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LOI CAM ON

Dé hoan thanh tét dé tai tot nghiép nay, ngoai su nd luc cua ban than, chung em
con nhan duoc rat nhidu su gitp d& quy bau tir cac thdy co ciing cac ban.

Chung em xin chdn thanh cam on céc thdy c6 trong khoa K§ thuat Dién tir 1 -
Hoc vién Cong nghé Buu chinh Vién théng di tan tinh giang day va truyén dat kién
thirc cho chiing em trong sudt qua trinh hoc tap tai truong. Nhing kién thic va ky
ning ching em c6 duoc 1a nhd sy hudéng dan nhiét tinh cua thy cd, va d6 1a nén tang
gitip chiing em hoan thanh d6 an t6t nghiép nay.

Chung em dic biét cam on thay Chu Vin Cwong di danh thoi gian chi bao, hd
trg va dua ra nhitng gbp ¥ quy bau trong qua trinh thuc hién dé tai " Xay dung hé
théng nhan dién giong néi dua trén TinyML ". Nhitng 161 khuyén cta thdy di giap em
¢6 dinh hudng rd rang va khac phuc cac kho khan gap phai.

Chiing em xin trin trong cam on tat ca nhitng sy gitp d& quy bau do!

Ha Noi, thang 4 nam 2025




TOM TAT

Heé théng nhung nhan dién giong noéi hién dang dugc xem 1a mot trong nhiing
cong nghé tién phong nho tinh tmg dung da dang va tiém ning phat trién to 16n. Khi
duoc tich hop trong cac thiét bi thong minh, hé théng nay cho phép ngudi dung tuong
tac bﬁng 161 ndi, tir d6 mang lai trai nghiém thuan tién, tiét kiém thoi gian, déng thoi
mo ra co hdi cho nhiéu giai phap sang tao hon. Dién hinh, trong linh vyc nha thong
minh, hé théng nhan dién giong noéi c6 thé thay thé hoan toan cac phuong thire diéu
khién truyén théng nhu cong tic hay remote, gitip ngudi dung bat/tit dén, diéu chinh
nhiét d6 diéu hoa, hoic md dong rém cira bang ménh 1énh don gian. Pidu nay dic biét
hiru ich v&i nhitng nguoi khuyét tat hodc ngudi cao tudi, khi ho thuong gip khé khan
trong viéc thao tac trén cac thiét bi nho hep hodc phai di chuyén nhiéu dé tim cong tic.
Viéc ap dung cong ngh¢ nhan dién giong no1 khong chi nang cao tinh tién dung, ma
con gop phan xay dung moi trudng séng hién dai va an toan hon.

Bén canh g dung trong nha thong minh, cong nghé nay con c6 kha nang mé
rong sang nhiéu linh vuc khéc. Chflng han, trong nganh 6 t6, h¢ théng nhan dién giong
n6i ¢ thé hd tro nguoi lai thuc hién cac tac vu nhu diéu khién hé théng giai tri, tra clru
ban dd, hay tham chi kiém tra tinh trang xe — tit ca chi bang cau 1énh. Dbi v6i moi
trudng cong nghiép, cong nghé nhan dién giong noi hd trg cong nhan hoic ky su van
hanh may méc, thu thap dir liéu, giam sat qua trinh san xuat ma khong can phai dimng
tay thao tac trén bang diéu khién. Qua d6, hiéu suit lao dong duoc cai thién va giam
thiéu céc sai sot co thé phat sinh.

Vé khia canh ky thuat, viéc nhan di€n giong no6i doi héi kha nang xu Iy phtc tap,
bao gém thu 4m, tién xur 1y tin hi¢u, trich xuét dic trung, va cudi cung la nhan dang
hodc phan loai am thanh dya trén mo hinh hoc may. Cong nghé TinyML ra do1 nhu
mot giai phép t6i wu, cho phép cac nha phat trién dua nhitng mo hinh hoc may nho gon
1én vi diéu khién hodc cac phan ctrng nhung c6 tai nguyén han ché. Mot trong nhiing
vu diém ndi bat ciia TinyML 1a gitp hé thong c6 thé thyc hién nhan dién tir khoa
(keyword spotting) ngay trén thiét bi, khong can duy tri két néi internet lién tuc. Diéu
nay khong chi nang cao tbc do xtr Iy, giam do tré truyén tin, ma con dam bao su riéng
tu ciia nguoi dung béi dir lidu giong néi khong phai giri 1én may chii dé phan tich.

Hon nita, tinh linh hoat ctia TinyML phti hop vi xu hudéng phét trién IoT (Internet
of Things), khi ma hang ty thiét bi dang dugc trién khai trén toan cau, doi hoi giai phap
dién toan bién (edge computing) hiéu qua va tiét kiém ning lugng. Viéc tich hop mo
hinh nhan dién giong ndi 1én cac thiét bi nho gon giup tiét kiém pin, han ché tinh trang
qua tai mang va nang cao tinh doc 1ap cta hé théng. Tir d6, cac giai phap nhu loa
thong minh, cam bién moi trudong, camera gidm sat, cho dén robot dich vu déu c6 thé
mg dung céng nghé niy dé nang cao kha ning nhan dién va phan hoi theo thoi gian
thuc.




Song song voi tiém ning, trién khai hé thong nhing nhan dién giong ndi cling dat
ra mot sb thach thirc. Do tai nguyén han ché, cac mé hinh hoc may phai dugc thiét ké
t6i wu vé dung lugng bd nhé va kha nang tinh toan, doi hoi su két hop chat ché giira
d61 ngii phat trién phan mém va thiét ké phan ctmg. Ngoai ra, viéc xay dung b dir liéu
huén luyén (dataset) day du va da dang trong nhiéu ngir canh, diéu kién moi truong 4m
thanh khac nhau ciing 1a yéu t6 quan trong dé hé thong dat hiéu nang cao.

Tom lai, hé théng nhing nhan dién giong noéi va cong nghé TinyML dang ngay
cang khang dinh vai trd quan trong trong ky nguyén sb. Vi kha niang twong tac tur
nhién, tiét kiém nang luong va tiém ning trién khai rong rii, chung khong chi cai thién
trai nghiém nguoi dung, ma con gbp phan thuc day su phat trién cua hé sinh thai IoT
va mé ra nhiéu co hoi tng dung d6t pha trong tuong lai.




LOI CAM DOAN

Chting em xin cam doan ndi dung trinh bay trong d6 an “Xay dung hé théng
nhan dién giong noéi dya trén TinyML” nay 1a qua trinh nghién ctru va tim hiéu ciia
chung em duéi sy huéng dan cua thiy Chu Van Cuong. Nhimng ndi dung nghién ciru
va két qua trong dd an 13 hoan toan trung thuc, c6 trich dan day da. Néu nhu khéng
dung nhu da néu trén, chung em xin chiu hoan toan trach nhiém vé dé tai cia minh.

Ha Noi, thang 11 ndm 2024

Sinh vién
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LY DO CHON PE TAI

Hé thong nhiing nhdn dién giong néi dang trd thanh mot trong nhirng cong nghé
c6 tiém ning 16n nho tinh Gng dung cao. Hé thdng nay c6 thé duoc sir dung trong nha
thong minh, gitp ngudi dung diéu khién thiét bi dién bang giong noi, giam su phu
thudc vao cong tac hay remote truyén théng. Dic biét, n6 con hd tro nguoi khuyét tat
va nguodi cao tudi trong viéc st dung céc thiét bi dién mot cach thuan tién hon.

