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Tém tit: UAV mang lai kha nang thu thdp dir liéu va gidm sat thoi gian thuc trong
nong nghiép. Tuy nhién, viéc trién khai Al tién tién, dac biét la hoc sau, trén UAV bi han ché
béi tai nguyén tinh todn, bé nhé va nang heong. Nghién ciru nay nghién civu vé hiéu sudt
cua cac mo hinh phan logi hinh anh TinyML lwong tir hoa cho giam sat nong nghiép. Chung
16i d@é xudt khung mé phong MATLAB/Simulink dé danh gid sw danh déi giita do chinh xdc,
toc dg suy ludn va tiéu thy tai nguyén. Két qua cho thdy cdc mé hinh TinyML leong tir héa
gidm ddng ké ddu chan tinh todn va ndng leong trong khi van duy tri dg chinh xdc chdp nhén
duge, cho phép xir Iy Al hiéu qud trén thiét bi. Nghién citu nay gép phan vao viéc trién khai
cdc gidi phap Al hiéu qua trén thiét bi bién, hurdng t&i ndéng nghiép t chii va bén viing hon.

Tir khoa: UAV, edge Al tinyML, lwong tir hoa, phdn loai hinh danh, gidm sat nong nghiép,
MATLAB/Simulink, xi ly thoi gian thuc

I. Pit van dé

UAVs da cach mang hoa nong
nghiép nhung Al hoc sau gdp han ché
vé tai nguyén. Edge Al va TinyML, dic
biét 1a luong tir hoa, giai quyét van dé
ndy bang cach tdi wvu héa mé hinh cho
thiét bi bién. Nghién ctru nay danh gia
hiéu suat mé hinh TinyML luong tir hoa
trén UAV mo phong bang MATLAB/

Simulink, tdp trung vao dd chinh xac,

'Khoa Pién - Bién tir, Truong Pai hoc Mé Ha Noi

tdc d6 va tiéu thu tai nguyén, nham thuc
ddy phat trién AT trén thiét bi UAV giam
sat nong nghiép.

I1. Cong trinh lién quan

Su hoi tu cua cac phuong tién bay
khong nguoi lai (UAV) va Tri tu¢ Nhan
tao (AI) da thuc day nghién clru sdu rong
trén nhiéu linh vuc khac nhau, dic biét

la trong céc tac vu thi gidc may tinh nhu
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phan loai hinh anh va phat hién d6i tuong.
Phin ndy cung cip tong quan vé céac tai
liéu hién co lién quan dén TinyML, phan
loai hinh anh dua trén UAV va Al bién,
néu bat tinh trang hién tai va xac dinh cac
khoang tréng nghién ctru ma nghién ciru

nay nham muc dich giai quyét.

2.1. Phén logi hinh dnh va Phdt
hién déi twong dwa trén UAV

UAV da tré thanh nén tang khong
thé thiéu cho cac tng dung da dang. Trong
ndng nghiép, phan loai hinh anh va phat
hién ddi twong tir hinh anh UAV rat quan
trong cho cac tac vu nhu giam sat cay
tré)ng, xac dinh bénh va udc tinh nang suit.
Céc phuong phap ban dau thuong dya vao
cac k¥ thuat xu 1y hinh danh truyén théng
va céc thuat toan hoc may nhu May vecto
hd tro (SVM) va Rirng ngiu nhién dé phan
loai céc loai ciy trong hodc phat hién cac
bat thuong [1]. Mic di hiéu qua trong moi
truong duoc kiém soat, cac phuong phap
nay thuong gip kho khin véi sy thay doi
va phuc tap cua dir li¢u trén khong trong
thé gi6i thuc, bao gdm cac diéu kién anh
sang khac nhau, su che khuat va cac ty 1&
dbi tuong da dang.

