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MO DAU
1. Tinh cép thiét ciia luiin an

Trong boi canh cac d6 thi va hé thong giao thong ngiy cang phat trién
nhanh choéng, viéc bdo dam an toan, hi¢u qua va bén virng cho co sé ha téng
giao thong dang tré thanh mot trong nhirng vu tién hang dau cua cac quic gia.
Heé thdng giao thong thong minh (Intelligent Transportation Systems — ITS) da
va dang dugc tmg dung rong rii nham tan dung cac cong nghé tién tién dé nang
cao nang luc giam sat, quan 1y va van hanh hé théng giao thong mot cach hiéu
qua [1]. Trong hé théng nay, nhan dang va phan loai mit duong dong vai trd
then chdt, gop phan ting cuong kha nang phuc hoi va thich ing ctia hé thong
giao thong trudc cac tac dong tir moi truong, thoi gian va tan suat st dung.

Mit duong 1a bo phan truc tiép chiu tai trong tir phuong tién va anh
hudng cua thoi tiét, do do6 viéc phat hién sém va chinh xac cac hu hong nhu ran
ntt, 6 ga hay lun vong mit dudng c6 ¥ nghia quan trong trong cong tac duy tu,
bao dudng va bdo ddm an toan giao thong. Theo bao cao tir B Giao thong cac
qudc gia, chi phi duy tu va sira chira mat duong chiém ty trong 16n trong ngan
sach dau tu ha téng [2]. Néu khong c6 hé théng phat hién sém va phan loai mat
duong mot cach chinh xac, cac ton that do tai nan, ket xe, hao mon phuong tién
va gian doan giao thong s€ ngay cang nghi€m trong hon.

Thuc té cho thay, viéc theo ddi tinh trang mat dudng cha yéu van dang
duogc thuc hién theo phuong phap truyén théng nhu quan sat bang mat thuong
hodc str dung thiét bi do chuyén dung véi tan suit dinh ky, din dén do tré trong
phat hién va phan tmg voi hu hong [3]. Trong khi d6, véi sy phét trién ciia cac
cong nghé cam bién, tri tué nhan tao va hoc may, vi¢c tu dong hoa quy trinh
giam sat va phan loai mit dudng dang mé ra huéng di méi nham toi wu chi phi,
rit ngan thoi gian, nang cao do chinh xac trong cong tac bao tri va ting cuong
nang luc ra quyét dinh cta co quan quan 1y ha tang giao thong [4].

Pic biét trong bdi canh bién d6i khi hau, luu lugng phuong tién ngay
cang gia ting va nhu cau vé ha ting giao thong thong minh ngay mot cao, bai
toan phan loai mat duong theo thoi gian thuc khong chi mang tinh k¥ thudt ma
con 1a nhu cau tit yéu trong quan 1y nha nudc va bao vé an toan cong dong.
Viéc xdy dung cac mo hinh va giai phap cong nghé dé phan loai mat duong

mot cach nhanh chong, chinh xdac, thich ing vadi dir li€u 16m va diéu kién thuc



té 1a yéu cau cip thiét, dit ra cho cac nha nghién ciru, k¥ su giao thong va co
quan quan 1y ha tang giao thong hién nay.

Cong nghé¢ nhan dang va phan loai mat duong hién dang 1a mot linh vuc
k¥ thuat quan trong, phat trién nhanh chéng va thu hut su quan tim ngdy cang
16n tir cong dong nghién ciru ciing nhu cac nha quan 1y ha tng giao théng. Véi
muc tiéu ning cao tinh hiéu qua va chinh xac trong viéc phat hién cic bat
thuong trén mit duong nhu vét nit, 6 ga va cac diém khong bang phang khac,
nhiéu phuong phap k¥ thuat di duoc dé xuat va ap dung. Viéc chuyén doi tir
giam sat thil cong sang cac phuong phép tu dong nham tao ra nhiing hé théng
dang tin cdy hon, phuc vu viéc danh gia nhanh chdng tinh trang dudong bo, xac
dinh sém cac khiém khuyét va cung cip canh bao sém vé cac nguy co tiém an
cho nguot tham gia giao thong [5].

Hién nay, cc k¥ thuat nhan dang mat duong chu yéu dugc chia thanh ba
nhoém phuong phép chinh: (i) phuong phap phan tich dir li¢u rung dong, (i1)
phuong phép dua trén ky thuat thi gidc may tinh va xtr 1y hinh anh, va (ii1)
phuong phéap quét laser 3D dé 1ap mo hinh mat dudng chi tiét.

Phuong phép phan tich dir liéu rung dong, con goi 1a phuong phép su
dung cam bién quan tinh (nhu may do gia tdc), 1a mot trong nhimg giai phap
hiéu qua vé chi phi va kha thi trong viéc trién khai dién rong. Cac thiét bi cam
bién rung dong c6 thé dé dang tich hop vao phuong tién giao thong dang hoat
dong, gitp theo ddi lién tuc tinh trang bé mit duong theo thdi gian thue. Diéu
nay giup giam dang ké thoi gian va chi phi bao tri duong bd cho cic co quan
quan 1y, dong thoi cling nang cao kha ning phan tng kip thoi trudc cac bat
thuong [6] - [17]. Cac nghién ctru di ching minh rang phan tich cac miu rung
dong dic thu thu duoc tir cam bién gan trén phuong tién giup xac dinh chinh
x4c va nhanh chong cac dang bat thuong phd bién trén dudng nhu 6 ga, gd
giam tdc, cac dang nut khac nhau. Tuy nhién, han ché 16n nhit cua phuong
phéap nay la dg chinh xac phu thudc dang ké vao dic tinh phuong tién, vi tri gén
cam bién va tdc do di chuyén, khién do6i khi gap kho khan trong viéc xac dinh
chinh xéc vi tri va loai hinh bat thuong, doi hoi két hop thém vai cac cong nghé
dinh vi GPS dé giam thiéu sai s6 [13].

Phuong phéap ky thuat thi gidc may tinh sir dung hinh anh thu thap tu
may anh duoc gan trén cac thiét bi chuyén dung hoic phuong tién giao thong

thong thuong. Viée sir dung céc thuat toan xtr 1y hinh anh, déac biét 1a cadc mo



hinh hoc sau (deep learning), cho phép phuong phdp nay phat hién va phan loai
cac khiém khuyét v4i do chi tiét va chinh xac cao. Tuy nhién, phuong phap nay
lai nhay cam véi diéu kién anh sdng va moi truong, khién két qua nhan dang c6
thé bi anh hudéng bdi bong tdi, anh sang bién ddi, va cac vat can khac trén
duong. Do vay, hiéu suit ciia k§ thuat thi gidc mdy tinh co thé suy giam dang
ké trong diéu kién thoi tiét xiu hodc ban dém. Ngoai ra, k¥ thuat nay doi hoi
ngudn lyc tinh toan 16n, din dén viéc han ché trong trién khai & dién rong [18]
- [23].

Phuong phép stir dung quét laser 3D (LiDAR) dugc xem 1a cong nghé co
d6 chinh xac cao nhét trong cic phuong phap hién tai. Cong nghé nay tao ra
cidc mo hinh bé mit 3D chi tiét, cho phép nhan dang chinh xac cac khuyét tat
nho, tham chi chi vai milimet trén mat duong, bao gém cac dang bién dang, lan
vong va cac bat thuong bé mit khac. Khong giéng nhu thi gidc mdy tinh, cong
nghé LiDAR khong phu thudc vao diéu kién anh sang méi trudng nén hiéu qua
cao trong ca diéu kién anh sang yéu hodc ban dém. Tuy nhién, nhuoc diém 16n
nhit clia cong nghé nay 1a chi phi trién khai va van hanh cao, doi hoi cac thiét
bi chuyén dung va k¥ thuat vién c6 chuyén mon sau. Hon nira, hiéu qua hoat
dong cuia thiét bi LIDAR c6 thé bi anh huong bdi diéu kién thoi tiét khac nghiét
nhu mua to, bui ban hoic swong mu, han ché dang ké kha ning mo rong tGng
dung cua cong ngh¢ nay trén quy mo 16n [23], [24].

Mdi k¥ thuat nhan dang va phan loai mit duong déu c6 nhitng wu va
nhugc diém nhat dinh, ddn dén viéc lya chon phwong phap phu hop phu thudc
vao muc dich st dung, yéu cau vé d6 chinh x4c, pham vi trién khai va kha nang
kinh té cua tung du an cy thé.

Hoc maéy di tré thanh mot phuong phap tiép can duoc ap dung rong rai
dé phan loai mat duong, str dung dir li€u tir cdc mang cam bién nhu cam bién
quan tinh dé dat duoc su can bé’lng gitta d§ chinh xac va hiéu qua vé chi phi [9],
[10], [26] - [28]. Tuy nhién, vin con thiéu nghién ctru tap trung vao viée toi uu
hoa lya chon dac trung dé can béng hiéu qua tinh toan va d chinh xac cho cac
tac vu phan loai mat duong béng dit liéu cam bién quan tinh.

Lya chon dac trung tap trung vao viéc xac dinh mot tap hop con cac dac
trung c6 y nghia trong bd dit liéu dé phan biét hiéu qua giita cac nhan. Nhiéu
tap dir liéu chtra cac dic trung du thira, c6 twong quan cao hodc nhidu co thé

loai bo ma khong lam giam chat lugng thong tin [28]. Bang cach giam thoi gian



tinh toan, cai thién hiéu suat phan loai va cung cap thong tin chi tiét sau hon vé
dit li¢u, lya chon tinh ndng doéng vai trd quan trong trong cac ing dung hoc may
va nhan dang mau [29].

Trong nhiéu nghién ctru gan day, hoc may da chimg minh duoc hiéu qua
ndi troi trong phan loai mit dudng, song van ton tai nhiéu thach thirc can giai
quyét trong nghién ctru va g dung thuc tién:

- Pa dang hoa dir liéu huan luyén dé tang kha niang tong quat hoa cho
cac diéu kién van hanh khéac nhau (téc do, tai trong, loai xe...);

- T6i wu hoéa lya chon dic trung nham giam thiéu sé luong dic trung
nhung van dam bao do chinh xac mé hinh;

- Can bang giita hiéu nang phan loai va chi phi tai nguyén hé thng;

Su két hop gitta dit 1iéu cam bién, phuong phap hoc may tdi wu va chién
luge lya chon dic trung hop 1y sé& tiép tuc 14 xu huéng chu dao trong luin an
nay va trién khai hé thong danh gié tinh trang mit dudng thong minh trong thoi
gian téi.

2. Muc tiéu cta luan an

Pé xudt mot s6 phuong phap nham cai thién hiéu niang phan loai, danh
gia tinh trang mat duong str dung cam bién quan tinh va hoc may dap ung thoi
gian thuc trén thiét bi ¢ hiéu nang thap nham trién khai trén dién rong:

- Thir nhat, giai quyét van dé vé hiéu ning phén loai trén phan ctng c6
c4u hinh thap. Cac phuong phap hoc may ho cay “tree” duogc thuc hién trén cac
bd dic trung théng ké duoc chon loc nham hudng téi thoi gian xir Iy t6i wu, chi
phi tinh toan thép trong khi van dam bao dugc d6 chinh xac trong phan loai mit
duong.

- Thi hai, xdy dung thiét bi phan cimg gia ré trong hé thong giam sat mit
duong, st dung thiét bi thu thap dir liéu cam bién quan tinh két hop tin hiéu
GPS thyc té tai Viét Nam, ap dung mo hinh hoc may va danh gia hiéu nang
phan loai mat duong.

3. P6i twong nghién ciru ciia luin an

Lu4n 4n tap trung vao nghién ctru va tim hiéu mét sé phuong phap lién
quan dén bai toan phan loai mit duong st dung cam bién quan tinh va hoc may
nhu:

- Mot s6 phuong phap hoc may duoc ap dung trong bai toan phan loai



mat duong.

- Mt s thuét toan trich chon dic trung nham tdi vu hoéa dd chinh xac,
cai thién thoi gian thuc thi trong phan loai mat duong.

- Céc thiét bi phan ctng c6 hiéu ning thap, gia ré st dung trong bai toan
phan loai mat duong.

4. Pham vi nghién ciru ctia luan an

- Nghién ctru cac phuong phép dugc st dung cho bai toan phan loai mat
duong.

- Nghién ctru cac phuong phap hoc may, hoc sau st dung dit liéu cam
bién quan tinh va GPS dé nang cao do chinh xac phan loai mat duong.

- Nghién ciru, dé xuit thuat toan lya chon cac tham sd tdi wu trong
phuong phap trich chon dic trung dé ap dung trong phan loai mit duong sir
dung cam bién quan tinh, pht hop véi thiét bi phan cing hiéu niang thap.

- Thu thap dit liéu cam bién quan tinh két hop tin hiéu GPS thuyc té tai
Viét Nam, dé xuat ap dung mo hinh hoc may va danh gia hiéu nang phan loai
mat duong.

