay dung mét hé¢ thong nhén dang tiéng noi bao gom hai buge chinh [5], [6], [7]: rat trich va biéu dién dédc
trung, huan luyén mo hinh may hoc nhan dang. Trong bai bao nay, chung t6i dé xuat moé hinh nhan dang dang am
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thanh tryc tiép bang giai thuat NBNN [2] sir dung dic trung MFCC dé thyc hién diéu khién robot theo cac chi thi 1énh
am thanh thu thdp nhu moé ta trong hinh 2. D& chuin bi cho pha huin luyén va nhan dang tiéng néi (chi thi 1énh 4m
thanh), trudc hét chung t6i tién hanh thu am tir 20 ngudi doc khac nhau, mdi chi thi 1énh 4m thanh twong g véi mot
lénh. C6 5 1énh diéu khién co ban 1a: thing tién, di 1ii, queo trai, queo phai, dimg lai va lénh khac (khong thude 5 1énh
co ban).

Tin hiu &m thanh ngoai doi thyc la tin hiéu lién tuc, hay tinh hi€u twong tu trude khi thyc hién bat cir bude Xu
1y ndo, tin hiéu am thanh can duoc sé héa. Viée nay dugc thuc hién tu dong boi cac thiét bi thu am, bang cach lay mau
tin hiéu dau vao. Nhu vy, mot tin hiéu &m thanh bat ky khi d3 duoc dua vao may tinh, 1a mot tép cac miu lién tlep
nhau, mdi mau la gia tri bién d6 cua tin hiéu tai mot thoi diém nhét dinh. Mot tham sé quan trong trong vigc 14y mau
tin hiéu 4m thanh 13 tan s6 lay mau (Fs), 1a s6 miu duoc 13y trong mot gidy. Chung t6i dé xuat st dung dic trung
MFCC [7] dé nghién ctru cho hé thong dleu khién nay boi vi MFCC la phuong phap trich déc trung dugc nhiéu chuyén
gia trong linh vuc 4m thanh sir dung va rat thanh cong trong viéc nhan dang tiéng noi.

3.1. Pic trung MFCC [7]

Ky thuét rat trich déc trung MFCC dya trén viée thuc hién bién doi dé chuyen dir liéu am thanh dau vao (da
duogc bién ddi Fourier dang phd) vé thang do tan so Mel, mot thang do dién ta tot hon sy nhay cam cua tai nguoi dbi
v6i am thanh. Ky thut trich chon dédc trung nay gom cac budc bién doi lién tiép, trong d6 dau ra cua buoc bién ddi
trude sé la ddu vao ciia bude bién doi sau. Pau vao ciia qua trinh dic trung nay s& 1a moét doan tin hiéu tleng noi. Vi tin
hiéu 4m thanh sau khi dugc dua vao may tinh da dugc roi rac héa nén doan tin hiéu tiéng noi nay bao gdm ciac mau
lién tiép nhau, mdi mau 1a mot gia tri thuc, thé hién gié tri bién do cia 4m thanh tai mot thoi diém nhat dinh.

Trong bai nay, chung t6i thuc hién léy mAu véi tan s6 16.000Hz (4m thanh nghe duoc), mot doan miu véi mot
$6 luong nhat dinh tao thanh mot frame, trich chon dic trung MFCC cho ta tap d#ic trung cho mdi frame tiéng noi. Két
qua 1a mot tap trong trich chon dwoc sir dung trong bai viét gdm 39 gia tri dic trung cho mdi mét frame tiéng noi. Trich
xudt ddc trung MFCC s& bao gdm 5 budc co ban nhu hinh 3.
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Hinh 3. Trich déc trung MFCC

Budc 1: Phin khung (Frame Blocking)

Thuc hién chia tin hiéu dau vao thanh cac doan nho khoang 20ms-30ms. Phan khung tin hiéu mdi khung N mau,
hai khung ké nhau léch nhau M mau: M=(1/2)N (Biét N>M). Trong budc nay, dé hiéu qua cho 4m thanh dugc nhan
nguoi ta thuong tang am thanh (Pre-emphasis) truge khi thyc hién phan khung vi thuc hién tang cuong do cua nhing
tan s6 cao 1én nham lam ting ning luong & ving c6 tan s cao — vung tan s cua tiéng noi, mot cach dé hiéu 1a lam
tiéng noi 16n hon 1én dé anh hudng ciia cac am thanh moi trudng va nhiéu tro thanh khong dang ké. Tang cuong do tan
s6 duogc thuc hién nhu cong thue (1):

Y[n] = X[n] —0.95 X X[n—1] (1)
Trong d6 X 1a tin hiéu dau vao trén timg khung mau; ¥ 1a cudng do tin sb ting (pre-emphasis after).

