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TOM TAT

Nghién ciru nay trinh bay thiét ké va kiém nghiém thir mot Robot tro' Iy giang day hoat
dong nhw mot tro Iy do nhung co kha nang giao tiép bang giong néi, khong can két n6i mang
nhu cac tro Iy do hién tai va sw dung ma nguon mo Pocketsphinx dé nhdn dang gzong noi.
Nghién civu ciing sk dung khoi hiéu chinh dét sau Pocketsphinx dé nang cao do chinh xdc cho
khéi nhdn dang giong néi. Phan 16i xir Iy ngdn ngir tw nhién dwoc sie dung la mang LSTM cho
phép dua ra cdu tra loi phu hop ma mang da dwoc huan luyén. Chirong trinh duoc cai dat
trén phan cu’ng nhiing Raspberry Pi Zero c6 mirc tiéu t6n ning lu"ong thap Két qua kiém thir
va ddnh gid cho thdy, néu khéng sit dung khoi hiéu chinh robot ¢é kha ning nhdn dang va tra
167 cdu héi véi ty 1é chinh xdc la 62.5%. Ty 1é nhdn dang dwoc tiang 1én dang ké (87.2%) khi
s dung khoi hiéu chinh.

Twr khoa: Robot tro Iy giang day; Xu ly ngon ngir tw nhién, Mang Long short-term memory,
Nhan dang giong noi.

ABSTRACT

This study presents a design and testing of a teaching assistant robot working as a virtual
assistant that is capable of communicating using voice with humans. Robotcan work without
connecting to the network, the open source Pocketsphinx is employed for speech recognition.
The Pocketsphinx module is followed by a correction module to improve the accuracy. The
Long Short-Term Memory is utilized for the natural language processing unit that produces
the answers. The model is deployed on the low-cost embedded board, Raspberry Pi Zero. The
evaluation was performed with and without using the proposed correction module. The
accuracy is 62.5% when using Pocketsphinx without the proposed correction module. With
the proposed correction module, the robot improved the identifying and answering questions
capacities to 87.2% of accuracy.

Keywords: Assistant robots; Natural language processing;, Long Short-Term Memory
Network; Machine learning, Speech processing.