5. Phwong phap nghién ciru

Nghién ciru Iy thuyét: Téong hop cac nghién ctru lién quan dén bai toan
phan loai mit dudng stir dung dit liéu cam bién quan tinh dugc cong bd gan day.
Trén co s& phan tich cac van dé con ton tai ciia bai toan phan loai mit duong
hién nay dé dé xuit cac thuit toan, phuong phap phan loai mat duong tdi wu,
hi¢u qua hon.

Nghién ciru thwe nghiém: Céac dé xuat dugc thyc nghiém trén hai bo dir
liéu:

- B0 dir li¢u cong khai “PVS - Passive Vehicular Sensors Datasets”, tai

dia chi: https://www.kaggle.com/datasets/jefmenegazzo/pvs-passive-

vehicular-sensors-datasets. Nguén dir li€u chtra cac tép dir li¢u thu thap dugc
bang cam bién quan tinh gan trén xe di chuyén & trén 3 loai mat duong khac
nhau (dudng dét; duong da soi; duong nhua phang).

- B§ dir li€u thu thap thuc té tai Viét Nam g@)m duong nhua phéng chét
luong kha, dudng nhira dd xubng cap chit luong trung binh, dudng bé tong chét
luong kém.

6. Cac dong gop chinh cia luan an

V&1 muyc tiéu nang cao hi¢u qua phan loai mat duong st dung cdm bién


https://www.kaggle.com/datasets/jefmenegazzo/pvs-passive-vehicular-sensors-datasets
https://www.kaggle.com/datasets/jefmenegazzo/pvs-passive-vehicular-sensors-datasets

quan tinh két hop céc thuat toan hoc may dap tng theo thoi gian thuc, luan an
c6 cac dong gop chinh nhu sau:

- Tht nhét, Dé xuét thuat toan trich chon dic trung lai két hop hoc may
gitip tinh giam dit liéu cam bién, giam khdi luong tinh toan va thoi
gian xtr Iy cho hé thdng phan loai mat dudng sir dung cam bién quan
tinh. Pong gop nay duoc cong bd tai cong trinh [CT1, CT2, CT3].

- Thw hai, P& xuét quy trinh thu thap, xir 1y dit liéu cam bién trén thiét
bi dién toan bién stir dung mo hinh hoc may XGBoost dé phan tich va
danh gia hi¢n trang mat duong giao thong. Pong gdp nay duoc cong
bb tai cong trinh [CT4, CT5].

7. B0 cuc ciia luin 4n

Luan an dugc thiét ké bao gdbm phan md dau va ba chuong ndi dung.
Cubi cung 1a phan két luan, danh muc cac cong trinh cia tac gia va danh muc
cac tai liéu tham khéo. Cu thé, noi dung cuta cac phén duogc tom tit nhu sau:

Chuong 1 s& trinh bay tong quan vé bai toan phan loai mit duong va mot
sb cac kién thic nén tang can thiét vé hoc may dé thuan tién cho viéc hiéu thuét
toan dé xuat & cac chuong sau. Cac nghién ciru lién quan cho bai todn phan
loai, phat hién bat thuong trén mat duong st dung cam bién quan tinh duoc
trinh bay cu thé va nhitng nghién ctru d6 dugc phén theo ting nhom tiép can.
Tir nhom céc cach tiép can truyén théng cho dén cac nhom cac cach tiép can
dua trén hoc may, hoc sau. Trén co s¢ do, luan an phan tich cac han ché cua
mot s6 phuong phap phan loai, phéat hién bat thuong trén mat duong hién tai va
néu 1o muc tiéu dé cai thién cac han ché do.

Chuong 2 va Chuong 3 trinh bay cac déng gop chinh cua luan an. Mbi
chuong duoc thiét ké 1a mot nhom cac phuong phap dé xuat dé cai thién hiéu
qua bai toan phan loai mat dudng sir dung cam bién quan tinh. Cy thé, Chuong
2 chirg minh mét chudi giai phap két hop xir 1y tin hiéu va hoc may dé nang
cao hiéu qua phan tich hién trang mat duong. Dé xuat va phat trién thanh cong
Thuat toan Trich chon Pic trung Lai Tbi wu (Hybrid Feature Selection) két hop
hoc may: gitp tinh gian dir liéu cam bién, giam chi phi tinh toan va thoi gian
xtr Iy ma van duy tri d6 chinh xé4c cao.

Chuong 3 trinh bay vé quy trinh gidm sat mit dudng theo thoi gian thuc
va xay dung thiét bi bién trong hé thong giam sat mat duong co chi phi thap,
thu thap hai B Dt li¢u Thuc dia dau tién tai Viét Nam: Bo dit liéu 3 loai mat



duong pho bién, cung cap co so dir liéu xac thuc cho céc nghién ciru twong lai.
Trén thiét bi nay, da thyc thi moé hinh phan loai hiéu qua nhat (XGBoost) véi
d6 chinh xac cao c6 thé Trién khai Thoi gian Thuc (Real-time Deployment
Architecture); Va Bo dif liéu vé cac 6 ga trén dudng giao thong.

Phéan két luan néu nhitng déng gop chinh cua tac gia trong luan an va
nhiing cong vi¢c trong tuong lai.

Cubi cung, 13 cac Phuy lyc trinh by cac ma ngudn cia thiét bi nhing, ma

nguén chay thur nghiém mé hinh hoc may, hoc sau.



CHUONG 1. TONG QUAN BAI TOAN PHAN LOAI MAT PUONG

Noi dung trong Chuong 1 ndy gi6i thiéu vé bai toan phan loai mit dudng
va cac nghién ctru lién quan dé giai quyét bai toan phat hién, phan loai mit
duong. Céac nghién ctru lién quan sé dugc phan vao nhém nhitng phuong phéap
tiép can. Nhin chung, d6i v6i bai toan phan loai mit duong sir dung cam bién
quan tinh c6 cac nhom chinh 1a: phuong phép truyén thong sir dung cac ngudng
thay d6i ctia gid tri trén 1 truc cam bién dé phan loai; phuong phap sir dung hoc
may va hoc sau. Thong qua khao sat, phan tich cac nghién ctru lién quan, cac

han ché s& 13 tién dé cho cac phuong phap dé xuat & cac Chuong tiép theo.

1.1. Giédi thi¢u

Mit duong giao thong 1a thanh phan thiét yéu trong hé théng co sé ha
tang giao thong van tai, dong vai tro quan trong trong viée két ndi cac khu vuc
dia 1y, hd tro phét trién kinh té - xd hoi va dam bao an toan cho nguoi tham gia
giao thong. Tuy nhién, trong qua trinh st dung, mat duong thuong xuyén phai
chiu tac dong tong hop cta nhiéu yéu t6 nhu luu lugng va tai trong giao thong
16n, sy thay doi bat thuong cta thoi tiét, tudi tho cua vat liéu va chét luong thi
cong ban dau. Nhimg yéu td ndy 1am phat sinh nhiéu dang bat thuong trén mit
duong, dién hinh nhu 6 ga, vét nat, vét lan, bong troc hay su Xuéng cép cua cac
cong trinh phu tro nhu go giam tdc [30][31]. Nhitng hién twong nay khong chi
lam suy giam chét luong két cdu mat dudng ma con duge xem 1 céac sai léch
so voi diéu kién mat duong tiéu chuan, von duoc thiét ké dé dam bao do bang
phang, do bam va tinh an toan trong qu4 trinh luu théng [32]. Mot s6 hinh anh

cua cac loai mat duong khac nhau nhu trong Hinh 1.1.

a. Mat duwong nhua 6t b. Mat dwong nhya c. Mat duong bé tong

xuong cdp

Hinh 1.1. Mot sé6 hinh anh cdc loai mdt dwong o Viét Nam.



Tinh trang xudng cp cua mat dudng dit ra ganh ning 16n cho céac co
quan quan ly nha nudc, khi phai lién tuc thuc hién cong tac bao tri, stra chira va
nang cap nham duy tri chit lugng khai thac cua hé thdng duong bo. Ngoai ganh
nang tai chinh, cac khiém khuyét trén mat duong con tiém an nhiéu nguy co
anh huong tryc tiép dén an toan giao thong, vi du nhu dbi véi xe ty hanh, khi
cai dat tc do di chuyén nhanh trén doan dudng xau thi viéc ndy c6 thé gy cac
tai nan nghiém trong. Cac 6 ga hodc vét lun co thé gy tai nan cho ca phuong
tién co gidi 1an nguoi di bo, dong thoi lam gia ting mic tiéu thu nhién lidu va
chi phi bao dudng phuong tién do tac dong bat loi dén hé thdng treo va khung
xe [33]. Mot s hinh anh cac bat thuong trén mat duong thudng gip trong thuc

a. Vet va o voi b. 0 ga, 6 voi

d. Ndp céng thodt mude ldp dwong

c. Vét nirt trén mdt dwong



e. Nép cong thodt nwée ldp dm £ Vach, go giam toc

Hinh 1.2. M6t s6 bat thuong thudng gip trén mat duong ¢ Viét Nam (ngudn:
internet).

Trong bdi canh do, viéc theo ddi va giam sat tinh trang mat duong mot
cach thuong xuyén va chinh xéac trd thanh nhiém vu cip thiét. Khong chi 1a yéu
cAu vé mit an toan giao thong va hiéu qua khai thac, chat luong hé théng duong
bd con phan anh ning luc quan 1y ha tang va mtc d6 phat trién ciia mot quc
gia. Theo danh gia ciia Ngan hang Thé gi6i, mat d6 dudng trai nhya ¢ tinh trang
t6i vu thudng duogc st dung nhu mot chi sé phan anh sirc manh kinh té, kha
nang canh tranh va mirc do tiép can co s ha tﬁng cua mot quéc gia trén binh
dién toan cau [34]. Chinh vi vay, viéc phat trién cac phuong phap hién dai, tu
dong va hi¢u qua dé giam sat, phan loai va phat hién bat thuong trén mat duong
1a hudng di tat yéu, hd trg cac co quan chirc ning trong cong tac quan 1y, bao
tri, cling nhu nang cao chat lugng dich vu giao thong [35].

Phuong phap truyén théng dé giam sat va duy tri tinh trang t6i wu cua
mat duong thuong dua vao cac cudc khao sat Chi s6 Tinh trang Mat duong
(Pavement Condition Index — PCI), trong dé viéc danh gia chu yéu dua trén
quan sat truc tiép ctia con nguoi. Cac cudc khao sat nay tir 1au da dugc céc ky
thuat vién chuyén nganh dudng bo va duong cao toc qubc té sir dung nhur tai
liéu tham khao dé chan doan va phén loai cac bat thuong trén mit duong
[36][37]. Bang 1.1 va Bang 1.2 dudi day minh hoa vé chi s6 danh gia chét luong
mat duong theo PCI va cac mirc d¢ hu héng cia mat duong bé tong xi mang
theo cong b trong [36]. Nhu trong chi s6 PCIL, mat duong c6 thé duoc xép hang
thanh 6 loai theo thang diém tuwong tmg (Bang 1.1), d6i v6i mdi loai hu hong
trén mat duong cé thé duoc danh gid nhu nhu céc ti€u chi dugc dua ra nhu

trong Bang 1.2.
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Bang 1.1. Bang xép hang theo chi s6 PCI [36]

Chi s6
PCI

Xép
hang

M0 ta tinh trang mat duwdong va goi y hanh dfng

86— 100

Mit dudng gan nhu méi hodc & trong tinh trang rat tot.
C6 thé c6 mot vai hu hong & mic do rat nhe, khong
anh huong dén khai thac.

Hanh dong: Chi can bao tri phong ngira (tram vét nut

nho, vé sinh hé thé)ng thoat nudc).

71 -85

Kha

Mait duong bat dau xuét hién cac dau hiéu 3o hoa dau
tién nhu cac vét nit nhe, roi rac. Bé mit van ém va
hoat dong tt.

Hanh dong: Tiép tuc bao tri phong ngira, xir Iy sém
cac hu hong nho dé ngan cac hu hong nay phat trién

thém.

56-70

Trung
binh

Céc hu hong da trd nén 16 rét va phd bién hon, & mirc
do tir nhe dén vira. Bit dau anh huéng dén su ém ai
khi di chuyén. Pay 1a ngudng quan trong, can can
thiép dé tranh xuéng cap nhanh.

Hanh dong: stra chira cuc bd, bu vénh, phu 16p mong

trén bé mat.

41 -55

Kém

Hu hong ¢ mirc d6 vira va nang da chiém wu thé. Xuét
hién cac hu hong két ciu nhu nirt da ca sau. Sy ém ai
giam dang ké.

Hanh dong: Can céc giai phap sira chira 16n hon nhu

cao boc tai ché, hodc phu 16p bé tong, nhua day.

