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TOM TAT

Trong boi canh Internet van vit (IoT) ngdy cang phdt trién, viéc trién khai hé thong cam
bién 10T ¢ nhitng dia diém cé dung lwong bing thong thap va gdp nhiéu tir méi trieong ciing phé
bién hon. Nghién ciru nay dé xudt sir dung mang Autoencoder dé nén dir liéu cam bién IoT, dong
thoi giam nhiéu, nham toi wu héa truyén dir liéu. Mang Autoencoder di dwoc trién khai mé phong
trén Google Colab voi bo dir lieu Air Quality UCI, dat ty I¢ nén 3x, MSE trung binh 0.0025, PSNR
26.1 dB, va SSIM 0.9802. Két qua cho thdy Autoencoder khéng chi giam kich thuéc dir liéu ma con
gidm nhiéu, cdi thién chat lwong tdi tao, mé ra tiém nang vng dung trong cdc hé thong IoT can quan

tam dén dung lwong truyén dir liéu va xir Iy nhiéu.
Tiur khéa: Autoencoder; IOT: Cam bién.
ABSTRACT

In the context of the rapidly evolving Internet of Things (loT), the deployment of loT
sensor systems in locations with low bandwidth capacity and environmental noise interference has
become increasingly common. This study proposes the use of an Autoencoder network to compress
1oT sensor data while simultaneously reducing noise, aiming to optimize data transmission. The
Autoencoder network was implemented and simulated on Google Colab using the Air Quality UCI
dataset, achieving a compression ratio of 3x, an average MSE of 0.0025, a PSNR of 26.1 dB, and
an SSIM of 0.9802. The results demonstrate that the Autoencoder not only reduces data size but
also mitigates noise, improving reconstruction quality. This opens up potential applications in loT

systems where data transmission capacity and noise handling are critical concerns.
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1. PAT VAN PE

Internet van vét (IoT) da tr& thanh nén
tang quan trong trong nhiéu linh vuc nhu nong
nghi¢p thong minh, gidm sat moéi truong, va
quéan 1y nang luong. Do do, cac thiét bi IoT c6
thé can duoc trién khai trong moi truong mang
han ché, noi bang thong thap va thuong gip
nhiéu tr cam bién. Viéc nén dir liéu cam bién
trude khi truyén va giam nhiéu trong qua trinh
xtr 1y 12 can thiét dé dam bao hidu qué va do tin
cdy cua hé théng [1].

Mang Autoencoder, mgt loai mang no-
ron hoc khong giam sat, c6 kha nang nén dir
lidu thanh biéu dién nho gon (latent space) va
tai tao dir lidu gdc véi su giam thiéu vé nhiéu
nhd co ché cia mang 14 hoc cac dic trung quan
trong. Do d6, mang autoencoder co thé duogc
mg dung dé giam thiéu dung luong truyén dir
liéu, giam nhiéu ma van giit nguyén dugc do
toan ven cua dit liéu. Nghién cru nay nhim
danh gia hiéu qua cua Autoencoder trong viéc
nén va tai tao dit liéu cam bién IoT, st dung mo
phéng trén bo dir li€éu mo. Muc ti€u 1a mang
autoencoder duoc thiét ké co thé dat ty 1€ nén
cao, nhung van duy tri chét lugng téi tao, va
loai bé nhiéu hiéu qua.

2. THIET KE MANG AUTOENCODER

2.1. B) dir liéu dwoce sir dung dé huén luyén
va kiém tra

B6 dir liéu duoc stir dung la Air Quality
Dataset tr UCI Machine Learning Repository.
bay 1a mot bo dir liéu mao, bao gém 9358 mau,
duogc thu thap tor mot mang ludi cam bién khong
khi dat tai mot thanh phd ¢ Y tir thang 3 nam
2004 dén thang 2 nam 2005. Trong bo dit liu
nay c6 12 cot ghi lai dir liéu tir cac cam bién
bao gém: n6ng do khi CO, NO,, NOx, benzen,

nhiét do, d6 4m tuong dbi, va cac chi sb khac
lién quan dén chat luong khong khi [3]. Dir
liéu tir bo dit liéu trude khi dua vao huin luyén
cho mang autoencoder s€ dugc chuan héa vé
khoang [0, 1] nham phu hop véi yéu cau dau
vao cua Autoencoder nhu sau:

X = Xmin

xnorm -

Xmax — Xmin

Voi: x 1a gia tri goc, x_., x_la gia tri
, , min max n
nhd nhat va l6n nhat tuong tng cua cot dir licu,

con x_1a gid tri da dugc chuan hoa.
norm * N
2.2. Thiét ke cau tric mang autoencoder

Mang Autoencoder dugc khoi tao thiét
ké véi kién tric fully-connected nhu sau [2]:

- Input Layer: 12 nut, tuong ung véi 12
cot dir liéu cam bién.

- Encoder: Hai tang an véi lan luot 8
va 4 nut, st dung ham kich hoat ReLU: f(x) =
max(0,x).

- Bottleneck: 4 nut, 1a kich thuéc cua
latent space.