Sy ra doi ciia hoc sau da thic day
dang ké kha niang phan tich hinh anh dua
trén UAV. Ciac mang no-ron tich chap
(CNN) da chirng minh hiéu suét vuot troi
trong viéc trich xuat cac dic trung phan
cAp tir hinh anh, dan dén cic mé hinh
phéan loai va phat hién c6 do chinh xac
cao. Vi du, nhiéu nghién ctru da su dung
CNN dé phat hién co dai [2], chin doan

bénh cay trong [3] va dém trai cay [4]
bang cach sir dung hinh anh thu duoc tir
UAV. Tuy nhién, cac md hinh nay thuong
yéu ciu tai nguyén tinh toan dang ké,
khién viéc trién khai tryc tiép chiing trén
cac UAV co tai nguyén han ché tré nén
kho khan. Cac nha nghién cou da kham
pha cac chién lugc nhu xu 1y dya trén
dam may hodc chuyén tai tinh toan dén
cac tram mit dat, nhung nhitng diéu nay
gdy ra do tré va phu thudc vao céc lién
két truyén thong manh mé, han ché cac
ung dung thoi gian thyc [5].

2.2. AI bién va TinyML cho cdac
thiét bi c6 tai nguyén han ché

Pé khic phuc han ché cia Al dam
may, Al bién ndi 1én 1a mot phuong phap
hiru hiéu cho phép suy luan truc tiép trén
thiét bi, giam do tré, ting quyén riéng tu
va tu chu, dac biét quan trong cho UAV
trong cac tac vu thoi gian thuc. TinyML,
mot nhanh cta Al bién, chuyén vé cac
mo hinh ML hiéu qué cao cho thiét bj tai
nguyén cyc han ché (vi diéu khién), t6i vu
héa bd nhd, tinh todn va nang lugng. Linh
vuc nay da chimg kién sy phét trién nhanh
chong, vdi cac ing dung nhu nhan dang tur
khoa va nhan dang ctr chi dén phat hién bat
thuong trong moi truong cong nghi¢p [6].
Cac k¥ thuat chinh dé kich hoat TinyML
bao gom:

® Nén moé hinh: Giam kich thudce
va d6 phtrc tap cua mang no-ron ma khong
lam mét dang ké do chinh xac. Diéu nay
bao gdm cac phuong phap nhu cit tia,

luong tir hda va chung cat tri thirc.



® Kién tric hi¢u qua: Thiét ké
cac kién trac mang no-ron vdn nhe va
hiéu qua vé& mit tinh toan, chéng han nhu
MobileNet, EfficientNet va ShuffleNet [7]
[81[9].

® Phin cing chuyén dung: St
dung vi diéu khién cong suit thip, FPGA
hodc bo tang téc Al tuy chinh duoc thiét

Kké dé suy ludn hi¢u qua trén thiét bi.

2.3. Ky thudt t6i wu héa mé hinh:

Luwong tir hoa

Luong tir hoa 1a k§ thuat nén mod
hinh hiéu qua, giam do chinh xac sé (vi
du: 32-bit float xudng 8-bit integer) dé thu
nho kich thude, ting tdc suy luan va giam
tiéu thu nang luong (Jacob et al., 2018).
C0 hai loai chinh:

® Luong tor héa sau huin luyén
(PTQ) don gian, khong can huin luyén lai,
sir dung dir liéu hiéu chuan [10].

® Huén luyén nhan biét luong tir
hoa (QAT) mo phdéng luong tir hoa trong
quéa trinh hudn luyén, cho d chinh xéac
cao hon nhung t6n tai nguyén hon

Déi voi cac tmg dung TinyML trén
UAV, PTQ thuong dugc uu tién do tinh
don gian va chi phi tinh toan thip hon
trong qua trinh trién khai. Mot s nghién
ctru da kham pha viéc st dung luong tir
hoa dé Al hiéu qua trén céac thiét bi bién.
Vi du, Rastegari et al. (2016 [11]) da gidi
thicu XNOR-Net, luong tir hoa trong $6
va kich hoat thanh cac gia tri nhi phan, dat
duoc tbe do dang ké. Gan day hon, céc

nd luc di tap trung vao luong tir hoa sd
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nguyén 8 bit, mang lai su can bang tot
gitra vi¢c gitr lai d§ chinh x4c va tang hi¢u
qua [12].