26 -40

RAt kém

Mit duong bi hu hong ning, xudng cap trén dién rong.
Céac hu hong két cau rat pho bién. Viéc 1ai xe tré nén
rat kho khan va khong an toan.

Hanh dong: Stra chita 16n hodc bat dau xem xét

phuong an tai thiét.

11-25

Nghiém

trong

Mit duong gan nhu khong thé sir dung. Cac hu hong
ning né lién két véi nhau, gay nguy hiém cho giao
thong.

Hanh dong: Can phai tai thiét mot phén hoac toan bo.
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0-10

Hong

Mat duong bi phd huy hoan toan, khong con chuc

nang phuc vu giao thong.

Hanh dong: Bit budc phai lam lai méi hoan toan

Bang 1.2. Bang minh hoa vé mikc do hw hong ciia mdt dwong bé tong xi mang

[36]
, Murc d6 hu hong
STT | Loai hu hong ;
Thap Vura Cao
. | . | Cac khoi nut
Cac vét nut | Cac vét nut . _
\ . I .. .z |phan chia
1 Hu hong mat do thoi tiét | do thoi tiét s .
. A nhiéu thanh
(it) (nhiéu) \
phan
2 Lun xuéng 5-15 mm 15-30 mm > 30 mm
3 Nut canh 6-10 mm 11-15 mm > 15 mm
4 Nut rong 1on 6-10 mm 11-15 mm > 15 mm
5 Nut dut gay 6-10 mm 11-15 mm > 15 mm
6 Mit bé tong phong 1én | 5-15 mm 15-30 mm > 30 mm
7 Nut ngang 6-10 mm 11-20 mm > 20 mm
Nut ngau ) A
. N Nut 02 doan | Nut trén 02
nhién khong| . ] .
oL ) i va anh hudng | doan va anh
8 Nut dirt quang anh  hudng | , A i .
P toc do xe | huong toc do
dén toc do xe
chay xe chay
chay
. ) Téc do xe
Khong anh |anh  hudng o
< ToA oA . X oan | LA A chay bi anh
9 V& mit bé tong hudong toc do | toc do xe i
huong
xe chay chay .
nghiém trong
10 | Vét banh xe 5-10 mm 11-30 mm | >30 mm

Bén canh PCI, ¢6 nham hay con goi 14 chi s6 do do gd ghé qudc té (IRI)

ctia mat duong ciing 1a mot chi s6 quan trong thuong duogc sir dung dé danh gia

chat lwong bé mit va phat hién cac dang hu hong nhu vét nit hodc 6 ga [38].

Bang 1.3 du6i day minh hoa phan cap chat luong mit dudng theo chi sb IRI,

cac chi sd va mic d6 phan loai dugc lrfly trong “Tiéu chuan Viét Nam TCVN
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8865 : 2011 Mit duong 6 t6 — Phuong phap do va danh gia xac dinh do bang

phang theo chi s d6 gb ghé qudc té IRI”, trong tiéu chuan theo IRI thi c6 4 loai

mit duong va méi loai lai duoc phan cép khéac nhau dya theo chi sé IRI dé danh

gid tinh trang mat duong (Bang 1.3).
Bang 1.3. Phdn logi tinh trang mdt dwong theo chi sé IRI [39]

Tinh trang mat duong

Loai mat duong Cép duong . Trung Rét
Tot Kém
binh kém
Duong cao tdc cap 2< |4 |6<
120, cap 100, cdp 80;| IRI<2| IRI | IRI |IRI
duong 6 to cap 80. <4 [ <6|<8
Cap cao Al: Bé tong nhua [Puong cao toc cip 3< |57
chat, bé tong nhua rSng, bé 60, duong 6 toO cép IRI<3| IRI IRI | IRI
tong xi mang do tai chd. 60. <5 |<7]|<9
. 4< [ 65 |8<
Duong 6 to cap 40 va
. IRI<4| IRI |[IRI [IRI<
cap 20.
<6 | <8]10
. 4< 16<|8<
Cap cao A2: Bé tong nhua g
N o . - [Puong 6to cap 60. [IRI<4| IRI | IRI | IRI
rai ngudi, rai am; tham nhap
<6 | <8 [<I10
nhya, d4& dam nudc lang
. . . 5 | 7<]19<
nhya, cap phoi da dam lang Puong 6 t6 cap 40 va
. IRI<5| IRI | IRI |IRI
nhuya. cap 20.
<7 | <9 |11
Cap thip Bl: Duong da
p T S NI 6< | 9= |12<
dam nudc co6 16p bao vé ro1 Puong 6 td cap 40 va
D4 . IRI<6| IRI | IRI |IRI
rac, da gia co chat két dinh [cap 20.
A L 1z <9 |[<12]|<15
vO co c6 lang nhya.
Cap thap B2: Duong dat cai
SEANOTdvaisl KT s< 125|162
thi¢n, duong dat gia c6 chat Puong 6 t6 cap 40 va
. ) . . IRI<8| IRI | IRI |IRI
két dinh vo co hodc hitu co cap 20.
: 1 A A <12 [<16]<20
c6 16p hao mon va bao ve.

Céc phuong phap truyén thdng nay ton tai mot s6 han ché dang ké. Boi

v6i khao sat PCI hay IRL két qua c6 thé bj anh hudng boi yéu té chii quan cua
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k¥ thuat vién, dong thoi tiém an nguy co ddi véi sitc khoe va an toan clia nguoi
van hanh trong qué trinh khao sat thyc dia [11]. Mat khéc, cac phuong phap
kiém tra truc quan thudng ton nhiéu thoi gian va dé xay ra sai sot do yéu té con
nguoi [40].

Dé khéc phuc nhitng han ché nay, nhiéu nghién ctru d dé xuét phat trién
cac hé thong tu dong nham phét hién va phan loai cac khiém khuyét trén mit
duong. Viéc phat trién cac hé thong nhu vdy dang nhan duoc sy quan tim ngay
cang 16n, bai tinh ing dung tiém ning cta chiing trong cac hé théng giao thong
thong minh (Intelligent Transportation Systems — ITS), cling nhu trong cac hé
théng hd tro nguoi 14i tién tién (Advanced Driver Assistance Systems — ADAS)
[3].

Theo cac tai liéu nghién ctru da cong bo, cac hé thong phat hién va phan
loai bat thudng bé mit dudng hién nay ¢ thé duoc chia thanh ba nhém ki thuat
chinh: (a) quét laser, (b) thi gidc may tinh va (c) hé thong dua trén cam bién
[41]. Mdi nhom k¥ thuat nay cé nhitng wu diém va han ché riéng, phit hop voi
cac diéu kién ung dung khac nhau:

e Quét laser: Cung cap dit liéu bé mit mit duong dudi dang mo hinh
3D véi d6 chinh xac cao, cho phép phat hién cac khuyét tit nho va
danh gia d6 gd ghé cua mat dudng. Tuy nhién, phuong phap nay yéu
cau thiét bj chuyén dung, chi phi cao va hiéu suét c6 thé bi anh hudng
trong diéu kién thoi tiét bat loi.

e Thi gidc may tinh: Str dung camera lp dit trén xe dé thu thap hinh
anh mat duong, tir d6 phat hién cac vét nit, 6 ga va cac bat thuong
khac thong qua xur Iy anh. Phuong phap nay twong d6i tiét kiém chi
phi va c6 thé trién khai trong diéu kién giao thong thyc té. Tuy nhién,
d6 chinh xac cua hé thong c6 thé giam trong diéu kién anh sang yéu,
bong d6 hoac khi c¢6 vat can che khut.

e Dua trén cam bién: Ap dung cic cam bién 1dp trén phuong tién dé
ghi nhan dit liéu rung dong do tuong tac vdi mat duong, tir 46 suy
luan céc bat thuong. Phuong phap nay it bi anh huong béi diéu kién
thoi tiét hodc anh sang, c6 thé tich hop vao cac phuong tién san cé
va cung cap dir liéu theo thoi gian thyc dé phuc vu phan tich va phan
hdi nhanh chéng. Tuy nhién, phuong phap ndy gip kho khin trong

viéc phan loai cu thé céac loai hu hdng mat duong va can duoc két
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hop véi cac ki thuat trich xuat dic trung dé dat hiéu qua t6i wu.

Téng quan vé cac wu, nhuoc diém cua 3 phuwong phap trén dugc trinh

bay trong Bang 1.4 dudi day.

Badng 1.4. Tong quan vé wu diém va han ché cia 3 nhom thiét bi

Uu diém

khiém

khuyét véi do chi

loai céac
tiet va chinh xac
cao.

- Co6 thé phat hién

sOom céc bat thuong.

xac cac khuyét tat
nhd, bao gdém cac
dang bién dang, lun
vong va cac bat
thudong bé mit khac.
- Khong phu thudc
vao diéu kién anh

sang moi truong.

Phuong | Camera (Thi giac Quét Laser Ciam bién quan
phéap may tinh) (Lidar) tinh
- Phat hién va phan | - Nhan dang chinh | - Hiéu qua vé chi phi

va kha thi trong viéc
trién khai dién rong.
- Khong phu thudc
vao diéu kién anh
sdng, moi truong.

- Dé dang tich hop
vao phuong ti¢n
giao thong dang
hoat dong.

- bap ting thoi gian
thuc.

Han ché

- Nhay cam véi diéu
kién 4anh sang va
moi truong.

- Tinh toén 16n.

- Chi phi cao.

- Khéa ndng mé rong

trén quy mo 16n.

- Chi phi trién khai
va van hanh cao.

- Anh huéng boi
moi trudng: mua,
bui ban hoic suong
mul.

- Kha nang mé rong

trén quy mo 16n.

- b6 chinh xac phu
thuoc dang ké vao
dac tinh phuong
tién, vi tri gén cam
bién va toc do di

chuyén.

Céc k¥ thuat dua trén cam bién rung dong dang ngay cang trd nén phod
bién trong viéc phat hién va phan loai cac di thuong trén mit dudng nhd vao
hiéu qua chi phi cao va kha ning trién khai linh hoat cua chiing. Cac hé thdng
nay thudng sir dung cam bién quéan tinh (bao gdm cam bién gia tbc va cam bién
con quay hoi chuyén) dé thu thap dir liéu rung dong phat sinh khi phuong tién
di chuyén trén mat duong. Mot uu diém déng ké 1a cac cam bién nay co thé dé

dang duoc tich hop vao dién thoai thong minh, cho phép trién khai cac hé thdng
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giam sat mit dudng ma khong can thiét bi chuyén dung dit tién [42].

Tuy nhién, k¥ thuat nay van ton tai mot sé han ché 1am anh huéng dén
d6 tin cay va tinh phd quat cta két qua do. Cac yéu t6 nhu su khac biét trong
dac tinh k¥ thuat cia cam bién, vi tri lép dit dién thoai hodc cam bién bén trong
phuong tién, cling nhu cac dac diém co hoc khac nhau gilra cac loai xe, déu co
thé gy ra sai sb trong qu4 trinh thu thap va phan tich dir liéu [43]. Nhimg bién
s6 ndy lam gia ting tinh bat dinh trong qué trinh phat hién va phan loai di
thuong mat duong.

Do d6, dé nang cao do chinh xac va kha ning tng dung thuc tién cta cac
hé thong dua trén cam bién rung dong, can c6 cac nghién ctru chuyén sau hon.
Nhitng nghién ctru tip trung vao viéc chuan hoa phwong phap do, hiéu chinh
mo hinh theo tung loai phuong tién, va tich hop cac thuit toan hoc may dé tu
dong hiéu chinh sai s6 va ting kha ning phan biét cac loai hu hong mat duong
khac nhau trong diéu kién thuc té.

Trong nhiing nim gan day, bai toan phan loai mat dudng nhan dugc su
quan tdm cta rat nhiéu nha nghién ctru trén thé gidi. Bé thay duoc tong quan
cac nghién ctru vé phan loai, phat hién cac bat thuong trén mat duong trong 10
nam tro lai day (tir nam 2014 dén 2025) da dugc thu thap tir nguén dir liéu Web
of Science, Scopus, va Google Scholar. Danh sach cic cum tir tim kiém nhu
sau:

Road surface classification + vibration sensor + machine learning;

Road anomaly detection + vibration sensor + machine learning;

Road anomaly detection using inertial sensor;

S6 luong cong bd cac nghién ciru vé phét hién, phan loai mat dudng sir
dung cam bién rung, cam bién quéan tinh ngdy cang nhiéu bdi chi phi thap, dé
dang trién khai s6 lugng 16n trong thyuc té. Viéc ndy cho thiy su quan tdm va
tam quan trong cta viéc nghién ctru cac phuong phap ning cao hiéu ning, trién
khai thoi gian thuc viéc phan loai mat duong st dung cam bién quan tinh két

hop céc phuong phap hoc may.

