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The development of edge computing and TinyAl has opened up new
opportunities for intelligent voice-controlled systems. This study
proposes a deep learning-based, real-time voice command recognition
system for Vietnamese, optimized for deployment on edge devices with
limited computational resources. The system utilizes mel-frequency
cepstral coefficients for feature extraction and employs a convolutional
neural network combined with a long short-term memory network

Deep learning
Speech recognition
Edge computing
Autonomous control
loT

referred to as the CNN-LSTM model to achieve high-accuracy command
recognition. The model is deployed and optimized on a Raspberry Pi,
leveraging TinyAl to reduce computational demands while maintaining
prompt processing capabilities. Experimental results show that the system
achieves an accuracy of 96.25% with low latency, making it suitable for
robot control and loT applications without relying on cloud computing.
This research highlights the potential of TinyAl in edge computing,
enhancing the efficiency and applicability of Vietnamese voice-controlled
systems in real-world environments.
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Su phat trién cua dién toan bién va TinyAl d mo ra nhiéu co hoi mai cho
céc hé thong diéu khién thong minh dya trén 4m thanh. Nghién ctru nay
dé xuat mot phuong phap nhan dién tin hiéu diéu khién bang giong noi st
dung tiéng Viét dua trén hoc sdu va trién khai trén cac thiét bi bién c6 tai
nguyén han ché. Hé thdng sir dung Mel-Frequency Cepstral Coefficients
dé trich xuat ddc trung am thanh va 4p dung mo hinh két hop mang no-
ron tich chap va mang no-ron hdi quy dai-ngin han, nhim phat trién mo
hinh TinyAl nhan dién Iénh diéu khién véi d6 chinh xac cao. Chiing toi
trién khai va toi ru hoa mé hinh trén phan ctiing Raspberry Pi 3, tan dung
TinyAl dé giam thiéu yéu cau tinh todn ma van dam bao hiéu suat xir ly
nhanh chéng. Két qua thyc nghiém cho thiy hé thong dat do chinh xéac
96,25%, véi do tré thap, phu hop cho cac ung dung diéu khién robot va
thiét bi IoT ma khong can két ndi ddm may. Nghién ctru nay gop phan
khang dinh tiém ning ciia TinyAl trong dién toan bién, gitip cai thién hiéu
qua va kha nang wng dung cua cac hé théng didu khién bang giong noi st
dung tiéng Viét trong méi truong thuc té.
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1. Gioi thigu

Sy phét trién cia dién toan bién (Edge Computing) va TinyAl dang thay d6i cach cac hé
thong thong minh hoat dong trong thoi dai IoT (Internet of Things) [1]. Trong khi cic phuong
phap truyén thdng dua trén dién toan dam may doi hoi bang thong cao va do tré 16n, thi dién toan
bién gitip xir Iy dit liéu ngay tai nguon, giam thiéu d6 tré va ting cuong tinh kha dung ciia hé
thdng. TinyAl, mot nhanh cia tri tué nhan tao (Artificial Intelligence - AI), tap trung vao viéc tdi
vu héa cac giai phap Al dé trién khai trén cac thiét bi bién co tai nguyén han ché. Nho d6, né mo
ra tiém nang to 16n trong viéc trién khai cac hé théng nhan dién va diéu khién théng minh, hoat
dong doc 1ap ma khong can phu thude vao may chu trung tim [2].

Trong bbi canh hién tai, didu khién bang giong néi dang tré thanh mot phuwong phap tuong tac
quan trong, dac biét trong cac ung dung robot ty hanh [3], thiét bi IoT va nha théng minh [4].
Tuy nhién, viéc xur 1y tin hiéu &m thanh tryc tiép trén thiét bi bién dit ra nhiéu thach thire, bao
gom han ché tai nguyén tinh toan, bo nh¢ va hiéu suét tiéu thy nang luong [5]. Dé giai quyét van
dé nay, cac mo hinh hoc sau da dugc tdi wu hoa dé co6 thé nhan dién va phan loai tin hi€u am
thanh mét cach hiu qua ngay trén thiét bi bién [6].