TinyML 13 mot xu huéng méi trong linh vuc Al nhiing, cho phép trién khai cac
mo hinh hoc may trén vi diéu khién c6 tai nguyén han ché. Mot wu diém 16n cua cong
nghé nay 1a kha ning nhan dién tir khoa ma khong can két ndi internet, gitip ting tc
do xur Iy va dam bdao tinh bao mat cho dir liéu nguoi dung. Ngoai ra, TinyML dac bi¢t
pht hop véi cac thiét bi IoT c6 cong suit thap, gitp tiét kiém ning luong hiéu qua.




CHUONG 1: TONG QUAN
DE TAI

1.1 . Tong quan vé hé thong

H¢ théng nhan di¢n giong ndi 1a mot ing dung Al dac biét, c6 kha nang nhan
dién va xtr 1y cac 1énh giong néi ciia ngudi dung dé diéu khién thiét bi. B an nay tap
trung vao viéc phat trién mot hé théng nhan dién giong ndi don gian, c6 thé nhan dién
4 tir khoa: "bat dén", "tit dén", "md ctra" va "dong cua". Muc dich cua hé¢ théng la
gitip nguoi dung diéu khién cac thiét bi nhu dén va cira chi bing giong néi ma khong
can str dung cac thiét bi diéu khién phirc tap.

Hé thong s& st dung cac cong nghé Al tién tién v6i mo hinh TinyML dé trién
khai trén cac thiét bi nhung véi tai nguyén han ché, dic biét 1a vi diéu khién
ESP32-S3. Phan cting ESP32-S3 ¢6 kha ning xir 1y cac tac vu Al co ban ma khong
can sy hd tro ciia cac may chu ngoai. Didu nay khong chi giup hé thong co thé hoat
dong doc 1ap ma con giam bot do tré va yéu cau két ndi mang, mang lai sy tién loi
trong cac ung dung thuc té.

Trong hé théng nay, am thanh s& dugc thu nhan tir cac tir khoa dugc phat ra boi
nguoi dung. Sau khi thu am, cac tin hi¢u gigng noi s€ dugce xtr ly va phan tich thong
qua cac thuat toan dic trung dé trich xuét cac thong tin c6 thé sir dung cho phén loai.
M6 hinh hoc may s& dua vao céac dac trung nay dé xé4c dinh 1énh giong ndi nguoi
dung da dua ra. Cudi cung, hé thong s& thyc hién hanh dong tuong tng dé diéu khién
thiét bi (bat/tit dén, mo/déng cira).

Mo hinh hoat dong cia hé théng:

1. Thu thap 4m thanh: Hé thdng s& st dung microphone.

2. Trich xuét dic trung 4m thanh: Bang cach sir dung céc thuét toan MFCC

(Mel Frequency Cepstral Coefficients), hé thong sé trich xuét cac dac trung
tir tin hiéu 4m thanh dé 1am dau vao cho mé hinh hoc may.

3. Huén luyén mo hinh TinyML: Dit liéu 4m thanh d& duogc xur 1y s& duge dung
dé huan luyén mo hinh nhan dién giong néi. Cac mé hinh nay s& dugc xay
dung vdi cac thuat toan hoc may nhu Mang no-ron don gian hodc cac thuat
todn phan loai nhu SVM (Support Vector Machine).

4. Trién khai m6 hinh: M6 hinh huan luyén dugc nap vao phan cting ESP32-S3,
cho phép hé théng nhan dién cac 1énh giong ndi va thuc hién hanh dong diéu
khién thiét bj ma khong can két néi mang.

1.2 . Cong nghé sir dung

Trong d6 4n nay, cac cong nghé tién tién nhat hién nay trong linh vuc Al va IoT
da duoc sir dung dé xay dung va trién khai hé théng nhan dién giong néi. Cac cong
nghé chu yéu bao gom:




e ESP32-S3: ESP32-S3 la vi diéu khién manh mé& véi kha nang xir 1y tin higu va
hd trg Al truc tiép trén phan cimg. V6i bd vi xir 1y nay, hé théng co6 thé thuc hién cac
tac vu nhan dién giong ndi ngay trén thiét bi ma khong can két ndi dén may chu, gitp
tiét kiém bang thong va giam do tré.

e TinyML: TinyML la cong nghé gitip chay ciac mo hinh hoc may trén cac thiét b
nhung véi tai nguyén han ché. Diéu nay rit quan trong vi cac vi diéu khién nhu
ESP32-S3 ¢6 bd nhd va sirc manh tinh toan han ché, nhung TinyML cho phép cac md
hinh nhan dién giong ndi co thé duogc trién khai truc tiép trén thiét bj ma khong can
may chu.

e MFCC (Mel Frequency Cepstral Coefficients): MFCC 1a phuong phap pho bién
trong xu Iy am thanh, dédc biét 1a trong nhan dién giong né1. MFCC gitp chuyén ddi tin
hiéu 4m thanh tir dang song (waveform) sang dang dic trung co thé sir dung cho hoc
may. Cac dic trung nay s& dugc dung 1am dau vao cho cac mé hinh hoc may dé nhan
dién lénh giong noi.

e Edge Impulse: Edge Impulse 14 mot nén tang cho phép phat trién va huin luyén
cdc md hinh TinyML. Nén tang nay hd trg thu thap dit liéu, xir 1y tin hiéu, huan luyén
mo hinh va trién khai mé hinh 1én cac thiét bi nhiing mot cach dé dang va hiéu qua.

e Arduino trén VS Code véi PlatformIO: Mai trudng phat trién ndy cung cip mot
nén tang lap trinh quen thudc va manh mé cho viéc phat trién tmg dung trén
ESP32-S3. N6 hd tro nhiéu thu vién va cong cu can thiét dé 18p trinh va tuong tac véi
phan cimg mot cach dé dang.

1.3 . Muc tiéu ciia nhom

Muyc tiéu cua nhom la xay dung mot hé¢ théng nhan dié€n giong noi don gian
nhung hiéu qua, c6 thé nhan dién céac l1énh giong nd1 nhu "bat den", "tit dén", "mo
ctra" va "déng ctra" dé diéu khién thiét bi. Myc tiéu cu thé ctia nhom bao gom:

1. Nhan dién chinh xac 4 tir khoa: H¢ théng phai c6 kha ndng nhan dién chinh xéc
va nhanh chong 4 tir khéa da dinh nghia: "bat den", "tit dén", "mé cua", "dong
cua".

2. Xu ly am thanh va trich xuit dic trung: Xay dyung hé thdng xir 1y tin hiéu am
thanh dé loai bé nhi€u va chuan hoa dir liéu 4m thanh truéc khi trich xuat dic
trung voi MFCC.

3. Huén luyén mo6 hinh hoc may: Str dung cac thuat todn hoc may dé huan luyén
mo hinh nhan dién giong néi. M6 hinh nay s& cé thé chay truc tiép trén
ESP32-S3 ma khong can su hd trg ciia cac may chu bén ngoai.

4. Trién khai hé théng trén phan ctng: Trién khai m6 hinh hoc may da huan luyén
lén phén ciing ESP32-S3 va dam bao hé théng hoat dong on dinh trong cac tinh
hubng thuc té.