1 GIOI THIEU Chfltbot la cac pA’han l’lilem"dl_l’aA trén tri ’Flj.@
: . nhan tao dugc huan luyén voi mot luong kién

Trong nhimg nam gan day, nganh khoa thirc vé mot linh vuc nao d6 va c6 khd ning

hoc tri tu¢ nhén tao phat trién manh mé taora  dua ra cau tra 10i khi nhan duge cau hoi [1].
nhiéu ing dung hiru ich trong nhi€u mat cia  C4c Chatbot dugc mg dung rong rai trong
cudc song. Mot trong cac ung dung ctia khoa  cac linh vuc nhu kinh doanh, cham soc stc
hoc tri tu¢ nhén tao 14 céac trg 1y d0. Cac trg  khde va gido duc [2]-[6]. Cac Chatbot chi
ly 4o hay con dugc bi€t dén v6i tén goi  diung lai & viéc nhan va tra 16i cau hoi thong
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qua ché do giao tiép bing vin ban (text-
based interface). Cac Chatbot dugc két ndi
thém mot mo dun nhan dang giong ndi s€ tao
ra mot Robot c¢6 kha ning giao tiép va tra 16i
cac cdu hoi tu nguoi dung [7]-[10]. Cac
Robot duoc thiét ké co kha ning giao tiép
dugc st dung cho viée hd tro giang day [9],
[10]. Phan cbt 18i cua cac robot tro 1y 1a ky
thudt nhan dang giong noi va xur ly ngén ngtr
tu nhién, trong d6 nhan dang giong ndi dong
vai tro cbt yéu dén do chinh xac cua robot.
Phan 16n cac robot trg 1y cling nhu cac thiét
bi diéu khién thiét bi bang giong noi hién nay
déu sir dung coéng cu nhan dang giong ndi
cua Google (Google Cloud Speech API) boi
né cho do chinh xac cao va tée do dap ung
nhanh [11]. Tuy nhién, st dung dich vu tu
Google doi hoi hé thong phai duogc két ndi
internet lién tyc va dudng truyén phai dam
bao vé& mit toc d6. Pé thiét ké cac Robot trg
1y c6 kha nang giao tlep bang giong noi hoat
dong doc lap khong can phai két nbi mang,
viéc lya chon cong cu nhan dang giong ndi la
can thiét. Cac mo dun nhan dang giong noi
o thé phat trién dua trén cac mang hoc sau.
Tuy nhién, viéc huén luyén cédc mang hoc sau
doi hoi phai c6 tap dit liéu huan luyén 16n va
cac mang hoc sau khong hi¢u quéa khi dugc
triéen khai trén cac hé thong nhing nhu
Raspberry cho cidc robot di dong.
Pocketsphinx la mé dun nhén dang giong noi
ma nguén mo dugc phat trién phu hop cho
cac hé théng co tai nguyén gidi han [12].
Nhan dang giong ndéi st dung mo dun
pocketsphinx c¢6 kha nang hoat dong doc lap
khong can két noi mang internet, tuy nhién,
d6 chinh xac thip hon so véi cac cong cu
nhu Google. Dé ting do chinh xéc, trong
thiét ké nay, tac gia két hop mod dun
Pocketsphinx dé nhan dang giong noéi va giai
thuat tim kiém twong quan dua trén khoang
cach Levenshtein dé hiéu chinh 16i. Phuong
phap d& xuat cho phép ting do chinh xéac cua
md dun nhan dang giong néi. M6 dun xtr ly
ngodn ngir tu nhién dé lya chon cau tra 10i s
dung mang no-ron hoi quy cai tién (mang
LSTM). Robot duoc thiét ké dé hd tro giang
day va dugc huén luyén véi kién thic cua
mot mon hoc. Robot c6 kha nang tra 101 cau

hoi tor nguoi hoc vé cac ndi dung cia mon
hoc ma Robot dugc huan luyén.

2. THIET KE ROBOT TRQ LY GIANG
DAY

Robot trg 1y giang day dugc phat trién
nhu mo hinh cac trg ly 4o (chatbot). Tuy
nhién, khac véi cac chatbot chi c6 kha nang
giao tiép véi nguoi dung qua ché do van ban
(text), Robot tro 1y giang day co thé giao tiép
qua ngdn ngir. Robot dugc huin luyén voi
ndi dung mot mon hoc ky thuat va c6 kha
nang tra 10i cac cau hoi lién quan dén mon
hoc. Dé thiét ké robot trg 1y giang day, tac
gid chon mdt mon hoc vé ngon ngir 1ap trinh,
moén hoc co sé duoc day nhiéu & cic trudng
ky thuat. So d6 khdi hé thong diéu khién
robot dugc trinh bay trong hinh 1.

Tép coso dir
liéu cac
cau hoi

\4

Giong néi | Pocketsphinx 3| Khéi higu chinh
A .
»
Chuyén dbi giong ndi sang viin ban
Giong ndi | pan g | Chuyén d6i van P
LSTM bin sa:({);lgmng <