Nhan dang giong noi tiéng Viét da ghi nhan budc tién ban dau tir ndm 2005 tai cac phong thi
nghiém trong nudc, tap trung vao viéc xay dung cac md hinh Hidden Markov Models (HMM)
cung cac bién thé dé phan tich 4m hoc va giai ma ngdn ngit [7], [8]. Tuy nhién, cac nghién ciru
trong giai doan nay phai dbi mat voi nhiéu thach thirc trong dic trung cua tiéng Viét, chang han
nhu hé thong thanh diéu phirc tap va sy da dang trong cach phat am giira cac ving mién. Nhiing
nam tiép theo, da c6 nhiéu nghien ctru cai thién duge nhitng han ché cia HMM, chang han nhu
dua trén thong tin ngir di¢u dé cai thién sy tuy nhién trong tiéng Viét [9], hay 4 ap dung nhimg cach
trich xuit dic trung moi két hop voi mé hinh HMM [10]. Trong thoi gian gan déy, su phat trién
manh meé cua cac mo hinh hoc sau (Deep Learnlng) da tao ra nhirng budc dot pha trong linh vuc
nhan dang giong ndi. Cac m6 hinh nhén dang giong ndi tiéng Viét da nhanh chong ap dung
nhimg tién bo nay, mang lai hidu sudt vuot troi so v6i cac phuong phap truyén théng. Dic biét,
kién trac mang no-ron h01 quy hai chiéu két hop véi cac 16p LSTM (Bidirectional LSTM) da
ching minh kha nang nam bét t6t cac dic trung ngit canh dai trong chudi 4m thanh tiéng Viét
[11]. Tuy nhién, viéc trién khai cac mo hinh nhan dién giong noi tiéng Viét trén thiét b bién chua
¢6 duge nhidu sy chii y. Miac du cong nghé nhan dang giong noi da va dang phat trién nhanh
chong trén cac hé thong dam may, viéc nghién ctru va trién khai cac 'm0 hinh nhe, t6i wu cho thiét
bi ¢o6 tai nguyén han ché nhu thiét bj IoT, va cac hé thong nhung van con han ché. Cac mo hinh
nhan dang giong noi hién dai dua trén kién trac Transformer [12] thuong co6 kich thudc 1én dén
hang tram triéu tham sb, doi hoi thiét bi can co tai nguyén tinh toan va bd nhd 16n dé hoat dong
on dinh. Nhimg yéu cdu nay vuot xa kha ning cta cac thiét bi bién, tao ra rao can dang ké cho
viée trién khai tmg dung nhan dang giong noi tiéng Viét trong cac tinh hudng can phan hoi thoi
gian thyc va hoat dong lién tuc. Pac biét, tai nhiing mdi truong nhu hé théng nha thong minh,
thiét bi IoT cong nghiép hay cac tmg dung di dong cin hoat dong ngoai tuyén, giéi han vé tai
nguyén cua thiét bj bién da tré thanh thach thirc 16n cho viéc ing dung cac m6 hinh tién tién nay.

Viée ap dung TinyAl khong chi mo ra tlem nang to 16n cho cac ung dung thuc te ma con giai
quyét nhiéu thach thire cbt 161 trong viéc trién khai cong ngh¢é nhan dang giong noi tleng Viét trén
cac thiét bi bién. Bang cach t6i vu héa md hinh giam kich thugc va tang hiéu suat, TinyAl cho
phép xu ly dir ligu tai chd, giam do tré va dam bao quyén riéng tu cho nguoi dung khi khong can
truyén dir liéu 1én ddm ‘may. Didu nay dac bi€t quan trong trong cac truong hop yéu cau tinh bao
mat cao hoidc khi két n6i mang khong 6n dinh.

Trong nghién ctru nay, chiing toi dé xuat mot mod hinh nhén dién 1énh giong noi sir dung tiéng
Viét dya trén hoc sau, sir dung mo hinh két hop mang no-ron tich chap (Convolutional Neural
Network - CNN) va mang no-ron hdi quy dai-ngin han (Long Short-Term Memory - LSTM) dé
phan tich tin hiéu 4m thanh va duoc trién khai trén phin cing Raspberry Pi. Hé thng ap dung
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Mel-Frequency Cepstral Coefficients (MFCC) d¢ trich xuat ddc trung 4m thanh [13], sau d6 sir
dung mang CNN d¢ trich xuat dic trung khong gian va LSTM dé xir 1y thong tin theo chudi thoi
gian, gitp nhan dién lénh diéu khién v6i do chinh xac cao. Hé thong duwa trén TinyAl hd tro t6i
uu hoa toan bd giai phap Al bao gém kich thudc mo hinh va hiéu suat xtr 1y, ttr d6 giam do tré va
dam bao hoat dong hi€u qua trén cac thiét bi bién co tai nguyén han ché.