2.4. Khung moé phong cho UAV va
Al bién

M6 phong déng vai tro thiét yéu
trong phat trién UAV va Al bién, cung
cap moi truong thir nghiém an toan, hiéu
qui. MATLAB/Simulink 13 nén tang
phé bién cho mo hinh héa va phan tich
hé théng phirc tap, bao gém dong luc
hoc UAV, diéu khién va hoc sau [13].
Céc nghién ctru trude day da ung dung
MATLAB/Simulink cho diéu khién bay
[14], 1ap ké hoach duong di [15] va hop
nhat cam bién UAV [16]. Tuy nhién,
thiéu khung mo phong toan dién danh gia
hiéu suat mo hinh TinyML lugng tir hoa
trén phan ctmg bién UAV cho gidm st
néng nghiép. Nghién ctru niy phat trién
khung mé phong MATLAB/Simulink dé
thu hep khoang cach do, cung cip danh
gia dinh lugng vé d6 chinh xéc, téc do va
tiéu thu tai nguyén cua cac mo hinh phan
loai hinh anh TinyML lugng tu héa trén
UAV ndng nghiép.

I11. Phwong phap nghién ciru

Phan nay trinh bay chi tiét phuong
phép luan dugc st dung dé danh gia hiéu
suat ctia cac mo hinh phan loai hinh anh
TinyML luong tir hoa trén cac nén tang
UAV mo6 phdng cho giam sat nong nghiép.
Chung t61 mo ta viéc lya chon va tdi wu
héa cac mé hinh TinyML, thiét ké khung
md phong MATLAB/Simulink va cac chi

s0 hi¢u suat duogc st dung dé danh gia.
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3.1. Lwa chon va Toi wu héa Mé
hinh TinyML

Pé dam bao sy phu hop véi cac
thiét bi bién UAV c6 tai nguyén han
ché, chung toi tap trung vao cac kién
trac mang no-ron tich chap (CNN) nhe.
D6i voi nghién ctru nay, chung t6i chon
MobileNetV2 lam mo hinh nhe dai dién
do céu triic du nguoc va cac phép tich
chap tach sdu, giup giam dang ké chi
phi tinh todn va kich thuéc mo hinh
trong khi van duy tri d6 chinh xac canh
tranh [17]. Ching t6i s€ xem xét mdt md
hinh MobileNetV2 da dugc huin luyén
trude trén moét tap dir liéu 16n (vi du:
ImageNet) lam diém khoi dau, sau dé
tinh chinh n6 trén mot tap ditr li¢u hinh
anh nong nghiép.

3.1.1. Tap dir lieu hinh anh nong nghiép

Dbi véi cac ing dung giam sat nong
nghi¢p, chung t6i s€ st dung Tap dir licu
PlantVillage [18]. Tap dit liéu nay bao gom
cac hinh anh 14 cay khoe manh va bi bénh,
bao gdm nhiéu loai cdy trong va loai bénh
khac nhau. N6 rat phit hop cho cac tac vu
phan loai hinh anh trong nong nghiép. Tap
dir lidu s& duoc tién xir Iy dé thay doi kich
thudc tét ca cac hinh anh thanh mot kich
thudc dau vao dong nhat (vi du: 96x96
pixel hodc 128x128 pixel, tuy thudc vao
cAu hinh 16p diu vao MobileNetV2 di
chon) va chuan héa thanh mot pham vi phu
hop cho dau vao mang no-ron (vi du: [0,
1] hodc [-1, 1]). Cac k¥ thuat tdng cuong
dir liéu (vi du: xoay, lat, phong to) s€ dugc

ap dung trong qua trinh huin luyén dé ting

cuong tinh manh mé va kha niang tong quat
héa ctia mé hinh.