Budc 2: Liy civa sé (Windowing)

Ldy clra s6 nhim giam sy gian doan cua tin hidu & dau va cudi mdi khung vira dugc chia. Ding cira sb

Hamming (v6i a = 0.54), theo cong thirc (2):

2

<n<N-
= { - (1-x) cos ( )UO’l 0 <n <N —1,N lasdmiu trong mdt frame
0 trudong hop khac

Trong d6: w[n] 12 hé s6 cho mau thtt » trong frame.
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Trong loai cura so Hamming, gid tri cua tin hi¢u s€ giam dan vé 0 khi tién dan ra hai bién cua frame. Noi cach
khac, néu sir dung cira s6 Hamming de lay ra cac frame, néng luong cua mdi frame s& tap trung & gitra frame, mot uu
diém nira 1a cac gia tri bién cua cira s6 Hamming tién dan vé 0 s& lam budc bién d6i Fourier tré nén d& dang aon.

Str dung mét cira s6 (window) chay doc tin hién am thanh va cit ra cac doan tin hiéu niam trong ctra s6 d6. Mot
ctra s6 dugc dinh nghia bang cac thong sb:

Frame size: 4§ rdng cua cura $0, cling la d¢ 16n cua frame tin hiéu sé dugc ciét ra.
Frame shift: budc nhdy cua cira s0, 1a d6 dai doan ma ctra s6 s& truot dé cit ra frame tiép theo.
M3i frame sau d6 s& dugce nhan véi mot hé sd, gia tri cia hé ) nay tuy thudc vao tirng loai ctra $0.
Y[n] = wln] » X[n] 3)

Trong d6 X/n] 1a gia tri cia mau tha 7 va ¥/n] 1a gia tri ciia mau thir # sau khi nhan vé6i hé s6, w/n] 1a hé sb
cho mau thtr n trong frame do.

Frameshift

Hinh 4. Chia ctra s6 (Windowing) dia vao d6 rong va bude nhay ciia cira s6

Buéc 3: Bién doi FFT (Fast Fourier T ransform)

Budc bien doi tiep theo 1a thyc hién bién doi Fourier roi rac doi voi ting mau tin hi¢u da dugce cat ra. Qua phép
bién doi nay, tin hi¢u s€ dugc dua vé khong gian tan so.
Cong thirc cua bién doi Fourier rdi rac nhu sau:
AT
_ N-1 -j2—kn
X[k] = X¥aZox[n]e"N (4)

Trong d6 x/n] 14 gia tri cia mau thi » trong frame, X/k] 1a mot sb phtrc biéu dién cuong do va pha cia mot
thanh phan tan so trong tin hi¢u goc, N 1a s0 mau trong mét frame.

Tuy nhién, dé cai tién cho chuyén d6i mdi khung véi N miu tir mién thoi gian sang mién tan sé dwoc nhanh s&
st dung FFT:

Y() = [, y®e (5)
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Hinh 5. Thang do tin s§ Mel
Budrc 4: Bién dbi sang thang do Mel (Mel-frequency Wrapping)
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Trong md hinh trich chon dic trung MFCC, tan s6 s& duoc chuyén sang thang do tan sé Mel theo cong thirc:
f
fner = 2595 +In (1 + =) (6)

~ Trong dd f la tan s6 o thang do thudng, fie la té}n sO O thang do Mel. Nguoi ta sir dung cac bang loc dé tinh cac
hé s6 Mel. Str dung bao nhi€u bang loc thi s€ cho ra bay nhiéu hé s6 Mel va cac hé s6 Mel nay sé€ la dau vao cho qua
trinh ti€p theo cua trich chon dac trung MFCC.

