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TOM TAT

Mb6 hinh hoc méy nhé (TinyML) dé néi lén nhw mot gidi phdp then chot d@é trién khai
tri tué nhan tao trén cdc thiét bi bién giGi han tai nguyén, dic biét trong néng nghiép va céng
nghiép la noi doi héi kha nang suy ludn thoi gian thye, tiéu thy nang leong thdp va hoat dong
ngoai tuyén. Diea trén cdc phan tich tir cdc nghién ciku vé tiép cdn nay, bai bdo dé xudt khung
danh gid ndm chiéu bao gom (i) dé chinh xdc ciia mé hinh, (i) hiéu quad tinh todn, (iii) tiéu
thu néng lwong, (iv) kha ndng mé réng va thich vmg, va (v) kha nang tich hop hé théng nham
so sanh c6 hé thong giita cdc nghién ciru da nén tang va da linh viee. Két qua cho thdy cdc mé
hinh dwoc t6i wu (Random Forest, CNN nhe, YOLOVS) ¢ thé dat d¢ chinh xdc cao ( >90%),
trong khi viéc tich hop IoT, UAV va xir Iy bién giup tiét kiém nang lwong (8.5—40%) va mo
réng pham vi trién khai. Quan trong hon, khdo sdt nay so sanh chéo giita hé thong IoT néng
nghiép va céng nghiép, lam ré diém chung (véu cau ngoai tuyén, tiét kiém ndang lheong) va
khac biét (logi cam bién, tiéu chi danh gid, diéu kién moi trwong). Tw do, bai bao xac dinh

cdc hwdng nghién ciku tiép theo.
Tiwr Khéa: Nong nghiép, Cong nghiép, Hé thong 0T, dién toan bién, mé hinh hoc may nho

TinyML.

ABSTRACT

Tiny Machine Learning (TinyML) models have emerged as a key solution for
deploying artificial intelligence on resource-constrained edge devices, particularly in
agriculture and industry, where real-time inference capabilities, low power consumption, and
offline operation are required. Based on analyses from studies on this approach, this paper
proposes a five-dimensional evaluation framework including (i) model accuracy, (ii)
computational efficiency, (iii) power consumption, (iv) scalability and adaptability, and (v)
system integration capabilities for systematic comparison across cross-platform and cross-
disciplinary studies. Results show that optimized models (Random Forest, Lightweight CNN,
YOLOVS) can achieve high accuracy (>90%), while integration of loT, UAVs, and edge
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processing results in energy savings (8.5-40%) and expands deployment scope. More
importantly, this survey cross-compares agricultural and industrial IoT systems, clarifying
commonalities (such as offline requirements and energy savings) and differences (including
sensor types, evaluation criteria, and environmental conditions). From this, the paper

identifies directions for further research.

Keywords: Agriculture, Industry, IoT systems, edge computing, TinyML, small machine

learning model.
1. GIOI THIEU

Nhu cdu ngay cang cip thiét vé quan 1y tai nguyén bén viing, an ninh lwong thuc va tir
dong hoa cong nghiép da thic day sy phat trién cta cac hé thong thong minh dua trén tri tué
nhan tao (AI) tai chd (on-device). Tuy nhién, cic mé hinh Al truyén thong thudng doi hoi co
s& ha tz‘ing dién todn dam may, gay ra do tré cao, tiéu ton bang thong va phu thude két ndi 1a
nhimg yéu t6 khong pht hop vi moi trudng nong thon, viing sau ving xa hodc nha may coéng
nghiép han ché ha tang. Trong bdi canh nhu cau ngdy cang cap thiét vé quan 1y tai nguyén bén
vitng va ra quyét dinh thoi gian thuc trong moi truong han ché tai nguyén, Tiny Machine
Learning (TinyML) di ndi 1én nhu mot giai phap then chét cho néng nghiép va cong nghiép
(Zhou et al., 2025; Joy et al., 2025). Tuy nhién, cac khdo sat hi¢n c6 dang tap trung vao cac
muc tiéu cu thé nhu t6i vu hda mo hinh va phan cimg (Temouden, 2025; Capogrosso et al.,
2024), hay linh vuc Gng dung duy nhit nhu ndng nghiép (Munawar et al., 2025) hodc moi
truong (Bamoumen et al., 2022), dan dén thiéu goc nhin lién nganh va co sé dé so sanh hiéu

qua xuyén mién.

