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ABSTRACT

In recent years, research on artificial intelligence (Al) has experienced
remarkable advancements. Many practical applications are the result of
ongoing research, such as recognition technology, self-driving cars,
translation, etc and most recently, the explosion of some Al-powered
intelligent chatbots using large language models. Major corporations and
research institutions worldwide are racing to develop Al models capable of
the most accurate interaction based on user requests. However, despite
achieving certain milestones, current Al models still fall short of the required
intelligence to function similarly to the human brain. Based on research and
experimentation, we propose an adaptive learning model that allows models
to continuously learn during operation, select, and store previously acquired
experiential knowledge to serve on-demand tasks. The proposed solution
consists of four steps: (1) Initializing the initial recognition model; (2)
Detection, recognition and collecting data from various instances of objects
during operation based on object tracking; (3) Searching, selecting optimal
models and hyperparameters on the discovered dataset; (4) Training and
updating the model. The results of the proposed research could be a promising
direction for the development of an adaptive learning model in advanced
object recognition.
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Trong thoi gian gan day, linh vuc nghién ctru vé Tri tué Nhan tao (AI) d dat
dugc nhitng tién b dang ké. C6 nhiéu tmg dung thuc té da xuét hién nho vao
nhiing thanh tyu méi, nhu: cong nghé nhan dang, xe tu 1ai, dich thuat,... va
dic biét 1a sy bung nd cua cac Chatbot sir dung mé hinh ngén ngit 16n. Céc
tap doan va vién nghién ctru hang dau trén thé gioi dang chay dua phat trién
cac md hinh Al c6 kha ning tuong tac chinh xac theo yéu cau. Tuy nhién,
mic du di dat duge mot sé thanh tyu nhung dén nay, cic md hinh Al vin
chua dat dugc sy thong minh twong duong voi bo ndo con nguoi. Dya trén
cac nghién ctru va thuc nghiém, ching t6i dé xuét mot phuong phap c6 kha
nang thich trng, gitip m6 hinh 1ién tuc hoc trong qua trinh van hanh. Mé hinh
nay sé lua chon va luu trir tri thirc tir nhitng trai nghiém thu thap trude do,
nhiam phuc vu cho cac nhiém vy theo yéu cau. Giai phap dé xuit gdbm 4 budc:
(1) Khéi tao mé hinh nhan dang ban déu; (2) Xac dinh va thu nhan dr liéu tur
cac truong hop khac nhau cua ddi tuong trong qua trinh theo vet (3) Tim
kiém, lya chon cac mé hinh, cac siéu tham sé (hyperparameters) tdi uu trén
tap dit liéu vura tim duoc; (4) Huén luyén va cédp nhat lai mé hinh. Két qua
clia nghién ctru dé xuat c6 thé 1a mot huéng phat trién méi ciia mot mo hinh
hoc thich tmg trong nhan dang ddi twgng nang cao.
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1. Giéi thigu

'Cong nghé ngay cang phat trién va cing v6i d6 mdi ngay chung ta ching kién sy hinh thanh, phat
trién ciia cac phat kién méi trong nhiéu linh vuc, trong d6 ¢ tri tué nhan tao. Nhiing phat kién nay
khong chi dung lai trong linh vuc nghién ctru, ma con dugc tng dung sau rong vao doi song xa hoi
thong qua céc san phém mdi. Trong linh vuc robotic va tu dong hoa, nhiéu nghién ctru da dugc tién
hanh vdi trong tim 1a vé robot, xe tur 1ai va cac hé théng hd trg théng minh. Mot trong nhiing hudng
nghién ctru dy hira hen cua cac nha khoa hoc 1a xdy dung md hinh than kinh nhan tao ¢6 kha ning
thong minh, moé phong hoat dong cua bd ndo con nguoi. Vi vdy, mang than kinh nhan chép
(Convolutional Neural Network — CNN) di va dang nhan duogc sy quan tim 16n véi kha nang hoc linh
hoat, tw dong hoa va kha nang ty thich timg theo méi truong cu thé. Cac mé hinh mang hoc sau duoc dé
xuat c6 thé ké dén nhu AlexNet [15], GoogleNet [26], ResNet [11], R-CNN [10], Fast R-CNN [9],
Faster R-CNN [24],...14 cac md hinh dugc d& xuat véi cau trac mang 16n, lugng dir liéu phuc vu huén
luyén khéng 16 va c6 kha nang nhan dang dugc hau hét tit ca cac dbi tuong hién ¢6 véi do chinh xac
cao. Trong thoi gian gan day, cac vién nghién ctru 16n da cong bd nhidu mo hinh Al ¢6 kha ning tong
hop cao, dua ra cac cong cu hd trg nguoi dung trén nhidu linh viuc nhu Chatbot [1], m¥ thuat/ hdi hoa
[20], xay dung video [25],... Cac md hinh Al ¢6 thé ty khoi tao ndi dung theo yéu cau dau vao cta nguoi
dung véi chit lugng twong dwong cac san pham “hand make” chuyén nghiép, nhu: Sona (ctia OpenAl),
Imagine (cua Meta),...