1.2. Tong quan cac nghién ctru lién quan
Céc phuong phap dua trén rung dong da ndi 1én nhu mot giai phap
hiéu qua va linh hoat dé phat hién va phan loai cac bat thuong trén bé mat

duong, nhod kha ning thu thap dir liéu nhanh chéng va chi phi thip so voi cac
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hé théng kiém tra truyén thong. Dir liéu rung dong, chu yéu duoc thu thap tir
cam bién gia toc (accelerometer) va cam bién con quay hoi chuyén (gyroscope),
c6 thé phan anh rd nét sy twong tic gitra phuong tién va mit duong, tir d6 giup
suy luan su tdn tai va muac do cua cac khiém khuyét nhu 6 ga, vét nut, hodc do
g6 ghé bat thuong.

Céc k¥ thuat khai thac dir liéu rung dong dé phuc vu cho viéc phat hién
va phan loai bat thuong mit duong hién duoc phéan loai thanh ba nhém phuong
phap chinh:

1.  Phuong phap dua trén ngudng (Threshold-based methods)
ii. Phuong phap hoc may co trich xuat dic trung (Feature-based machine

learning)
iii. Phuong phap hoc sau khong can trich xuat dic trung (End-to-End deep
learning)

Tong quan vé ba nhém phuong phap trén duge minh hoa trong Hinh 1.3,
cho thdy ludng xur 1y dién hinh cia mdi k¥ thuat khi ap dung vao dir liéu rung
dong thu thap tir cam bién gia tdc va con quay hoi chuyén. Theo so d6 trong
Hinh 1.3, phuong phéap dua trén ngudng bo qua bude huan luyén nhung doi hoi
nguoi dung xac dinh ngudng thong qua kinh nghiém va thu nghiém trude khi
ap dung thuc té. Trong khi d6, cac phuwong phap hoc may va hoc sdu déu bao
gdm budc tao md hinh thong qua qué trinh huin luyén, di kém voi giai doan

xé4c thuc dé danh gia d6 chinh xac va kha ning tmg dung.

D lidu gia te
(Accelerometer)

‘s 4 N - - '_‘ 1
hién bét thueng Ky thuat st dung _
mét dwong giao hoc may véi trich )@% & Xé}‘%
Xuat dac trung I

D lidu géc quay
(Gyroscope)

K§ thuat st dung Huén luyén md
hoc sau hinh va thue thi

Hinh 1.3. Tong quan vé tiép cdn cdc phirong phdp phdt hién, phan loai mdt
dwong swr dung cam bién quan tinh.
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1.2.1. Tiép cin dwa trén ngwing

Cac phuong phap dua trén ngudng cb gang phat hién va phan loai cac bat
thuong trén duong khi cac gid tri bién do, can bac hai trung binh hodc hé sb
dinh cua tin hiéu thu duge tir cic cam bién quén tinh vuot qua mot gia tri nhat
dinh duogc xac dinh trude [44]. V& loai phuong phap ndy, cac nghién ctru ban
dau, chang han nhu nghién ctru ctia Astarita va cong su [45] dd dé xudt phat
hién 6 ga va gd giam tdc bang cach phan tich cac dinh cuc dai cua truc z cua
dir liéu gia tc ké, trong d6 d6 chinh xac phat hién go giam tdc 1 90% va ty 18
phat hién 6 ga 1a 65%. Rishiwal va cong su [46] dd dé xuit mot phuong phap
ngudng dua trén phan tich truc z cia dit lidu gia toc ké dé do luong muc do
nghiém trong ctia 0 ga va go giam toc thanh ba muc: muc do nghiém trong
trung binh, mtc d6 nghiém trong cao va muc do nghiém trong rat cao. Céc
ngudng duogc thiét 1ap theo kinh nghiém va phuong phap nay bao cao do chinh
xac 1a 93,75%.

Ngoai ra, Nguyen va cong sy [47] dd st dung kiém dinh Grubbs trong
ctra sO truot dé cai tién cac phuong phap dat ngudng ban dau do Mednis va
cong su [15] dé xuat. Cac thuat toan nay bao gém: Z-THRESH, Z-DIFF,
STDEV(Z) va G-ZERO. Cu thé, Z-THRESH phat hién bat thuong khi bién do
truc z ciia cam bién gia tdc vuot qua mot gia tri ngudng xac dinh; Z-DIFF phat
hién bat thuong khi chénh léch giita hai phép do lién tiép vuot ngudng cho
trudc; STDEV(Z) dua trén dd 1éch chuan trong cua s6 truot, néu gia tri nay
vuot qua ngudng thi sy bat thudng dugce nhan dién; va G-ZERO phat hién bat
thuong khi gia tri trén ca ba truc ctia cam bién gia tc déu thip hon mot ngudng
nhat dinh, ngudng st dung trong cac thuat toan nay duoc mo ta nhu trong Hinh
1.4. Ngoai ra, Carlos va cong su [48] cling da danh gid lai cac ngudng do
Mednis dé xuét; két qua phén tich cho thay thuat toan STDEV(Z) dat hiéu qua
cao nhat vé do nhay, do chinh xac va diém F1 so véi G-ZERO, Z-DIFF, Z-
THRESH ciing nhu phuong phap may vector hd tro.
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a. Thuat toan Z-THRESH b. Thuat toan Z-DIFF

WYAVAN

c. Thuat toan STDEV(Z) .d. Thuat toan G-ZERO
Hinh 1.4. Cdc phwong phdp ddt ngudng do Mednis va céng sw dé xudt [15].

Mot sb nghién ciru khac ciing da khai thac cach tiép can két hop gitra ky
thuat dua trén ngudng va k¥ thuat hoc may. Chéng han, Zheng va cong su [49]
dé xuat ap dung phuong phap cira so trugt dé phat hién ban dau cac vi tri co
kha ning bat thuong theo ngudng nhu mé ta trong Hinh 1.5, quy tic cia nhom
Zheng nhu sau:

« Néu xe chay trén duong binh thuong, dit liéu gia tdc truc z s& dao dong
trong mot pham vi nhat dinh v&i nhidu Gauss.

« Khi xe chay qua mot diém bat thuong, dit liéu gia toc truc z thuong vuot
qua ngudng cao trude (TH) rdi xuéng dudi ngudng thap (TL); hodc ngugc lai,
tic 1a trudce tién xudng dudi ngudng thip (TL), sau d6 vuot qua ngudng cao
(TH). Sau dao dong 16n ndy, gia tri cta nd co thé tiép tuc dao dong, va cudi
cung trd lai vi tri binh thuong.

Mo hinh hoc may rimg ngau nhién sau d6 dugc sir dung nham phan tach
cac ctra s6 truot thuc sy binh thudng voi cac phan doan ctra sO truot bat thuong.
Cubi cung, k¥ thuat dong géi thoi gian dong duoc dung dé phan loai cac bat

thuong da xac dinh thanh cac dang 6 ga, hodc gd giam toc. Tuong tw, Yi va
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cong su [50] dé xuat cung voi mé hinh hdn hop Gaussian (GMM) dé phat hién
bat thuong trén mit dudng nhu mo ta trong Hinh 1.6.

—e— Acc .z ==m= TH e TL

=
H

=
N

[ee]

z-axis acceleration(m/s?)
(=
o

4 0 20 40 60 80 100

Time (s)

Hinh 1.5. Ngudng va cira sb truot theo Zheng va cong su dé xuat [49].
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Hinh 1.6. Séng rung dong khi xe di qua go giam toc véi toc do 20 km/gio.
Mau xe la Toyota Camry 2013, va go gidm toc cao 3,5 cm trong nghién ciru
cia Zheng va cong su [50].

Dua trén céc nghién ctru tham khao, k¥ thuat dua trén ngudng la phuong
phap don gian nhét, hoat dong dua trén viéc xac dinh cac gia tri ngudng cua tin
hiéu rung dong (vi du nhu gia tdc cuc dai) dé phat hién di thuong. Phuong phap

nay khong yéu cau moé hinh huan luyén, cach ti€ép cén nay thuong can hiéu
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chuan do céc gia tri ngudng chii yéu dugc xac dinh theo kinh nghiém va thiéu
kha nang tai 1ap. Tuy nhién, dé dam béao do chinh xac, hé théng can duoc hiéu
chuan theo kinh nghiém truéc khi sir dung, va kha niang khai quat hoa doi véi
cac tinh huéng thuc té phuc tap con han ché. Bén canh do, ngudng dé bi tac
d6ng boi nhidu va chi phat hién dugc mot bat thuong duy nhét. Vi vy, trong
cac diéu kién giao thong khac nhau, hiéu qua phat hién va phan loai bat thuong
cua cac thuat toan dua trén ngudng co thé bi han ché.

1.2.2. Tiép can dwa trén trich xudt dic truwng va hoc mdy

O phuong phap nay, dir liéu rung dong duge xur Iy trude thong qua cac
budrc trich xuét dic trung tha cong (vi du: nang luong tin hiéu, gia tri RMS, tan
sb dic trung...), sau d6 dugc str dung dé huan luyén cac mo hinh hoc may nhu
SVM, k-NN, hodc Random Forest. Viéc xdy dung mé hinh nay doi hoi giai
doan huan luyén (training phase) va sau d6 1a giai doan kiém thu (validation
phase) dé danh gi4 hiéu suat. Uu diém ciia phuong phéap nay 1a kha niang dién
giai duoc mo hinh va tiét kiém tai nguyén tinh toan so v6i hoc sau, nhung do
chinh x4c phu thudc nhiéu vao chit luong trich xuat dic trung.

Moét s nghién ctru da chon trich xuét cac dic diém tir di lidu gia tdc ké
hodc con quay hoi chuyén bang cach trich xuit cac dic trung trong mién thoi
gian hodc mién tan s (tic 12 bién d6i tin hiéu thong qua Bién ddi Fourier (FT))
dé phat hién va phan loai di thuong mat duong. Cac budc trén dugce thuc hién
dé dua cac dic diém da trich xuat vao cac k¥ thuat hoc may. Hinh 1.7 cho thay
ludng hoat déng dé ap dung cac ki thuat dua trén hoc may. Bude dau tién bao
gém viéc thu thap tap dir liéu. Budc thir hai lién quan dén céc budce tién xur ly
dugc thuc hién trén tap dir liéu, chéng han nhu phat hi¢n gia tri ngoai lai, xtr 1y
gia tri bi thiéu, dinh hudng lai dir liéu cam bién, 14y mau lai va phan doan di
liéu. Buodc tha ba lién quan dén qua trinh trich xuat dic trung dugc thuc hién
trén dir liéu. Cubi cing, cac bude cudi cung lién quan dén giai doan xy dung

va xac thuc mo hinh.
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Thuthap Tién x{ ly Trich xuéat Xay dung The? nghiém
dir liéu di¥ ligu dac trung moé hinh md hinh

Hinh 1.7. Phuong phap chung ap dung cac ky thudt hoc may swr dung cho
nhiém vu phan loai.

Mot s6 nghién ciru tiéu biéu di ap dung quy trinh nay. Trong Tai liéu
tham khao [51], dit liéu tir cam bién gia toc dugc sir dung dé phan loai 6 ga, go
giam téc, duong thang va duong cong thong qua phd cong suit tin hiéu duoc
trich xuat béng Bién d6i Fourier nhanh (FFT). Qua trinh hoc duoc trién khai
v6i thuat toan k-1an can (KNN) va thuat todn mang tri tué nhan tao (ANN) gom
bon 16p an, dat do chinh x4c 1an luot 1a 95,55% va 96,79%. Tuong tu, Celaya
va cong sur [33] di dé xuat trich xuét cac dic trung théng ké tir dir liéu gia tdc,
bao gém gia tri trung binh, phuong sai, do 1éch chuan, do xién, d6 nhon, cuc
tiéu, cuc dai va dai dong dé phat hién gd giam tdc. Phuong phap nay cho két
qua chinh xac 97,14% khi sir dung hoi quy logistic, trong d6 cac hé sb tdi uu
ctia md hinh dugc xac dinh bang thuat toan di truyén. Hinh 1.8 dudi day mo ta

cac budc thyc hién trong nghién ctru cua Celaya.

