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Tom tit

Xdc dinh chinh xdc mirc do chin cua trai cdy, dac biét la sau riéng — loai quad ¢
gid tri kinh té cao nhung thoi gian bdo qudn ngdn — la bai todn quan trong trong chudi
cung ung nong nghzep hién dai. Trong nghién citu nay, ching téi dé xudt mét phwong
phap phén loai mirc @6 chin cia sdu riéng dya trén tin hiéu am thanh thu dwoc tir thao
tic g6 1én bé mdt vo. Phwong phap gom ba giai doan chinh: Loc nhiéu va trich chon dac
trung tir tin hiéu bang bién déi Wavelet roi rac (DWT), phdn tich pho céng sudt tin hiéu
trong mién tan so bang bién doi Fourier, va tinh todn chi sé do bat dinh tir phé dé phuc
vu phan logi. Két qua thwe nghiém trén 75 mau dit liéu thu tir ba nhém trdi sau riéng
(chua chin, chin vira, chin qua) cho thdy hai nhém “chiea chin” va “chin” ¢é phoé tin
hiéu tuwong dong trong mién thoi gian, nhing khéc biét ré rét khi dwoc biéu dién qua do
bat dinh pho Voi nguwong phan logi dwoc xdc lap tai 33.35, mo hinh dat do chinh xac
100% cho hai 16p chinh. Phwong phdp dé xudt khéng yéu cau mé hinh hoc sau, chi phi
trién khai thdp va cé tiém nang tich hop vdo cdc hé thong phan loai théng minh trong
nong nghiép.

Tir khéa: bién doi Fourier, bién doi Wavelet, do bat dinh phé, hé thé’ngphdn loai, phan
logi do chin, sau riéng

Abstract

A LOW-COST ACOUSTIC SIGNAL PROCESSING APPROACH FOR

DURIAN RIPENESS CLASSIFICATION USING WAVELET TRANSFORM

AND FOURIER TRANSFORM

Accurate determination of fruit ripeness, particularly for durian — a high-value
fruit with a short post-harvest shelf life—is crucial in modern agricultural supply chains.
This study proposes a method for classifying durian ripeness levels based on acoustic
signals generated by tapping the fruit’s shell. The approach consists of three main stages:
noise filtering and feature extraction using the Discrete Wavelet Transform (DWT),
frequency-domain power spectrum analysis via the Fourier Transform, and computation
of a spectral uncertainty index for classification. Experimental results on 75 samples from
three ripeness groups (unripe, moderately ripe, overripe) show that “unripe” and “ripe”
groups exhibit similar time-domain characteristics but are clearly distinguishable in
terms of spectral uncertainty. With a classification threshold set at 33.35, the proposed
method achieved 100% accuracy for the two primary classes. This approach does not
require deep learning models, offers low implementation costs, and has strong potential
for integration into intelligent agricultural sorting systems.
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1. Giéi thiéu

Sau riéng 1a loai trai cay c6 gia tri thwong mai va dinh dudng cao, dong vai tro chién
lugc trong xuét khau nong san cua Viét Nam (Vinmec, 2025; MSN News, 2025). Véi déc
tinh hau chin, trai siu riéng chi gitt duoc chat lugng trong khoang 48 gid sau khi dat do
chin t6i vu (Tilda Rice UK, 2024; Wikipedia, 2025). Piéu niy doi hoi viéc xac dinh chinh
xac murc do chin ngay tir khau thu hoach, nham dam bao dong déu chit luong trong qua
trinh bdo quan, van chuyén va tiéu thy, dic biét 1a dbi vai thi truong xuét khau khong
chp nhan viéc str dung chit bao quan.

Trong thuc té san xuat, phuong phép kiém tra muic do chin théng qua 4m thanh phat
ra khi g6 vao trai sau riéng dugc ap dung phd bién nho tinh don gian va tiét kiém chi phi.
Tuy nhién, phuong phap nay phu thudc chi yéu vao cam quan va kinh nghiém cta ngudi
thao tac, dan dén do chinh xac khong 6n dinh. Nhiéu nghién ctru di chi ra rang sai s6 trong
nhan dang chu yéu xuat phat tir sy tuong d@)ng cao vé dic trung pho tan sb giita cac trang
thai “xanh”, “chin vira” va “chin han” cta trai siu riéng. Pho cua cac trang thai nay co6 bién
dd va hinh dang tuong duong do anh huong cua cac yéu t6 cong huong bén trong qua
(khoang khi, d6 am vo, vi tri g5...), khién cic mo hinh phan loai truyén thong dé nham lan.