5. Tich hop diéu khién thiét bi: Sau khi nhan dién duoc 1énh giong néi, hé thong
s€ thuc hién cac hanh dong nhu bat dén, tat dén, md cira, dong ctra thong qua
giao tiép I/0 ctia ESP32-S3.




V6i myc tiéu ndy, nhom s& phat trién hé thong nhan dién giong noéi don gian
nhung manh mé, c¢6 thé ing dung trong nhiéu tinh hudng thuc té, gitp ngudi
dung diéu khién thiét bi dé dang va tién lgi chi voi giong noi.




CHUONG 2: XAY DUNG HE THONG

2.1. Kién tric model

Hinh duéi ddy mo ta luéng xtr 1y tir 4m thanh dau vao — MFCC
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2.1.1. A/D Conversion and Pre-emphasis

2.1.1.1. A/D Conversion

Am thanh 1a dang tin hi€u lién tuc, trong khi d6 may tinh lam viéc voi cac con
sd 101 rac. Ta can ldy mau tai cac khoang thoi gian cach déu nhau véi 1 tan sé ldy miu
xac dinh (sample rate) dé chuyén tor dang tin hi€u lién tuc vé dang ro1 rac. VD
sample_rate = 8000 ——> trong 1s 14y 8000 gi4 tri.

Analog

| =
ADC - i
1.4 time

Tai nguoi nghe duge dm thanh trong khoang 20Hz —— 20.000 Hz. Theo dinh
1y 1y mAu Nyquist-Shannon: véi 1 tin hiéu c6 cac tdn sé thanh phan <fm<fin, dé dam
bao viéc lay mau khong 1am mat mét thong tin (aliasing), tan s ldy mau fsfs phai dam
bao fs>2fmfs>2fm.

Viy dé dam bao viéc 14y miu khéng lam mat mat thong tin, tin sb lay
mau fs=44100Hzfs=44100Hz. Tuy nhién trong nhiéu trudng hop, ngudi ta chi can
lay fs=8000Hzfs=8000Hz hoic fs=16000Hzfs=16000Hz.

2.1.1.2. Pre-emphasis




Do dic diém cdu tao thanh quan va cic bd phan phat am nén tiéng ndi cta
chung ta c6 dic diém: cac Am & tan sé thip c6 muc ning luong cao, cac Am & tan sd
cao lai c6 murc ning lugng kha thap. Trong khi d6, cic tin sb cao ndy van chira nhiéu
thong tin vé 4m vi. Vi vay chung ta can 1 budc pre-emphasis dé kich céc tin hiéu & tan

sO cao nay lén.

X'[tg] = x[tq] — ax|[tyg—1]
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2.1.2. Spectrogram
2.1.2.1. Windowing

Frequency (Hz)

22050

Thay vi bién ddi Fourier trén ca doan Am thanh dai, ta truot 1 cira sd doc theo
tin hiéu dé ldy ra cac frame réi méi ap dung DFT trén ting frame nay ( DFT - Discrete
Fourier Transform). Téc d¢ noi clia con ngudi trung binh khoang 3, 4 tir mdi gidy, mdi
tir khoang 3-4 Am, mdi Am chia thanh 3-4 phan, nhu vdy 1 gidy 4m thanh dugc chia
thanh 36 - 40 phén, ta chon do rong mdi frame khoang 20 - 25ms 1a vira du rong dé
bao 1 phdn a4m thanh. Cac frame dwoc overlap 1én nhau khoang 10ms dé c6

@~20—25ms
~10 ms

thé capture lai sy thay doi context.
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Image from Bryan Pellom

Tuy nhién, viéc cat frame s€ lam cac gia tri & 2 bién cua frame bi gidm dot ngdt
(veé gia tri 0), s€ dan td1 hién tugng: khi DFT sang mién tan so s€ co6 rat nhiéu nhic¢u &
tan sO cao. B¢ khac phuc diéu nay, ta can lam muot bang cach nhan chap frame voi 1




vai loai window. C6 1 vai loai window pho bién 1a Hamming window, Hanning
window ... ¢0 tdc dung lam gié tri bién frame gidm xudng tur tir tur.

Rectangular Hamming Hanning
: 1i -
(a) Rectangular window (b) Hanning window
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(c) Hamming window

(Taylor, fig 12.1)

Hinh duéi ddy s& cho ta thdy o duoc tac dung cua cac window ndy. Trong cac
hinh nho, hinh 1 14 frame duoc cit ra tir 4&m thanh gdc, am thanh gbc 1a sy két hop cua
2 song hinh 2. Néu ap dung rectangle window (ttc 1a cét truc tiép), tin hiéu mién tan
s6 tuong Ung 13 hinh 3, ta ¢6 thé thay tin hiéu ndy chtra rat nhiéu nhiu. Néu ap dung
cac window nhu Hanning, Hamming, Blackman, tin hiéu mién tan sb thu dugc kha
muot va séng gdc & hinh2.
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2.1.2.2. DFT

Trén tung frame, ta ap dung DFT - Discrete Fourier Transform theo cong thurc:




N-1

X[k] = Z x[n] exp (—jzfc-kn)

n=0

Mbi frame ta thu duoc 1 list cac gia tri do 16n (magnitude) tuong Gmg véi timg
tan sd tir 0->NO—N. Ap dung trén tt ca cac frame, ta dd thu duoc 1 Spectrogram nhu
hinh dudi day. Truc xx 13 truc thoi gian (twong Gng véi thir tu cac frame), truc yy thé
hién dai tan sé tir 0—100000— 10000 Hz, gi4 tri magnitude tai timg tan sé duoc thé
hién bang mau sic. Qua quan sat spectrogram nay, ta nhan thiy céc tai cac tan s6 thip
thudng c6 magnitude cao, tin s6 cao thuong co magnitude thap.

Frequency (kHz)

Hinh duéi 1a cac spectrogram ctia 4 nguyén 4m. Quan sat spectrogram lan luot
tor dudi 1€n, nguoi ta nhan théy co 1 vai tan s dic trung goi la cac formant, goi la cac
tan sb F1, F2, F3 ... Cac chuyén gia vé nglr am hoc co thé dwa vao vi tri, thoi gian, su
thay ddi cac formant trén spectrogram dé xac dinh doan 4m thanh d6 1a caa 4m vi ndo.
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Nhu véy ta da biét cach tao ra spectrogram. Tuy nhién trong nhiéu bai toan (déc
biét 1a speech recognition), spectrogram khong phai la sy lya chon hoan hao. Vi vay ta
can thém vai budge tinh nita dé thu dugc dang MFCC, tdt hon, phé bién hon, hiéu qua
hon spectrogram.




2.1.3. Mel filterbank

Nhu minh d& mé ta & phan trude, cach cam nhéan ciia tai ngudi 1a phi tuyén tinh,
khong giéng cac thiét bi do. Tai nguoi cam nhan tot & cac tan s6 thap, kém nhay cam
v6i cac tan sb cao. Ta can 1 co ché mapping twong ty nhu vay.