3.1.2. Lwong tir héa sau hudn
luyén (PTQ)

Véi TinyML, ching t6i ap dung
Luong tir héa sau huin luyén (PTQ)
dé chuyén d6i mo hinh diu phiy dong
sang dinh dang s6 nguyén (INT8), giam
kich thudc, ting téc suy luan va tiét
ki€ém nang lugng (Jacob et al., 2018).
Qua trinh nay gdm: nhdp mé hinh (vi
du: MobileNetV2 vao MATLAB qua
ONNX [19]), hiéu chuan bang tap dir
liéu nho dé xac dinh pham vi kich hoat,
va chuyén doi sang INTS. Chung toi s&
so sanh hiéu suat mo hinh float32 gbc
vO1 phién

3.2. Thiét ké Khung mé phong
MATLAB/Simulink

Khung mé phong MATLAB/
Simulink duoc phat trién dé danh gia
hé théng mo hinh TinyML trén UAV.
N6 bao gom mo hinh UAV don gian hoa
(dong lyc hoc bay, thu thap hinh anh
mo phong tur tap dir licu PlantVillage)
va mo6 hinh phan cing bién (vi diéu
khién nhu ESP32-CAM/OpenMV Cam
H7) véi cac tham sé nhu téc do6 xung
nhip, by nhd, va tiéu thuy dién nang.
Thoi gian suy luan va nang lugng tiéu
thu duoc udce tinh dua trén FLOPs cua
mo hinh va thong lugng bo xur ly [19].
Kich thudc mo hinh (KB) dai dién cho
dau chan b nhé. Khung nay cho phép
danh gia hiéu suat TinyML trong diéu

kién kiém soat.



U'éc tinh thoi gian suy luin:
FLOPs cua
mo hinh
FLOPs/giay
cua bo xu ly

Thoi gian suy ludn (s)=

Trong d6 FLOPs/gidy cua bo xu ly
dugc suy ra tir toc do xung nhip va sd phép
toan mdi chu ky (vi du: dbi v6i mot vi didu
khién don gian, n6 c6 thé 1a 1 FLOP/chu
ky, trong khi ddi véi cac bd xir Iy nhung
tién tién hon, no ¢ thé cao hon).

Uéc tinh tiéu thu ning lwong:
Ning luong tiéu thu cho mdi 1an suy luan

s& dugc tinh bang

Tiéu thu nang luwong (Joule) = Thoi gian

suy luan (s) x Cong sudt hoat dong (Watt)

Khung mé phong duoc ciu hinh
cu thé nhu sau: UAV bay ¢ do cao 10 m,
voi toe d6 5 m/s trén mot khu vuc néng
nghiép co kich thude 100 x 100 m. UAV
dugc gia dinh chup anh véi tan suét 0.5
gidy/lan, tao ra khoang 200 anh trong 100
gidy mod phong. Phan cting bién dugc mo
hinh héa véi tbe do xung nhip 240 MHz,
thuc hi¢n 1 FLOP/chu ky, va cong suat
hoat dong 0.2 W. Cac mo hinh dugc xem
xét bao gdm MobileNetV2 Float32 (13.2
MB, 300 MFLOPs) va MobileNetV2
INT8 (3.3 MB, 75 MFLOPs).

3.3. Cdc chi so hi¢u sudt

Dé danh gia toan dién mé hinh
TinyML, chiing t6i sit dung ba nhom chi
sb hiéu suét:

1) Do chinh x4c: bao gdm d6 chinh
Xac téng thé, Precision, Recall, F1-score

va Ma tran nham lan, tinh toan dua trén dir
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li¢u PlantVillage.

2) Hiéu suét thoi gian thyc: gém
S6 khung hinh mdi gidy (FPS) va Do tré
(Latency).