Sau rieng xanh
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Hinh 1. Phé cia am thanh cia sdu riéng xanh, chin va chin qua

Chinh sy tuong déng nay dat ra yéu cau cép thiét phai tach loc céc tin hiéu dic
trung va loai bo nhiéu ciing nhu thong tin du thira trude khi dua vao phan tich hoic phan
loai. Nhitng k¥ thuat xir 1y tin hiéu pho bién nhu bién doi Wavelet va bién doi Fourier
cho phép phan tich sau hon trong ca mién thoi gian 14n tan sd, tir d6 trich xuét cac thanh
phan c6 tinh phan biét cao.

Trén co s& d6, nghién ctru nay dé xuat mot mo hinh xir 1y tin hiéu 4m thanh ba giai
doan: (1) loc nhidu va trich chon dic trung bang bién d6i Wavelet, (2) phan tich phd bang
bién ddi Fourier, va (3) lugng héa dic trung phan biét qua chi s6 do bat dinh — mot dai
luong phan anh murc phén tan nang luong trong mién tan sd. Két qua cho thay giai phap
c6 thé tach biét rd rang cac mirc d chin cua sau riéng trong phd tin hiéu, vuot qua gidi
han cua cac phuong phap dwa thuan vao phd khong xtr 1y. Day 1a mot dong gop mang
tinh kha thi cho cac hé thong phén loai néng san ty dong chi phi thap va chinh xac cao.
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2. Nghién ciru tdng quan

Phan loai do chin cua trai cdy 1a mot chu dé nghién ctru duoc quan tam trong linh
vuc nong nghiép chinh xac va xu ly tin hi¢u. Dbi voi trai sdu riéng — loai qua c6 ciu triic
v cimg, nhiéu khoang rong va chiu 4nh hudng boi trang thai hau chin — viéc phan loai
théng qua cac chi s6 cam quan (hinh anh, &m thanh, mui) dang duoc khai thac theo nhiéu
huéng tiép can.

Mot s6 nghién ctu sir dung ky thuét xur Iy anh hodc anh siéu phd (hyperspectral
imaging — HSI) két hop hoc may dé phan loai trang thai chin cua trai cay. Chang han,
Sharma va cong su. (2022) str dung anh gan hong ngoai (NIR-HSI) va m6 hinh SVM dé
phan biét mirc do chin cua xoai, dat do chinh xac 1én dén 92,7%. Tuy nhién, voi siu riéng
— loai qua ¢ vo day va gai — anh chup bén ngoai khong phan anh truc tiép ciu trac noi
tai, dAn dén sai s6 cao néu chi dya vao dit liéu hinh anh.

Worasawate va cs. (2007) dé xuit st dung cam bién radar dé phat hién tin hiéu phan
xa tir vo sau riéng, két hop voi SVM dé phan loai do chin. Du két qua kha quan trong méi
truong phong thi nghiém, chi phi thiét bi radar va do nhay véi diéu kién moi truong khién
phuong phap nay chua ph hop cho tmg dung thuc tién ngoai dong rudng.

Hudng nghién ctru sir dung Am thanh gd vao trai sdu riéng dé phan tich d6 chin dugc
xem la giai phap than thién va dé tiép can hon. Phoophuangpairoj (2014) str dung dic trung
MFCC (Mel-frequency cepstral coefficients) két hop n-gram dé trich chon thong tin tur
chudi 4m thanh. Tuy nhién, MFCC von thlet ké cho nhan dang giong ndi nén gdp gidi han
khi 4p dung cho tiéng g6 rai rac va khong tudn hoan tir vét thé cimg nhu sau riéng.