Tuy nhién, mic du dat dugc mdt bude tién dai trong nghién curu tri tu¢ nhan tao, cdc mo hinh Al van
chua vuot qua duoc vach ngin 16n va van dé kho khin nhat dat ra cho cac nha nghién ctru: kha ning tu
hoc, kha nang ty thong minh. Pa s6 cac mo hinh Al hién nay dugc dé xuit phé‘ln 16n phuy thude vao di
lidu dau vao, néu dit liéu ddu vao 16n thi kha ning hoc, phén tich, tong hop va dua ra két qua sé cang
chinh xac, sat v6i yéu cau thuc té. Nhidu mo hinh Al dang duoc huan luyén tir cac ngudn dir liéu khong
16, d3c biét 1a vai sy hd tro vé phﬁn ctrng voi cac GPU duoc cai tién vé hiéu suét. Vi vay, hau hét cac
mo hinh AT hién tai déu it nhiu phai c6 sy can thiép ciia ngudi dung trong qua trinh chuén bi, gan nhan
dir liéu hodc cung cap ngudn khai thac dir lidu.

Giai phap dé xuét s& 1a mot mé hinh hoc thich tng (Adaptive learning) ma ¢ do, m6 hinh Al s€ chi
dugc hd trg dan dit ban dau. Tuong ty nhu mot dira tré 1én 3 tudi, s€ dugc huong dan va day dd mot sé
ndi dung co ban, dén mot thoi diém ban than dta tré phai tu hoc hoi va cap nhat kién thuc xung quanh
dé ton tai va phat trién. Mo hinh dé xuét c6 thé duoc goi 1a mo hinh hoc thich iing nhan dang dbi tuong
tong quat (Advance Adaptive Object Regcognition — AAOG). M6 hinh AAOG phai giai quyét 03 bai
toan co ban: (1) thich ing vé mé hinh; (2) thich ing vé tham sé va (3) thich Gmg vé mat dir liéu. Mdi
mot md hinh nhan dang (CNN) c6 cac ciu triic khac nhau, pht hop va dua dén do chinh xac voi mot
nhom d6i tuong nhat dinh. C6 thé ké dén cac mé hinh nhan dang cta cac nhom dbi tugng nhu: nhan
dang phuong tién, nhan dang nguoi, nhan dang chir viét, xir Iy ngdn ngit tw nhién,... Vi vay, viéc lua
chon mé hinh nhan dang phu hop véi ting nhém ddi twong sé& 14 pha quan trong dé giai quyét bai toan
dau vao. Dé giai bai toan vé thich ung dit liéu, sau qua trinh khoi tao ban dau, mé hinh AAOG phai sir
dung tri thong minh c6 san dé nhan dién, hoc hoi va tich lily tri thirc. Trong qué trinh d6, m6 hinh AAOG
phai t61 wu hoa vé mit dir liéu, chon loc cac dit lidu va tri thirc méi, loai bo cac dit lidu khong can thiét
va tién hanh cap nhat cho mo hinh hién tai. Qua trinh hoat dong khong ngimg theo thoi gian s& dua dén
ngudn tri thirc kinh nghiém khong 16 cho AAOG. Ngoai ra, mot mo hinh AAOG s& dugce cai dit cac
tham s6 huin luyén ban dau, tuy nhién cac tham s6 nay chi phu hop véi cac tap dir lidu huén luyén nhat
dinh. Vi vay, doi véi cac tap dir liéu mdi, phai dua ra cac tham sé huén luyén phu hop nham tang do
chinh x4c cia mé hinh AAOG trong qua trinh huin luyén. Cac tap dir liéu va tham s s& dugc gan vao
mot mo hinh nhan dang dugc chi dinh, m6 hinh nay s& duge danh gia va lya chon phit hop voi di tuong
can nhan dang. Giai quyét 03 van dé trén s& tao nén mot mo hinh AAOG hoan chinh, c6 kha ning thich
ung Vva tich liiy théng minh theo thoi gian.
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2. Céc nghién ciru gan day

Céc nghién ctru trong thoi gian gan ddy vé cac hé théng nhan dang dwa dén cac giai phap voi do
chinh x&c ngay cang cao, téc d6 huan luyén va xir Iy nhanh, ing dung trong nhiéu cac linh vuc: xe tu
I4i, robotic, xtr Iy ngdn ngit tw nhién,... Cac giai phap co ban co thé ké dén 1a sir dung két hop céc sensor
va xtr Iy hinh anh str dung cac mo hinh CNN. Céac md hinh CNN duoc biét dén kha phd bién nhu: md
hinh AlexNet, m6 hinh GoogleNet, md hinh Microsoft ResNet, md hinh R-CNN, mé hinh EfficientNet
[21], m6 hinh Yolo (v1-9) [5], [28], ... da dua dén cac nén tang nghién ciru can ban. Dya trén cac mo
hinh nay, hién nay da c6 nhiéu hudng phat trién méi nham cai thién d¢ chinh x4c va nang cao toc do xir
ly ciia hé thong [23], [27], [31], [32]

Mot s6 d& xuit theo hudng hoc thich tmg di dugc cac nha nghién ctru dé cép, trong d6 ndi 1én cac
huéng: Thich tmg vé mé hinh, Thich tmg vé& tham sb va Thich tmg vé dit liéu.

Thich ung vé mé hinh: Trong lya chon mo hinh, cac giai phap tap trung vao viéc lya chon ty dong
céc kiéu mé hinh nhan dang ma khong st dung mot mo6 hinh mac dinh cu thé (vi du nhu lya chon gitra
CNN va SVM) [3], [22]. Viéc lya chon cac mé hinh huan luyén s& gitp giai quyét cac truong hop khéc
nhau cua dit liéu, dwa dén do chinh x4c cao hon. Ngoai ra, cac giai phap con cho phép danh gia: loai dit
liéu, kiéu dit liéu,... dé tu dong chon md hinh phu hop [2], [17]. Tuy nhién, cac nghién ctru va danh gia
vé ~giai phap thich ung vé mo hinh da s6 Van chi dugc danh gia thyc nghi€m trén cac giai thuit truyen
théng, chua c6 danh gia thyc nghiém sau vé viée str dung cac mo hinh CNN. Nguyén nhan c6 thé xuat
phat tir sy han ché vé hiéu suét cua thiét bi phan cung.