3) Tiéu thy tai nguyén: bao gom
Kich thuéc mo hinh (KB), FLOPs va Uéc

tinh tiéu thu nang lugng (Joule/suy luan).

3.4. Quy trinh mé phong trong
MATLAB/Simulink

Quy trinh mdé phong trong
MATLAB/Simulink bao gom:

1) Chuan bi md hinh: Huin luyén
MobileNetV2 trén PlantVillage va ép
dung PTQ dé tao phién ban INTS.

2) Thiét 1ap moi trudng: Xay dung
mo hinh Simulink tich hgp dudng bay
UAYV, logic thu thap hinh anh va moé
phong phan cting bién (tham sb UAV, dix
liéu PlantVillage, tham sé phan cimng).
3) Vong lap mo6 phong: UAV md phdng
chup anh & cac budc thoi gian roi rac;
mdi anh dwoc dwa vao ca hai moé hinh
(float32 va INTS8). M6 phong ghi lai do
chinh xac, thoi gian suy luén, ti€u thu
ning luong va kich thuéc moé hinh dé

phan tich sau nay.

3.5. Cdc gia dinh va han ché ciia
mo phong

Khung mé phong cé cac gia dinh
va han ché: udc tinh tham sé phan cing
dua trén gia tri dién hinh (hiéu suat thyc té
6 thé khac); dong luc hoc UAV don gian
hoéa; sir dung dir liéu hinh anh tinh (khong
c6 video thoi gian thuc hay yéu t6 méi

treong dong); khong co6 vong lap phan
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hoi Al anh hudng dén diéu khién UAV;
va lugng tr hoa ly tudng hoa (khdng tinh
16i phan cing). DU vdy, md phong van 1a
cong cu gia tri dé danh gia TinyML luong
tr hoa trén UAV.

Ngoai ra, moé phong chi dugc thuc
hi¢n véi num_simulations = 1, tic 1a
khong 1ap lai nhiéu lan dé phan tich
théng ké. Hon nita, trong vong liap mo
phong chua thuc hién suy luan thyc trén
anh PlantVillage, ma thay vao do su
dung d¢ chinh xac gia dinh (97.2% cho
Float32 va 96.5% cho INTS) tir két qua
huan luyén trude.

IV. Thuc nghiém va Két qua

Phan nay trinh bay thiét lap va két
qua tht nghiém md phong MATLAB/
Simulink, danh gi hiéu sudt MobileNetV2
(float32 va INT8) vé do chinh xéic, suy
luan thoi gian thyc va ti€u thu tai nguyén.
Thiét 1ap: MobileNetV2 dugc tinh chinh
trén PlantVillage (128x128, 50 epoch),
sau d6 lwong tir hoa INTS bang MATLAB
DL Toolbox. UAV mo6 phong bay ¢ 10m,
Sm/s trén canh déng 100x100m, chup anh
0.5s/1an. Phan ctng bién mo phong c6 toe
d6 240 MHz, 1 FLOP/chu ky, 0.2W. Thu
thap dir li¢u: Ghi lai 16p du doan/thuc té,
FLOPs, kich thuéc mo hinh dé tinh toan
do chinh xéc, thoi gian suy luan, FPS va
nang luong tiéu thuy.

Trong nghién ctu nay, ching toi
trién khai hai kich ban thir nghiém dé danh
gi4 hiéu suat mo hinh TinyML trén UAV
mo phong:

e Kich ban 1: St dung md hinh
MobileNetV2 Float32 (mé hinh gbc,
khong luong tir hoa).

e Kich ban 2: St dung md hinh
MobileNetV2 INT8 (duoc lugng tir hoa
sau huan luyén bang PTQ).