Dic biét, chua c6 khao sat nao ddng thoi phan tich TinyML trong ca nong nghiép va
cong nghiép khi hai linh vuc déu doi hoi giam sat thoi gian thuc, tiéu thu ning lugng thap va
kha ning hoat dong ngoai tuyén, nhung lai c6 yéu cau dir liéu, diéu kién méi truong va tiéu
chi danh gia khéac biét o rét. Do d6, bai bdo nay thuc hién mdt khado sat hé théng dé lam rd
vai tro cua cac giai phap TinyML, diém chung va khac biét trong ing dung vao ca hai linh
vuc. Tir d6, dong godp chinh ciia nghién ciru khao sat nay s& gdm mot khung danh gia nim
chiéu cho phép so sanh cong bang giita cac nghién ctru da nén tang dé phan tich chéo giita

nong nghiép va cong nghiép, va dé xuat huéng maé cho cac nhién ctru tiép theo.

2. CAC NGHIEN CUU LIEN QUAN
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Trong vai nim gan ddy, mot sb khao sat hé thdng va khao sat téng quan dd duogc tién
hanh va céng bb nham tong hop tién bd cua TinyML trong céac linh vuc tng dung cu thé. Tuy
nhién, phan 16n cac khao sat hién cé tap trung thuan tiy vao ky thuit trién khai phan ctng,
kién trac mo hinh, hodc mét linh vuc ung dung duy nhat, dan dén thiéu gdc nhin lién nganh
va khong di co s& dé so sanh hiéu qua xuyén mién. Tu gbc do tong quan cia tinyML véi
trong tam la t6i wu hda mé hinh va tiéu thu nang luong trén thiét bi bién, tac gia (Temouden,
2025) da tap trung vao cac giai phap k¥ thuat nhu luong tir hoa, cit tia va chung cat kién thirc
thé hién rd myc tiéu thu nhé mo hinh hoc may. Tuy nhién, bai khao sat nay khong dé cap toi
linh vuc tmg dung, ciing khong dé cap dén cac thach thie dic thu trong nong nghiép hay cong
nghiép nén chua dé cip t6i danh gia tinh kha thi trién khai. Cling theo hudéng giai phap k¥
thudt, Capogrosso et al. (2024) khao sat cac thudt todn hoc may cho TinyML, nhan manh vao
ddng thiét ké phan ctimg va phan mém va cac cong cu phat trién (nhu TensorFlow Lite Micro,
Edge Impulse). Cac phan tich danh doi thuc té giita do chinh xéac, do tré va murc tiéu thu ning
luong trong mai truong thuc dia da khong dé cap. Mot géc do khac, Bamoumen et al. (2022)
danh gia kha ning tng dung cua TinyML trong giai quyét cac van dé méi truong, bao gdm
giam sat khi hau va tai nguyén. Nhung bai nghién ctru nay khong cé cac phan tich dinh lugong
v6i cac tmg dung cu thé vé cong nghiép 1a mot linh vuc ¢6 nhiéu diém twong dong vé han ché
tai nguyén va yéu cau thoi gian thuc. Tép trung vao tng dung trong ndng nghiép chinh xac.
Téac gia trong Munawar et al. (2025) va Singh et al. (2025) danh gia vai tro cua Al va IoT
trong viéc ning cao ning suit va tinh bén viing nhung khoéng phéan biét giita tinh toan dam
may va tinyML vé hiéu qua sir dung tai nguyén. Quan trong hon, chua c6 khao sat nao dén
nay thyc hién dong thoi ing dung tinyML cho ca néng nghiép va cong nghiép khi ca hai linh
vuc déu doi hoi giam sat thoi gian thuc, tiét kiém nang luong va kha nang hoat dong ngoai
tuyén, nhung lai ¢6 yéu cau dir liéu, diéu kién méi trudng va tiéu chi danh gia khac biét rd rét.