Gén cam bién Thu thap dit Phan doan dit licu
1 tho (08 lie thanh cira s6 co chiéu
g1a 1ocC ren Xe 1eu dai 2 giﬁy

Trich xuéat céc dac trung:
gia tri trung binh, phwong
sai, do léch chuan, dé xién,
dd nhon, cyc tidu, cuc dai
va dai déng

Ap dung mé hinh héi
quy logistic dugc tdi wru
héa bang thuat toan di
truyén

Phat hién g& giam toc

Hinh 1.8. So do thuc hién dwoc dé xudt trong [33].
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Ferjani va cong su [52] d3 nghién ctru viée giam sat duong bd bang cach
khai thac dic trung trong mién thoi gian va mién tan sd, dong thoi thir nghiém
v6i cac bo phan loai nhu may vecto hd tro, cdy quyét dinh va perceptron da 16p
(MLP). Cac dic trung mién thoi gian bao gdm gia tri trung binh, phuong sai,
do 1éch chuén, binh phuong tich phan, can bac hai cta trung binh, trung vi,
entropy va khoang; trong khi d6, cac dic trung mién tan sé dugc xem xét gdm
nang luong phé, tan sb trung vi, bién do cuc dai ciia cong suét trung binh, bién
d6 cuc tiéu va tong cong suat. Ngoai ra, cac tac gia ciing thir nghiém phép bién
ddi wavelet v4i wavelet Daubechies 2. Tuong tu, Wu va cong su [44] dé xuit
quy trinh trich xuat dic trung trong mién thoi gian, mién tan s6 va mién thoi
gian—tan sb két hop; két qua cho thiy bd phan loai rirng ngiu nhién huan luyén
tor cac dac trung nay dat do chinh xac 95,7%, dd lap lai 88,5% va do nhay
75,0%. B6 sung thém, Chen va cong su [53] dé xuat tinh toan cic dic trung bat
bién theo ty 1& tir tin hiéu gia tdc, voi quy trinh bao gdm phan doan di thuong
duong b bang phuong phap xap xi tong hop timg phan, sau d6 phan loai dya
trén cac shapelet [54] dé hoc dic trung bét bién theo ty 1.

Anaissi va cong su [55] da khai thac dit liéu gia toc thang ding va ngang
dé danh gia tinh trang duong, v6i muc tiéu phan biét gitta cac di thuong lanh
tinh va cac khuyét tat thuc sy trén mat duong. Hai dac trung chinh duogc tinh
toan 1a hé sd bién thién ap dung cho thanh phan gia tc thang ding, va su két
hop gitta phan tich gia tri ky di ciing hé s6 bién thién 4p dung cho thanh phan
gia tbc ngang, Hinh 1.9 mé ta huéng thyc hién ctia dé xut trong nghién ctru
nay. Viéc phan loai dugc thuc hién béng hai m6 hinh may vecto ho trg mot 16p,

dat do chinh xac 97,5%.
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TrucZ Phat hlen 6 ga
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t Truc X T

Phan doan cira s6 dir liéu M& hinh SVM
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Trich xuat dac trwng truc X
Loc dir liéu téc d6 thap Phat hién bat tIJu'b'ng ’

Trich xudt dac trung trucZ | =———p M6 hinh SVM ]

Hinh 1.9. Phét hién 6 ga sir dung dir liéu truc Z va X trong nghién ciru [55].

Tuong tu, trong Tai liéu tham khao [56], cac tac gia tap trung vao phat
hién moi trudng mit dudng (da cudi, dong bang va dudong giao thong cong
cong) bang cach str dung KNN cung tam didc trung dugc trich xuat tir gia toc
tuyén tinh (truc Z va Y) va dir lidu con quay hoi chuyén (géc nghiéng, goc
xoay), dat do chinh xac 93,2%.

Mot trong nhitng uu diém ndi bat cla cac k¥ thuat hoc may két hop voi
trich xuat dic trung la kha ning giam dang ké chi phi tinh toan so véi cac
phuong phép hoc sau, dic biét trong trudng hop sir dung cac dic trung mién
thoi gian, khi dit liéu khong can trai qua cac budc bién ddi phirc tap nhu Fourier
hay Wavelet. Viéc trich xuét dic trung tur tin hi¢u cam bién, chéng han nhu gia
tri trung binh, phuong sai, d0 1éch chuén hay cac dac trung mién tan sd nhu
nang luong phd, khong chi gitp nén dit liéu va loai bo thong tin du thira ma
con gitr lai nhitng yéu t6 quan trong nhat dé mé hinh héa hién twong. Nho do,
cac thuat toan hoc may nhu SVM, KNN, cay quyét dinh hay hoi quy logistic
c6 thé dugc huan luyén nhanh chéng, yéu cau it tai nguyén tinh toan hon va
van dat hiéu suét cao trong phat hi¢n, phan loai cac bat thuong mat duong.

Ngoai ra, vu diém khac ctia phuwong phap nay 1a kha ning dién giai tot: cac dic



25

trung thong ké, pho hay hinh théi ¢ thé dugc giai thich truc quan, tir 6 hd trg
qua trinh phén tich nguyén nhan va dua ra quyét dinh trong thyc tién.

Tuy nhién, viéc Iya chon dic trung nao la phu hop lai phu thudc nhiéu
vao mién phan tich va cach biéu dién dit liéu. Viéc xac dinh mot tap hop dac
trung vira 6n dinh giita cac miu vira c¢6 kha ning phan biét t6t cac 16p bét
thuong van 1a mot thach thic. Theo Chen va cong su [53], cac dic trung mién
thoi gian va mién tan sd c6 thé bi han ché vi sy khac biét gitra cac loai bat
thuong duong bd thuong chi xuét hién & cac doan tin hiéu cuc bo, thay vi phan
anh & murc toan cyc. Nguyén nhan cua han ché nay c6 thé do anh hudng cia
nhiéu, gia tri ngoai lai hoic sy dich chuyén va thay doi ty 1€ trong tin hiu.

C6 thé khang dinh rang viéc két hop hoc mdy véi trich xuét dic trung
van mang lai nhiéu loi ich thuc tién: dé trién khai, tiét kiém tai nguyén tinh
toan, cho két qua nhanh va dang tin cdy, dong thoi c6 thé duoc ap dung rong
rdi trong cac hé théng gidm sat thong minh véi dicu kién dit liéu han ché hoic
ha tang tinh toan khong manh. Pay chinh 13 nén tang quan trong dé phat trién
cac giai phap tmg dung trong thuc té, noi hiéu qua, tinh linh hoat va kha ning

giai thich thuong dugc uvu tién hon so véi do phure tap cia mo hinh.

1.2.3. Tiép cin dwa trén hoc siu

Céc phuong phap hoc sau nhu mang no-ron tich chiap (CNN), mang no-
ron tuan tu (RNN, LSTM) cho phép xay dung mé hinh tir dau dén cudi, khong
can trich xuét dic trung thu cong ma tu dong hoc dugc cac dac diém phan biét
trong dir liéu. Cac mo hinh nay thuong c6 do chinh xac cao hon va kha nang
khai quat tt hon trong cac diéu kién thuc té phirc tap. Tuy nhién, ching yéu
cau lugng dir liéu huan luyén 16n va kha ning tinh toan cao.

Céc k¥ thuat hoc sau dugc ap dung trong phat hién va phan loai di thuong
mit duong bao gdbm mang truyén thing sau (DFN), mang no-ron tich chap
(CNN), mang no-ron héi quy (RNN) va mang no-ron bd nhé dai-ngin han
(LSTM). Diém manh cua cac k¥ thuat ndy 1a khong yéu cau giai doan trich xut
dic trung riéng biét, boi chiing c¢6 kha ning xt 1y truc tiép dit lidu tho. Do do,
quy trinh minh hoa trong Hinh 1.7 khong bao gom buédc trich xuat dic trung,
vi viéc nay duogc thyc hién trong qua trinh huan luyén mo hinh.

Mot sd nghién ctru tiéu biéu c6 thé ké dén nhu: Varona va cong su [30]

dé xudt so sanh CNN va LSTM dé tu dong phat hién b ga va cac mét 6n dinh
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do go giam tdc hodc thao tac 14i, sir dung dit liéu gia toc ké tir dién thoai thong
minh; Baldini va cong su [57] st dung biéu dién thoi gian—tan s6 (STFT, CWT)
tr cam bién quan tinh dé huan luyén CNN, dat do chinh xac 97,2%; Luo va
cong su [32] so sanh DFN, CNN va RNN trong phan loai tam loai di thuong
mat duong va cho théy RNN dat hiéu suét cao hon vdi it tham sb hon; Tiwari
va cong su [58] huan luyén CNN truc tiép tir dit liéu gia toc ké dé danh gia chat
lugng mat duong, voi dd chinh xac 98,5% vuot troi so voi mang truyén théng
va SVM.

Mot s6 cong trinh khac tap trung so sanh phuong phéap hoc sau va cac ky
thuat hoc may truyén théng. Vi du, Basavaraju va cong su [59] so sanh viéc
trich xuat dic trung tir dir liéu gia téc ké va con quay hdi chuyén voi mo hinh
cdy quyét dinh va SVM so véi viéc dung truc tiép dit liéu thd trong perceptron
da 16p (MLP) dé phat hién dudng tron, 6 ga va vét niit sau, véi dit liéu tir ca ba
truc cam bién thay vi chi méot truc nhu cac nghién ctru trude [15]. Menegazzo
va cong su [10] ciing sir dung dit liéu cam bién quan tinh trong nhiéu bdi canh
khac nhau, so sanh hoc may ¢ dién va hoc sau, va cho théy CNN dat hiéu suit
cao nhit (93,17%) so vo1 LSTM va GRU, cung véi b dir liéu trén Sakorn
Mekruksavanich [13] cling da thtr nghi€ém trén m6 hinh hoc sau nhu CNN,
LSTM, GRU véi mét s6 tinh chinh siéu tham s6 ciia mé hinh, két qua phan loai
cho d6 chinh xac trung binh dén 96%. Cudi cling, Agebure va cong sy [60] phat
trién hé théng phat hién di thuong mat dudng va phén loai cac loai dudng chua
trai nhya dya trén Mang no-ron Gai (Spiking Neural Network) [60], dat hi¢u
suat tot hon SVM va perceptron da 16p (MLP).

Nghién ctru cua Raslan va cong sy [61] da dé xuat mot kién tric mo hinh
lai gitta mang CNN va LSTM d¢é thuc hién phan loai 6 ga, gd giam toc, duong
X4u va duong binh thuong, mo hinh dé xuat duge thu nghié¢m trén nhiéu loai
dac trung khac nhau & mién thoi gian, tan sb, thoi gian — tan s6 va dat duoc do
chinh xac trung binh 1a 93,4%. Tuong tu, nhom nghién ctru ciia Arce-saenz
[62] thuc hién mot phén tich so sanh céc kién trac hoc siu trong bai toan phan
loai bé mit duong dua trén dit liéu do quéan tinh thu thap tir xe. Nam loai bé
mit dudng, bao gdm dudng bang phang, dudng gd ghé, 6 ga, doan duong va
va gd giam tdc, duge nhan dang thong qua 30 mé hinh hoc sau khac nhau. Cac
mo hinh nay duogc xay dung tir nhitng t6 hop da dang cta cac 16p tich chap va

LSTM, dong thoi duge huan luyén véi nhi€u cau hinh dir li€u gia toc va van
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tbc goc. Két qua nghién ctru [62] cho thiy cac kién tric chi sir dung 16p tich
chap con han ché trong viéc mé hinh héa dic trung theo thdi gian cta di lidu
chudi. Nguoc lai, cic mo6 hinh két hop CNN va LSTM thé hién wu thé rd rét
trong viéc nam bit cac phu thudc thot gian, tir @6 cai thién dang ké hiéu qua
phan loai. Ca 2 nghién ctru déu duoc thu nghiém vo1 tap dit li¢u tho hodc trich
xuat dic trung va déu nhin manh tim quan trong cua ky thudt trich xuét dic
trung trong viéc cai thién do chinh xac cia moé hinh phan loai. Trong nghién
ctru [62] dit vAn dé vé bai toan phén loai trong thoi gian thue st dung mé hinh
hoc sau, tuy nhién céac trang thiét bi phan ctng ctia nhom tac gia sir dung 1a ton
kém vé mit chi phi (cAu hinh mdy tinh Intel(R) Core(TM) i9-14900HX CPU,
96 GB RAM, va mot card dd hoa NVIDIA GeForce RTX 4070 GPU 8 GB
GDDR6 VRAM).

Nhin chung, cac k¥ thuat hoc sau di chimg minh dugc nhiéu loi thé dang
ké trong linh vuc phat hién va phan loai di thuong mat duong. Piém manh noi
bat nhat 1a kha nang xr 1y truc tiép dit liéu tho tir cam bién ma khong can giai
doan trich xuit dic trung thil cong, qua d6 giam thiéu su phu thudc vao kinh
nghiém cia nha nghién ctru va tang tinh ty dong hoa trong quy trinh. Bén canh
d6, cac mo hinh hoc sau, dic biét 1a CNN, RNN va LSTM, di cho thay hiéu
suat vuot troi vé do chinh xac, do nhay va dd tin cdy trong nhiéu bdi canh
nghién ctru khac nhau, ké ca khi ap dung cho dit liéu da dang thu thap tir nhiéu
ngudn cam bién. Nhitng thanh cong ndy mé ra trién vong Gmg dung thuc tién
rong réi trong cac hé thong giam sat dudong bo thong minh va cac giai phap giao
thong hi¢n dai.