Ca hai kich ban duoc thuc hién trén
cung mdi truong UAV va phan ctng bién
mo phong: UAV bay ¢ d6 cao 10 m, toe do
5 m/s trén canh déng 100 x 100 m, chup
anh mdi 0.5 gidy, véi téng thoi gian mo
phdong 100 gidy (twong tng khoang 200
anh). Phan cing bién dugc mo hinh héa
v6i toe dd xung nhip 240 MHz, 1 FLOP/
chu ky va cong suat hoat dong 0.2 W.

O mbi kich ban, chung t6i ghi nhan
céc chi s6: d6 chinh xac phan loai, thoi
gian suy luan trung binh, sé khung hinh
mdi gidy (FPS), kich thuéc mo hinh va
nang lugng tiéu thu trén mdi suy ludn. Két
qua chi tiét dugc trinh bay trong cac bang
va biéu dd so sanh ¢ cac muc sau.

Trong mdé phong, thoi gian suy
luan trung binh cho mdi anh 1a 1250 ms
v&i mo hinh Float32 va 312.5 ms v6i mo
hinh INTS. Diéu nay twong tng véi hiéu
sudt 0.8 FPS (Float32) va 3.2 FPS (INTS).
Ning luong tiéu thy trén mdi 1an suy luan
duoc wdce tinh 1an luot 12 250 mJ va 62.5
mlJ. Cac gia tri nay duogc tinh toan dua trén
s6 FLOPs ctia m6 hinh va thong luong xir
1y 1y thuyét ctia phan cing bién

4.2. Két qua

4.2.1. Bo chinh xdc cua mo hinh

Bang 1 trinh bay do chinh xé4c tong
thé, do chinh x4c, d¢ thu hdi va diém F1
cho cd mo6 hinh MobileNetV2 float32 va
INT8 lugng tr hoa trén tap dir li€u tha
nghiém PlantVillage.
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Bang 1: Hiéu suat phan loai ciia cac mo hinh MobileNetV2

Do chinh xéac

Loai mé D6 chinh xic (Trung|[Pé thu héi (Trung(Piém F1 (Trung
hinh tong thé (%) ||binh Macro) binh Macro) binh Macro)
Float32 |97.2 0.96 0.97 0.96

INTS 96.5 0.95 0.96 0.95

Két qua cho théy mot su syt giam
nho vé& d6 chinh xac tong thé (0.7%) va
céc chi s6 phan loai khac sau khi luong tir
hoa INTS. Sy gidm nho nay thuong duoc
chép nhén cho nhiéu ung dung thuc té, dac
biét khi xem xét nhiing loi ich dang ké vé

hiéu qua.

4.2.2. Hiéu sudt thoi gian thyc va
Tiéu thu tai nguyén

Bang 2 tom tit cac chi s6 hiéu suat
thoi gian thuc (thoi gian suy luan, FPS) va
cac chi sb tiéu thy tai nguyén (kich thudc
mo hinh, FLOPs, udc tinh tiéu thu ning
luong cho mdi 1an suy ludn) cho ca hai

loai md hinh.

Bang 2: Hiéu sut thoi gian thuc va Tiéu thy tai nguyén cua cac mo hinh MobileNetV2

Loai mé | Kich thwéc m6 | FLOPs | Thoi gian suy | FPS (Khung |Néng lugng wéce tinh
hinh hinh (MB) (Triéu) luén (ms) hinh/giay) (mJ/suy luin)
Float32 13.2 300 1250 0.8 250
INTS8 3.3 75 312.5 32 62.5

Luu y: FLOPs cho INT8 14 Iy thuyét,
gia dinh giam 4 lan cac phép toan do sb
hoc s6 nguyén 8 bit so v6i s6 ddu phay
dong 32 bit, va b xur Iy c6 kha nang 240
MFLOPs/giay.

Dir liéu cho thay rd rang nhiing loi
ich dang ké cua luong tir hoa INTS:

® Giam kich thuwéc mé hinh: M6
hinh INT8 nhé hon khoang 4 1an so voi
mo hinh float32 (3.3 MB so vo6i 13.2 MB).
Diéu nay rat quan trong d6i vi cac thiét bi
¢6 bo nhé flash han ché.