Vi vdy, bai bao ndy s& thuc hién khao sat, phan tich dé 1am sang to cac khia canh dudi day.

- Khung d4nh gia toan dién bao gém: (i) do chinh xac ctia mé hinh, (ii) hiéu qua tinh
toan, (iii) tiéu thu nang lugng, (iv) kha ndng mé rong & thich tng, va (v) kha nang tich hop hé
théng. Khung nay cho phép so sanh cong bang va co hé thong giira cac nghién ctru da nén

tang va da linh vuc.

- Phan tich chéo giita ndng nghiép va cong nghiép qua théng hoéa va so sanh truc tiép
cac giai phap TinyML trong hai linh vuc mg dung chinh. Qua d6, bai bao lam 16 diém chung
(nhu nhu ciu ngoai tuyén, tiét kiém ning luong) va khac biét (nhu loai cam bién, tan suat

giam sét, tiéu chi bao tri), tir d6 rit ra nguyén tic thiét ké chung va dic thu mién.
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- Xac dinh khoang trng cua cac nghién ctiru vé dit liéu va phuong phap dé 1am 16 co
ché bao mat phu hop véi thiét bi ning luong cuc thip (Bhattacharya & Pandey, 2023) 1a mot
huéng di trong twong lai ciing véi cac phuong phap ¢t 16i nhu hoc lién két tiét kiém ning

lugng, XAl va tiéu chuén hoa.

Nhu vy, bai khao sat nay khong chi tong hop tri thirc, ma con cung cdp mot ban do
dinh hudng co tinh thuc tién cao, lap ddy khoang tréng giita nghién ctru hoc thuat va trién

khai thuc té trong cé hai linh vuc then chdt: ndng nghiép va cong nghiép.
3. PHUONG PHAP VA PHAN TiCH KET QUA KHAO SAT

Pé dam bao tinh hé thong va do tin cay cua két qua tong quan, nghién ctru nay ap dung
quy trinh PRISMA theo hudng dan ciia Matthew J et.al (2021) bao gém 5 budc: (i) xac dinh
cau hdi nghién cuu, (ii) xay dung chién lugc tim kiém tai liéu, (ii1) sang loc va lga chon
nghién ctru, (iv) trich xuét dir liéu, va (v) tong hop va phan tich két qua. Quy trinh bat dau
bang viéc khao sat tap trung 1am rd cach thuc trién khai va hiéu qua cua cic giai phap
TinyML, trong d6 cau hoi nghién ctru gbc duge cu thé hoa thanh bdn truy van nhanh tap trung
vao cac khia canh: gidm sat cay tréng, phat hién dich hai, bao tri du doan va t6i wu hoa quy
trinh. Dya trén dinh huéng nay, budc tim kiém da khao sat va thu thap 576 bai bao tir cac co
so dir lidu Scopus, IEEE Xplore va arXiv trong giai doan 2022-2025. Nham khic phuc han
ché cua viéc tim kiém tir khoa don thuan, budc chudi trich dan da bo sung thém 65 tai liéu
thong qua phuong phap truy vét trich din xudi va nguoc. Tiép theo, qua trinh sang loc duoc
thuc hién nghiém ngat dya trén cac tiéu chi bao gém va loai trir da thiét lap, qua dé chon loc
duoc 50 bai bao c6 muc d6 lién quan cao nhat dé phan tich. Cubi cing, tai budc trich xuat dir
liéu, cac tai liéu dugc phan tich sau dya trén nam chiéu k¥ thuat bt 16i. Toan bd quy trinh lya

chon nghién ctru duoc minh hoa bing so d6 ludng PRISMA (Hinh 1).