Budre 5: Hé s6 Cepstrum (Cepstral Coefficients)

Budce tiép theo cta viéc trich chon déc trung MFCC la bién ddi Fourier nguoc voi dau vao 1a cac hé sb phé Mel
cua budc trudc, dau ra s€ 1a cac hé so cepstrum (MFCC — Mel Frequency Cepstrum Coefficients).

Két qua cua bude nay 14 ta tinh dugc hé s6 MFCC theo cong thirc:
x YNTIETs 1 eh (1) X cos(i(l — -)

i=1

MFcCC(i) =

) (7

Nfilters Nfilter

Trich chon dac trung MFCC sé thu dugc cac dac trung sau day:

- 12 gia tri dédc trung phd Mel duoc bién dbi Fourier nguoc
- 12 gia tri delta phd

- 12 gia trj double delta phd

- 1 gia tri m@c nang lugng

- 1 gia tri delta mic nang luong

- 1 gia tri double delta mrc nang lugng

Téng cong: 39 dic trung cho mdi frame tiéng noi.

Vige rit trich dac trung MFCC tir m4t chi thi 1énh &m thanh cho ra tap hop céc vécto déc trung khac nhau. Cac
giai thuat may hoc (nhu mang noron hay SVM) thudng can dir lidu dau vao la bang c6 cung s6 chiéu (cot, thudc tinh)
dé huén luyén mo hinh nhan dang. Dé c¢6 thé tao ciu triic bang cho giai thuat hoc, can phai biéu dién lai cac ddc trung
theo mo hinh thi tir, nhu da thyc hién trong cac nghién cuu [3], [11]. St dung giai thuat kmeans [13] gom nhém cac
vécto MFCC vao cac nhom (cluster) va mdi cluster twong g voi mot tir. Tap cac cluster ndy tao thanh mét tir dién.
Sau ciing, mdi vécto MFCC trong chi thi 1énh 4m thanh s& dwoc gan vao cluster gan nhét (dwa vao khoang cach mdi
vécto dén cac tam cua céc cluster dai dién da duoc dinh nghia trude do. Tiép theo, mot chi thi 1énh am thanh dugc biéu
dién bang tan sd cua cac tir trong chi thi 1énh 4m thanh. Budc tién xir Iy nay thuong lam giam d6 chinh xac khi nhan
dang tuy xtr Iy rat nhanh.

Céc nghién ctru cua [15], [19] sur dung giai thuft xoan thoi gian dong DTW (Dynamic Time Warping) dé nhan
dang tryc tiép tiéng no6i ma khong can qua budc biéu dién mé hinh tai tir. Phuong phap tuy don gian nhung do chinh
xac cao hon str dung mé hinh tai tir. Khuyét diém ctia phuong phap chinh 1a thoi gian thyc thi khi nhan dang rét 1au do
viéc so khép theo giai thuat xoén thoi gian dong bac 2 so véi s6 lwgng vécto dic trung MECC.

Phuong phép chiing t6i d& xuit dua trén giai thuat Naive Bayes Nearest Neighbor (NBNN) [11], dé nhan dang
truc tiép cac chi thi 1énh am thanh ma ciing khong can c¢6 budc tién xir Iy dé biéu dién mé hinh tai tir. Phuong phap ¢
wu diém rat 16n do tinh don gian, dat dugc d¢ chinh xac cao va thoi gian nhén dang nhanh hon rat nhiéu so véi dung
giai thuat DTW.

3.2. Gidi thuat NBNN

Giai thuat NBNN da dugc dé xudt boi O. Boiman [11] vao ndm 2008. NBNN thyc hién tinh toan tryc tiép
khoang cach tir “dnh dén I6p”, d thyc hién phan 16p anh ma khong cn phai qua budc tao mo hinh tai tir nhu thudng
thdy trong phan 16p anh [3]. NBNN la phuong phap phén loai anh rat thanh cong, dwoc mé rong xir 1y trong phan 16p
anh va cac ing dung tuong tu [1], [9], [14] va [17].