® Giam FLOPs: FLOPs ly thuyét
giam di 4 1an, cho thay sy giam dang ké vé
tai tinh toan.

® Giam thoi gian suy luan: Thoi

gian suy ludn giam khoang 75% (tur 1250

ms xudng 312.5 ms). Piéu nay din dén
tang 4 lan FPS (tir 0.8 1én 3.2 FPS), cho
phép xtr Iy gan thoi gian thuc cho nhiéu
tac vu giam sat nong nghiép.

® Giam tiéu thu nang lwgng: Udc
tinh tiéu thu ning luong cho mdi 1an suy
luan ciing giam 75% (tir 250 mJ xudng
62.5 mJ). Piéu nay truc tiép gop phan kéo
dai tudi tho pin hoat dong cua UAV, cho
phép thuc hién cac nhi¢m vy dai hon hoac
thu thap dir li¢u thuong xuyén hon.

Két qua thuc nghiém chting minh
lgi thé cia mdé hinh TinyML luong
tor hoa trén UAV: giam 0.7% d¢ chinh
xac nhung dat hiéu quéa vuot troi. Kich
thudc mo hinh giam 4 1an, tbc do suy
luan ting 4 1an (0.8 1én 3.2 FPS), va
nang luong tiéu thu giam 75%, cho phép
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xu ly thoi gian thuc va kéo dai thoi gian
bay. TinyML luong tir hoa 1a gidi phap
kha thi cho Al bién trén UAV, giam phu
thugc ddm may va tang cuong bao mat.
Tuy nhién, m6é phong c6 han ché vé
tham sb phan cung 1y tuong hoa, dong
luc UAV don gian, dir liéu tinh va thiéu
vong lap phan hoéi. Can xéc thyc trén
phén cung thuc té va thu nghiém thuc
dia trong tuong lai.

V. Két luan va Cong viéc twong lai

Bai bao nay da trinh bay mot danh
gi4 toan dién vé cac mo hinh phan loai
hinh anh TinyML luong tor hoa cho céac
ung dung gidm sat nong nghi¢p trén cac
nén tang UAV mo phong. Ching t6i da
chig minh rang luong tir hoa INTS sau
huin luyén lam giam dang ké kich thudc
mo hinh, d§ phuc tap tinh toan (FLOPs),
thoi gian suy ludn va ti€u thy nang luong,
chi v61 mot tac dong nho dén do chinh xéc
phan loai. Khung m6é phong MATLAB/
Simulink ctia chung toi da cung cap mot
mdi truong dugc kiém soét dé dinh luong
nhimg sy danh ddi nay, dua ra nhitng hiéu
biét c6 gia tri vé tinh kha thi va loi ich cta
viéc trién khai cac giai phap Al hiéu qua
tai bién.

Nhirng phét hién cho thdy TinyML,
dac bi¢t thong qua cac ky thuat luong tur
hoa, 13 mot cach tiép can day hira hen dé
khic phuc nhitng han ché tai nguyén cd
hiru cua UAYV, cho phép Al thoi gian thuc,
trén thiét bi cho nong nghiép chinh xac.
Kha ning nay co6 thé din dén cac hoat

dong ndng nghiép tu chu va hiéu qua hon,

cho phép can thiép kip thoi va quan 1y tai
nguyén toi uu.

Cong vi¢c twong lai

Dua trén nghién ctru nay, mot sd
huéng cong viéc trong twong lai ¢ thé
dugc kham pha:

® Xic thyc phan cimg: Tién hanh
cac thir nghiém bang céach trién khai cac
mo hinh luong tir hoa trén cac nén tang
phan ctng bién thyc t& (vi du: ESP32-
CAM, OpenMV Cam H7 hoac NVIDIA
Jetson Nano cho cidc mo hinh phtrc tap
hon) duogc tich hgp véi mdt UAV vat
ly. Piéu nay s& xac thuc cac két qua mo
phong va xac dinh bat ky sy khac biét nao
phat sinh tir phan cing va cac yéu to moi
truong trong thuc té.