Hinh 1. So d6 khéi hé théng diéu khién

Pic diém quan trong cua thiét ké 1a
Robot hoan toan c6 thé hoat dong doc 1ap ma
khong can két ndi internet (offline). M6 dun
nhan dang giong nodi st dung thu vién ma
nguén mo, Pocketsphinx, cho phép chuyén
ddi tir giong noi sang vin ban (speech to text)
¢6 kha niang hoat dong offline. Dé ting do
chinh xéc, tac gia dé xuat thém khdi hiéu
chinh d6 chinh x4c két nbi sau ngd ra cua
Pocketsphinx, nhu dugc thé hién trong hinh
1. Han ché cia md dun Pocketsphinx 1a cho
dd chinh xac kém hon so véi cac cong cu
hoat dong truc tuyén (online) nhu Google
Speech Recogntion API [13]. Khéi hiéu
chinh duogc 13p trinh bang ngdn ngit Python,
st dung thuat toan khoang cach Levenshtein.
Thuat toan khoang cach Levenshtein cho
phép tinh d6 gidng nhu gitra 2 chudi [14].
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Két qua nhan dang duoc tir Pocketsphinx 13
mot cau hoi dang chudi, cau hoi nay duogc
dwa sang khéi hiéu chinh. Tai khoi hiéu
chinh, do giéng nhau cua cau hoi va cac cu
hoi miu trong tap hudn luyén s& duoc tinh
dua trén thuat toan khoang cach Levenshtein
dé tim xem cdu hoi nao trong tdp ciu hoi
mau c6 d6 gidng nhau véi cau hoi nhan duoc
16n nhat. Khi xac dinh duoc d6 giéng nhau
16n nhét, cdu hoi c6 d6 gidng nhau 16n nhat
v6oi cau hdi nhan duogc tor Pocketsphinx sé€
duoc lya chon va dua sang khdi tiép theo.
Khéi hiéu chinh gitip nang cao do chinh xac
ctia khoi nhan dang tiéng noi dang ké. Bang
1 trinh bay vi du hoat dong ciia khéi higu
chinh khi khdi pocketsphinx nhan duoc ciu
hoi va chuyén sang vin ban.

Hoat dong cua khdi hiéu chinh duoc vi
du minh hoa trong bang 1. Khi khdi
Pocketsphinx nhan dang dugc giong noi, két
qua nhan dang duoc chuyén sang vin ban
(text) va Chuyén sang khéi hiéu chinh. Tai
day khoi hiéu chinh s& tinh do giong nhau
gifta cau hoi va bo cau hoi mau luu trong co
sO dir liéu st dung thuat toan Levenshtein va
chon ra cau hoi gidng nhét tir trong co so dit
liu.

Bdng 1. Hoat dong cua khoi hiéu chinh véi
cdu nhan dwoc tiw Pocketsphinx

Pocketsphinx What the function be
since

Cau hoi mau 1 What is a function in C

Do gibng nhau | 0.593

v6i1 cau hoi mau 1

Cau hoi mau 2 What is a variable in C

Do gibng nhau | 0.407

v&i cau hoi mau 2

Lua chon ngo ra What is a function in C

Khéi xtr 1y ngdn ngit ty nhién sir dung
mang Long Short-Term Memory, mgt dang
cai tién ciia mang hdi quy (Recurrent Neural
Network). LSTM cho phép nhan dang céc
d6i twong theo thir ty thoi gian, phu hop voi
cac ung dung ma trong d6 ngd vao c6 rang
budc vé mat thir tw nhu chudi. LSTM duoc

tmg dung nhiéu trong ky thuat xur 1y ngdn
ngit tu nhién [15], [16] . Nhugc diém cua
mang hdi quy 1a cac gia tri 16i c6 xu huéng
nho dan khi lan truyén qua nhiéu 16p mang
lam cho qua trinh cép nhét trong s6 khong
hiéu qua trong qua trinh huén luyén. Mang
LSTM 13 mot cai tién dé khic phuc nhugc
diém nay cua mang hdi quy [15]. Mot 16p
ciia mang LSTM duoc thé hién & hinh 2.

hy A

Ct1q Ct

Hinh 2. 1 [6p cua mang LSTM [15]

Mang LSTM cé kha ndng gitt lai hodc
loc b6 cac thong tin khong can thiét thong
qua cac cong Gate, d6 1a sy két hop gitra mot
phép nhan va ting Sigmoid dé sang loc thong
tin. Ham sigmoid cho ra két qua nam trong
khoang [0,1], néu dau ra bang 0 thi s& loai bd
thong tin d6, néu bang 1 thi cho tit ca thong
tin di qua. Pau tién cc thong tin s& duoc di
qua tang 1 hay con dugc goi la tang forget
gate layer, tai day thong tin s€ gitr lai hodc
loai bo di tiy thudc vao két qua cua tang
sigmoid.