Kharamat va cs. (2020) phat trién mo hinh CNN nhan dau vao 1a anh pho tin hiéu
am thanh dé phan loai d6 chin sau riéng, dat do chinh xac 89,4%. Tuy vy, m hinh yéu
cau khéi luong dir liéu huén luyén 16n va tai nguyén tinh toan cao, khong ti wu cho trién
khai trong cac hé théng vi xir Iy cong suat thap

Nguyen va cs. (2024) di trinh bay mot hé thong khong xam 1an ap dung tri tué nhan
tao nham phan loai d6 chin cua sau riéng bang cach két hgp am thanh g& (knocking
sounds) va tin hi¢u rung (vibration signals). Phuong phap nay hira hen cdi thi¢n do chinh
xac trong phan loai d¢ chin, dong thoi giam thiéu hu hai cho qua trong qua trinh kiém tra.
Khac véi nhiéu nghién ctru trude ddy chi dung Am thanh hodc anh, viéc két hop &m thanh
va rung cho phép khai thac thém dic trung vat 1y sau hon ciia sdu riéng — tang kha ning
phan biét cac trang thai chin khac nhau. Tuy nhién nghién ctru ndy van con mot sd van dé
chua giai quyét dugce nhu chi phi cam bién, diéu kién méi trudng, ciing nhu tée do xur 1y
chua phu hgp cho quy mo6 thuong mai

Cac phuong phap néu trén tuy da dang nhung déu dobi mat voi mot van dé cot 15i:
cac trang thai chin khac nhau cua trai sau riéng c6 pho tin hiéu rat tuong dong, khién mo
hinh d& bi nham 1an néu khong trich xuét duge dic trung c6 tinh phan biét manh. Pé tai
nay tap trung giai quyet van dé dé bang cach:

o Ap dung bién ddi Wavelet dé loai bo nhiéu va gitr lai tin hi¢u c6 gia tri phan loai cao;

« DUNg bién d6i Fourier dé phan tich tin hidu trong mién tan s, tir 46 danh gia ning
luong phan bo pho;

« Dé xuét chi s6 do bét dinh phd — phan anh mirc phéan tan phd — lam cin ctr phan
biét cac mirc do chin.
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Phuong phap mang tinh don gian, tinh toan nhe, khong yéu cau huin luyén mé hinh
phtrc tap, phu hop vé6i yéu cau thuc tién trién khai trén thiét bi nhung trong day chuyén
phan loai ndng san.

3. Pé xuit giai phap
Dé giai quyét bai toan phén loai mirc d¢ chin cua trai sau riéng dwa trén tin hiéu 4m
thanh, nghién ctru nay dé xuat mot moé hinh xir 1y ba giai doan, v6i muc tiéu tach loc cac

dic trung c6 kha ning phan biét cao giita cac trang thai chin, dong thoi giam anh hudng
cua nhi€u va thong tin du thtra. Cac budc cu thé nhu sau:

3.1. Tong quan quy trinh xir Iy
Quy trinh xtr 1y tin hiéu gdm hai budc chinh:

1. Tién xur 1y va trich chon dic trung bang bién d6i Wavelet: loc nhiéu va gitr lai
cac thanh phan nang lugng chinh cua tin hi¢u: phan tich mién tan s6 bang bién doi Fourier.
Bicu dién pho cong suat tin hiéu, 1am co s¢ dinh luvgng cho phan loai.

2. Tinh toan do bat dinh phé: dé xuat mot chi sd phén 4&nh muc phan tdn ndng lugng
pho dé phan biét cac murc do chin.

Quy trinh duoc mé ta trong hinh 2 duéi dang so do khéi

Am thanh v
B8 trén séuriéng

wavelet

4 A
x Tach dédc trung bang bién doi }

[cA, cD] = dwi(x, ‘db4’):

ﬂm

Tinh d6 bét dinh trén phd Tinh chudi phé bang bién déi

L fourier
B0 bit dinh = 2*log2(var(prx)); 1

[pxx, f] = pspectrum(cA);

D6 bt dinh & nguing Chin

Chura chin

Hinh 2. M6 hinh gidi phdp dé xudt
3.2. Bién déi Wavelet dé loc nhiéu va trich dic trung

_ Tin hiéu am thanh thu dugc tir thao tac go Ién trai sdu riéng thuong chira nhiéu nhiéu
nén va thanh phan khong lién quan (do rung dong vo, vi tri g6 khoéng 6n dinh...). Do do,
bién d6i Wavelet ro1 rac (DWT) dugce sir dung dé phan tach tin hiéu thanh hé s6 xap xi (cA)
va chi tiet (cD), trong d6 cA chuira phan nang lugng chinh cua tin hi¢u (Mallat, 2009).