® Cac ky thuat lwgng tir hoa nang
cao: Nghién ctru cac phuong phép lugng
tir hoa tién tién hon, chang han nhu Huén
luyén nhan biét luong tir héa (QAT) hoic
luong tir hoa dd chinh xac hdn hop, co thé
mang lai kha ning giit lai &6 chinh xac t6t
hon & cac d6 rong bit thip hon.

® (Cit tia mé hinh va Chung cit
tri thire: Két hop luong tir hoa véi cac ki
thuét nén mo hinh khac nhu cét tia (loai bo
cac két ndi du thira) va chung cét tri thirc
(chuyén giao tri thirc tir mot mo hinh 16n
sang mOt mo hinh nhé hon) dé dat duoc
hiéu qua cao hon nira.

® Phat hién ddi twong va Phan
doan ngir nghia: M¢ rdng nghién ciu
sang cac tac vu thi gidc may tinh phuec tap
hon, chfmg han nhu phat hién ddi tuong
thoi gian thuc (vi du: phat hién ting cay,



co dai hodc sau bénh) hoac phan doan
nglt nghia (vi du: phan loai pixel theo
pixel cta cac khu vuc cdy trong) trén
UAV, nhirng tic vu rat pht hop cho nong
nghi¢p chinh xac.

® Cic yéu td mdi trwong dong:
Két hop cac yéu t6 moi trudong thuc té hon
vao md phong, ching han nhu cac diéu
kién anh sang khac nhau, hi€u ung thoi
tiét va chudng ngai vat dong, dé danh gia
tinh manh mé& ctia mo hinh.

® Thu hoach nang lwgng va Quan
ly nang lwgng: Kham pha viéc tich hop
cac ky thuat thu hoach nang lugng trén
UAV va cac chién luoc quan 1y ning
luong thong minh giup kéo dai thoi gian
hoat dong cho céc tac vu Al bién.

® Hoc lién két trén dan UAV:
Nghién ctru tiém ning cua cic phuong
phap hoc lién két trong d6 nhidu UAV
cung nhau hudn luyén hodc cap nhit mo
hinh ma khong tap trung hoa dir licu tho,
ting cudng quyén riéng tu va kha ning
mo rong.

Bang cach giai quyét cic hudng
di trong tuong lai nay, linh vuc TinyML
trén UAV c6 thé tiép tuc phat trién, mé ra
nhing kha niang méi cho cac hé thong trén
khong tu chii va thong minh trong nhiéu
ung dung quan trong khac nhau.
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PERFORMANCE EVALUATION OF QUANTIZED
TINYML IMAGE CLASSIFICATION MODELS ON
SIMULATED UAV PLATFORMS FOR AGRICULTURAL
MONITORING APPLICATIONS

Hoang Trong Nghia’

Abstract: UAVs offerreal-time data collection and monitoring capabilities in agriculture.
However, deploying advanced Al, especially deep learning, on UAVs is constrained by
computational resources, memory, and energy. This study investigates the performance of
quantized TinyML image classification models for agricultural monitoring. We propose
a MATLAB/Simulink simulation framework to evaluate the trade-offs among accuracy,
inference speed, and resource consumption. Results indicate that quantized TinyML models
significantly reduce computational footprint and energy consumption while maintaining
acceptable accuracy, enabling efficient on-device Al processing. This research contributes
to the deployment of efficient Al solutions on edge devices, fostering more autonomous and
sustainable agriculture.

Keywords: UAV, Edge Al, tinyML, quantization, image classification, agricultural monitoring,
MATLAB/Simulink, real-time processing
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