Khao sat ctia chiing toi tap trung vao viéc trién khai cac giai phap hoc may dua trén
TinyML trong ndng nghiép (giam sat cay trong, phat hién dich hai) va cong nghiép (bao tri du
doan, t6i wu hoa quy trinh). Dir li¢u dugc t6 churc va phan tich theo nam chiéu dinh lugng va
dinh tinh: (1) d6 chinh xdc cua moé hinh, (2) hi€u qua tinh toén, (3) ti€u thu ning lugong, (4)
kha ning md rong va thich ing, va (5) kha nang tich hop hé thdng. Moi nhan dinh déu dugc

hd tro béi it nhat ba nghién ctru doc 1ap, dam bao tinh khach quan va tai tao.
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(IEEE Xplore, Scopus, arXiv, Google Scholar) LTS E s ~

| Loai trur trong qua
Céc ban ghi dugc sang loc trinh sang loc

Khong duoc binh
—» duyét, ngoai pham vi,

v hodc thiéu trién khai
Tiny ML

Sang lgc :

S6 ban ghi sau khi loai bé trung lap: 511

Cac bai bao toan van dugce danh gia

+65 banghi- 1
dwoe xac F N
dinh Du diéu kién ‘Loai trir sau toan vin
) N e ed >
Thong qua 641 ban ghi dugc danh gia tinh du diéu kién \ Thidu chi tiét thue

truy xuat trich (511 tir tim kiém + 65 tir truy xuat trich dan) '
din nguoc va

Xudi

« nghiém, khong co chi
s0 hiéu suat, hodc chi
vding Al trén dam may |

Céc nghién ciru duge dua vao tong quan

LRy S EEE PR
1

Bao gom

50 nghién ctru duoc dua vio tong hop
dinh tinh va dinh luong

Hinh 1. So d6 luong PRISMA cua quy trinh lya chon nghién ctru

3.1. P§ chinh xac ctia m6 hinh

Tong cong 38/50 nghién ctru bao cdo do chinh xac trén 90% trong cac tic vu lién quan
dén giam sat cay tréng va phat hién dich hai. Cac m6 hinh Random Forest va CNN nhe 1a

kién trac pho bién nhat.

- Random Forest dat 6 chinh x4c 90.1% trong du doan ning suat ciy trong (Dhanaraj
et al., 2025), 91.2% trong giam sat strc khoe cdy (Lazaru et al., 2025), va 98.48% khi két hop
v6i hoi quy (Gupta et al., 2025).

- Céc bién thé CNN dugc tdi uu (MobileNet, YOLOvS, Mask R-CNN nén) dat d chinh
x4c tir 89.5% (Bilal et al., 2025) dén 99.17% (Singh & Bharti, 2025) trong phét hién dich hai.

- K§ thuat hoc ning cao nhu chung cét kién thirc (Li et al., 2024) va hoc tap hop
(Choudhari et al., 2024) gitip duy tri d6 chinh xac cao (96.19%) trong khi giam s6 luong tham

14
A

SO.
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Do chinh x4c cua c¢ac mé hinh TinyML
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Hinh 2. D) chinh x4c ctia cdc mo hinh
Tuy nhién, 12 nghién ctru ghi nhan suy giam do chinh xac do khi t6i vu hoa mé hinh
cho thiét bj bién: Sowmiya & Anitha (2025) bao cdo giam 2.5% d6 chinh xac sau khi nén
Mask R-CNN; Crupi et al. (2024) ghi nhan mAP = 0.79 (twong duong ~79% dd chinh xac)
trén SoC cong suét cyuc thap. Diéu nay cho thay sy danh doi c6 hé thong giita d6 chinh xac va

gidi han tai nguyén phan ctng.

3.2. Hiéu qua tinh toan

Chung toi khao sat 35/50 nghién ciru cung cip s lidu vé thoi gian suy ludn va tiéu thu
b6 nhé. Cac két qua cho thiy cac thong tin quan trong sau.