Tuy nhién, bén canh cac vu diém do, ky thuat hoc sau cling tdn tai nhiéu
han ché khong thé bo qua. Trudc hét, cac mé hinh thudng yéu cau mot luong
dir liéu huan luyén rat 16n dé dat duoc kha nang khai quat hoa tét, didu nay
khéng phai lac nao ciing kha thi trong cac diéu kién trién khai thyc té. Thir hai,
nhu cau tinh toan cao va thdi gian huan luyén dai 1 nhiing thach thuc 16n khi
trién khai trén cac thiét bi tai hién truong hodc trong mdi truong co tai nguyén
han ché. Hon nita, tinh chét “hop den” ctia cac mo hinh hoc sau lam han ché
kha nang dién giai két qua, gay khé khin cho viéc xay dung va 4p dung trong
cac hé théng giao thong an toan cao. Viéc lya chon cAu trac mang, diéu chinh
siéu tham s6 va ngan ngira hién tugng qua khép van mang tinh thir nghiém va

phu thudc nhiéu vao kinh nghiém ciia nha nghién ctru [63].
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Bang 1.5 du6i day tong quan lai mot s cic nghién ctru lién quan trong
bai toan phan loai mat duong sir dung cam bién quan tinh, mot s nghién ctru
chi tap trung vao phat hién mot sd bat thudng trén mit duong nhu 6 ga, hd ga
trén bé mat duong phang, gan diy c6 mot s6 nghién ciru ap dung hoc siu trong
phan loai mdt duong. Cac nghién ctru trudc diy chi tip trung vao hi¢u nang
phan loai, chua t6i wu vé chi phi tinh toan cling nhu mé hinh dé c6 thé ap dung

trén cac thiét bi c6 hiéu ning thap.

Bang 1.5. Tong quan vé mot so nghién curu lién quan

< A .o Do
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cong bo dwong .
xac
Martinelli. [11] 2022 Ogd SVM  97%
HO ga q
Duong phang
ggs;vl{;iju [59] 2020 Opga Xﬁng T
' V¢ét nut ngang 16n
Azza Allouch. [64] 2017 O ga C4.5 98.6%
Wang S, Kodagoda Nhua o
S [65] 2018 Be tong SVM 69.4%
Go giam tdc
Bustamante-Bello, O ga o
R. [51] 2022 Puong tau hoa cit KNN 93.5%
ngang
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Ferjani, L. [52] 2022 V& . SVM  94%
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O ga
Go giam toc Mang
Arce-saenz [62] 2025 Puong gbd ghé CNN+  93.4%
Puong phang LSTM
Duong va

1.3. Trich xuét dic trung

Mot trong nhing tin hiéu pho bién nhit duoc sir dung dé phat hién va
phan loai bat thudng trén mit duong 1a dir liéu tir may do gia toc. May do gia
tdc 1a thiét bi ¢6 chirc nang do gia tdc ctia mot vat thé (vi du: xe ¢, tén Itra hoac
may bay) so véi luc trong truong (luc G). Dit liéu dau ra ctia thiét bi nay thuong
duoc biéu dién dudi dang chudi thoi gian, duoc 1dy miu tai mot tan sb xac dinh.
Chudi thoi gian nay bién d6i theo chuyén dong cuia vat thé, va trong bdi canh
nghién ctru phat hién bat thudng mit duong, vat thé dugc quan sat chinh 13
phuong tién di chuyén trong khong gian ba chiéu [66]. Khi phuong tién di qua
cac bat thuong trén dudng, gia tdc theo cac truc khac nhau s& thay doi 16 rét,
va nhiing bién ddi nay duoc may do gia toc ghi lai.

Mot loai cam bién khac thuong duoc sir dung trong phat hién va phan loai
di thuong mat duong 1 con quay hdi chuyén. Cam bién nay cho phép do van
tdc goc cua vat thé khi duoc gan ¢ dinh trén khung trong qua trinh di chuyén.
Khi dugc st dung két hop voi dit lidu tir cac cam bién khéac (chiang han nhu gia
tdc ké), con quay hdi chuyén co thé bd sung thong tin quan trong vé chuyén
dong quay, tir 6 nang cao hiéu suat cta hé thong trong viéc phat hién va phan
loai cac bat thudng trén bé mit duong.

Phan nay trinh bay va dinh nghia cac dic trung dugc tinh toan tir dit lidu
gia toc ké va con quay hdi chuyén theo cac nghién ctu trong tai lidu. Cac dic
trung ndy thuong dugc phan thanh ba nhém chinh: dic trung mién thoi gian,
dic trung mién tan s6 va dic trung mién thoi gian—tan s6, mbi nhom phan anh
nhitng khia canh khac nhau cua tin hiéu. Hinh 1.10 minh hoa téng quan cac k§

thuat phan tich cung tap hop dac trung da dugc st dung.
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Phan tlci"l mién thoi Tinh toan théng ké
gian
Phuong phap trich Phéan tlch:'nlen tan Tinh toén phé
chon dac trung soO

Bién déi Fourier
nhanh
Bién dai Wavelet

Phén tich mién thoi
gian-tan so két hgp

Hinh 1.10. Téng quan vé cdc ky thudt chung,vé‘ xit 1y dit liéu cho trich xudt
ddc trung trong phdn loai, phat hién bat thuong trén mat duong.
1.3.1. Piic truwng mién thoi gian

Céc dic trung mién thoi gian duoc tinh toan truc tiép tir sy bién doi bién
d6 tin hiéu theo thoi gian. Uu diém chinh cua loai dic trung nay 1a duy tri chi
phi tinh toan thap va khong yéu cau cac phép bién doi tin hiéu bo sung. Trong
s6 d6, d6 16n (magnitude) cua dit liéu tir gia téc ké va con quay hoi chuyén 1a
mot trong nhitng dac trung thuong dugc sir dung. Viéc tinh todn do 1om gitp
loai bé tac dong ti€u cuc tur vi tri va do nghiéng ctia cdm bién quan tinh bén
trong phuong tién, dong thoi giam bién thién khong mong mudn trong tap dir
liéu [67].

Do 16n cia tin hiéu gia toc ké duge biéu dién trong Phuong trinh (1.1),
trong d6 Accy, Acc,, va Acc. lan luot 1a cac thanh ph?m gia tdc theo ba truc, con
Accy 13 d6 16n cua tin hiéu gia toc ké. Tuong ty, Phuong trinh (1.2) biéu dién
d6 16n cta tin hiéu con quay hdi chuyén, véi Gyroy, Gyro,, va Gyro; 1a van tde
goc theo ba truc, va Gyroy 1 d6 10n tong hop ciia tin hiéu con quay hoi chuyén

nhu trong dé xuét ctia Zhou va cong su [67].

Accy = \/Acc,zc +Acc§, +Acc§ (1.1)

Gyro, = \/Gyroi + Gyro}zl + Gyroi (1.2)

Céc dic trung mién thoi gian duogc trich xut tir dir liéu cam bién quan
tinh cha yéu dua trén cac phép do thong ké, nham phuc vu cho viéc phat hién
va phan loai di thuong mat duong. Cac dac trung théng ké thuong duoc tinh

toan trich xuat tir tin hiéu gia téc ké trong mién thoi gian 14 gia tri trung binh,
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phuong sai, d0 1éch chun, d6 xién (Skewness), 0 nhon (Kurtosis), gia tri cuc
dai va dai dong [68]. Ngoai cac dac trung do 16n, mdt sb dic trung mién thoi
gian khac thuong duoc sir dung bao gdm Mode, trung vi, khoang gia tri va gia
tr1 hiéu dung (RMS). Nhitng dac trung nay cling da dugc Zhou va cong sy khai
thac [67]. Bén canh d6, mdt k¥ thuat quan trong dé trich xuét dic trung 1a tinh
toan tu twong quan, tic 1a do mirc 6 twong dong giira tin hiéu ban dau va phién
ban dich tré cta chinh n6. Wu va cdng su [44] di 4p dung ki thuat nay cho truc
z ctia tin hiéu gia tdc ké nham phat hién cac mau dic trung. Cac dic trung thong
ké trén mién thoi gian duoc biéu dién trong cac Phuong trinh (1.3) dén (1.14)
trong Bang 1.6 dudi day, trong d6 » 1a ¢ dai dir liéu va X;1a mau dit liéu thir i
Bang 1.6. Céc dic trung mién thoi gian dwoc trich xudt tir dit liéu cam bién
quan tinh trén cdc phép do théng ké, nham phuc vu cho viéc phat hién va

phan loai bat thwong mat dwong.

Dac trung Cong thirc tinh
n
1
Gia tri trung binh X =— z X; (1.3)
n
i=1
1 n
D6 lech o2==Y (X;—%)° (1.4)
"2
n
10 X —%)°
Skewness Y = —Z — (1.5)
n o
i=1
n
. I X -0
Kurtosis K= — 2 (1.6)
n o
i=1
1 n
P léch chudn o= _Z(X" — %) (1.7)
e
Gia tri cuc dai Max {X; ... X} (1.8)
Gia tri cuc tiéu Min {X; ... X,,} (1.9)
Khoang gia tri Max {X; ... X;,} — Min {X; ... X;;} (1.10)
Mode Mode {X; ... X} (1.11)
Trung vi Median {X; ... X, } (1.12)
Dai dong DR = X,, — Min{X; .. X} (1.13)
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Dac trung Cong thirc tinh

Gia tri hiéu dung RMS = (1.14)

Viéc tinh toan céac dac trung mién thoi gian thuong dugc thuc hién trong
ctra sO tin hiéu c6 d6 dai nhat dinh. Diéu nay doi hoi phai bao dam rang cac bat
thudng can phat hién ndm tron trong cira s d6. Tuy nhién, khong co quy tic
cb dinh dé xac dinh d6 dai ctra s6 t6i wu. Thay vao d6, mot cach tiép can phd
bién 12 thur nghiém h¢ théng v&i nhiéu do dai cira s6 khac nhau va lya chon cau
hinh cho hiéu suét t6t nhat. Cach tiép cin nay di duoc Menegazzo va cong su

[10] &p dung trong nghién ctru cua ho.

1.3.2. Pdc trung mién tin sé

Bién d6i Fourier (FT) 1a k¥ thuat duogc str dung dé chuyén d6i tin hiéu tir
mién thoi gian sang mién tan sd, cho phép biéu dién ciu trac phd cia tin hiéu.
Nguyén 1y co ban cia FT 13 x4y dung mot hé co sé truc giao gom cac ham sin
va cos c6 tan s ting dan, qua d6 mo ta tin hiéu dudi dang tong hop cia cac
thanh phan diéu hoa. Cach tiép can nay gitp phan tich duoc cac thanh phan tan
s6 an trong tin hiéu, vén khong thé quan sat truc tiép trong mién thoi gian. Biéu
thure toan hoc cia FT dugc trinh bay trong Phuong trinh (1.15) [57].

F(w) = joof(t)e‘i“’tdt (1.15)

Trong d6, f(t) 1a mot ham trong mién thoi gian, dugce nhan véi mot ham
mil phtic ¢6 tan sd goc w, tuong (mg véi s6 hang e, Tuy nhién, khi lam viéc
v6i dir lidu roi rac, phép bién ddi Fourier phai dugc dinh nghia lai dé phu hop
véi tinh toan sb. Bién d6i Fourier roi rac (DFT) chinh 1a dang roi rac cta chudi
Fourier, dugc 4p dung cho céc vecto dir liéu roi rac. Biéu dién toan hoc cua
DFT dugc trinh bay trong Phuong trinh (1.16) dudi day.

= —i2mn (1-16)
i)=Y flnle 7
n=0

Bién do6i Fourier ro1 rac (DFT) rat hitu ich trong viéc xap xi va tinh toan
bién doi Fourier cho cac vecto dir liéu. Tuy nhién, khi kich thude dir li€u tang

16n, DFT tré nén kém hiéu qua do do phirc tap tinh toan & mirc O(N?), voi N
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1a s6 diém dir liéu. Dé khic phuc han ché nay, Bién d6i Fourier nhanh (FFT)
d3 duoc phat trién nham t6i wu hoa quy trinh tinh toan. Thuat toan FFT rat gon
d6 phuc tap tir 0(N?) xudng con O(NlogN), mang lai loi ich dang ké vé tdc
d6 xur 1y. Khi N cang 16n, thanh phan logN ting cham, do d6 FFT c6 kha nang
tiém can gan vai thoi gian xir Iy tuyén tinh, giup viéc phan tich tin hiéu trén tap
dir li€u 16n tréd nén kha thi va hiéu qua hon [69].

Phan tich mién tin sd 1a mot trong nhitng k¥ thuat trich xuét dic trung
quan trong, trong d6 d6 16n ctia bién d6i Fourier (FT) thuong duoc st dung dé
tinh toan cac ddc trung phuc vu cho nhiém vu phan loai. Ttr do 16n phé cua tin
hiéu, c6 thé suy ra nhiéu dic trung phd bién phan anh cau tric tan sd va ning
lugng cua tin hi¢u. Mot s6 dic trung dién hinh da duoc dé xuét trong cac nghién
ctru ctia nhu [52], [67], [70], bao gdm cac tham s thong ké ctia phd ciing nhu
cac chi sd dic trung vé ning luong va tan sb.