fe = O'(Wf[ht—l'xt] + bf) (H

Tiép d6 1a budc kiém tra thong tin méi,
xem thong tin nao s& dugc luu vao trang thai
té bao Ce1. O bude nay ta sir dung mot tang
sigmoid dugc goi 1a input layer gate ket hop
véi tang ham tanh dé cap nhat trang thai méi.
ir = o(Wilhe—1, %] + by) (2)
Ce = tanh(W[he_y, x¢] + bc) 3)

Budc ké tiép 1a cap nhat t& bao méi Cy,
duva vao so do hinh 2 ta suy ra dugc:
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Ce=fe*xCioq + it*ét 4)

Budc cubi cung 1a budc quyét dinh xem dau
ra 1a gi, két qua d6 s& 1a dau vao cho cac
hidden layer tiép theo nén s& duoc san loc
thong tin 1an cudi ciing dwa vao ham sigmoid
va sau d6 nhan v6i ham tanh dé dua ra gié tri
dau ra mong mudn

0 = o(Wolhe—1, 2] + by) (5)
hs = o, * tanh(Cy) (6)

Cac tap dir liéu duoc thu thap bao gém
tap cau héi mau phuc vu cho qué trinh hiéu
chinh va tap dir liéu cho qua trinh huin luyén
mang LSTM. Ciu trac dir liéu huan luyén
mang bao gdm mdt cau hoi lam dau vao cho
qua trinh ma héa (Encoder) cia mang LSTM
va cau tra 161 cho qua trinh giai ma (Decoder)
[8]. Mang LSTM dugc thiét ké st dung thu
vién Keras. Kién trac mang LSTM dugc tom
tat trong hinh 3.

Layer (type) Output Shape Param # Connected to

input_1 (Inputlayer) (None, None) 0

input_2 (Inputiayer) (None, None) [

embedding_1 (Embedding) (None, None, 200) 168000 input_1(01(0]

embedding 2 (Embedding) (None, mone, 200) 168000 inpuc 2(01(0]

Istm_1 (LSTH) [(None, 200), (Nome, 320800 embedding_1(0](0]

Istm 2 (LSTHM) [(None, None, 200), 320800 embedding_2(0][0]
1stm_1{0][1]

1stm_1[0][2]

dense_1 (Dense) (None, Wone, 840) 168840 Lstn_2[0](0)

Total params: 1,146,440
Trainable params: 1,146,440
Non-trainable parame: 0

Hinh 3. Kién triic mé hinh LSTM sir dung
thu vién Keras

CAu trac mang trong hinh 3 gdm: 2 input
layer, 2 embedding va 2 LSTM véi s6 no-ron
16p an 13 200. S6 lwong no-ron trong 16p an
duogc lua chon tdi wu sao cho mang duoc
trién khai hiéu qua trén ciu hinh phan cimg
tuong ddi thap ciia Raspberry Pi Zero. V&i
tap dir liéu cu thé cho mot mén hoc k¥ thuat,
s6 lwong no-ron 16p an 1a 200 dam bao do
chinh xac va téc do dap tng khi dugc trién
khai trén phan cimg Raspberry Pi Zero. Dya
vao tap dir liéu, c6 khoang 840 tir khac nhau,
do @6, lya chon 16p dau vao (Input layer) cua
encoder input va decoder input véi s6 miu
(num_sample) la 840. Embedding layer Ia
16p chuyén d6i khoéng gian vector cua
encoder embedding va decoder embedding
voi kich thuoc 840x200=168000. LSTM
layer nhan dau vao tir cac embedding layer,
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mdi 6 nhé LSTM yéu cau dau vao 1a mang 3
chiéu, khi mot LSTM xtr 1y mét chudi dau
vao cua cac budc thoi gian mdi 6 nhd s& xuét
mot gia tri duy nhét cho toan bo chudi dudi
dang mot mang 2 chiéu.