Cong cu st dung: [CA, cD] = dwt(x, 'db4");

Vi x 1a tin higu gbc va ab4 1a ham Wavelet Daubechies cip 4 — lya chon phd bién
trong phan tich tin hiéu ngan khong tuan hoan.
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3.3. Phén tich pho bang bién déi Fourier

Hé s6 xdp xi ca sau khi dugc tach ra s& dugc chuyén sang mién tan sé bang bién
do6i Fourier dé khao sat pho cong suat: [pxX, f] = pspectrum(cA);

Phé thu dugc p.. chtra phan bd ning luong trén dai tin cua tin hiéu. Tuy nhién, phd
cua céc trang thai “chin” va “chua chin” c6 the twong tu nhau ve hinh dang tong thé, nén
viéc phan loai dua truc ti€p vao bién d6 pho 1a khong hiéu qua (Oppenheim va cs., 2009).

3.4. Dé xudt chi sé phan logi: Dj bit dinh pho

Dé tang kha ning phén biét, nghién ctru dé xuit sir dung do bat dinh phd — mét chi
s0 thong ké phan d&nh muc d6 phan tan ctia nang luong pho:

U =2log,(Var(P,,)) . (3.2)
Trong do:
e P, pho cong suat tin hiéu
e var: phuong sai, biéu thi mac do phan tan ning lugng

Khi tin hiéu ¢ cau trac 6n dinh, pho s& tip trung — phuong sai thdp — d6 bat dinh
thap. Nguorc lai, tin hi¢u hon hop hoac c6 cong hudng s€ cho pho phan tan hon — do bat
dinh cao.

Két qua thir nghiém cho thay:

e Tin hiéu tir trai chua chin c6 U € [32.5-33.2]

e Tin hi¢u tur trai chin c6 U € [33.6-38.3]

Khoéng c6 khoang chong lap giita hai nhom — c6 thé dat ngudng phan loai 16 rang
tai: UNguong =33.35£0.25

Giai phap dé xuat duoc mo ta dudi dang giai thuat nhu sau

Thuat tooan PHANLOAI SAU RIENG

Input: Tap tin hiéu 4m thanh X = {x1, Xz, ..., Xa}, MOi X; 1 chudi tin hiéu dang roi
rac (PCM)

Output: Nhan phan loai tuong tng Y = {y1, y2, ..., ¥} V01 y; € {“chua chin”, “chin”}

Tham sb:

* Ham Wavelet: db4

« Ngudng phan loai do bat dinh: U,gusne = 33.35

Budc 1: Khoi tao tap két qua rong: Y «— @

Budc 2: Vi mdi tin hiéu x; € X, thuc hién:

B2.1. Tién xt 1y tin hiéu:

« Chuén hoéa bién d6 néu can

« Cit bo khoang ling dau/cubi tin hiéu (ty chon)

B2.2. Bién d6i Wavelet:

https://vjol.info.vn/index.php/tdm 13
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* [cA, cD] « DWT(xi, wavelet = 'db4")

« Gitr lai hé s6 x4p xi cA 1am tin hiéu dai dién
B2.3. Bién ddi Fourier:

* [pxx, f] <~ PSPECTRUM(cA)

« pxx 1 pho cong suét tin hiéu

B2.4. Tinh d6 bt dinh theo cong thirc (3.1):

* var pxx < VARIANCE(pxx)

* U« 2 X loga(var pxx)

B2.5. Phan loai:

«NéuU<U_thresh:

yi «— “chua chin”

Nguoc lai:

yi «— “chin”