Céc dic trung mién tan sd pho bién duoc trich xuét tir d 16n caa bién doi
Fourier (FT) c6 thé dugc md ta nhu sau:

1. Ndng lwong phd cua tin hiéu, duge tinh bang tong binh phuong cac

hé s6 FT, phan anh tong nang lugng chtra trong mién tan so;

2. Tan s6 trung vi, 1a tn s6 phan chia ph6 FT thanh hai mién c6 tong

bién d6 bang nhau;

3. Bién do dinh, tuc gia tri cuc dai cia bién dg FT;

Bién do cuc tiéu, tac gia tri nho nhat trong phé;

5. Céng sudt trung binh, duoc tinh bang gia tri trung binh cta cong
suit pho theo bién d6 FT;
6. Céng sudt tong, 13 tong cong suit toan bo tin hidu;

Thanh phan cosin roi rac, tic thanh phan dau tién trong biéu dién
bién do FT;

8. Tan s6 trung binh, phan anh gia tri tan s6 trung binh c6 trong s6
theo bién do tin hiéu;

9. Tan sé6 cuc dai, te tn sd cao nhat hién dién trong phé tin hicu.
Nhitng dic trung ndy cung cap thong tin da chiéu vé cau tric phd
va da duoc str dung rong réi trong cac nghién ctru vé phat hién va

phan loai bat thuong mit dudng.
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1.3.3. Diic trung mién thoi gian — tan sé két hop

Phan tich thoi gian—tan s6 1a thudt ngir dung dé chi cac ki thuat phan tich
dinh luong su bién thién ctia thanh phan tin sé theo thoi gian trong tin hiéu
[71]. Mic du bién ddi Fourier (FT) cung cap thong tin chi tiét vé nodi dung tan
s6, nhung n6 khong cho biét chinh xac thoi diém cac tan sb d6 xuat hién trong
tin hiéu. Dé khic phuc han ché nay, mot k¥ thuat phé bién 1a Bién d6i Fourier
ngén han (STFT). STFT thuc hién béng cach chia toan bo tin hiéu thanh nhiéu
khoang thoi gian ngan (cira s6) va sau d6 ap dung bién d6i Fourier nhanh (FFT)
cho ting ctra s6. Céch tiép can nay cho phép xdy dung mot biéu dién tin hiéu

vura theo thoi gian vira theo tan s6, STFT duoc dinh nghia toan hoc nhu sau:

G(t,w) = foof(T)e_iWTg(‘[—t)dT (1.17)

Trong d6, g(t) dugc goi 1a hat nhan cua STFT (hay ham cira s6), ¢6 vai
trd gi6i han tin hiéu trong nhiing khoang thoi gian ngan dé thuc hién bién doi
Fourier cuc bd. Nho vay, STFT co thé phan tich dugc su thay ddi cua tin hiéu
ca theo mién thoi gian lan mién tan sd. Thong thuong, hat nhan nay dugc chon
1a mot ham Gauss, do tinh chat d6i xtng va kha ning tap trung ning lugng tot,
va duge biéu dién nhu sau:

g(t) = e~ (t-D*/a? (1.18)

Trong Phuong trinh (1.18), tham sé a quyét dinh d6 rong cua cira s6, con
T x4c dinh vi trf tAm ciia ctra s6 di chuyén trong STFT. Trong phan tich thoi
gian—tan s6 ton tai nguyén 1y bat dinh Heisenberg, phat biéu rang mot tin hi¢u
khong thé dong thoi duge nén tity ¥ trong ca mién thoi gian va mién tan sb [72].
Piéu nay c6 nghia 1a khong thé dat duge d6 phan giai cao dong thoi ¢ ca hai
mién; khi cai thién d6 phan giai thoi gian thi d6 phan giai tan sb s& giam, va
nguoc lai. Do d6, phd STFT chi ¢6 thé cung cip biéu dién két hop thoi gian—
tan sb cta tin hiéu véi do phan giai ¢ murc thoa hiép trong ca hai mién.

Gidi han ctua STFT d3 dan dén su phat trién cua phép bién ddi wavelet.
Wavelet 1a mot dang song c6 do hd tro hitu han, véi gia tri trung binh béng
khong. Khac véi song sin kéo dai tir am dén duong vo cuc, wavelet co do dai
ngan, hinh dang khong ddi ximg va khong déu. Piém khéc biét co ban giita
STFT va wavelet 1a & cach phan chia tin hi¢u: thay vi chia thanh cac doan theo

thoi gian ¢b dinh nhu trong STFT, wavelet phan tich tin hiéu theo ty 1é (scale).
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Céch tiép can nay cho phép wavelet khac phuc mot phan han ché cia nguyén
Iy bat dinh Heisenberg bang cach cung cip phan tich da d6 phan giai — dat do
phan giai cao hon ¢ mién thoi gian ddi véi tan sb cao, va d6 phan giai cao hon
& mién tan s6 d6i voi tan sé thap. Hién nay, hai cong cu phan tich wavelet phd
bién 1a Bién d6i Wavelet Lién tuc (CWT) va Bién d6i Wavelet Roi rac (DWT)
[73].

1.4. Trich chon dic trung

Trong linh vuc hoc may, viéc giam s6 lugng bién dic trung dau vao dong
vai trd quan trong nham nang cao hiéu suat mé hinh va téi wu chi phi tinh toan.
Lua chon dac trung (feature selection), con dugc goi 1a lya chon bién hoic
thudc tinh, 1a qua trinh phat hién nhitng dic trung c6 tac dong manh nhat trong
mot tap dit li¢u, déng tho1t loai bo cac dac trung du thira hodc khong lién quan
nham nang cao hiéu qua va hiéu suat cia md hinh hoc may [74]. Qua trinh nay
khong chi giup giam chi phi tinh todn ma con cai thién kha nang phan loai va
cung cap thong tin sdu sac hon vé dit lidu. Trong nhiéu tap dit liéu thyc té, ton
tai cac dac trung c6 mirc dg tuong quan cao hoac chira nhiéu nhiéu, va viéc loai
b6 ching khong 1am suy giam chat luong thong tin ma tham chi con c6 thé
nang cao hiéu qua mo hinh [28].

Céc thuat toan lya chon dac trung thuong dugc phan thanh ba nhém
chinh: mo hinh lgc (filter), m6 hinh bao (wrapper) va mo hinh lai (hybrid) [75].
Lya chon dac trung la mot chu dé nghién ctru lau doi, duge ap dung rong rai
trong nhiéu linh vuc khac nhau nhu nhan dang hinh anh [76][77][78], xt ly van
ban [79], phat hién xam nhap [80][81] [82], phan tich dif li€u tin sinh hoc [83],

cung nhiéu tmg dung thuc té khac.

1.4.1. Phuwong phap loc

Phuong phap loc (Filter) thuong dugc trién khai qua quy trinh gdm hai
budc chinh: (i) tinh todn mot thude do thong ké cho timg dic trung va (ii) so
sanh gia tri nay v6i ngudng (threshold) duoc xac dinh trude. Néu dic trung co
gia tri 10n hon hodc bang ngudng, nd s& duoc giit lai; nguoc lai, dic trung sé bi
loai bo. Vi dy, trong cac bai toan phan loai, c6 thé sir dung thong tin twong hd
(mutual information) dé do ludng mirc 46 phu thudc giita dic trung va nhan.
Néu thong tin twong hd ctia mét dic trung v6i bién muc tidu vugt qua ngudng

0,05, dac trung nay dugc coi l1a hiru ich. Tuong tu, trong kiém dinh Chi-square,
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cac dic trung c6 gia tri thong ké vuot qua ngudng toi han s& duoc giit lai vi ¢o
moi quan hé dang ké v6i nhin phan loai.

Vi du, trong [84], cac tac gia da dé xuit mot phuong phép lua chon dac
trung dua trén chi s6 Gini cho hé théng phat hién xam nhap, két hop véi bd
phan loai Gradient Boosted Decision Trees (GBDT) va t6i uu hoa siéu tham s6
bang thuat toan Téi wu hoa by dan hat (PSO). Khi ap dung cho tap dit liéu
NSL-KDD, phuong phép nay di giam s6 dic trung tir 41 xudng con 18, dong
thoi bo phan loai GBDT tdi wu hoa dat dd chinh xac 86% véi ty 1¢ duong tinh
gia chi 3,83%. Kasongo va cong sy [81] cling da khai thac XGBoost nhu mot
cong cu lua chon dic trung tong hop cho hé théng phat hién xam nhap dya trén
bd dir liéu UNSW-NB15. Dua trén Xép hang tam quan trong dac trung, ho da
chon ra 19 dic trung quan trong nhat tir 42 dic trung ban dau, va trong bai toan
phan loai nhi phan bang cay quyét dinh, cach tiép can nay da cai thién do chinh
xac 1,9% so v&i st dung toan bg dac trung.

Phuong phap loc xép hang cac bién dua trén céc tiéu chi thong ké hoic
do luong mirc d6 lién quan, c6 uu diém vé tinh don gian va hiéu qua tinh toan,
nhung thudng hy sinh mot phan d6 chinh xac so véi cac phuong phap phire tap
hon [29][85].

1.4.2. Phwong phap bao

Trong phuong phéap bao (wrapper), dugc minh hoa trong Hinh 1.11, qua
trinh Iya chon tap con dédc trung coi thudt todn hoc may quy nap nhu mét “hop
den”, nghia 1a khong can di sdu vao chi tiét hoat dong ndi bo ma chi can st
dung dau vao - dau ra cta né. Trinh chon dic trung tién hanh tim kiém céc tap
con g vién va danh gia chiing truc tiép dya trén hiéu suat ma mé hinh quy
nap dat duogc. Hi¢u suét nay thuong dugc do bﬁng do chinh xac phan loai, dugc
wéc luong thong qua cac k thuat danh gia hiu suat nhu kiém dinh chéo (cross-
validation) hodc udc lugng d6 chinh xac khac. Cach tiép can ndy dam bao rang
cac dic trung dugce chon khong chi ¢é ¥ nghia thong ké riéng 1é ma con thuc

su dong gop vao hiéu qua tong thé cia mo hinh [86].
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Tép huén luyén

Tap huan Tim kiem dde MG hinh hoe may cibdng |
luyén trung phan loai/du doan

|

Tép dac trung Tap dac trung

M5 hinh hoe | Udc lrgng
may hi¢u suat

Hiéu nang
Danh gia tap
déc trung

Tap kiém tra

Hinh 1.11. Phuong phdp bao [86].

Mot vi du tiéu biéu 1 Iira chon tién c6 dién trong hdi quy tuyén tinh duoc
mo ta nhu trong thuat toan 1.1 va lga chon thong qua loai trir lui (loai bo dac
trung dé€ quy - RFE) duoc mé ta trong thuat todn 1.2. Thuat ngir lva chon tién
dé cap dén mot tim kiém bat dau tir tap hop rong cac dic trung; thuat ngit loai
trir [0i dé cap dén mot tim kiém bat dau tir tip hop day du cac dic trung.

Trong thuat toan 1.1, cac bién dic trung dugc thém dan vao md hinh. O
mdi budc, timg bién mdi dugc kiém tra bang kiém dinh gia thuyét thong ké dé
xé4c dinh xem bién d6 c6 ¥ nghia thong ké & mirc ngudng dinh trude hay khong
(thuong dua vao gia tri p). Néu co it nhat mot bién thoéa man, bién co gia tri p
nho nhét s& dugc chon va thém vao mé hinh, sau dé thuat toan tiép tuc lap lai.
Qua trinh dimg lai khi khong con bién ndo c6 ¥ nghia thong ké.

Trong so dd ndy, hdi quy tuyén tinh dong vai trd 14 mé hinh co sé, con
lwra chon tién chinh 13 thu tuc tim kiém dic trung. Him muc tiéu duoc t6i wu
hoa & day 1a muc do y nghia théng ké, duge phan anh qua gia tri p. Phuong
phap nay minh hoa 1 ban chat ciia wrapper: thay vi chi dya vao mdi lién hé
riéng 1¢ gitta dic trung va bién muc tiéu (nhu trong phuong phap loc), né danh
gid hiéu qua ddc trung trong nglr canh cua toan mo hinh, nhd vy mang lai do

chinh xé4c cao hon, nhung dong thoi ciing doi héi chi phi tinh toan 16n hon.