DFT(STFT) power spectrum [X[k]|*
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Triangular band-pass filters ‘
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Mel-scale power spectrum Y[m]

Trudc hét, ta binh phuwong cac gia tri trong spectrogram thu duoc DFT power
spectrum (phd cong sudt). Sau do, ta ap dung 1 tap cac bod loc thong dai Mel-scale
filter trén timg khoang tan sb (mdi filter 4p dung trén 1 dai tin xac dinh). Gia tri output
cua timg filter 12 nang luong dai tin sd ma filter d6 cover (bao phi1) duogc. Ta thu
duoc Mel-scale power spectrum. Ngoai ra, céc filter dung cho dai tan thip thudng hep
hon céc filter dung cho dai tan cao.

Qua trinh nay con c6 thé mé ta bang hinh minh hoa duéi day:
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2.1.4. Cepstrum

2.14.1. Log

Mel filterbank tra vé phd cong suit ctia 4m thanh, hay con goi 1a phd ning
lwong. Thyc té rang con ngudi kém nhay cam trong sy thay doi ning luong & cac tan
sd cao, nhay cam hon & tin sb thip. Vi vdy ta s& tinh log trén Mel-scale power
spectrum. Diéu ndy con gitp giam cac bién thé 4m thanh khong dang ké dé nhan dang
giong noi.




2.1.4.2. IDFT - Inverse DFT

Nhu d3 mo ta ¢ phan trude, giong noi cia ching ta co tan sd FO - tAn sé co ban
va cac formant F1, F2, F3 ... Tan s6 FO ¢ nam gi6i khoang 125 Hz, & nit 1a 210 Hz,
dic trung cho cao d6 giong noéi ¢ ting ngudi. Thong tin vé cao dd nay khéng giup ich
trong nhan dang giong ndi, nén ta can tim cach dé loai thong tin vé FO di, giup cac mo
hinh nhan dang khong bi phu thudc vao cao d giong tirng nguoi.
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Trong hinh nay, tin hiéu chung ta thu dugc 1a d6 thi 3, nhung thong tin quan
trong chung ta can 1a phan 2, thong tin can loai bo 1a phan 1. Dé loai bo di thong tin vé
FO, ta lam 1 budc bién ddi Fourier nguoc (IDFT) vé mién thoi gian, ta thu dugc
Cepstrum. Néu dé y k¥, ta s& nhan ra rang tén goi "cepstrum" thyc ra la dao nguoc 4
chir cai dau cua "spetrum".

Khi d6, véi Cepstrum thu duge, phan thong tin lién quan téi FO va phan thong
tin lién quan t6i F1, F2, F3 ... nam tach biét nhau nhu 2 phan khoanh tron trong hinh 4.
Ta chi don gian iy thong tin trong doan dau cua cepstrum (phan dugc khoanh tron to
trong hinh 4). Pé tinh MFCC, ta chi can 1dy 12 gia trj dau tién.

Phép bién d6i IDFT ciing twong dwong véi 1 phép bién d6i DCT discrete cosine
transformation. DCT 1a 1 phép bién ddi truc giao. V& mit toan hoc, phép bién d6i nay
tao ra cac uncorrelated features, c6 thé hiéu 1a cac feature doc 1ap hoac c6 do tuong
quan kém v&1 nhau. Trong cac thuat toan Machine learning, uncorrelated
features thuong cho hiéu qua tot hon. Nhu vdy sau budc nay, ta thu duoc 12 Cepstral
features.

2.1.5. MFCC

Nhu vdy, mdi frame ta da extract ra dugc 12 Cepstral features lam 12 feature
dau tién cia MFCC. feature thtr 13 13 nang lugng cuia frame dé, tinh theo cong thic:




Trong nhan dang tiéng noi, théng tin vé bdi canh va su thay doi rit quan trong.
VD tai nhitng diém mo dau hodc két thuc ¢ nhiéu phu am, su thay doi nay rat 10 rét, ¢
thé nhan dang cac am vi dua vao su thay doi nay. 13 hé $6 tiép theo chinh la dao ham
bac 1 (theo thoi gian) cua 13 feature dau tién. N6 chira thong tin vé sy thay doi tir
frame thi t¢ dén frame t+1¢+1. Cong thirc:

d(t)y=[c(t+1)—c(t=1)]/2d(?)

Tuong tu nhu vay, 13 gid tri cubi cia MFCC 1a su thay ddi d(t)d(¢) theo thoi
gian - dao ham cua d(t)d(f), dong thoi 12 dao ham bac 2 cua c(t)e(r). Cong thirc:

b(t)=d(t+1)—d(t—1)/2b(?)

Vay, tir 12 cepstral feature va power feature thir 13, ta dao ham 2 lan va thu
dugc 39 feature. Pay chinh 1a MFCC feature. Cung nhin lai toan b qué trinh dé taora

MFCC:
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2.2. Thu thap va xir ly dir liéu 4m thanh

Dir liéu am thanh trong dd 4n nay duoc thu thip qua micro may tinh, sir dung
nén tang Edge Impulse dé ghi lai cc 1énh giong néi. Edge Impulse 1a mot nén tang
phat trién Al va TinyML cho cac thiét bi nhtng, giup thu thap, xtr Iy va huin luyén mo
hinh hoc may mét cach hiéu quéa ngay trén thiét bi dau cudi.

Céc Iénh giong noi can thu thap bao gém "bat dén", "tat dén", "md cira", va
"déng cira", va moi 1énh s& dugc thu Am trong cac diéu kién méi trudng khac nhau,
dam bao rang mé hinh hoc duogc cach nhan dién giong néi trong nhidu tinh huéng khac
nhau. Cac mau giong néi nay dwoc thu am voéi micro may tinh chét lwong cao, duoc




tich hop vao Edge Impulse, cho phép qua trinh thu thap va luu trit dit liéu dién ra dé
dang va tryc tiép.

Moi 1énh giong néi s& duge ghi nhan v6i cdc tham s6 c6 dinh nhur:

e ToOc do noi: Nguoi dung duoc yéu cau noi cac 1énh mot cach rd rang va véi toe
do binh thuong dé mo6 hinh hoc dugc cach nhan dién giong noi tu nhién.

e Thoi gian thu am: Mdi 1énh giong néi s& duoc ghi am trong vong 1 gidy, giup
dir liéu thu duogc co do dai phu hop dé trich xuét cac dic trung 4m thanh.

e Su da dang vé giong ndi: P& ddm bao mo hinh hoc dugc cac bién thé cua I¢nh
giong noi, dir liéu dugc thu thap tir nhi€u ngudi voi cac gigng ndi va tong giong
khac nhau.

Edge Impulse cho phép thu thap dir liéu 4m thanh truc tiép qua céc thiét bj cam
bién, dff)ng thoi hd tro viéc tao bo dit liéu va ga"ln nhan cho cac mau giong ndi mot cach
dé dang. Cac budc nay dam bao rang hé thong co thé hoc tir dir liéu thuc té va khong
bi gidi han bdi diéu kién méi truong hay tong giong ciia ngudi néi.