- D6 tré suy luan phd bién dudi 1 gidy. Tir 7.6 ms trén Arduino BLE 33 (Gookyi et al.,
2024) dén 220 ms trén Edge Impulse (Sowmiya & Anitha, 2025), va 80 ms trén Raspberry Pi
5 (Nyakuri et al., 2025).

- Tiéu thu bd nh¢ thudng dudi 1 MB. Cuy thé 726.6 KB RAM (Gookyi et al., 2024), 104
tham s6 cho m6 hinh nha kinh (Kango, 2023), va <I MB cho mé hinh YOLO chuyén sang
TFLite (Almeida et al., 2024).

- K¥ thuat tdi uu nhu ct tia, luong tur hoa, va chung cat kién thirc duoc st dung trong
27/50 nghién ctru dé giam yéu cdu tinh toan ma khong 1am mét dang ké do chinh xac (Bilal et
al., 2025; Li et al., 2024; Crupi et al., 2024).
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Céc nén tang UAV ciing cho thay kha ning xtr I trén bo mach hiéu qua: Annadata et al.
(2024) dat do tré téi thiéu véi tai nguyén tinh toan tdi thiéu, trong khi Arulprakash et al.
(2025) giam 60% thoi gian kiém tra nho giam st thoi gian thyec.

Bdng 1. Hi¢u qua tinh toan vdi cac phan ciing khéac nhau

Nén ting Bo nhé Do tré P§ chinh xic Nghién ciru
Arduino BLE 33 726.6 KB 7.6 ms 95% Gookyi et al.
Coral Edge TPU 250 KB 90 ms 96.19% Choudhari et al.

ESP32 800 KB 200 ms 98% Chamara et al.
Raspberry Pi 5 500 KB 80 ms 92% Nyakuri et al.
GAP9 SoC 150 KB 147 ms 79% Crupi et al.

3.3. Tiéu thu ning lugng

28/50 nghién ctru dinh lugng hodc phan tich hiéu qua nang lugng. Cac phat hién chinh
bao gom:

- Tiét kiém ning luong tir 8.5% dén 40% nhd xir 1y bién, DVFS, va giao thirc truyén
thong cong sut thép (Bhattacharya & Pandey, 2023; Zhou et al., 2025; Chamara et al., 2023).

- LoRaWAN, NB-IoT, va MQTT duogc sir dung trong 18/50 nghién ciru dé giam tiéu
thu nang lugng trong truyén ditr liu (Zhou et al., 2025; Karras et al., 2023; Sowmiya &
Anitha, 2025).

- Heé thdng tu cung cap ning luong (ndng luong mit troi) dugce trién khai trong 5 nghién
ctru, cho phép hoat dong ngoai tuyén, bén viing trong méi truong xa x6i (Solano et al., 2025;
Segalla et al., 2020).

- Hoc ting cuong gitp kéo dai tudi tho pin 1én 22.86% trong hé thdng IoT hd tro
TinyML (Ping & Nixon, 2024).

Tuy nhién, 8/50 nghién ctru khong cung cip s6 liéu dinh luong vé tiéu thu ning luong,

chi thao luan & murc khai niém (Gupta et al., 2025; Pandey et al., 2024).

Bing 2. Céc nghién ctru dién hinh lién quan t6i ning luong

Nghién ctru Ky thuat Tiét kiém
Solano et al. (2025) Nang lugng mat troi Tu cung cap (UAV)
Zhou et al. (2025) LoRaWAN + DVFS 15-40%
Aarthi et al. (2025) IoT + LoRa 35%
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Nghién ciru K§ thuat Tiét kiém
Cao & Qin (2025) Federated Learning 30%
Annadata et al. (2024) UAV tdi vu 25%
Ping & Nixon (2024) Hoc tang cuong (RL) 22.86%

3.4. Kha ning mé rong va thich ing

30/50 nghién ctru ching minh kha ning trién khai trén nhiéu nén tang phan cimg: vi
diéu khién (ESP32, Arduino), may tinh nhing (Raspberry Pi), SoC (GAP9), va UAV. Cu thé:

- Hoc lién két va hoc chuyén giao duoc sir dung trong 7 nghién ctru dé nang cao kha
ning tong quat hoa trén nhiu trang trai va didu kién moi truong (Cao & Qin, 2025;
Dockendorf, 2024; Hayajneh et al., 2023).