B2.6. Gan nhan y; vao tap két qua: Y «— Y U {yi}
Budc 3: Tra vé tp nhan Y

3.5. Danh gia dj phirc tap tinh todn

Phuong phap dé xuat khong sir dung mé hinh hoc sau hay thuét toan hudn luyén
phtic tap. Toan bo quy trinh xt 1y 13 tuyén tinh, c6 thé thuc thi trén thiét bi tinh toan don
gian nhu vi diéu khién hodc Raspberry Pi. Diéu nay giup dam bao kha ning tich hop thuc
té vao cac hé thong phan loai ty dong trong chudi so ché trai cdy.

4. Thuc nghiém va danh gia
4.1. Tap dir ligu va diéu ki¢n thu am

Tap dir liéu sir dung trong nghién ctru bao gdm 75 mau tin hidu 4m thanh duoc thu
tur trai sau riéng giong & ba trang thai khac nhau:

¢ 25 mau siu riéng chua chin;

« 25 mAu sau riéng chin vira;

« 25 mAu sau riéng chin qua.

Cac mau dugc thu 4m tai Vién Nghién ctru va Ung dung Cong ngh¢ — Truong Dai
hoc Su pham Ky thuat TP. H6 Chi Minh. Am thanh dugc ghi bang micro dinh hudng,
dinh dang WAV, tan s6 lay mau 4§kl—]z, d6 sau bit 16-bit, moi mau c6 thoi luwong trung
binh 4 gidy, luu trir dudi dang chuoi s6 PCM trong tép csv

4.2. Xir Iy tin hiéu va tinh todn d bét dinh

Toan bg 75 tin hi¢u am thanh dugc xur 1y qua ba giai doan:

1. Bién doi Wavelet roi rac (DWT) v6i ham Daubechies-4 dé tich hé s6 xap xi (cA),
loai bo nhicu va gitr lai dac trung chinh.

https://vjol.info.vn/index.php/tdm 14
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2. Bién ddi Fourier (pspectrum) dugc ap dung 1én cA dé thu duoc phd cong suét

mot chi€u Pxx.

Tinh chi sé d6 bat dinh phd theo cong thirc (3.1).

Gia tri U duoc st dung nhu dau ra dinh luong cua mo hinh, lam can c phan loai

d6 chin.

4.3. Phén bé chi sé dé bat dinh theo trang thdi

Két qua tinh toan d6 bat dinh trén 75 méu duoc tong hop nhu sau:

Trang thai S6 mau Khodang gia tri U Gia tri trung binh U
Chua chin 25 32.52 - 33.18 ~32.90
Chin (vira & qua) 25 33.63 — 38.38 ~36.40

Qua khoang gia tri U nhu trén ta thay rang khong co6 su giao thoa giita hai khoang

gia tri. Tur d6, ngudng phan loai dugc thiét lap tai: U

Nguong

=33.35+£0.25

Dé kiém tra hiéu qua phan loai, mo6 hinh dugc 4p dung véi ngudng U thresh =
33.35 trén tap 50 mau tir hai nhém: “chua chin” va “chin”. Két qua:

e 100% mau “chua chin” ¢6 U < 33.35

e 100% mau “chin” c6 U > 33.35

D0 chinh x4c dat:

Bing 1. Két qua trén chay mé hinh dé xudt trén 25 madu sau riéng xanh

TT ID Miu Do bit dinh Nhan Két qua T/F
1 B 32.7780 unripe T
2 C 32.5165 unripe T
3 D 32.5846 unripe T
4 E 32.5497 unripe T
5 F 32.5550 unripe T
6 G 32.5796 unripe T
7 H 32.5296 unripe T
8 | 32.6349 unripe T
9 J 32.4522 unripe T
10 K 33.1083 unripe T
11 L 33.1131 unripe T
12 M 33.1831 unripe T
13 N 33.2160 unripe T
14 O 33.1165 unripe T
15 P 33.2108 unripe T
16 Q 33.0730 unripe T
17 R 33.0058 unripe T
18 S 33.0962 unripe T
19 T 33.0804 unripe T
20 U 33.5911 unripe T
21 \% 33.2177 unripe T
22 W 33.2061 unripe T
23 X 33.1198 unripe T
24 Y 33.1015 unripe T
25 Z 33.1805 unripe T

https://vjol.info.vn/index.php/tdm
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Bdng 2. Két qud trén chay mé hinh d@é xudat trén 25 mau sau riéng chin