Khi dir liéu 4m thanh duoc thu thip, budc tiép theo 1a tién xtr 1y dit liéu dé
chuan hoa va 1am sach tin hiéu 4m thanh. Trong trudng hop nay, qua trinh tién xir 1y da
duoc thuc hién thong qua thu vién MFCC (Mel Frequency Cepstral Coefficients). Cac
budc tién xir 1y nay bao gdom:

e Loc nhiéu: Céc tap am va nhi€u nén trong tin hi€u am thanh s€ duoc loai bo.
Viéc nay dam bao rang cac l1énh giong nod1 dugc nhan dién mdt cach chinh xac,
khong bi anh hudng bdi cac am thanh khong mong muon xung quanh.

e Cit tin hiéu thanh cac khung nho: Bé mo hinh c6 thé xir 1y tin hi¢u 4m thanh dé
dang hon, dit liéu 4m thanh s& duoc chia thanh cac khung (frames) nho, mdi
khung c6 do dai khoang 20ms. Cac khung nay s€ giup mo hinh phan tich am
thanh theo timg phan nhé, tir 46 hoc dugc cac dic trung 4m thanh quan trong.

e Chuan hoa tin hiéu am thanh: Tin hi€u am thanh s€ dugc chuan hoa dé dam bao
rang muc do am lugng va toc do ndi khong anh hudng dén qua trinh trich xuat
dac trung.

e Trich xuit dic trung MFCC: Bang cach st dung thu vién MFCC, dit liéu 4m
thanh s& dugc chuyén doi thanh cac dic trung co thé sir dung trong mé hinh hoc
may. Cac hé s6 MFCC la dai dién cho céac dic trung tan s6 cta tin hiéu &m
thanh, gitip md hinh nhan dién duoc cac yéu td co ban ctia 4m thanh nhu 4m sic
va nhip di¢u.

Edge Impulse dong vai trd quan trong trong viéc xtr Iy va trich xuat dic trung
MFCC tir dit 1i€u thu thap duogc. Céac dac trung nay s€ dugc s dung lam dau vao cho
mo hinh hoc may. Sau khi thu thap dit li€éu am thanh, Edge Impulse hd tro viéc danh




gia chat Iugng cua by dir liéu, xadc nhan do chinh xac cua cac nhan gan cho moi mau
am thanh, va t61 uvu hda qua trinh tién xtr 1y trude khi dua dir liéu vao huan luyén.

2.3. Thiét ké va huin luyén mé hinh TinyML

Kién tric mo hinh nhan dién giong néi trong d6 4n nay dugc xay dyung trén nén
tang TinyML, v6i muc ti€u nhan dién 4 tir khoa: "bat den", "tat dén", "mé cira" va
"déng ctra". M6 hinh sir dung cac dic trung Am thanh d3 duoc trich xuit bang MECC,
gitip hé théng nhan dién va phan loai giong néi mot cach chinh xac.

Parameters

Mel Frequency Cepstral Coefficients

Number of coefficients @ 13
Frame length @ 0.02
Frame stride @& 0.02
Filter number &® 32
FFT length @ 256
MNormalization window size @ 101
Low frequency @ 300
High frequency @ 0

Pre-emphasis

Coefficient &

[=1
w0
ca

Dudi day 1a cac théng sb quan trong dugc ciu hinh khi trich xuit dic trung
MFCC:

e S0 luong hé s6 (Number of coefficients): 13

e DG dai khung (Frame length): 0.02 gidy

e DO trugt khung (Frame stride): 0.02 gidy

o Sb luong bo loc (Filter number): 32

e Chiéu dai FFT (FFT length): 256

e Kich thuéc cira sé6 chuan hoa (Normalization window size): 101

e Tan sb thip (Low frequency): 300 Hz




e Tan sd cao (High frequency): 0 Hz (chi str dung tan s6 thip va trung binh)

Giai thich vé cac thong sb:

e S luong hé ) (Number of coefficients): Sd luong hé s6 MFCC duogc st dung
dé mo ta dic trung cua am thanh. 13 hé s6 MFCC 1a mot gia tri phé bién va
hi€u qua trong nhan dién giong noi.

e DG dai khung va d¢ truot khung: Céc gié tri nay xac dinh céach thirc tin hiéu am
thanh duoc chia thanh cac doan ngan. Mdi khung c6 do dai 20ms (0.02 gidy) va
dd truot gitra cac khung cling 1a 0.02 gidy, giup mo hinh phan tich cac dic trung
theo thoi gian.

e SO lugng bo loc va chiéu dai FFT: Cac b6 loc duoc sir dung dé phan tich tan sb
ctia tin hiéu 4m thanh, trong khi chiéu dai FFT giup xac dinh do phan giai cua
phd tan sd.

e Tan sb thip va cao: Cac gia tri nay chi dinh gi6i han tan s6 cho tin hiéu 4m
thanh, gitp tip trung vao cac phan tan sb co lién quan dén giong noi.

CAu trac ctia md hinh hoc may:

1. Lép dau vao (Input layer):

Mo hinh s& nhan 650 dic trung tr MEFCC 1am dau vao. Cac dic trung nay duoc

t6 chtrc thanh cac cot (columns) voi s6 luong 13 13.

2. Cac 16p mang (Network layers):




Neural network architecture

Architecture presets 1D Convolutional (Default) 2D Convolutional

Input layer (650 features)

Reshape layer (13 columns)

1D conv / pool layer (32 filters, 3 kernel size, 1 layer)

Dropout (rate 0.25)

1D conv / pool layer (16 filters, 3 kernel size, 1 layer)

Dropout (rate 0.25)

1D conv / pool layer (8 filters, 3 kernel size, 1 layer)

Dropout (rate 0.25)

Flatten layer

Add an extra layer

Output layer (5 classes)

L6p Reshape: Puoc st dung dé chuyén ddi cac dic trung tir dang vector thanh
dang phu hop cho céc 16p tiép theo.

Loép Conv / Pooling (Convolutional and Pooling layers):
e Lop dau tién 1a mot 16p Conv1D véi 32 bo loc, mdi bod loc ¢6 kich thude
3x1. Lép nay giup mo hinh hoc cac dic trung tan s tir dir liéu am thanh.
e Cac lop tiép theo c6 cac bo loc gidm dan: 16 bo loc va 8 bo loc, giup mo
hinh nhén di¢n cac dac trung am thanh phirc tap hon.
L6p Dropout: Mbi 16p Conv déu ¢6 mét 16p Dropout véi ty 16 0.25 dé giam
overfitting trong qua trinh huan luyén.

Lép Flatten: Sau khi 4p dung cic 16p Conv va Pooling, dau ra s& duoc "lam
phang" dé dua vao 16p output.

3. Lép dau ra (Output layer):

Lép dau ra c6 5 10p (dé phan loai 5 loai 1énh giong noi, bao gdm 4 tir khoa va 1
16p cho cac am thanh khong nhén dién dugc).







CHUONG 3: TRIEN KHAI HE THONG

3.1. Tao bd xir Iy logic diéu khién giong néi

Bo xir Iy logic diéu khién giong ndi trong hé thong nay 1a mot thanh phan rat

quan trong, chiu trach nhi¢m xur 1y dir li€éu &m thanh thu dugc tr micro, phan loai tin
hiéu am thanh va diéu khién céc thiét bi ngoai vi (nhu dén hodc cira) dua trén két qua
phan loai tr m6 hinh hoc may.

Qua trinh xtr 1y logic diéu khién giong noi:
1.  Thu thip va xtr Iy am thanh:

Dit liéu 4m thanh dugc thu thap tir micro may tinh qua nén tang Edge Impulse.
Trong code, phin nay dugc thuc hién boi cac ham nhu
microphone inference start va microphone inference record.