Chung t6i d3 xay dung tap dit liéu véi cac giong doc da dang trong cac didu kién moi truong
khac nhau, tir d6 phat trién mé hinh hoc sdu nhé gon c6 thé phan biét duge cac hiéu 1énh tiéng
Viét: “lén”, “xuong”, “trai”, “phai”. M6 hinh nhan dién 1énh giong ndi nay dugc nhoém nghién
ctru thiét ké va trién khai dé hoat dong hiéu qua trén cac thiét bi bién. Chuing t6i da tién hanh thyc
nghiém béng cach trién khai md hinh 1én hé thong diéu khién xe, st dung Raspberry Pi 3 1am
phan d1eu khién. Két qua thuc nghiém cho thay tinh kha thi cta giai phap trong diéu kién thuc té,
mo ra tiém ning tmg dung cho cac hé thong IoT va ty dong hoa.

2. Phuong phap nghién ciu
2.1. Thu thdp va tién xie Iy dir liéu

Viéc thu thap dir li€u 1a mdt budc quan trong trong qua trinh xay dung hé théng nhan dién
Iénh giong nodi, muyc tiéu dugc dua ra la mo hinh c6 thé hoc duoc cac dic trung am thanh chinh
xé4c va hoat dong 6n dinh trong diéu kién thuc té cho tiéng Viét. Trong nghién ctru nay, chiing toi
thu thap dir liéu 4m thanh tir giong noi cta nhiu nguoi véi cac mdi truong khac nhau, dam bao
tinh da dang va kha ning tong quat ciia mé hinh. Bé dit liéu duoc xdy dung bao gdm bdn 1énh
giong noi chinh dé diéu khién xe robot: “Lén” — Di chuyén xe tién 1én; “Xubng” — Di chuyén xe
10i xudng; “Trai” — R& trai; “Phai” — R& phai.

Chung t6i sir dung micro chat lugng cao vé6i tan sb ldy mau (sample rate) 16 kHz va dg sau
16-bit (bit depth) dé dam bao do chinh xdc trong qua trinh trich xuét dic trung. Cac thlet bi thu
4m bao gém: Microphone gin ngoai két nbi v6i may tinh/laptop thong qua cong USB;
Microphone tich hop trén Raspberry Pi; va Dién thoai di dong. Trugc khi dua vao md hinh hoc
sau, dir liéu dugc xur Iy nhu sau: (1) Ioal bo nhleu nén bang bo loc sb dé ting chat lugng tin hi€u;
(2) chuan hoa bién do de dua tat ca tin hiéu vé cung mdt mirc cudong do; (3) cit phan am thanh
tinh ling & dau va cudi cia tép 4m thanh nhdm loai bo khoang ling khong can thiét. Nhom
nghién ciru da thu thap duoc 400 mau 4m thanh tir 40 nguoi tham gia, voi cac ban ghi dugc thuc
hién trong nhiéu diéu kién méi truong khac nhau. Sau do6, bd dit liéu dugc chia ngau nhién theo
ty 18: 80% dung cho huan luyén mé hinh va 20% con lai cho viéc kiém thir va danh gia hiéu suat.