M6 hinh LSTM dugc huin luyén trén
may chu str dung bo ting tbc dd hoa (Graphic
Procesisng Unit) GTX1080 dé rat ngin thoi
gian huan luyén. Tap dir liéu huan luyén cho
Robot dugc tac gia tu tao, bao gém cac cau hoi
keém theo cau tra 161 dugc luu dudi dang cac
tap tin van ban (.txt). Cau tric tap dit liéu bao
gdbm mot cdu héi cho ngd vao qud trinh
Encoder va mot cau tra 101 cho qué trinh
Decoder ciia mang LSTM. Cac cau hoi va cau
tra 101 dugc bién soan bam theo ndi dung mot
moén hoc k¥ thuat, cu thé 1a mon Ngon ngir 1ap
trinh C. M6 hinh sau khi huin luyén va
chuong trinh xur 1y duoc cai dat xudng cho
phan cimg nhing Raspberry Pi. Dé Robot ¢
thé tra 10i cac cAu hoi tir ngudi dung bang
giong noi, tac gia thiét ké khoi chuyén ddi tir
van ban sang giong noéi. Dir li¢u giong noi
dugc ghi am cho tung tir riéng 1€ va dugce luu
dudi dang céac t¢p am thanh (.wav) trong thé
nhé. Két qua dua ra tir mé hinh LSTM sé& dugc
anh xa sang céc t€p am thanh. Chuong trinh s¢€
goi thyc thi cac tép am thanh tuong tng dé tao
ra cAu tra 16i. Chuong trinh duoc trién khai
trén phan cimg Raspberry Pi Zero va dugc lap
dat vao mo6 hinh Robot nhu hinh 4.

(c) M6 hinh Robot

Man hinh LCD
4 .............

Hé théng nhiing|
H» Raspberry Pi
Zero

H Ngudn cung cip
' 6v)

(b) So db khéi bd diéu khién

(a) Khéi diéu
khién

Mach khuéch
dai

B chuyén doi
USB < Am thanh

Hinh 4. (a) Két ndi bé diéu khién, (b) so do
khoi bo diéu khién, (c)thiét ke phan than Robot
Hinh 4 mo ta két ndi cua khdi didu
khién, so d6 khoi b diéu khién va phan than
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cta robot. Khdi diéu khién dugc st dung la
hé théng nhung Raspberry Pi Zero c6 kich
thudc nho va gia thanh thap, phu hop véi cac
thiét ké robot di dong. Hé thong str dung mot
Microphone ¢6 tich hgp bd khuéch dai v&i hé
s6 tin hiéu trén nhidu (SNR) la 62 dBA dé
tang khoang cach thu va loai bo nhiéu. Tin
hi¢u am thanh dugc khuéch dai va dua dén
ngd ra loa. Hé thdng st dung pin véi dung
lwong 4200 mAh cho phép Robot c6 thé hoat
dong lién tyc trong thoi gian hon 2 gid. Phan
than robot dugc ché tao bfmg nhua nhu hinh
4(c). Phan mat robot duoc gan thém mot man
hinh cho phép hién thi mot sb thong tin, hinh
anh trong qua trinh giao tiép.

3. KET QUA VA THAO LUAN

Sau khi hoan thién, Robot dugc van
hanh va kiém tra kha ning nhan dang cau hoi
va kha nang tra 16i. Qua thyc nghiém cho
théy, Robot tra 101 cac cau hoi sai khi nhan
dang sai. Trong truong hop nhén dang giong
ndi dang, Robot trad 161 dung vadi kich ban
trong tp huan luyén. Tac gia tién hanh thuc
nghiém bang cach giao_ tiép v6i robot qua
100 cau hoi trong dleu kién phong thi
nghiém, khong c6 tiéng on tir méi trudng. Dé
danh gia hiéu qua cua khdi higu chinh dugc
dé xuat, tac gia do do chinh xéac trong truong
hop c¢6 khdi hiéu chinh va khéng c6 khoi
hiéu chinh. Khoang cach tir ngudi noi dén vi
tri robot 1a 1m. Két qua duoc thé hién trong
bang 2.