2. Phén loai giong noi:

Sau khi thu thap va xtr Iy tin hi¢u &m thanh thanh cac dac trung MFCC, mo
hinh Edge Impulse s& thuc hién phan loai giong néi. Phan quan trong nhit trong
viéc phan loai & st dung cdc ham nhu run_classifier continuous va
microphone audio signal get data.

3.  Diéukhién thiét bi:
Sau khi md hinh nhan dién duoc 1énh giong néi (vi du: "bat den", "tit den",
"md cira", "dong ctra"), hé thong s& diéu khién cac thiét bi thong qua cac chin
GPIO. Céic ham nhu xEventGroupSetBits, xEventGroupClearBits va
digital Write s& giup diéu khién cac thiét bi nay.

Giai thich vé modt s0 ham quan trong:

xEventGroupSetBits va xEventGroupClearBits:

Day 1a cac ham cua FreeRTOS dé quan 1y su kién trong hé thong da nhiém. Cac
ham nay duoc st dung dé thiét 1ap hoic x6a céc bit trong Event Group, tir d6
diéu khién trang thai cua cac thiét bi (nhu dén hoic cira).

Vi dy, khi nhan dién duogc Iénh "bat den", xEventGroupSetBits(ledEventGroup,
LED ON_BIT); s& kich hoat bit LED ON_BIT, bao hiéu cho hé théng rang
dén can duoc bat.

digital Write:

Ham nay dung dé diéu khién trang thdi cia cac chan GPIO. Chang han, khi
digitalWrite(led_on, HIGH); duoc goi, n6 s& bat dén (két ndi v6i chan GPIO
led on).

3.2. Thiét 1ap va nap model vao phin cirng




Sau khi m6 hinh di dugc huén luyén trén nén tang Edge Impulse, budc tiép
theo 14 nap mé hinh vao vi diéu khién ESP32-S3 dé mé hinh c6 thé chay truc tiép trén
phan cing. Cac mé hinh nay duoc nap dudi dang TensorFlow Lite (TFLite) dé sir
dung tai nguyén hé théng hiéu qua hon.

Qua trinh thiét 1ap va nap mé hinh:

1. Céu hinh mdi trwong va phan cing:

platformio.ini
1

espressif32

= seeed_xiao_esp32s3
= arduino

Trong tép platformio.ini, mdi trudng phét trién cho ESP32-S3 dugc ciu hinh.
Cu thé, ban st dung framework Arduino va platform espressif32 dé hd tro viéc
bién dich mi ngudn va nap moé hinh vao phan ctng.

Poan mi trong main.cpp khoi tao thu vién Edge Impulse SDK dé sir dung mo
hinh hudn luyén sin. Diéu nay gitp d& dang nap mé hinh phan loai giong néi vao
bo nhd cua ESP32-S3.

2. Nap mo hinh phéan loai gigng noi:

run_classifier init: Ham nay giip khéi tao moi truong phan loai giong ndi,
chuan bj bo nhd va tai nguyén dé mo hinh co thé chay trén ESP32-S3.

M6 hinh phan loai giong néi dd hudn luyén duoc st dung trong ham
run_classifier continuous. Ham nay cho phép md hinh phan tich tin hi€u am thanh
lién tyc va dua ra két qua phan loai.

Giai thich vé mdt s6 ham quan trong:
e run_classifier_init:

Ham nay duoc goi trong qué trinh thiét 1ap dé khoi tao moi thir can thiét cho mé
hinh phan loai. N6 chuin bi bd nhé va cac ddi tuong can thiét dé mo hinh c6 thé
chay muot ma trén ESP32-S3.

e run_classifier continuous:

Ham nay chay m6 hinh phan loai giong noi trong mét vong lip lién tyc. Moi
khi c6 tin hi€u am thanh moéi dugce thu thép tir micro, ham nay s€ xur 1y tin hi¢u va
phan loai n6 thanh mdt trong cac Iénh giong nd1 da dugc huén luyén.

3.3. Tich hop dé hé thong c6 thé diéu khién thiét bi bang giong noi




Mot khi mé hinh phan loai giong noi di duoc nap vao phan cing, hé thong can duoc
tich hop véi céac thiét bi ngoai vi nhu deén, cira, va bat ky thiét bi nao khac can duogc
diéu khién thong qua giong néi.
Qua trinh tich hop diéu khién thiét bi:
1. Piéu khién dén va cira thong qua GPIO:
Céc thiét bi ngoai vi duogc diéu khién thong qua cac chan GPIO trén ESP32-S3.
Vi duy, khi m6 hinh nhan dién duoc 1€nh "bat dén", hé théng s€ kich hoat
LED ON_BIT va bat dén théng qua viéc diéu khién chan GPIO.
2. Co ché Event Group:
Hé thong st dung Event Group dé quan 1y cac trang thai diéu khién. Cac bit
trong Event Group dai dién cho cac trang thai cua thiét bi (nhu bat/tat dén,
mo/déng cira). Viée thiét 1ap hodic xda cac bit nay s& giup thay doi trang thai
ctia cac thiét bi.
Giai thich vé mot s6 ham quan trong:
o xEventGroupSetBits va xEventGroupClearBits:
Cac ham nay duoc sir dung dé quan 1y cac su kién lién quan dén viéc diéu khién
thiét bi. Khi mé hinh nhén dién duoc mét 1énh giong néi nhu "bat den",
xEventGroupSetBits(ledEventGroup, LED ON_BIT); s& duoc goi dé bat dén.

Tuong ty, khi nhan dién 1énh "tit dén", xEventGroupClearBits(ledEventGroup,
LED ON BIT); s€ dugc goi dé tat den.

o digitalWrite:
Ham digitalWrite duoc st dung dé thay d6i trang thai ctia cac chan GPIO. Vi

du, digitalWrite(led _on, HIGH); s& bat dén va digital Write(led on, LOW); s&
tat deén.

o vTaskDelay:
Ham nay duoc st dung dé tao do tré gitra cac hanh dong, giup hé théng diéu
khién cac thiét bi mot cach chinh xé4c va tron tru. Vi du, sau khi kich hoat dén,

hé thng c6 thé st dung vTaskDelay(50 / port TICK_PERIOD MS); dé tao do
tré ngdn trude khi thyc hién hanh dong tiép theo.




main.cpp
> .
> B .vscode
® include
> W@ lib
N [y src

> B edge-impulse
| mo

del-parameters
v @ tflite-model

keyword_spotting..
main.cpp

gitignore

rd_spotting_2cnn_infe

"freertos

"freertos/
"freert;
"Ha

FreeRTOS.h"
task.

vent_groups
vareserial.h”