2.2. Trich xudt dic truwng chuéi ém thanh siv dung MFCC

(a) (b) _
(d) “

Hinh 1. Mdu pho MFCC tiéu biéu cho cdc hiéu 1énh: (a) tin hiéu “lén”,
(b) tin hiéu xuong , (¢) tin hiéu “phai” va (d) tin hiéu “trai”
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Sau khi hoan thanh qua trinh thu thap va tién xur 1y dit liéu am thanh, chung t6i thyc hién trich
xuit dic trung MFCC (Mel-Frequency Cepstral Coefficients) dé chuyén d6i tin hiéu 4m thanh
thanh mot dang dac trung phu hop cho mé hinh hoc sau. MFCC 1a mét trong nhimg phwong phap
pho bién nhat dé trich xuat dic trung tlr tin hiéu 4m thanh, dic biét 13 trong nhén dién giong noi,
nhd kha ning mé phong cach con ngudi nghe va nhan dién 4m thanh theo phd tin Mel. Tin hiéu
4m thanh duoc chia thanh cac khung thoi gian (frames) c6 do dai tir 128 ms, vdi bude truot
(stride) khoang 32 ms. Dé tranh hién tugng blen dang pho (spectral leakage), moi khung tin hiéu
dugc nhan véi cira s6 Hamming [14]. Ctra s6 Hamming giup lam muot cac canh cia khung tin
hiéu, giam thiéu nhleu khi thuc hién bién d6i Fourier. Chuyen d6i timg khung tin hi¢u tir mién
thoi gian sang mién tan sb bang cach ap dung Bién d6i Fourier nhanh (FFT - Fast Fourier
Transform). Dé mod phong co ché cam nhan am thanh cua tai nguoi, chung to1 ap dung bo loc
Mel, tap trung vao cac dai tn quan trong ma tai ngudi nhay cam nhét, ddng thoi giam nhiéu va
thong tin du thira trong qua trinh xr 1y tin hi¢u 4m thanh [15]. Trong nghién ctru nay, ching t6i
sir dung 13 hé s6 MFCC chinh cho mdi khung, tao thanh biéu dién dic trung phd MFCC. Hinh 1
minh hoa phé MFCC tiéu biéu cho céc tin hiéu 4m thanh: “1én”, “xuong”, “phai”, va “trai”. Khi
thu thap dir lidu, cac mau am thanh nhan dugc c6 do dai khong ddng déu, gay khé khin cho qua
trinh huan luyen md hinh. Bé khac phuc Van dé nay, chung t0i da str dung k¥ thudt zero-padding,
bd ) sung thém gid tri 0 vao cubi cac chudi ngdn hon, gitip chun hoa dit liéu va dam bao tat ca cac
mau co cung do dai.

3. Két qua va ban luan
3.1. M6 hinh nhgn dign Ignh

Preprocessing Modeling

FORWARD
BACKWARD

Utterances

T0112313p ANATIOR 32107
UOTBZI[BULION
saInaiead JJ)AN
21BUAIEIUOY
patsauuo)-ATng
nodoag
peauuo)-A[ng
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Hinh 2. M6 hinh Hybrid CNN-LSTM

Trong qua trinh nghién ciru, ching t6i da tién hanh thir nghiém va dénh gia hiéu suat cta ba
mo hinh hoc sdu khac nhau nhim muc dich nhan dién cac 1énh diéu khién bé‘mg giong ndi: CNN,
LSTM, va Hybrid (CNN-LSTM).

Mo hinh CNN dugc str dung trong nghién ctru nay dé trich xuat dic trung khong gian tir bicu
din MFCC cua tin hiéu 4m thanh. CNN hoat dong bang cach ap dung cac bo loc tich chép
(convolutional filters) dé phat hién cac dic trung quan trong, chang han nhu mau tin sb cua
giong noi trong cac khung thoi gian khic nhau. Cau triic mo hinh bao gém hai 16p tich chap
(Conv2D) véi cac bd loc kich thude (3x3), mdi 16p déu di kém v6i ham kich hoat ReLU dé tang
tinh phi tuyén va mot 16p MaxPooling dé giam chiéu dir liéu ma van gilt duogc thong tin quan
trong. Dir liéu dau vao 1a biéu dién MFCC, dugc coi nhu mot anh hai chleu giiip CNN tén dung
kha ning xir Iy khong gian ciia minh dé hoc cac dic trung giong noi theo tan s6 va thoi gian. Sau
khi qua cac 16p tich chap, dit liéu duoc lam phing (Flatten) va dua vao cac 16p Fully Connected
(Dense Layers) dé tong hop thong tin va thuce hién phan loai. Lép dau ra sir dung Softmax, voi
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b6n neuron tuong tmg véi bon 1énh giong néi can nhan dién. Két qua thyc nghiém cho thay CNN
dat do chinh xac 87,5% khi st dung learning rate = 0,0001.

Mo hinh LSTM dugc sir dung dé xtr 1y dit liéu chudi thoi gian, cho phép hé théng nhan dién
giong ndi hidu qua bang cach ghi nhé cac dic trung quan trong trong khoang thoi g1an dai. Trong
nghién ctru nay, dit lidu ddu vao 1a biéu dién MFCC, duoc sip xép theo thir tw thoi gian, giup mo
hinh hoc dugc su thay ddi cia dic trung 4m thanh theo thoi gian. M6 hinh gdm hai 16p LSTM,
trong d6 16p dau tién co 128 units va st dung return_sequences = True dé duy tri thong tin chudi,
con 16p tha hai c6 64 units dé téng hop dit lidu trude khi dwa vao 16p fully connected. Lép dau ra
sir dung Softmax voi bon neuron, twong Gmg v6i bon 1énh giong noi. Két qua thyc nghiém cho
théy LSTM dat 93,75% do chinh xac khi st dung learning rate = 0,0001, cao hon so v6i CNN,
nho kha ning xur 1y tot hon cac mdi quan hé theo thoi gian trong tin hiéu 4m thanh.