TT ID Mau Do bit dinh Nhan Két qua T/F
1 B 34.8829 ripe T
2 C 38.2317 ripe T
3 D 35.8001 ripe T
4 E 38.1694 ripe T
5 F 37.8699 ripe T
6 G 33.6327 ripe T
7 H 33.5361 ripe T
8 I 38.1012 ripe T
9 J 38.0726 ripe T
10 K 38.1506 ripe T
11 L 33.8062 ripe T
12 M 38.3806 ripe T
13 N 37.9591 ripe T
14 @] 38.2848 ripe T
15 P 38.3380 ripe T
16 Q 38.3164 ripe T
17 R 33.9704 ripe T
18 S 33.8550 ripe T
19 T 38.2721 ripe T
20 U 38.3728 ripe T
21 V 33.8287 ripe T
22 w 33.9226 ripe T
23 X 34.1702 ripe T
24 Y 34.9025 ripe T
25 Z 38.3735 ripe T

4.5. So sanh voi cac phwong phdp lién quan

So sanh do chinh xac phat hién trang thai chin cho sau riéng duoc phan dnh qua
bang sau:

Phwong phap Mo hinh Pic trung Accuracy
MFCC + n-gram Théng ké Am thanh 90.0%
CNN + MFCC Hoc sau Am thanh 89.4%
NIR-HSI + SVM Hoc may Hinh anh 92.7%
Wavelet + Fourier + U (dé xuét) Phéan ngudng Am thanh 100%

Qua d6 ta thdy rang mo hinh dé xuat vuot trdi vé do chinh xac, dong thoi don gian
hon va khong can huan luyén moé hinh phtrc tap.

5. Két luan va huéng phat trién

Nghién ctru nay da dé xuat mot phuwong phap xir 1y tin hiéu am thanh hiéu qua dé
phén loai murc d6 chin cua trai sdu riéng, dua trén ba giai doan chinh: bién doi Wavelet
dé trich chon dic trung, bién d6i Fourier dé phan tich pho tin hi¢u, va st dung chi $6 do
bt dinh lam tiéu chi phan loai. Két qua thuc nghiém trén 75 mau 4m thanh ghi nhan tur
tréi siu riéng & cac mirc d¢ chin khac nhau cho thay chi sé d6 bat dinh c6 kha ning tach
biét rd rang gitra hai nhdm “chua chin” va “chin”, vdi do chinh xac dat 100% khi ap dung
ngudng phan loai phu hop.
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Uu diém ndi bat cua phwong phép 1a tinh don gian, tuyén tinh trong tinh toan va
kha nang trién khai trén cac thiét bi chi phi thap ma khong can huan luyén mé hinh hoc
may hodc hoc sau. Pidu ndy mé ra tiém ning tich hop vao cac hé thong phan loai trai cay
thong minh tai cac co so so ché, dong gbi hodc trén ddy chuyén san xuit.

Trong tuong lai, nghién ctru s€ dugc mo rong theo cac huong sau:

e Phén loai ba mtrc d6 chin thay vi hai 16p nhu hién tai (chua chin — chin vira — chin
hoan toan).

e Tich hop quy trinh xr 1y vao hé théng nhung thoi gian thuc (Raspberry Pi,
ESP32...).

S0 sanh hi¢u qua phan loai v6i cdc mo hinh hoc may/hoc sau nhu SVM, CNN,
hoac mang RNN.

« Ap dung phuong phap cho cac loai trai cdy khac nhu xo0ai, bo, mit c6 co ché cong
huong tuong tu.

Phuong phap dé guét khong chi co y nghia thyc tién trong phan loai sdu riéng ma
con 1a mot hudng di tiém nang cho céc ing dung xt 1y tin hi¢u am thanh trong ndong
nghi¢p thong minh.
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