Thich ng vé tham s6: 13 giai phap tap trung vao cac thuit toan va tham sé cia mé hinh CNN, tao
ra cac thay doi thich Gmg & cac 16p mé hinh trong huin luyén. Cu thé, mot sé dé xuat xoay quanh viéc
xdy dung khung va nhing chiing vao céc vi tri 16p khac nhau dé thay doi trong sé trong hudn luyén va
nhan dang cia m6 hinh CNN [12]. Cac nghién ctru khdc tap trung vao viéc thay dbi cac tinh ning, bao
gdm cin chinh tinh ning sdu cuc bd dé ti gian mé hinh [3] hoic thay (1‘01 tinh nang gitra cac 16p chap
va tuy chinh céc 16p [13], [18], [22]. Nhin chung, cac nghién ctru nham t6i vu hoa cau triic cia mé hinh
CNN va nhiing thay d6i vé cach bo tri ciia 16p ciing nhur tiy chinh cAc 16p da dua lai nhidu két qua tich
cuc. Cac mo hinh méi sau khi huén luyén c6 kha ning thong minh hon véi kha nang giir lai cac tinh
nang (features) quan trong trong qua trinh huén luyén. Gan day, mot sé dé xuat tap trung vao viéc lua
chon tu dong céc tham huén luyén [16], [7], trong d6 co g1a1 phap sir dung mét tap dir liéu nho ban dau
dé danh gia tinh hiéu qua cua cac tham sd, sau d6 lya chon cac tham so phu hop va tién hanh huén luyén
dénh gia trén toan bg dit li¢u [7]. Hodc lya chon ngau nhién cac tham sb rdi tién hanh xac thuc chéo trén
mot s6 lwong 1an nhét dinh dé lya chon tham sé phu hop v61 m6 hinh nhén dang [16] Ngoai ra, c6 giai
phap st dung két hop giai thuat tién hoa de tur dong t6i wu hoa cau tric cla CNN bang cac siéu tham sb
[4]. Trong viéc lya chon cac siéu tham sé cAu hinh cia mot mé hinh CNN, ndi bat 1a cac phuong phap
sir dung cac phuong phap lya chon ngiu nhién (Random Search) [8], phuong phap tim kiém dang ludi
hodc phuong phap tim kiém sir dung giai thuat Bayer [14], [33], [6]. Tuy nhién, mdc du duge danh gia
1a cac dé xuat t6i uu trong viéc thich ung dé dwa ra cac cdu hinh tot nhat ctia md hinh nhén dang, nhung
cac dé xuit ciing dang dung lai & phan thuc nghiém véi viée tim kiém sb it cac tham sb (hodc cac tham
s6 co ban), nguyén nhén 1a néu lya chon quéa nhiéu tham sd s& anh hudng 16n dén téc do xir 1y cua hé
théng.

Thich tng vé dir lidu: 1a nghién ciru dé xuat mo hinh c6 kha nang tyr cai tién vé mat dir lidu, gitp
md hinh CNN s& tur dong cap nhat dit liéu ma khong can su can thiép cta con ngudi. Thich tng vé dit
liéu duoc danh gia la hudéng nghién ciru tiém nang vdi viéc mo hinh CNN s€ lién tuc dugce hoc hoi, cap
nhat twong tu mo hinh hoat dong cua tri théng minh con nguoi. Trong thich tmg vé dit liéu, c6 nhiéu
nghién ctru theo hudng online tracking [19], [13] bang cach diéu chinh dif liéu trong qua trinh theo vét
cac dbi tuong hodc dira vao viée trich xudt cac dic trung (features) cua dbi twong. .. Viéc thich ung vé
dit liéu ctia mot mod hinh cé phﬁn twong quan voi hoat dong ctia bd ndo con nguoi. Tuy nhién, viéc X
ly cua b ndo con nguoi la da nhiém, nghia la tai mot thoi diém co thé nhan dang va cap nhat nhiéu loai
dbi twong khac nhau. Vi dy khi di chuyén, con ngudi s& xtr Iy va cdp nhdt: phuong tién giao thong, bién
bao giao théng, cay cbi, toa nha, ngudi di bo, dong vat, thoi tiét,... Trong khi d6, da sb cac nghién clru
hién nay chi médi dung lai ¢ viéc xtr Iy don nhi¢m, nghia [a m6 hinh chi nhan dang mét loai dbi tuong
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taj mot thoi diém. Dé giai quyét bai toan nay can mot hé théng dd $6 voi nhiéu mé hinh CNN duge két
nodi va hoat dong song song.
3. Cac md hinh da dwoc dé xuat
3.1. Mé hinh thich @#ng di liéu

Trong mot dé xuit truéc day [29], nhom tac gia da dé xuat mot mo hinh c6 kha nang thich tng va tu
dong cap nhat dix liéu (Hinh 1).