> OUTLINE

> TIMELINE

EXPLO 8 main.cpp
v KEYWORD_SPOTTING - COPY > G+
> B8 pio
> B .vscode
® include
> & lib

v [ src

ack(uint32_t n_|
)

t(uint32_t n_samples);

es);

tatic mi n,
> M@ edge-impulse-sdk

microphc
> M@ model-parameters
v tflite-model
cpp
tflite_learn_3.h
tflite-resolver.h

trained_model

. ON_BIT (1 << @)
keyword_spotting LED_OFF_BIT (1
LED_WAKE

main.cpp

> OUTLINE

> TIMELINE




maincpp X
V' KEYWORD_SPOTTING - COPY

> .
> B .vscode
® include
> W@ lib
N lap src
> BB edge-impulse
| mo

del-parameters
v @ tflite-model

keyword_spotting..
main.cpp

i intln("Failed to initialize I2S!"
gitignore

tFrame P_INPUT_FRAME_SIZE);
tSample length: 5

IFIER_R IPLE_COUNT / 16);
tNo. of classes:
> OUTLINE

> TIMELINE

maincpp X
v KEYWORD_SPOTTING - COPY

> B pio
> B .vscode
® include
> Wl
~ (& src
> B8 edge-impulse-sdk

> B8 model-parameters

v @ tflite-model

( this could be due to the window length of your model\r\n"
tflite_learn_3.cpp

tflite_learn_3.h

tflite-resolver.h

trained_model tf("Recording...\n"

keyword_spotting

main.cpp

gitignore

5 = &mic
ei_impulse_result_t
> OUTLINE

> TIMELINE

EI_IMPULSE_ERROR
@7 Defaull




EXPLORER maincpp X
v KEYWORD_SPOTTING - COPY

> = pio

> B .vscode

> B8 edge-impulse

del-parameters

trained_model

keyword spotting..

EventGroupClear| G
pr ("Led is off");
ntGrou

> OUTLINE

> TIMELINE

EXPLOI c 8 main.cpp
v KEYWORD_SPOTTING - COPY
> B8 pio
> B .vscode
® include
> & lib
v [ src
npu k

el-parameters

tflite_learn_3.h
tflite-resolver.h
trained_model_....
keyword_spotting
main.cpp
gitignore
tformio.ini

.println("noise is detected");

> OUTLINE
> TIMELINE




EXPLORER maincpp X

v KEYWORD_SPOTTING - COPY  src > C+ main.c
st i (uint32_t n_|

> B .vscode
® include
> M lib
v [ src
> B edge-impulse-s
B8 model-parameters

v @ tflite-model

keyword_spotting...
main.cpp
gitignore

f("Error in I2S read

> OUTLINE

> TIMELINE

EXPLO 8 main.cpp

v KEYWORD_SPOTTING - COPY
> B8 pio
> MR .vscode
® include
> & lib
v [ sic
> BB edge-impulse-sdk
> M@ model-parameters
v tflite-model
cpp
tflite_learn_3.h
tflite-resolver.h
trained_model
keyword_spotting

main.cpp

> OUTLINE
> TIMELINE




@ EXPLORER

maincpp X
vkevwo.. [ B2 O @
> = pio

> B .vscode

> B8 edge-impulse

del-parameters

_samples;

"Controll”, 1624 * 20, NULL, 8,
, "CaptureSamples", 1024

> OUTLINE

> TIMELINE

EXPLO!

g maincpp X
v KEYWORD_SPOTTING - COPY

> B8 pio

> MR .vscode

® include

> & lib
v [ sic

> m npul k

>m parameters prin
v

"Error sample buffer overrun. Decreas
tflite_learn_3.h

the number of slices per model window
"(EI_CLASSIFIER_SLICES_PER_MODEL_WINDOW)\n"
false;
tflite-resolver.h 4

trained_model._...
keyword_spotting
main.cpp
gitignore

tformio.ini

(size_t offset, size_t length, *out_ptr)

et], out_ptr, length);
> OUTLINE
> TIMELINE




main.cpp
 KEYWORD_SPOTTING - COPY
= pio
> BR .vscode

main.cpp

® include
> M lib
g src
> B edge-impulse-sdk
> B8 model-parameter
v @ tflite-model
tflite_learn_3.cpp
tflite_learn_3.h
tflite-resolver.n
trained_model_..
keyword_spotting...
main.cpp
gitignore
platformi

> OUTLINE

> TIMELINE

main.cpp
v KEYWORD_SPOTTING - COPY
> B8 pio
> MR .vscode
® include
> & lib
v [ sic
> BB edge-impulse-sdk
> M@ model-parameters
v tflite-model
cpp
tflite_learn_3.h
tflite-resolver.h

trained_model

keyword_spotting

main.cpp

> OUTLINE
> TIMELINE

X

LED_WAKEUP_BIT,




CHUONG 4: THU NGHIEM VA PANH GIA

Két qua thir nghiém duoc danh gia thong qua cac chi s6 nhu accuracy, loss, va
cac chi s6 trong ma tran nham 1an (Confusion Matrix). Duéi ddy 1a bang két qua tir ma
tran nham 1an va céc chi s6 quan trong.

e DG chinh xac (Accuracy): 97.9%
Day la ty 1¢ tong thé cac du doan chinh xac so Vi tong s6 thir nghiém.

e Ham mét mat (Loss): 0.11
Loss thap cho thdy mé hinh dang hoc kha tot va khong gip phai van dé 16n vé
viéc t6i uu hoa trong qua trinh hudn luyén.

e Ma tran nham 1an (Confusion Matrix):
Ma tran nham 1an gitip danh gia hiéu suat ciia mo hinh trong viéc phan loai ting
lénh giong noi. Dudi day 1a két qua chi tiét:

97.9% 0.11

Confusion matrix (validation set)

55.6%

e FI1 Score:
o Batden: 0.97
o Mo cua: 0.71
o Noise: 0.99
o Tétdén: 0.96
o Dong cura: 0.87
Giai thich:

o Bat deén: M6 hinh dat d6 chinh xac 97.7% trong viéc nhan dién 1énh "bat dén",
v6i rat it nham 1an sang cac 1énh khac. Tuy nhién, c6 khoang 1.5% tin hiéu
duoc phan loai 1a "Noise".




e Mo cura: PO chinh xac thép hon mot chut so vt "bat dén" voi 55.6% khi nhan
dién 1énh "mé cira". Mot phén 16n cua cac du doan sai 1a do nhdm véi "Noise"
(11.1%) va "bBéng cua" (33.3%).

e Noise: Lénh "Noise" dugce nhan dién véi do chinh xac rat cao, 1én t&i 99.5%,
v6i phan 16n cac nham 14n xay ra khi tin hiéu duoc phan loai thanh "T4t dén"
(2.0%).

o Tit dén: M6 hinh c6 d6 chinh xac 94.9% trong vi¢c nhén di¢n 1énh "tit dén".
Céc nham 13n chu yéu 1a do 1énh "Bat dén" (3.0%) va "Noise" (2.0%).

o Dobng ctra: Pay 1a 1€nh nhan dién tot nhat véi do chinh xac 100%, khong cé su

nham lan.
Panh gia:

e H¢ thong nhan dién giong nodi hoat dong tot trong viéc phan biét cac 1€nh giong
n6i nhu "bat dén", "tat dén", va "dong ctra", véi do chinh xac cao.

e Tuy nhién, viéc nhan dién Iénh "mé& cua" gap mot s6 kho khan, dac biét 1a khi
c6 su can thiép cta tap Am (noise). Phan 16n nham 1an x4y ra gitta "mo cira” va
"dong cura".

e M0 hinh c6 kha niing xir 1y rat tot cac tin hiéu nhiéu (noise), véi o chinh xac
cao trong vi¢c nhan dién "noise" 1a 99.5%.