Bdng 2. Kiém tra do chinh xdc hoat dong

cua Robot.
M6 hinh Do chinh xac
(%)
Khong st dung khdi hiéu 62.5
chinh
Str dung khdi hiéu chinh 87.2

Két qua thyc nghiém dugc do trong diéu
kién phong, khong c6 tiéng on. Két qua dugc
thuc nghiém 5 1an va lay gi4 tri trung binh.
Trong mbi lan thuc nghiém st dung mot
giong no6i khac nhau va giao tiép vdi Robot
qua 100 cau hoi lién quan dén mén hoc Ngon
ngit 1ap trinh. Bang 2 liét ké két qua trung

binh trong 5 lan thuc nghiém v4i 2 mo hinh;
khong sir dung khéi hiéu chinh va sir dung
khdi hiéu chinh. Khi khéng sir dung khéi hiéu
chinh, ty 1€ nhan dang va tra 161 cau hoi dung
14 62.5%. Trong truong hop st dung khéi hiéu
chinh, d6 chinh xac dugc nang 1én 87.2%.

St dung khéi hiéu chinh cho phép ting
do chinh xac cua robot khi robot hoat dong
ngoai tuyén (offline). Cac m6 dun duge cai
dat trén phan cung co cdu hinh thép,
Raspberry Pi Zero, gitip tiét kiém niang luong
khi hoat dong. Robot co kha ning giao tiép
v6i nguoi thong qua giong nodi va tra 101 mot
sd cau hoi lién quan dén mon hoc Ngon ngir
1ap trinh. Thoi gian hoat dong lién tuc cua
Robot khoang 2 gio vi hé théng nhing
Raspberry Pi Zero tiéu ton it ning luong.

Thoi gian dap Umg ctia Robot dugce do
trong qué trinh kiém thir 100 cAu héi va céu
tra 101. Cac cau hoi va cau tra 1o1 c6 do dai tu
3 dén 15 tir. Trung binh thoi gian cho qua
trinh chuyén ddi tir giong ndi sang van ban 1a
2.7s. Thoi gian trung binh cho qua trinh tra 101
tir mang LSTM 1a 1.2s. Nhu vdy, tong thoi
gian cho qua trinh tra 161 cau hoi 1a 3.9s. Thoi
gian dap tng cua h¢ thong da dugc toi uu nho
tat cac dich vu khong can thiét cua hé diéu
hanh cho hé théng nhung Raspberry Pi Zero.

4. KET LUAN

Robot trg 1y giang day dugc thiét ké co
kha nang giao tiép v6i con nguoi bang giong
n6i va c6 thé tra 11 cac cdu hoi lién quan dén
cac ndi dung ctia mon hoc dugc cai dat trude.
Robot di dugc thiét ké hoan thién vé phan
cimg va phan mém. Trong d6, bo diéu khién
robot str dung hé théng nhing Raspbery Pi
Zero thyc thi 3 khéi chirc ning chinh bao
gdm khdi nhan dang giong noi, khéi xtr 1y
ngodn ngit ty nhién va khoi chuyén doi tir van
ban sang giong ndi. Két qua thuc nghiém,
robot c¢6 kha nang nhan dang giong noéi va tra
101 cac cau hoi lién quan dén ndi dung moén
hoc Ngon ngtr 18p trinh C. Hon nira, viéc sir
dung khéi hiéu chinh dat sau khdi
Pocketsphinx da cai thi¢n ty 1€ nhan dang va
trd 101 chinh xé4c cau hoi tir 62.5% 1én 87.2%.

LOI CAM ON
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Két qua nghién ctru va ing dung la san B0 Gido duc va Pao tao va chu tri boi

pham ctia D& tai Nghién ciru Khoa hoc Cap  Trudng Dai hoc Su pham K§ thudt TP.HCM.
Bo, ma so6 B2019-SPK-05, dugc ho trg boi
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