Chung t6i dé xuat s dung phuong phap NBNN thuc hién nhan dang tiéng n6i nhu sau. Khi c6 chi thi 1énh am
thanh dugc dua vao, thuc hién rut trich cac dac trung MFCC, thu dugc cac mo ta cia am thanh d, ..., d, (dac trung
MECC). Tuong tmg véi mdi 16p C, can tinh tong khoang cach mdi d; dén lang giéng gan nhat ciia d; trong 16p C, 1a nho
nhat.

sum= )" |ld; — NN¢(d)||? ®)
Trong d6 NN¢(d;) 1a m6 ta lang giéng gan nhét cta d; trong phan 16p C.

Y tuong NBNN la thyc hién tinh mat d6 xac suét p(d|C) ciia mo ta d; trong 16p C. Vi cac mo ta trong co s¢ dit
liéu 1a rat 16n viée tinh toan tré nén khé khan hon, nén mot ude lwong mat d6 xac suit Parzen cung cép mot xép xi mat
d6 xac suat p(d|C) 1am cho viéc tinh toan nhe hon. Cho d$, dS, ...., df trong 16p C la cac md ta cua tat ca cac dic
trung MFCC cua am thanh trong 16p C.

Sau do ta wdc tinh Parzen cta p(d|C) ta dugc:
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p(dIC) == K(d - df) ©)
Trong do K(*) 1a mét ham cta Parzen va ham K(*) > 0.
Trong thuc tién, K(*) 1a mot ham Gauss:
c 1 cl|?
K(d —df) = exp(-55|ld - df || (10)

Nhu d3 chi ra trong [2], khi L tién dén v cing va o giam mot cach phu hop thi wéc lugng p's& hoi tu xap xi mat
do p(d|C).

5

Average N ) ) ) )
discriminativity

after: i

w Quant.

= | -NN 107}

=== 20-NN

10° 0 0 0 e 10°
Original discriminativity pd C}
pld|C

Hinh 6. Biéu dd so sanh 1-NN, 20-NN [2]

Dé tinh toan c6 dwoc d6 chinh xac cao, tit ca cac mo ta trong co s& dir liéu can duoc tinh toan trong phuong
trinh (9), viéc tinh todn nay ton rt nhiéu thoi gian vi né doi hoi tinh toan khoang cach tird — df cta tt cé cac mé ta
d]-C (j=1....L). Gan nhu cac mo ta ciia am thanh du vao kha doc 1ap trong khong gian mé ta, nhitmg mo ta nay gan nhu
khé xa so voi hau hét cac mo ta trong co s dit lidu, chi co mot s it mé ta d anh huong dén phuong trinh (9). Do do, co
thé tinh x4p xi phuong trinh (9) bang cach sir dung r lang giéng gan nhét cia mot mé ta d € Q trong mo ta cia dS, dS,

., df trong 16p C.

pan(dIC) = X5 K(d — dfw) (11)

Trong cong thirc (11), ngay ca khi =1/ lang giéng gan nhét cho mdi d trong 16p C thi xap xi nay cing rat chinh
xac. Co thé xem didu nay & hinh 6. Khi cac mé ta d ciia 4m thanh dwoc lwong tir hoa (dquant) (bleu dd duong mau do)
thi kha nang phan biét mo ta d trong C va C 1a rat thap. Trong khi 46, 1-NN (1 ldng giéng gan nhat) va 20-NN (20 ling
giéng gan nhat) thi kha nang phan biét gdn nhu c6 chinh x4c twong duong. C6 thé nhan thay khong c6 su khac biét 1on
khi 7 thay d6i (» =1....1000). Chon r=1 1a thuan tién nhét vi khi d6 log/ p(d|C)] duoc tinh toan kha dor gian. Khi
log[p(d|C)] khong con phu thude vao sy khac biét cua ham Gauss thi log/p(Q|C)] dugc tinh theo cong thirc (12):

n 2
log p(Q|C)> =Y |d, ~ NN.(d,)| (12)
i=1

Trong d6, cac md ta d; ctia tap tin 4m thanh twong tmg véi cac dic trung MFCC dugc trich xuat. Hinh 7 minh
hoa giai thuat NBNN tinh khoang cach dén lang giéng gan nhit tir mot tap tin Am thanh truy van dén mét 16p.
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Hinh 7. Lang giéng gin nhét tir mt mé ta cua truy van dén 4m thanh déi tuong
1V. THUC NGHIEM