- Decoder: Hai tang an voi lan luot 8 va
12 nut, két thuc bang ham sigmoid dé dam bao
1
1+e*

dau ra trong khoang [0, 1]: o(x) =

- Loss Function: Mean Squared Error

(MSE) duoc dung dé tinh sai so gitra dau ra cua

mang va dit liéu gbc: MSE = = YL —9)?

A x . N AT \ .7

voiy la gid tri thye t€ cia mau thriva ), la gia
tri du doan tir autoencoder.

- Optimizer: Adam, véi learning rate
0.001.
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CAu tric mang trén dugc lya chon dé
can bang giita viéc nén dit liéu giup giam bing
thong khi truyén dit liéu cua sensor dong thoi
khong 1am mat di tinh chi tiét cta dir liéu. Dya
vao két qua cta qua trinh thir nghiém, cdu trac
ctia mang s& duoc thay d6i dé thu dugc dap tng
tot hon.

2.3. Huin luyén mang autoencoder

Pé dam bao mang autoencoder hoc
mot cach hiéu qua vé thoi gian, va tranh hién
tuong overfitting vi dir liéu 9358 mau 1a tuong
d6i nho, mo hinh dugc huan luyén trén Google
Colab trong 20 epochs, vdi batch size 32. Ngoai
ra, dé mo phdong viéc cac cam bién chju anh
huong boi nhiéu, dir liéu gde duoc thém nhiéu
Gaussian nhu sau:

X .= clamp(x + N(0,6?),0,1)

noise

Trong do:

- (x): Dit liéu gbe.

- N(0,6?): Nhiéu Gaussian.

- clamp: Ham gitp gidi han gia tri trong
khoang [0,1] dé tranh vuot ngudng yéu ciu cia
mang.

3. KET QUA VA PHAN TiCH

Sau qué trinh thu nghiém, cdu trac
mang duoc thiét ké lai v6i viéc ting mot ting
an va s6 nat dé co dap ung tét hon voi mot sb
cam bién c6 MAE cao nhu NOx. Qua viéc thir
nghiém voi mot sd kiéu cdu tric khac nhau,
mang autoencoder dugc thiét ké lai véi cAu trac
1a (12 — 20 — 10 — 4), so vdi cdu trac mang
cila(12 -8 —4).

3.1. Chit lwong tai tao tong thé

Chét lugng tai tao dugc danh gia qua
cac chi s6 MSE, PSNR va SSIM trén 100 mau
dix liéu cho thay ca hai mang autoencoder déu
cho két qua tdt, va ciu tric mang duogc thiét
ké lai cho dap tng tot hon so voi mang khai
tao. Vi cau tric Autoencoder méi (12 — 20 —
10 — 4), mo6 hinh dat MSE = 0.0025 (giam tur
0.0188 so vdi cau tric cii 12 — 8 — 4), PSNR
= 26.1 dB (tang tur 17.26 dB), va SSIM trung
binh = 0.9802 (ting tir 0.8542). Cac chi s nay
cho théy dit liéu tai tao rat gﬁn voi dir liéu géc,
v6i d6 méo thip va cau truc duoc bao toan tot
(SSIM gan 1).

Bdng 1. So sanh chat lwong tdi tao dit liéu gitta
cdc cau triic mang Autoencoder

Céu triic mang | MSE | PSNR(dB) | SSIM
12—>8—4 00188 17.26 | 0.8542
1222010 160005 | 2610 | 0.9802
—4
S Ty 08 vea Lama Lhan: Tradrerg Do ki

Hinh 1. Sy thay d6i MSE trong qud trinh hudn
luyén mang (12 — 20 — 10 — 4).

3.2. Sai so tirng caAm bién

Hinh 2 cho thdy MAE trung binh tinh
theo timg cam bién thu duoc tir mang (12 —
20 — 10 — 4). Cam bién NOx & mang khoi
tao c6 MAE cao (0.17-0.2), nhung v&i mang
autoencoder cdu tric mdi, MAE NOx giam
xubng dudi 0.06. Gan nhu tat ca cac cam bién
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khac déu c6 MAE rat thap (<0.04), cho thay tai
tao dong déu trén hau hét cam bién.
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Hinh 2. Két qua MAE theo tirng cam bién thu dwoc
tr mang (12 — 20 — 10 — 4).

3.3. Phan bo sai s6
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Hinh 3. Phdn b6 sai s6 tuyét doi.

Sai s6 chi yéu nam trong khoang
0-0.04, chirng minh chat lugng tai tao cao.

4. KET LUAN

Bai bao d trinh bay viéc thiét ké mang
autoencoder v&i muc dich nén va giam nhiéu
dir liéu trong qua trinh truyén nhan cac cam
bién TOT. Két qua thu dugc cho théy, mang
autoencoder néu duogc thiét ké ding cach hoan
toan co thé vira giam dugc dung luong dir lidu
truyén nhan, vira c6 thé giam nhidu do moi
truong tic dong. Diéu nay s& gitp nang cao kha
nang ung dung, trién khai cac du an IOT tai
cac moi trudng gap kho khan trong viée truyén
nhan dir liéu va anh huong nhiéu boi nhidu. <
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