Camera

y

TONet Model
For detection

Tracking object

Classify object E |
or recognition F
T
model
F
T
m‘—‘ ElEl i17 2@ ‘—’w

PDNet: > PDNetx1

T

aepdn vleq

Negative data

L4 Positive data
-I
<

Retraining PDNet

Hinh 1. M hinh hoc thich img vé dit liéu
3.1.1. Dinh nghia cdc thanh phan

Trudc @i di sau vao tirng khéi chl'rcz ndng cia mo hiph, cac tac gia dé xuét mot s6 khai niém duoc
st dung dé 1am r6 hon cac md ta cua luong dit liéu hé thong:

(1) Adaptive learning: 1a kha nang tu hoc, tu thich Gmg ctia mdt mo hinh deep learning. Qua trinh
adaptlve gitip md hinh ting kha ning nhan dang ddi tugng so v6i mé hinh ban diu ma khong can sy can
thiép bd sung dir liéu va huan luyén cia chuyén gia.

(2) Interest Object (10): 1a dbi tugng quan tim can nhan dang, vi du nhu: con nguoi, phuong tién
giao thong, cac do vat,...

3) Confidgnt: 1a gia tri danh gia mic do do tin cay khi mot dbi twong dugc xac dinh 1a 10. D6 tin
cay ctia mot doi tugng O duogc ky hiéu 1a Conf(O). Confideny la ngudng do tin cdy cao.

(4) Confident Tracking: 1a qua trinh theo vét khi mot di twong duge xac dinh 1a 10.

(5) Lost Object (LO): 1a cac ddi twong ban ddu duge nhan dang 1a d6i twong quan tim IO nhung c6
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do tin cay thap, n6 duoc theo vét qua n frame anh ma van dugc nhan dang 13 10 véi do tin cay thap va
sau do khong con xuat hién trong khung hinh ti€p theo nira.

LO= {O1,0z,...On| Conf(O;) < Confidenty voi i=1,...n}

(6) Negative Object (NO): La cic ddi twong ban dau dwoc nhan dang 13 d6i trong quan tam 10
(interst object) nhung ¢ do tin cay thap (bé hon Confidentn), né duogc theo vét (tracking) qua n frames
va cubi ciing duge nhan dang khong phai 1a 10.

NO={01,0,,...0x| Oi€lO and Conf(O;)<Confidentn voi i=1,...n-1; On 210}

(7) Positive Object (PO): La cac d6i tuong ban dau dugc nhan dang 1a d6i tuong quan tam IO (interst
object) nhung c¢6 do tin ciy thap (bé hon Confidenty), nd duoc truy vét qua n frame anh va cudi cing
d9d tin cay vuot ngudng Confidentn.

PO={0,0,...0n| Oi€lO and Conf(O,)>=Confidenty}

(8) Store: La tap dit liéu tam thoi chira cac tap dit liéu theo ting ddi twong trong qua trinh tracking.
Mot tap dir liéu Sk dugc khéi tao trong Store khi mét ddi tuong dugc xac dinh 1a 10x. Mot tap di licu
Sk s& bi x6a khi dugc xac dinh 14 LO, di chuyén vao ND néu 10 la NO hoic di chuyén vao PD néu 10
1a PO.

(9) Negative data (ND): La noi chira cac tap dir liéu NO.

(10) Positive Data (PD): La noi chira cac tap di liéu PO.

(11) Retraining: La qua trinh huén luyén lai mé hinh khi sir dung tap dit liéu vira thu thap dugc PD
set va ND set khi s6 lugng cac tap PD va ND dat dén mot gid tri nhat dinh.

(12) Updating model: 1a qua trinh cép nhat lai mé hinh ctia hé thong khi mé hinh méi ¢6 d6 chinh
xac cao hon mo hinh trudc d6 sau khi danh gia, chon loc.

3.1.2. Tong quan ciia mé hinh

Mo hinh d xuit tap trung vao giai phap hoc thich tmg sir dung mo hinh CNN. Trong khuén khé cua
n6i dung nghién ctru trude do, nhom tac gia chi tap trung vao hai nhom dbi twong 1a phwong tién tham
gia giao théng va bién bao giao thong. M6 hinh dé xuit sir dung hai md hinh CNN: mé hinh IONet phuc
vu viéc phat hién cac dbi twong va md hinh PDNet dé xac dinh d6 tin cdy va nhan dang ddi tuong.

Hé thong dugc mo phong 1a hé thong hoat dong lién tuc theo thoi gian. Trong qua trinh hoat dong
cua minh, hé théng s€ lién tuc phat hién, nhan dang va téng hop dit liéu, huin luyén dé tu cap nhat mé
hinh nh4n dang (PDNet). Gia dinh tai mot thoi diém trong qué trinh hoat dong, hé théng phat hién dbi
tugng (phuong tién hodc bién bio giao thong). Tuy nhién, tai thoi diém d6, mé hinh PDNet chi nhan
dang véi d tin cay thap voi nhiéu nguyén nhan khac nhau nhu: khoang cach xa, bi che khut hoic trong
diéu kién thoi tiét xau thiéu anh sang, bi mua, nhiéu chuyén dong,... Qua trinh hoc thich tng s& duogc
kich hoat véi viée luu trir lién tuc cac hinh anh cé d6 tin cay thép (tai Store) va tiép tuc theo vét ddi
tuong. Két thiic qua trinh theo vét d6i tugng s& co ba truong hop xay ra: Mét dbi tugng (Lost object);
(i) P6i tugng nhan dang sai (Negative Object); (iii) Déi tugng nhan dang ding (Positive Object).
Trudng hop MAt ddi twong hé thong s& tr dong x6a cac dit lidu anh da duoc luu trit trude do6 trong qué
trinh theo vét (tracking). Trudng hop nhin dang sai thi tap dit liéu anh dugc luu trit s& dwoc gan nhin la
Negative Data. Truong hgp nhan dang dung thi tap dir liéu anh dugc luu trir s€ dugc gan nhan la
Positive Data. Khi sb luong dit liéu tai hai tap dit liéu nay da 16n, hé théng s& bit dau qua trinh huin
luyén lai. Tap dir liéu thu nhan nay s€ dugc tron vai 30% tap dir li€u trude do, tao thanh tap dir liéu hoan
chinh dé huin luyén lai m6é hinh PDNet. M6 hinh PDNet méi sau khi huén luyén s€ duoc danh gia véi
cac md hinh trude d6. Néu duoc danh gia tot hon s& dugc sir dung dé thay thé mé hinh cii. Qua trinh
nay duoc 13p lai lién tuc trong qua trinh hoat dong cua hé thong.