Dé tién hanh danh gia hiéu hiéu ning cua hé thing nhan dang tiéng n6i dé diéu khién robot Pioneer P3-DX nhur
da dé xuat, gidi thuat NBNN str dung dac trung MFCC (ky hiéu 1a MFCC-NBNN), ching t61 da cai dét hé thong
chuong trinh bang ngo6n ngir 1ap trinh C/C++, sir dung thu vién Yaafe [23] dé trich dic trung MFCC. Chu § trong giai
thuat NBNN can tim lang giéng gan nhét cua m01 dic trung MFCC dén cac dic trung MFCC ciia cac chi thi 1énh luu
trit trude do, qua trinh nay mat nhiéu thoi gian néu phai tinh hét khoang cach tir déc trung cua truy van dén cac dic
trung MFCC trong co sé dit liéu. Dé ting toc qua trinh nay, chung t6i di s dung ciu tric chi muc kd-tree [8], hd trg
cho NBNN ¢ thé tinh toan nhanh hon khi phén 16p.

Chung t6i ciing tién hanh so sanh mo hinh chung t6i dé xut (MFCC-NBNN) v&i mé hinh nhan dang Markov 4n
HMM (tham khao [16]), phuong phap tiép can MFCC va DTW (tham khao [15], [19], MECC-DTW), mé hinh ti tir
(BoAW) va may hoc SVM (tham khao [11], MFCC-BoAW-SVM). Chung t6i da cai dat HMM, MFCC-DTW bang
ngdn ngit 1ap trinh Python. Véi MFCC-BoAW-SVM, ching toi di cai dat bang ngén ngit 1ap trinh C/C++, sir dung thu
vién OpenCV [4].

Céc thye nghiém dugc tién hanh trén mot may tinh cd nhan chay hé diéu hanh Linux v6i ban phan phéi Ubuntu
14.04. Chung t6i sir dung robot Pioneer P3-DX cua hing Adept Mobile Robot [22] duoc trinh bay ¢ phan II Thong tin
may tinh va ung dung cai dat trong nghién ctru nhu sau:

Tén va kich thudc sir dung Ghi chu
Hiéu may tinh Laptop HP DV6T-2000;
Bd xtr ly (CPU) Intel Core i7 CPU Q720 @1.60Ghz (8 CPUs), 1.6GHz;
B& nhé (RAM) 4096MB — DDR3;
Hé diéu hanh Ubuntu 14.04 OS (64 bit);
Voice AdTech — 16000Hz;
Toc d6 Webcam 20 frame/s;
Thuw vién robot SDK ARIA 2.7.2, MobileSim 0.5; [21], [22];
Ngon ngit 1ap trinh C++, bién dich g++ Linux;
Thuw vién trich dac trwng yaafe-v0.64.tgz [23];

Thiét 13p thong s6 cho robot trong thuc nghiém

Thong sb robot sir dung khoang cach dwa vao Sonar va Lazer
*  Van tdc ban dau cua robot khi di chuyén 1a VO = 200 mm/s;
= Khoang cach ding ctia robot trong khoang L0 = (40 — 55) cm;
= Khoang céach robot hoat dong:Lt = 56cm tr¢ 1én;
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= Khoang cach robot 1t Lb = (28 — 40) cm;
»  R& trai, r& phai lién tuc v6i mdi 14n thyc hién mot goc 1a 10 do6.
Chuin bi tap dir lidu
. Chuén bi tap dit liéu chi thi 1énh 4m thanh cua robot, chung t6i da thu thap véi sé luong 20 ngudi doc k}léc nhau
(gdbm 10 nam va 10 nit), doc cac chi thi 1énh bao gom 5 tir khoa dugc st dung la queo trai, queo phai, thang tién, di lui,

ding lai, va 16p khac (16p bu, khong phai 1a 5 16p tir khoa 1énh). MSi mau 4m thanh chiing toi thu trong mét zidy. Puoc
tap dit liéu véi 3614 tap tin am thanh, luu theo dinh dang tap tin wav.