M6 hinh Hybrid CNN-LSTM Kkét hop sttc manh cia CNN trong viéc trich xuét dic trung
khong gian tir biéu dién MFCC va LSTM dé xir Iy thong tin chudi thoi gian thé hién nhu Hinh 2.
CAu trac md hinh bao g@)m ba nhanh CNN song song, mdi nhanh st dung bd loc tich chap (2x2),
(3%3) va (5x5) dé thu thap dic trung ¢ nhiéu mirc dd khac nhau. Cac dic trung tir ba nhanh nay
sau d6 dugc ghép lai bang 16p Concatenate, gitp mo hinh c6 kha niang hoc tdt hon cic mau 4m
thanh phtrc tap. Sau giai doan trich xuét dic trung, di liéu dugc dua vao lop LSTM véi 64 units
dé hoc thong tin chudi tir cac khung thoi gian cia tin hiéu 4m thanh. Tiép theo, dir liéu duoc dua
vao cac 16p Dense v6i 256 va 128 neurons. Cudi cung, 16p diu ra Softmax c6 bdn neuron, twong
g vé6i bon 1énh giong néi. Két qua thuc nghiém cho thay Hybrid CNN-LSTM dat 96,25% do
chinh xac, vuot trdi hon so véi md hinh CNN (87,5%) va LSTM (93,75%), nho vao su Kkét hop
tdi wu gitra trich xudt dic trung va xu 1y chudi thoi gian. Bang 1 so sanh cic md hinh theo
Accuracy, Average Precision va Average Recall.

Bang 1. So sanh hiéu sudat cac mé hinh nhan dién lénh giong noi

Mo hinh Accuracy (%) Average Precision (%) Average Recall (%)
CNN 87,50 87,50 87,30
LSTM 93,75 92,83 94,65
CNN-LSTM 96,25 96,25 96,24

Két qua nghién ctru cho thdy mé hinh Hybrid CNN-LSTM 14 phwong phap hiéu qua nhat
trong viéc nhan dién Iénh giong nodi dé diéu khién xe robot. M6 hinh tan dung strc manh cia CNN
dé trich xuat dic trung khong gian tir biéu dién MFCC, dong thoi sir dung LSTM dé xtr Iy mdi
quan hé chudi thoi gian trong tin hiéu giong néi, giup phan loai lénh chinh x4ac ngay ca trong moi
trudng c6 nhiéu.

3.2. Tich hop vao hé théng diéu khién xe robot

Hé thong diéu khién xe robot bang giong noéi trong nghién ciru nay duoc thiét k& nhim muc
tiéu xdy dung mot hé thdng twong tac ngudi-may thong qua giong ndi ma khong can tiép xuc vt
ly. Hé thong bao gdbm ba thanh phan chinh: bo thu 4m va xir 1y tin hiéu giong néi, mé hinh hoc
sdu nhan dién 1énh va bo diéu khién dong co xe robot. Toan bo h¢ théng duoc trién khai theo mo
hinh dién toan bién, giup giam do tré va ting tinh kha dung trong méi trudng thuc té.

Luu dd thut toan cua hé théng diéu khién robot thé hién nhu Hinh 3. Hé théng nhan dién
giong noi tiéng Viét dugc thu thap sir dung mic ctia méy tinh xach tay. Tin higu giong néi sau thu
thap duoc xir 1y sir dung mé hinh Hybrid CNN-LSTM truc tiép trén may tinh x4ch tay. Sau do tin
hiéu xtr 1y s& duoc guri téi Bo mach diéu khién Raspberry Pi dé truc tiép ra 1énh cho bo mach
L298N diéu khién 4 motor ciia robot.