CHUONG 5: KET LUAN VA KIEN NGHI

5.1 Két ludn

Hé théng nhan di¢n giong ndi trong dd an di dat dugc nhiéu két qua tich cuc,
dac biét la trong cac thir nghiém danh gia d6 chinh xac cua viéc nhan di¢n cac 1¢énh
giong nodi co ban nhu "bat den", "tit dén", "mo clra", va "dong cua". HE théng su dung
TinyML va mé hinh phén loai giong néi huan luyén tir Edge Impulse, trién khai trén
phan cting ESP32-S3 da cho thdy kha nang hoat dong hiéu qua ma khong can két ndi
mang, gitp toi vu hoa tai nguyén va giam do tré.

Céc két qua chinh:

o D6 chinh xac tong thé (Accuracy) ctia hé thong dat 97.9% trong moi truong thir
nghi¢m. Day 1a mot két qua rat an tugng, ddc biét l1a trong cac thur nghiém vt
moi trudong it tap am.

e F1 Score cho théy hé théng c6 hiéu suat tdt, v4i diém sb cao trong viéc nhan
dién cac 1énh nhu "Bat dén" (0.97), "Noise" (0.99), va "Tat dén" (0.96). Tuy
nhién, 1énh "M ctra" ¢ F1 Score thap hon (0.71), cho thdy mét sé van dé
trong vi€c phan biét gitra "Md& ctra" va "Pong ctra", dac biét trong moi truong
cO tap am.

e Kha nang x1r Iy tap 4&m cua mo hinh la mdt diém manh, v&i 99.5% d6 chinh x4c
khi nhan dién "Noise". Tuy nhién, khi moi truong co6 tap &m manh, sy chinh xac
cua cac Iénh giong ndi khac giam di mot chat.

Mo hinh da cho thay kha nang xir 1y tin hiéu am thanh hiéu qua, dong thoi c¢6
thé duogc trién khai truc tiép trén vi diéu khién ESP32-S3, giam do tré va phuy thudc
vao két ndi mang. Didu nay ching t6 rang hé thong khong chi hoat dong 6n dinh ma
con c6 tiém nang 16n trong viée ing dung vao céc thiét bi thong minh IoT trong tuong
lai.

Ung dung thuc té: Hé théng nhén di¢n gigng ndi nay co thé dugc ung dung
trong nhiéu linh vuc khac nhau, dic biét trong cac hé théng gia dinh thong minh va tu
dong hoa. Vi du, nguoi dung c6 thé dé dang diéu khién cac thiét bi nhu dén, quat, may
lanh, hodc ctra ra vao thong qua 1énh giong néi ma khong can sir dung dén céc thiét bi
diéu khién phtrc tap. Hé thong nay ciing mé ra co hoi Gmg dung trong cac khu vuc
cong cong, nhur cac cong vién thong minh, van phong ty dong hoa, hay trong cac thiét
bi hd trg nguoi khuyét tat.

5.2 Kién nghi

Mac du hé thé)ng da hoat dong kha hiéu qua, van con mét sd diém can cai thién
dé nang cao kha nang nhan dién giong noi va ing dung trong moi truong thuc té. Sau
day la céac kién nghi giup nang cao chat lugng va kha nang g dung cia hé thong:

1. Cai thi¢n kha nang phan biét cac I¢nh tuong tu:




o Trong thir nghiém, hé thong gip kho khin trong viéc phan biét giita "Mo
ctra" va "Pong cira", voi mot phan 16n sy nham 1an gitra cac 1énh nay. Dé
cai thién, c6 thé huan luyén lai mé hinh véi dir liéu da dang hon, bao
gdm cac trudng hop giong ndi khac nhau va 4m vuc khac nhau cia
nguoi nodi, tur d6 giup moé hinh nhan dién chinh xac hon.

o Mot giai phap khac 1a ting cuong dir liéu bang cach thu thap thém cac
mAu giong néi tir nhiéu ngudn va trong nhiéu moi trudng khac nhau.
Diéu nay sé& gitp mo hinh hoc duoc cac bién thé khac nhau cia giong noi
va phan biét cac 1énh dé dang hon.

2. Tang cudng kha nang xu ly tap am:

o Mic du hé thong hoat dong tbt trong méi trudng it tap Am, nhung khi cd
nhiéu tiéng on nén, d6 chinh xac giam di mot chat. Do d6, xt 1y tin hiéu
am thanh nang cao nhu loc tap Am va loai bo nhiéu trong thoi gian thuc
c6 thé giup ting cuong d6 chinh xac ctia hé thong.

o Ciing c6 thé thir sir dung cac thuat toan phan tich phd 4m thanh nhu
Spectrogram hodac Wavelet Transform dé cai thién kha nang nhan dién
giong ndi trong moi trudong nhiéu tap am.

3. Mo& rong kha nang nhan dién I¢nh giong noi:

o HE théng hién tai chi c6 thé nhan dién 4 1énh giong nodi co ban. Dé hé
thdng tré nén linh hoat hon va c6 thé diéu khién nhiéu thiét bi khac nhau,
can md rong mo hinh dé nhan dién thém cac 1énh giong ndéi nhu "bat

nn

quat", "mé cura s0", hodc "tat diéu hoa".

o Viéc mé rong hé thong co thé ap dung cho cac ung dung trong moi
truong cong nghiép, y t€, hodc cac khu vuc cong cong, noi can phai dicu
khién nhiéu thiét bi thong qua giong noi.

4. T6i wu héa mé hinh dé giam do tré:

o Mic du hé thdng c6 do tré kha thip, khoang 500ms, nhung trong mot sb
g dung yéu ciu phan hdi nhanh hon, c6 thé t6i wu héa mé hinh thém
nira b::ing cach giam kich thudc md hinh hoac sir dung cac thuat toan
phan loai hi¢u qua hon.

o Tang cuong kha nang parallel processing va st dung cac ky thuat giam
tai tinh toan nhu quantization hodc pruning dé giam kich thuéc ctia mé
hinh ma khong lam giam d¢ chinh xéc.

5. Phat trién giao dién ngudi dung va ing dung di dong:

o Dé tang cuong tinh tién lgi va kha nang sir dung, c6 thé phat trién mot
ung dung di dong hoac giao dién nguoi dung (UI) cho phép nguoi dung
di€u khién h¢ thong tir xa, nhan thong bao khi ¢6 sy thay doi trang thai
cua cac thiét bi (nhu khi dén bat/tat hodc cira mo/dong).




o Giao dién ngudi ding ciing ¢ thé cung cip cac tinh ning tiy chinh,
chang han nhu cho phép ngudi dung thém céc 1€nh giong noéi tuy chinh
hodc diéu chinh céc thiét 1ap hé thong nhu dd nhay va toc do phan hoi.

6. Tich hop v6i cac hé théng IoT khac:

o Heé théng c6 thé dé dang duoc tich hop véi cac hé théng IoT khac dé tao
thanh mot mang ludi cac thiét bi thong minh. Vi dy, c6 thé tich hop véi
hé théng Home Automation, cac thiét bi smart home, hodc cac hé théng
an ninh thong minh dé diéu khién céc thiét bi trong nha hoic trong cac
khu vyc cong cong.

o Viéc tich hop voi cac hé thong nhu vy s& gitip mo rong kha ning cia hé

théng va lam cho nd trd thanh mot phan cta hé sinh thai IoT rong 16n
hon.
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