Cic tham s6 sir dung trong rit trich dic trung MFCC

MFCC CepslgnoreFirstCoeff=1 CepsNbCoeffs=39 FFTWindow=Hamming MelMaxFreq=6854.0 @ MelMinFreq=130.0
MelNbFilters=40 blockSize=1024 stepSize=512

Trong do:
= CepslgnoreFirstCoeff (default=1): 0 - Hé sé Coeff dau tién;
= CepsNbCoeffs (default=13): Sbé lugng Coeff dugc tao ra. Bai bao dé xuét su dung Coeff 1d 39;
*  FFTWindow (default=Hanning): Str dung loai khung ctra s truot. HanninglHamming|None;
= MelMaxFreq (default=6854.0): Chi s6 mel frequency 16n nhat;
= MelMinFreq (default=130.0): Chi s6 mel frequency nho nhat;
= MelINbFilters (default=40): S lvong Mel;
*  blockSize (default=1024): Kich thudéc ctia mdi Block trong frames;
= stepSize (default=512): Kich thudc gitta 2 frames.

Cic tham s6 cia MFCC-BoAW-SVM duwgc sir dung nhu sau:
»  Sir dyng kmeans trong viéc gom cum BoAW v6i k=1000 cym (cluster) = 1000 tir
»  Giai thudt SVM da lua chon st dung ham nhan RBF Radial Basis Function: K (u, v) = exp(y X
[lu — v||?) véi cac thong s6 gamma, C t6i wu (gamma=0.01; C=100000);
Két qua nhin dang ) 3
Nghi thire kiém tra trong thue nghiém cta ching toi 1a hold-out, 1ay ngau nhién 2/3 tap dir liéu lam tép hoc (hay
o s¢ dir liu doi tuong, dung cho huan luyén mo hin,h, dicu chinh cac tham sd), va 1/3 tap dir liéu con lai lam tap kiém
tra dé thong bdo két qua nhan dang cia moé hinh. K&t qua nhan dang (d6 chinh xac, thoi gian xtr Iy) cua cac mo hinh
thu dugc nhu trinh bay trong bang 1.
Béng 1. Két qua nhan dang cia MFCC-NBNN, MFCC-DTW, BoAW-SVM, HMM

Do chinh xac (%) Thai gian xir ly (phit)
MFCC-NBNN 98.50 17.23
MFCC-DTW 98.40 720.57
BoAW-SVM 97.10 5.41
HMM 97.80 224.80
BIEU DO SO SANH DO CHINH XAC (%) THOI GIAN XU LY (PHUT)
. Mf(g{a-ighﬂ. MFE;_‘?D'W' h( 720.57
98 HMM, 57.80 :'
= MFCC-NBNN MFCC-DTW BoAW-SVM HMM ’ MFCC-NBNN MFCC-DTW BoAW-5VM HMM

Hinh 8. Biéu d6 so sanh do chinh xac va thoi gian xir Iy cua cac giai thuat

Néu so sanh vé do chinh xac, ¢6 thé thy rang d xuat MFCC-NBNN cho két qua nhan dang tot hon so VOi cac
nghién ctru trude d6. Do céc giai phap dugc cai dat boi cac ngdn ngir 14p trinh khac nhau, nén c6 sy chénh 1éch rat xa
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vé thoi gian xir ly. Nhung voi két qua thu duoc, co thé thay rang MFCC-NBNN van cho thoi gian xtr Iy nhanh. Tir d6,
Robot s& di chuyén va hoat dong dung nhu yéu cau dat ra.

Phuong phap dé xudt c6 wu diém rat 16n do tinh don gian trong giai thuat vi khong can qua bude xir 1y trung
gian nao ma dat duoc do chinh xac cao va thoi gian nhan dang nhanh hon rat nhiéu so véi ding giai thuat DTW hay
giai thuat HMM.

Diéu khién robot Pioneer P3-DX

Robot thyc hién di chuyén theo yéu cau dit ra v6i 5 tir khoa — thing tién, di Iui, queo trai, queo phai, ding lai.
Chung t6i da xay dung h¢ théng nhan dang lién tuc véi mdi gidy s& thuc hién thu 4m va nhan dang 4m thanh dé nhim
dam bao hoat dong tdt theo thoi gian thyc, dé giup cho robot ¢ thé nhan dang 4m thanh giam 16i chung t6i da thém
vao phan 16p bu. Robot s¢€ di chuyén va thuc hién tac vu khi nhin duoc tin hiéu 4m thanh cta 5 tir khoéa va thyuc hién tin
hiéu d6 cho dén khi c6 mét tin hiéu khac duoc chi dinh dé thuc hién cac tac vu ké tiép, khi nhan dang dwoc phan 16p bu
thi robot s& ra 1énh tac vu méi ma thuc hién tac vu trude d6 duoc chi dinh. Két qua cho thiy robot di nhan dang tbt 5 tir
khoa va mdi khi khong c6 tin hi¢u am thanh hay tin higu sai thi h¢ thong xac dinh dang phan 16p bu, han ché kha ning
gdy 18i va dua ra quyét dinh chinh xac dé diéu khién robot.