3.2. M6 hinh thich #ng di ligu va tham sé
3.2.1. Gidi quyét vin dé

Mo hinh hé théng d& xuét trude do (Hinh 1) [29] c6 kha nang tu cai thién kha ning nhan dang va tré
nén "thong minh" hon. Tuy nhién, ta nhan thay trong moi lan hé thong thu thap va cap nhat lai b q&
liéu méi (Retrain dataset), thi tap dir liéu nay c6 thay doi so vai tap dit li¢u trude d6. Trong khi do, cau
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trac cua m6 hinh CNN 1a khong dbi trong qua trinh huén luyén va nhan dang. Chinh vi vay, cac tac gia
da dé xuit giai phap thay d6i tu dong cac siéu tham sd ciia mé hinh CNN, thich tmg va phu hop voi timg
tap dit liéu huan luyén. Giup mé hinh PDNet cai ning cao su chinh xac trong nhan dang ddi twong.

3.2.2. M6 hinh

Mo hinh d xuat [30] tiép tuc phat trién tir md hinh da duoc dé xuat tai muc 3.1, tac gia s& khong dé
cap va trinh bay lai. Noi dung thay ddi va bd sung chii yéu tap trung vao thay doi khdi chirc ning
Retraining PDNet. Trong khoi chirc nang nay, bd sung chirc ning HyperNet cho phép thyc hién lya
chon cac siéu tham s6 phu hop ctia mé hinh huén luyén mot cach ty dong béng thuat toan béng giai thuat
Bayers. Mo hinh d¢ xuét tong thé ctia giai phap duoc trinh bay tai Hinh 2.
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Hinh 2. M hinh hoc thich img vé tham sé, dit liéu

Trong sudt qué trinh huan luyén lai mé hinh CNN trude do, cac thong s6 ciu triic va huin luyén it
thay ddi. Tuy nhién, dit liéu thu thap tir hé thong thudng xuyén bién dbi va dugc cap nhat. Do do, theo
ly thuyét c6 thé thiy viéc didu chinh ciu trac va tham sé hudn luyén ciia mé hinh CNN dé phu hop véi
dit liéu méi 1a quan trong. Tuy nhién, vi tinh ddc biét cia giai phap dugc dé xuat, mo hinh CNN sau khi
tai huan luyén (Retrained model) van ké thira sy "thong minh" tir mé hinh trudc d6, khong thuc hién
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viéc diéu chinh kién trac. Thay vao do, giai phap chu trong vao sir dung giai thudt Bayers dé lya chon
céc siéu tham s6 phu hop trong huan luyén, tir d6 tim ra mé hinh ti wu nhét.

C6 thé noi, cac mé hinh dé xuét trude do (muyc 3.1 va myc 3.2) da co ban hinh thanh co ché hoc thich
mg. Tuy nhién, md hinh PDNet khong thay di trong subt qué trinh huén luyén va hoat dong, vi vy
chi c6 kha nang nhén dang trong mét nhom d6i twong nhat dinh. V& mat Iy thuyét, méi trudng xung
quanh ¢6 v0 van dbi trong, mdi ddi twong co cac dic dlem khac nhau, chi phu hgp véi mot md hinh va
c4u tric CNN nhét dinh. Chinh vi vdy, ching t6i dé xuat giai phap thich tng vé mo hinh nham hoan
thién giai phap hoc thich tng trong nhan dang di tuong.

4. Giai phap dé xuat

Trong cac cong bd gan day [29], [30], nhom téc gid da dé xuat md hinh hoc thich img dia vao cai
tién dir liéu va tham sd. Tuy nhién, cac dit liéu va tham sb nay dwoc hudn luyén cho mot mé hinh b
dinh va chi phu hop cho cic nhém dbi tugng cu thé nhat dinh. Trong khi thuc té c6 rat nhiéu ddi twong
xuét hién trong qua trinh hoat dong cua hé théng, doi hoi phai c6 cac mo hinh khac nhau, phu hop méi
c6 thé cai tién va nang cao d6 chinh xac. C6 thé hiéu mot cach khai quat cach thirc hoat dong s& tuong
tu bd ndo con ngudi. B ndo con ngudi cé nhidu khu vire, mdi khu vue dam nhan xir ly mot s6 van dé
nhét dinh nhur: ngon ngit, van dong, suy ludn, thi giac,... Vi du nhu “Thuy tran” diéu khién cac hoat dong
van dong, giai quyét tinh hudng, kha ning phan doan va kiém soat cam xuc, “Thuy dinh” thu nhan va
xir ly thong tin tir bo phan cam giac, “Thiy thai duong” c6 chirc ning ghi nhé tryc quan, hiéu vé cam
xtc va ngdn ngir, “Thily cham” gitip con ngudi ¢6 kha nang doc va hiéu tir ngit hay nhitng thong tin lién
quan dén tim nhin...Trén co s& cac két qua thuc nghiém trudc diy két hop véi thuc tién phat trién,
chung t6i dé xuat mé hinh tong thé cho mé hinh hoc thich tmg, dugc goi 1 mé hinh hoc thich ing nhan
dang d6i tugng tong quat (Advance Adaptive Object Regcognition — AAOG).
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Mo hinh d¢ xuat 1a sy két hop va ké thira cia mo hinh tai Muc 3.1 va md hinh Myc 3.2. Cac két qua
thyc nghiém trudc ddy da khang dinh cic mo hinh hoan toan kha thi va img dung trong thuc té. Trén co
s& cac md hinh cii, chiing t6i dé xuét cai tién, bd sung cho phép h¢ théng AAOG c6 kha nang lya chon
md hinh phu hop véi tiing ddi tugng dugc phat hién trong qua trinh hoat dong.