- UAV m¢ rong pham vi phu song khong gian, cho phép giam sat dién tich 16n
(Annadata et al., 2024; Arulprakash et al., 2025; Khan et al., 2024).

- M5 hinh nhén thirc ngit canh két hop dir liéu da phuwong thirc (cam bién, hinh anh, méi
trudng) giup thich tng voi bién dong moi trudng (Choudhari et al., 2024; Kim & Sim, 2025).

Tuy nhién, 15/50 nghién ctru thira nhan han ché trong kha nang khai quat hoa do thiéu
bd dir liéu da dang hodc thir nghiém chi trong moéi truong c6 kiém soat (Ibegbu & Korsah,
n.d.; Chempavathy et al., 2025). Cac nghién ctru thé hién kha ning mé rong va thich ung

duoc so sanh trong bang 3.

Bing 3. Cac nghién ciru thé hién kha niang mé rong va thich ung

I | Cao & Qin (2025) 5 Eﬁ;g?af“-m’ da
TL + FL, kha
2 Dockendorf (2024) 5 ning tong quat
cao
3 Annadata et al. 3 UAV giam sat
(2024) dién tich 16n
4 Choudhari et al. 3 Multi-modal,
(2024) DRL thich g
5 Arulprakash et al. 3 UAYV giam 60%
(2025) thoi gian
6 Hayajneh et al. 3 FL bao mat dix
(2023) liéu
7 | Khan et al. (2024) 3 gﬁ;’%;"lar’ t
8 | Gookyi et al. (2024) 1 gdgg‘;l"n%}féng
9 Ibegbu & Korsah 0 Mai truong co
(n.d.) kiém soat
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X | X | X | X | X | X [ X | X | X |X|Xx

X | X | X | X | X | X [ X | X | X |X|X

LoRaWAN,
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NB-IoT, gidm
sat thoi gian
thuce

MQTT, tiét
kiém nang
lugng

UAYV Solar, off-
grid

WSN, nong
nghiép chinh
x4c

RL ti ru ning
lugng

Context-aware,
thich tng moi
trudng

Multi-sensor
fusion

IoT + LoRa,
tam xa

Chempavathy et al.
(2025)

11 Gupta et al. (2025)

12 Lazaru et al. (2025)

13 Dhanaraj et al.
(2025)

14 Singh & Bharti
(2025)

15 Nyakuri et al.
(2025)

16 | Bilal et al. (2025)

17 Sowmiya & Anitha
(2025)

18 | Lietal. (2024)

19 Crupi et al. (2024)

20 | Zhou et al. (2025)

71 Chamara et al.
(2023)

22 Karras et al. (2023)

23 Solano et al. (2025)

24 Segalla et al. (2020)

25 Ping & Nixon
(2024)

26 | Kim & Sim (2025)
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4.5. Kha ning tich hop hé thong

Blockchain +
TinyML

Chuing t6i xem xét 33 nghién ctru tich hop TinyML véi ha tang IoT va dién toan bién va

rit ra cac két luan nhu dudi dy, cac thong tin tong hop duoc trinh bay trong hinh 3.

- Mang cam bién da phuong thuc dugc sir dung dé két hop dit liéu hinh anh, do Am,

nhiét do, va quang phd (Choudhari et al., 2024; Aarthi et al., 2025; Jothibasu et al., 2025).
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- Giao thire truyén thong nhu LoRaWAN (12 nghién ctru), NB-IoT (5), va MQTT (7)
hd trg két ndi tam xa, cong sudt thép (Zhou et al., 2025; Chamara et al., 2023; Karras et al.,

2023).

- Kién trac Edge-to-Cloud hoic hybrid duoc trién khai trong 9 nghién ctru dé can bing
xur 1y cuc bd va mo rong ddm may (Lazaru et al., 2025; Nyakuri et al., 2025).