Hé¢ thdng phan cting thé hién nhu Hinh 4 cua robot gom cac thanh phan sau: (1) Nguon 12V -
2A dugc st dung dé cap ngudn cho 4 motor DC 6V va module L298N:; (2) Module L298N duoc sir
dung dé thay doi toc do va chiéu quay cta banh xe; (3,4,5,6) cac Motor DC 6V; (7) Bo mach
Raspberry 3 duoc két ndi voi module L298N dé diéu khién cac dong co; (8) Ngudn 5V - 2A dugc
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str dung dé cap ngudn cho bo mach. Microphone USB duoc sir dung dé cim vao Laptop dé thu 4m
1énh giong noi va va xu ly tin hi¢u am thanh thu duoc st dung phuong phap Hybrid CNN-LSTM
nhan dién lénh giong nodi dé diéu khién xe robot. Dir liéu sau xir Iy am thanh dugc giri dén
Raspberry Pi 3 cua robot sir dung giao tiép Socket [16] (Socket Communication). Giao tiép Socket
dam bao toc d6 truyén tin nhanh, giam d¢ tré khi thuc hién 1énh diéu khién. Raspberry Pi 3 cua xe
robot nhén 1énh va sir dung cdc tin hiéu tir GPIO cua Raspberry Pi dé didu khién module L298N, tir
do thay doi toc do va huéng di chuyén cia dong co theo giong noi ra 1énh.

PIPELINE

Control signal

Feedback Signal

I
Amplitude Normalization ‘ BACKWARD ‘
H4) Socket

I

Trimming Silence ‘ LEFT ‘

I

Feature Extraction (MFCC) k

Micro Data Preprocessing Model Hardware
Voice Activity Detection (VAD) (- Audo ] Noise Filtering | rowarp | Raspbery Pi

[ womr ]

Feedback: Listening Mode

(&) Mat dudi robot (b) Mat trén robot
Hinh 4. Phan citng ciia robot: (a) Mdt dwéi va (b) mdt trén robot

Hé¢ thong dd duoc kiém thir trén mot xe robot thir nghiém véi bdn 1énh didu khién: “Lén” (di
chuyén tién), “Xuong (di chuyén lui), “Trai” (& trai) va “Phai” (r& phai). Két qua cho thiy, xe
robot tu hanh di chuyen chinh xéc theo 1énh giong no6i v6i do tré didu khién trung binh khoang 01
gidy. Hé théng diéu khién xe robot bang giong ndi trong nghién ctru nay di ing dung thanh cong
mo hinh hoc sau trong nhén dién giong ndi, déac biét xtr 1y cac 1énh tiéng Viét, déng thoi tan dung
dién toan bién dé xur 1y c4u 1énh nhanh chong. Két qua diéu khién xe robot duoc thé hién trong
video minh hoa: https://youtu.be/zJpOPE88iCqg.

Viéc két hop mo hinh ‘Hybrid CNN-LSTM, giao tiép Socket va phan cing nhung Raspberry
Pi 3 gifip tao ra mot hé théng nhanh, chinh x4c, 6n dinh va gia thanh thap. Hé thong c6 tiém ning
mo¢ rong cho cac ung dung trong nha thong minh, robot ty hanh va cac h¢ thong diéu khién khong
tiép xuc trong tuong lai ra 1énh bang giong noi st dung tiéng Viét.

4. Két luan

Nghién ctru ndy di dé xuét va trién khai mot hé thong diu khién xe robot bang giong néi dwa
trén hoc sau va dién toan bién, nham giam sy phu thudc vao dién toan dam may va cai thién kha
ning van hanh trong thoi gian ngan. Hé thong st dung mé hinh Hybrid CNN-LSTM, két hop giita
CNN @ trich xuét dic trung khong gian tir MECC va LSTM dé xir Iy méi quan hé chudi thoi gian,
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giup dat do chinh xac nhan dién 1&€nh 96,25%, vugt trdi so véi cac mo hinh CNN va LSTM riéng 1é.
Khi trién khai mé hinh trén phan ctig Raspberry Pi két hop véi giao thirc Socket Communication,
hé thong xur 1y 1énh v6i do tré thap, dam bao do tin ciy trong méi truong thyc té. Két qua thuc
nghiém cho thay hé théng ¢6 thé nhan dién chinh xac cac 1énh “Lén”, “Xuéng”, “Trai” va “Phai”
voi kha nang hoat dong On dinh ngay ca khi c6 nhiéu 4m nhe. Xe robot dl chuyén chinh xéc theo
lénh giong no6i véi do tré diéu khién trung binh khoang 01 gidy. Viéc t6i wu hoa md hinh bing
TinyAl gitip giam tai tinh toan, mo ra tiém nang ung dung trong cac h¢ thong nhung va IoT co tai
nguyén han ché, dac biét trong viéc ra 1énh cho cac hé thong str dung tiéng Viét. Trong twong lai, hé
thong s& tlep tuc dugc nghién ctru, ti wu théng qua cai tién thuat toan va phan cimg v6i muc dich
giam do tré cia md hinh, huéng t6i dap tmg yéu cau xir Iy thoi gian thuc.
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