C6 thé md ta tong quat nhu sau: Trong qué trinh hoat dong lién tuc ctia hé théng, mé hinh IONet ghi
nhan mot d6i tugng X va tién hanh theo vét (tracking) d6i tuong (hé thong c6 thé nhan dang nhiéu ddi
tuong Xi, Xa,... cing thoi diém). Pong thoi, hé thong ciing s& lya chon mét mo hinh PDNety phu hop.
Su khéc biét ndm & chd mé hinh PDNety khong phai la ¢ dinh ma s& duoc lya chon phu hop tir tap hop
céc md hinh c6 sin, mdi mo hinh PDNety s& phit hop voi mot nhém ddi twong X nhét dinh. Hé thong s&
tiép tuc trich xuat viing quan tam (Region of Interest - ROI) va str dung md hinh PDNety dé nhan dang
dbi twong. Néu d6 tin cdy khi nhan dang d6i twong nho hon gia tri ngudng Confideny thi hé thong s&
tiép tuc theo vét (tracking). Cac dix liéu thu nhan dugc trong qua trinh theo vét s& duge luu trit vao Store,
gan nhén tap dir liéu Storex. Khi tin d6 cdy vuot gia tri ngudng Confideny thi hé thong s& chuyén toan
b6 dir lidu thu nhéan ctia ddi twong do6 sang tap Positive data. Nguoc lai, néu sau qua trinh theo vét, ddi
tugng duoc nhan dang khong phai 1a X thi hé thdng s& chuyén toan bo dir liéu cia tip Storex sang tap
Negative data. Khi sO lugng dir liéu thu thap duoc cua tai Positive data va Negative data dat dugc gia
trj nhat dinh, s& duge sir dung dé hudn luyén cho mé hinh PDNety. Qua trinh huin luyén lai mé hinh
PDNety s& duogc toi uu hoa thong qua qua trinh tim kiém cac siéu tham s6 cua giai thuat Bayers. Toan
bd qua trinh tim kiém siéu ‘tham s6 dé@ dugc mo6 ta chi tiét tai Hinh 2, phan Hyperparameter Turning.
Trén co s6 cac siéu tham sd ti wu vira tim duge, mo hinh PDNet s& dugc hudn luyén va cap nhat. Mo
hinh PDNety sau khi dugc cap nhat sé thong minh hon mo6 hinh trudc d6. Qua trinh d6 s€ 1ap lai lién tuc
trong subt thoi gian hoat dong ctia mé hinh AAOG, lan luot cac md hinh PDNet s& duoc cai thién kha
nang nhan dang.

Trong thoi gian t6i, khi didu kién vé hiéu suat phan ctng cho phep, chung t6i dé xudt thyuc nghlem
mo hinh AAOG nhu mot AutoRobot v6i cac dbi twong dit liéu vé giao thong nhu: phuong tién giao
thong, bién bao giao thong, dudng giao thong, ngudi di bd, cdy cbi, toa nha,... Vi thoi gian hoat dong
du dai (tir 30 dén 90 ngay), mot hé thdng AAOG c6 kha ning cai thién sy thong minh theo thoi gian.

5. Panh gia giai phap va nhirng thach thue dat ra

Trong 2 md hinh d& xuit trude d6 [29], [30], cac tac gia da chimg minh bing thuc nghiém véi cac
nén tang phan clng pho thong san co nhur Bang 1. Tai thoi diém d6, qua trinh tim kiém siéu tham s
theo mo hinh dé xuét tai Hinh 2 hé thong phai mat tir 120 dén 170 gi¢ (twong duong tir 05-07 ngay) hoat
dong lién tuc dé giai thuat Bayer chon loc dwoc mot bo tham s6 toi wu nhat trong mot vong lap.

Bang 1. Cdu hinh ciia thiét bj trong cdc dé xudt trude ddy

Thoéng s6 Céu hinh chi tiét
CPU Core 13 3.6Ghz
GPU Geforce 1060 6Gb
RAM 16Gb
HDD SSD 160Gb

Chinh vi vy, véi dé xuat hién tai, mot s6 kho khan va thach thirc ngin can qua trinh thuc nghiém va
dua ra két qua. C6 thé ké dén cac kho khin gip phai d6 1a:

(1) Hiéu nang xu 1y cua thiét bi: Vi viée lya chon mo hinh PDNety phu hop voi ting dbi tuong
nhan dang, mo hinh phai c6 tc d6 xtr ly nhanh (CPU, GPU, RAM). béc biét la hé thong phai dam bao
xir Iy da nhiém, qua trinh theo vét (tracking) va huan luyén (retraining) dugc thyc hién cung thoi diém
cho nhiéu dbi twong. Nghia 14 tai mot thoi diém, c6 nhiéu mo hinh PDNet cung thue hién nhan dang
hodc huén luyén. Ngoai ra, voi céu hinh thiét bj duogc cai tién, c6 the tang sO luong siéu tham s6
(hyperparameter) de giai thuat Bayesian c6 thé tim kiém cac siéu tham s6 tot hon. C6 thé ting tir 6 tham
s6 nhu cac dé xuét tai Muc 3.2 (InitialLearnRate' , 'L2Regularization’, 'Momentum','MiniBatchSize',
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'GradientThreshold' va 'GradientThresholdMethod') ting 1én 10 dén 20 tham s6 trong tong s khoang
28 tham s6 co ban ctia mot md hinh CNN.

(2) Kha ning luu trit: Trong cac mo hinh dé xuét trudc ddy, cac tac gia chi dat gidi han huan luyén
khi s6 lugng anh cua dbi tuong dat ngudng khiém ton, 200 anh. Nghia 1a khi tap dit liéu Positive data
va Negative data dat 200 anh, s& duoc tron v6i 30% tap dir liéu cii dé dat dugc bo dir liéu hoan chinh,
phuc vu huén luyén lai m6 hinh (retrain). Véi viéc nhiéu mé hinh PDNetx cung thyc hién nhéan dang va
huén luyén lai, chi trong thoi gian ngan, bd nhé luu trir cta hé thong sé bi tran, khong con khong gian
luu trlr dir ligu.

(3) Kha nang truyén dit liéu trong moi trudng mang: Mot giai phap c6 thé giai bai toan vé hiéu
nang cua thiét bi va kha nang luu trir 46 13 4 ap dung m6 hinh dam may (cloud). Ttrc 1a hé théng AAOG
chi thyc hién viéc nhan dang va phan loai d6i tuong. Viée xtr 1y va tinh toan dugc thyc hién tai may chu
16n, khac khong gian dia ly. Tuy nhién, viéc nay doi hoi kha nang déap tng vé truyén tai dir liéu voi tbe
d6 cao, khong gidi han. Piéu nay chi co thé 1am duogc v6i cong nghé truyén dit liéu 5G, 6G.

(4) Kich thudc cua hé thong AAOG: Mot hé théng AAOG c6 kha nang thich (mg va gia ting su
thong minh lién tuc theo thoi gian doi hoi hé thong do phai c6 kha nang vén dong, di chuyén trong qua
trinh hoat dong (time life). Dé 1am duoc diéu d6, hé thong phai tinh gon, t6i thiéu vé kich thudc nhung
van phai dam bao hiéu ning (ning luong, téc do xur 1y, kha nang luu trit,...). Pay 12 mot thach thirc
khéng hé nho khi cic nén ting cong nghé thuc té vin chua dap tmg duge do cac may chu 16n
(MainFrame) hoac siéu may tinh (SupperComputer) c¢6 téc do xu 1y 16n van 1a cac c¢b may do so.

Mac du con gap khong ich thach thire, nhung voi tbc do phat trién nhu hién nay, tin chic rang,
trong thoi gian ngin s& khic phuc hoan toan cac chudng ngai dang gap phai va mot hé thong sir dung
AAOG hoat dong trong thuc té 1a hoan toan kha thi.

4. Két luan

Noi dung nghién ctru va dé xuit mé hinh hoat dong ctia mot hé thdng hoc thich tmg nhan dang ddi
tuong tong quat - AAOG. Hé thdng c6 kha ning ing dung trong cac auto robot hodc phuc vu nghién
ctru xay dung cac mo hinh Al tong quat. Mic du chua duoc thie nghiém bang cac s6 liéu cu thé, nhung
qua céac thuc nghiém ctia md hinh dé xuit truéc dé co thé khang dinh mé hinh dé xuit tong quat c6 kha
ning tmg dung trong thyc té.

V6i su phét trién manh mé ciia cong nghé, cc nén tang chip xtr Iy (CPU, GPU) va toc d6 mang
khong day s¢ khong ngimg duoc nang cao, 1a co s¢ quan trong cho viéc mo rong cac mé hinh Al trong
d6 c6 ing dung cac nén tang cua AAOG.

Xung dot lgi ich
Tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
TAI LIEU THAM KHAO

[1]  J. Achiam et al., "Gpt-4 technical report,” arXiv preprint arXiv:2303.08774. 2023.

[2] H. Bertrand et al., "Hyperparameter optimization of deep neural networks: Combining hyperband with Bayesian model selection," in
Conférence sur I’ Apprentissage Automatique, 2017, Art no. 10497518.

[3] K. Blix and T. Eltoft, "Machine learning automatic model selection algorithm for oceanic chlorophyll-a content retrieval,” Remote
Sensing, vol. 10, p. 775, 2018.

[4] E. Bochinski et al., "Hyper-parameter optimization for convolutional neural network committees based on evolutionary algorithms," in
2017 IEEE international conference on image processing (ICIP), 2017, pp. 3924-3928.

[5] C.Y.Wang, I H.Yeh,and H. Y. M. Liao, "YOLOV9: Learning What You Want to Learn Using Programmable Gradient Information,"
arXiv:2402.13616v2, 2024.

[6] G. Dikov and J. Bayer, "Bayesian learning of neural network architectures,” in The 22nd International Conference on Artificial
Intelligence and Statistics, 2019, pp. 730-738.