- Tu dong hoa dugc tich hgp qua UAV, robot, va giao dién di dong (Annadata et al.,
2024; Arulprakash et al., 2025; Jirapanthong et al., 2024).

Tuy nhién, 10 nghién ctru ghi nhan thach thtrc trong tich hop cam bién khong dong nhat
va phu thudc vao giao thirc cu thé, lam giam tinh linh hoat khi trién khai trén nhiéu ha ting

(Choudhari et al., 2024; Dong et al., 2024).

A
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Cam bién IoT LoRaWAN/ NB-IoT  UAV/ Drone Giao dién di dong Blockchain/ FL  Edge-to- Cloud
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Thanh phén tich hop

Hinh 3. Kha nang tich hop hé théng
4. THAO LUAN

Khao sat nay téng hop cac giai phap hoc may cho TinyML trong nong nghiép va cong
nghiép nhdm ndi bat cic gia tri ma cac khao sat khac chwa dé cap 1a khung danh gid nam
chiéu bao g6m do chinh x&c, hi€u qua tinh toan, ti€éu thu nang luong, kha nang mo¢ rong va
kha ning tich hgp. Trong d6, khung ndm chiéu ciia khao sat nay cho phép so sanh c6 hé thong
gitra cac nén tang, mo hinh va linh vyc, tir do hd tro ra quyét dinh thiét ké c6 co s& dé trién
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khai TinyML trong moi trudng tai nguyén gidi han.Viéc phan tich chéo gitra ndng nghiép va
cong nghiép 13 diém khac biét rd rét vé goc nhin. Cac khao sat trude chu yéu thién vé mot linh
vuc dan dén thiéu hiéu biét vé cac nguyén tic thiét ké chung va dic thu mién. Trong khi do,
khao sat nay da lam rd van dé ca hai linh vuc déu wu tién mo hinh nhe, ngoai tuyén, ti€u thu
ning lugng thap. Nhung néng nghiép thién vé giam sat da phuong thire, tich hop UAV, va xir
1y hinh anh duéi diéu kién moi trudng dong, trong khi cong nghiép wu tién do tin cay hé
théng, kha niang phat hién sém 15i, va tich hop véi hé théng SCADA/IIoT. Su so sanh nay
khong chi gitip dinh hudng lya chon kién trac phi hop, ma con goi mé co hoi chuyén giao tri
thirc giita hai linh vuc. Vi du: hoc tap lién két tir cong nghiép c6 thé ap dung cho mang trang
trai phan tan. Va hudng nghién ciru trong tuwong lai ciing nhan rd khi khao sat gdm cac huéng
nhu hoc lién két tiét kiém ning luong, Al co thé giai thich (XAI), hay xay dung tiéu chuan

héa benchmark chung.
5. KET LUAN

Khao sat nay da hé thong hoa va phan tich cic nghién ciru 1y thuyét va thuc nghiém vé
TinyML trong nong nghiép va cong nghiép, dwa trén nam chiéu k¥ thuat ¢t 16i. Két qua cho
thdy cac giai phap hién tai da dat duoc sy can bang dang ké gitta dd chinh xac, hiéu qua tinh
toan, va tiét kiém nang luong nhd t6i wu héa mé hinh va tich hop IoT. Tuy nhién, sy danh doi
gitta d6 chinh x4c va tai nguyén phan cimg van ton tai, dic biét trén cac nén tang cong suat

cuc thap nhu GAP9 SoC.

Quan trong nhét, bai bao lam rd sy khac biét thiét ké gitra hai linh vuc nong nghiép va
cong nghi€p. Nong nghi¢p uu tién giam sat da phuong thic va tich hgp UAV trong méi
truong bién dong, trong khi cong nghiép nhan manh d tin cay hé thong va tich hop véi ha
tang IIoT. Diéu nay cho thiy khong thé 4p dung nguyén mau tir linh vyc nay sang linh vuc kia

ma khong diéu chinh theo ngit canh.
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