V.KET LUAN

Chung t6i trinh bay ¥ twong diéu khién robot Pioneer P3-DX bang tiéng néi theo thoi gian thuc véi giai thuat
NBNN str dung dic trung MFCC. Tir tap dit liéu mu tiéng néi tuong ting véi cac 1énh diéu khién robot duge thu dm tir
20 ngudi doc khac nhau, chung t6i d& xuét sir dung giai thuat may hoc NBNN dé nhan dang truc tiép cac tiéng noi la
cac 1énh diéu khién hoat dong robot tir cac déc trung MFCC tuong tmg khong can bt ky thao tac xur Iy trung gian nao
khac. Két qua thuc nghiém cho thiy rang phwong phap dé xuat c6 thé nhan dang chinh xac tiéng noi 1a cac 1énh didu
khién robot, dap tmg thoi gian thyc, khi so sanh v&i cac mé hinh nhan dang Markov 4n HMM, MFCC-DTW, BoAW-
SVM. V6i kha nang nhan dang nhanh vé&i d6 chinh xéac trén 98%, nén hé thdng didu khién robot Pioneer P3-DX hoat
dong hiéu qua.

Hudng nghién ctru ké tiép cho bai bo 1a nang cao kha ning nhan dang am thanh ciing nhu két hop vai hinh anh
(thong qua Webcam) nhdm gitip robot ¢6 thé vira “nhin” ma lai vira “nghe”. Nghién clru tép trung vao bude tién xu ly
céc tap am, khir cac tin hiéu nhiéu nham giup kha nang nhén dang duoc t6t hon. Hién robot dang di chuyen dong
khong theo mot ban d6 cu thé, do d6 co thé tich hop thém mot sé ban dd tinh nham gitip robot ¢ thé di chuyén trong
mot pham vi nhét dinh.

Nghién ctru cac ing dung dap tmg nhu cau thyc té nhu: robot phuc vu cho tré em trong hoc tap va vui choi, giai tri
(robot hd tro tra ciru tir dién, robot biét hat theo yéu cau), robot lam phuong tién chuyén cho nguoi khuyét tat (d6i
tuong duoc ngudi khuyét tat sir dung dé robot di chuyén), robot lau don vé sinh (d6i twong 14 cac vét ban — két hop voi
ra 1énh bang am thanh va tim kiém vét ban théng qua hinh anh).
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VOICE CONTROLLED ROBOT PIONEER P3-DX THROUGH MFCC AND
NAIVE BAYES NEAREST NEIGHBORS

Ma Truong Thanh, Do Thanh Nghi, Pham Nguyen Khang, Chau Ngan Khanh

ABSTRACT - In this paper, we propose to use MECC (Mel-scale Frequency Cepstral Coefficient) and NBNN (Naive Bayes Nearest
Neighbor) for voice controlled robot Pioneer P3-DX. The dataset of six voice commands (turn left / right, go forward / backward,
stop, other) is collected from 20 different readers. The next processing step is to extract 39 MFCC features from each voice
command. And then, we propose to use the NBNN algorithm to directly recognize voice commands for controlling the robot without
any complex task. Experimental results show that the proposed method (NBNN and MFCC) efficiently recognizes voice commands
in real-time. The proposed approach achieves 98.5% in terms of accuracy, compared with state-of-the-art algorithms, including
97.14% obtained by support vector machines using the bag-of-audio-words, 98.4% given by dynamic time warping and 97.8%
achieved by hidden Markov model. Moreover, NBNN using MFCC method is simple and fast to recognize voice commands in
real-time.

Keywords - Speech recognition, MFCC features, Naive Bayes Nearest Neighbor, Controlling robot Pioneer P3-DX.