[71 T. Domhan et al., "Speeding up automatic hyperparameter optimization of deep neural networks by extrapolation of learning curves,"
in Twenty-fourth international joint conference on artificial intelligence, 2015, pp. 3460-3468.

[8] A.C.Floreaand R. Andonie, "Weighted random search for hyperparameter optimization,” arXiv preprint arXiv:2004.01628, 2020.

[91 R. Girshick, "Fast r-cnn," in Proceedings of the IEEE international conference on computer vision, 2015, pp. 1440-1448.

[10] R. Girshick et al., "Rich feature hierarchies for accurate object detection and semantic segmentation," in Proceedings of the IEEE
conference on computer vision and pattern recognition, 2014, pp. 580-587.

[11] K. He et al., "Deep residual learning for image recognition," in Proceedings of the IEEE conference on computer vision and pattern
recognition, 2016, pp. 770-778.

[12] V. D. Hoang et al., "Robust human detection using multiple scale of cell based histogram of oriented gradients and adaboost learning,"
in International Conference on Computational Collective Intelligence, 2012, pp. 61-71.

JTE, Volume 19, Issue 2, 2024 66


mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham K thuat Thanh phd H6 Chi Minh

HCMUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]

[32]
[33]

C. Huang et al., "Learning policies for adaptive tracking with deep feature cascades," in Proceedings of the IEEE international
conference on computer vision, 2017, pp. 105-114.

L. Kotthoff et al., "Auto-WEKA 2.0: Automatic model selection and hyperparameter optimization in WEKA," Journal of Machine
Learning Research, vol. 18, pp. 1-5, 2017.

A. Krizhevsky, I. Sutskever, and G. E. Hinton, "Imagenet classification with deep convolutional neural networks," Advances in neural
information processing systems, pp. 1097-1105. 2012.

N. Q. K. Le et al., "Identification of clathrin proteins by incorporating hyperparameter optimization in deep learning and PSSM profiles,"
Computer methods and programs in biomedicine, vol. 177, pp. 81-88, 2019.

L. Li and A. Talwalkar, "Random search and reproducibility for neural architecture search," in Uncertainty in artificial intelligence,
2020, pp. 367-377.

M. Long et al., "Transferable representation learning with deep adaptation networks," IEEE transactions on pattern analysis and
machine intelligence, vol. 41, pp. 3071-3085, 2018.

H. Nam and B. Han, "Learning multi-domain convolutional neural networks for visual tracking," in Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, 2016, pp. 4293-4302.

A. Oksanen et al., "Artificial intelligence in fine arts: A systematic review of empirical research,” Computers in Human Behavior:
Artificial Humans, p. 100004, 2023.

S. B. Punuri et al., "Efficient net-XGBoost: an implementation for facial emotion recognition using transfer learning," Mathematics,
vol. 11, p. 776, 2023.

S. Raschka, "Model evaluation, model selection, and algorithm selection in machine learning," arXiv preprint arXiv:1811.12808, 2018.
D. Reis et al., "Real-time flying object detection with YOLOV8," arXiv preprint arXiv:2305.0997, 2023.

S. Ren et al., "Faster r-cnn: Towards real-time object detection with region proposal networks," in Advances in neural information
processing systems, 2015, pp. 91-99.

Z. Song et al., "MovieLLM: Enhancing Long Video Understanding with Al-Generated Movies," arXiv preprint arXiv:2403.01422,
2024.

C. Szegedy et al., "Going deeper with convolutions," in Proceedings of the IEEE conference on computer vision and pattern recognition,
2015, pp. 1-9.

F. M. Talaat and H. ZainEldin, "An improved fire detection approach based on YOLO-v8 for smart cities,” Neural Computing and
Applications, vol. 35, pp. 20939-20954, 2023.

J. Terven and D. C. Esparza, "A comprehensive review of YOLO: From YOLOvl to YOLOv8 and beyond," arXiv preprint
arXiv:2304.00501, 2023.

D. P. Tran and V. D. Hoang, "Adaptive learning based on tracking and Reldentifying objects using convolutional neural network,"
Neural Processing Letters, vol. 50, pp. 263-282, 2019.

D. P. Tran et al., "Hyperparameter optimization for improving recognition efficiency of an adaptive learning system," IEEE Access, vol.
8, pp. 160569-160580, 2020.

S. Wang et al., "Single-Stage Pose Estimation and Joint Angle Extraction Method for Moving Human Body," Electronics, vol. 12, p.
4644, 2023.

X. Wang et al., "BL-YOLOV8: An improved road defect detection model based on YOLOVS8," Sensors, vol. 23, p. 8361, 2023.

X. Zeng and G. Luo, "Progressive sampling-based Bayesian optimization for efficient and automatic machine learning model selection,"
Health information science and systems, vol. 5, pp. 1-21, 2017.

l.. Tréan Diém Phuc is a Ph.D in Computer Science from Duy Tan University, Da Nang City, Vietnam. He is working in
Information and Communications department of Quang Binh province. His main research interests include artificial

Email: phuctd@gmail.com. ORCID: “& https://orcid.org/0000-0001-8335-6720

l 'l intelligence, image processing, computer vision, auto vehicle and robotic.

L

|

JTE, Volume 19, Issue 2, 2024 67


mailto:jte@hcmute.edu.vn
file:///D:/Phuc/JTE/CacSoNam2024/So-28.04.2024/So-CNTT-Vie/ProductionFiles/phuctd@gmail.com
https://orcid.org/0000-0001-8335-6720
https://orcid.org/0000-0001-8335-6720