Thuit toan 1.1. Phuong phap lra chon diic trung tién

1. Tao mdt méd hinh ban dau
2. Qua trinh lap
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3. Véi mdi bién dic trung khong c6 trong mo hinh hién tai
4. Tao mot md hinh tng vién bang cach thém bién dic trung vao
mo hinh hién tai
5. Str dung kiém dinh gia thuyét & wéc tinh y nghia thong ké cua
bién du béo moi
6. Két thiic
7. Néu gia tri p nho nhit nhé hon ngudng thi:
8. Cap nhat mo hinh hién tai dé bao gom mdt sd hang tuong tng
voi
bién dic trung c6 ¥ nghia thong ké nhat
9. Néu khong
10. Dung
11. Két thiic
12. Cho dén khi khong con bién du bao c6 ¥ nghia thong ké nao nam ngoai

mo hinh

Thuét toan 1.2. Phwong phap lua chon dic trung lui

1. biéu chinh/huén luyén mo hinh trén tap huin luyén str dung tat ca cac bod
dac trung P

2. Tinh to4n hi¢u suat mo hinh

3. Tinh toan tAm quan trong hodc thir hang cta cac bién

4. Véi mdi kich thuée tap con S, i = 1... S

5. Gitr lai cac bién S; quan trong nhat

6. Piéu chinh/huan luyén mo hinh trén tap huan luyén sir dung cac bo dic
trung S;

8. Tinh toan hiéu suat m6 hinh

9. Tinh to4n lai thit hang cho mdi bd du doan

10. Két thic

11. Tinh toan hd so hiéu suét trén S;

12. Xac dinh s6 lugng bd du doan phu hop (ttc 1a S; 1ién quan dén hiéu suit
tt nhat)

13. Diéu chinh mo hinh cuoi cung dya trén §; to1 vu

Thuat toan Iya chon 1ui [87][88][89] gitip tranh viéc phai diéu chinh lai
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nhiéu mé hinh & mdi budc tim kiém. Khi mé hinh day du duoc tao ra, mot
thudc do vé tAm quan trong cta bién duoc tinh toan, xép hang cac yéu t6 du
béo tir quan trong nhat dén it quan trong nhét. Cac phép tinh tim quan trong c6
thé dua trén mo hinh (vi du: tiéu chi tAm quan trong cia md hinh rimg ngau
nhién) hoic sir dung mot phuwong phép tong quat hon, doc 1ap véi mo hinh day
da. O mdi giai doan tim kiém, cac yéu td du bao it quan trong nhat dugc loai
bo 1dp di 1ap lai trude khi xay dung lai mé hinh. Nhu trude day, khi mot mo
hinh méi dugc tao ra, ham muc ti€éu dugc udc tinh cho mé hinh dé6. Qua trinh
nay tiép tuc voi mot chudi duge xac dinh trude, va kich thudce tip con tuong
ung voi gia tri tdt nhét cia ham muc tiéu duoc st dung lam mo hinh cudi cung.

Phuong phap bao sir dung mot bd phan loai xac dinh dé danh gia truc tiép
hiéu suét cua cac tap con ddc trung, do do co thé dat do chinh xac cao nhung

cling c6 han ché d6 1a chi phi tinh toan rat 16n [90].

1.4.3. Phwong phap lai

Cac mo hinh lai duoc thiét ké dé két hop wu diém cua ca hai cach tiép
can, ap dung ti€u chi loc & budc dau dé giam sb chiéu dit liéu, sau do6 sir dung
phuong phap bao nham tinh chinh tap dic trung t6i wu, tir 46 vira dam bao hiéu
qua tinh toan, vura duy tri d chinh xac cao [90][80][91].

Megantara va cong su [92] dé xuat phuong phap két hop giita xép hang
tam quan trong dic trung va loai bo dic trung d¢ quy (RFE), cho phép lwa chon
13p lai va tinh chinh tap dac trung, tr d6 nang cao hi¢u suét phan loai. Wei va
cong su [93] da dé xuat mot cach tiép can két hop giira phuong phap loc va
phuong phap nhing dé xay dung mo hinh du doan bénh Crohn. Cu thé, trong
budc dau tién, nhém nghién ctru 4p dung phép kiém dinh lién két SNP don nhu
mot k thuat loc don bién, gitp giam s6 chiéu dir lidu tir 178.822 SNP ban dau
xubng con 10.000 SNP c6 tiém ning lién quan nhat. Tiép theo, cac dic trung
nay duoc dua vao md hinh hdi quy logistic véi chinh quy hoa L1 (LASSO),
vbn 12 mot phuwong phap nhung hiéu qua trong viéc loai bo thém cac dic trung
du thira va chon ra tap dic trung toi uu. Két qua thyc nghiém cho thiy mo hinh
cudi cung dat dugc AUC = 0,86 trén tap kiém tra, ching minh rﬁng cach két
hop budc loc so bd voi LASSO khong chi cai thién hi¢u suét du doan ma con
gitip xtr 1y hiéu qua van dé dir liéu c6 kich thude dic trung cuc 16n.

Ludn c6 sy danh doi gitra dd phuc tap tinh todn va hi€u suat trong viéc
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trich chon dic trung [83]. Trong bdi canh nay, cac phwong phap lai c6 thé dugc
coi la giai phap hai hoa gitta phuong phap loc don gian va phuong phéap bao
phtic tap hon vé mit tinh toan nhung hiéu suit cao hon. Nhiéu vi du trong tai
liéu tham khao di chi ra rang phuong phép lai ¢6 xu hudng mang lai hiéu suit
t6t hon phuong phap loc don gian, dong thoi it ton kém vé mait tinh toan hon
so v6i phuong phap bao thuan tay. Nhu Jeon va cong sur [94] da chi ra, khong
c¢6 phuong phap lwa chon dic trung nao mang lai hiéu qua ti wu cho tat ca cac
tap dir liu. Hi€u suét ciia mdi phuong phap phu thude vao dac tinh cu thé cta
tap dir li€u, do do6 viéc danh gia va so sanh nhiéu ky thuat khac nhau la can thiét
dé Iya chon giai phap phu hop nhét [94].

1.5. M6 hinh hoc may

Cay quyét dinh (Decision Tree — DT) 1a mot thuét toan hoc may c6 giam
sat duoc str dung rong rai cho ca nhiém vu phan loai va hdi quy [95] [96]. M
hinh dy doan ctia Cay quyét dinh duoc xay dung dya trén cdu tric dang cay,
trong d6 qué trinh ra quyét dinh duoc mo hinh hoa theo cach truc quan va dé
hiéu.

Rung ngiu nhién (Random Forest — RF) 1a mot ki thuat hoc tap tong hop
(ensemble learning) dugc xay dung dya trén viéc huin luyén nhiéu ciy quyét
dinh va két hop két qua phan loai ctia chung. Cu thé, mdi cay duogc huan luyén
trén mot tap con dit liéu ngau nhién véi tap hop cac dic trung dugc chon ngau
nhién, va dau ra cudi cung ctia mo6 hinh Ring ngiu nhién duoc xac dinh theo
nguyén tac biéu quyét da s6 ddi v4i bai toan phan loai hodc trung binh du doan
d6i v4i bai toan hoi quy [97] [98].

Thuat toan ting cudng d6 dc (Gradient Boosting) 1a mot phuong phap
hoc tap tong hop cho céc bai toan phan loai va hoi quy trong hoc méay. N6 két
hop nhiéu mé hinh yéu (thudng 1a cay quyét dinh) dé tao thanh mot mé hinh
manh c6 thé dua ra dy doan chinh xac [99]. N6 xdy dung timg cdy mot, mdi
cdy cb gang stra 18i cua cdy trudc d6. Piéu nay tao ra mot mo hinh ¢ thé nam
bat duoc cac mdi quan hé phire tap gitra cac dic trung va bién muc tiéu. Pay 1a
mot phuong phép ting cudng phd bién hoat dong bang cach thém cac yéu td
du doan vao mét tong hop theo cach tudn tw, moi yéu to sé& sira yéu td trude do
[100] [101].

Thuét toan tang cuong do dbc cuc dai (XGBoost) 1a mot phién ban duoc

to1 uu hoa cua Gradient Boosting, n61 bat nho toc do, do chinh xac va hiéu qua



41

tinh toan. Thuat toan ndy nhanh chong tré thanh mot trong nhitng cong cu phd
bién trong hoc may va dugc Tiangi Chen cung Carlos Guestrin gidi thiéu vao
nam 2016 [102].

1.6. Nhém chi sé danh gia

Trong cac phuong phap phat hién di thuong mat duong dua trén ngudng,
viéc danh gia hiéu suat thuong tap trung vao hai chi s co ban 1a ty 1& duong
tinh that (True Positive Rate) va ty 1€ duong tinh gia (False Positive Rate) [21].
Mic du céc chi s6 ndy cung cap thong tin hitu ich vé kha ning phat hién chinh
xéac cac di thuong, chung chua phan anh toan dién hiéu suét tong thé cia hé
théng. Do d6, mot s6 nghién ctru da bo sung thém cac chi sé danh gia nang cao
nhu diém F1 va dién tich duéi dudong cong ROC (Receiver Operating
Characteristic) dé c6 cai nhin tong quan hon vé murc d6 chinh xac va kha nang
phan bi¢t cua thuat toan [22, 23].

O chiéu nguoc lai, ddi véi cac ky thuat st dung hoc may, bao gém ca
phuong phép trich xuat dic trung két hop hoc may truyén théng (ML) va
phuong phap hoc sau (DL), hiéu suét hé théng thuong duoc danh gia toan dién
hon théng qua ma trdn nham 1an (Confusion matrix). Tir ma trdn nay, cac chi
sb6 nhu do 13p lai (Precision), d0 nhay (Sensitivy) va diém F1 (F1-Score) dugc
tinh toan dé danh gia muc do nhan dién va phan loai chinh xac cac loai di
thuong.

Hinh 1.12 minh hoa truc quan ma tran nham 1an trong bai toan phan loai
mat duong voi 2 nhan 1a “mat duong nhya” hoac “khdng phai mat duong
nhwa”, va Bang 1.7 tong hop céc loai chi s6 danh gia phd bién thuong dugc su
dung trong cac nghién ctru. Nhitng chi s6 ndy dong vai trd quan trong trong
viéc so sanh hi€u qua cua cac thuat toan phat hién va phan loai bat thuong mat
duong dugc phat trién trén co so dir liéu rung dong thu thap tir cam bién. Chiing
ta goi TP (True Positive) khi m6 hinh duy dodn ding mot nhan 1a duong nhya
v6i thuc té, TN (True Negative) khi mo hinh du doan dung mot nhén khong
phai duong nhua véi thuc té, FP (False Positive) khi m6 hinh du doan sai mét

nhan 12 dudng nhya thuc té, FN (False Negative) khi mé hinh du doan sai mot



42

nhan khong phai dudng nhua thuc té.

buong nhua TP FP

Khong phai
duong nhya

Mit duong du doén

Puodng nhua
Khong phai
duong nhya

Mait duong thuc té

Hinh 1.12. Ma trdn nham ldn trong bai todn phén loai mdt dwong véi 2 nhan.

Bdng 1.7. Mot s6 tham sé6 dwoc sir dung trong danh gid hiéu ndng phan logi

thwong dung trong bai toan phan loai mat dwong s dung phwong phap hoc

may.
Tham s6 Cong thirc tinh
Do chinh xac TP+TN (1.19)
(Accuracy) TP+ FP+ TN + FN
Do nhay (Sensitivy) L (1.20)
TP+ FN
Do 1ap lai (Precision) L (1.21)
TP+ FP
Pidm F1 (F1-Score) 2 x Sen x PPV (1.22)
Sen + PPV

Trong danh gia m6 hinh phéan loai mat duong, d6 chinh xac (Accuracy)
cho biét ty 18 du doan ding trén tong sb mau; do nhay (Sensitivy) thé hién ty 1é
cac truong hop duong tinh thuc sy dugc nhan dang chinh xéc; trong khi do, do
1ap lai (Precision) phan 4nh ty 1¢ s6 duong tinh dting trén tong s6 du doan duong
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tinh. Tt hai chi s nay, diém F1 (F1-score) dugc tinh toan dé cin bang giira
Precision va Recall, véi gia tri dao dong tir 0 dén 1: gid tri cang gan 1 ching to
mo hinh cang du doan tbt, con gan 0 nghia 1a du doan kém. Diém F1 thuong
dugc st dung nhu mdt thudc do quan trong dé so sanh va lua chon mo hinh t6i

uu.

1.7. Két luan Chuwong 1

Trong Chuong 1, ludn an da gidi thi€u bai toan phan loai mat duong st
dung cam bién quan tinh va cac nghién ctru lién quan dé giai quyét cho bai toan
nay. C6 Ba nhom tiép can chinh dé giai quyét cho bai toan phén loai, phat hién
mit duong str dung cam bién quén tinh 13 nhom phat hién theo phuong thirc
nguong; nhom phat hién st dung cdc mo hinh hoc may c6 trich chon dic trung;
va nhom phat hién céac hoc sau.

Céc nghién ctru hién tai cho thdy ca k¥ thuét trich xuat dic trung két hop
hoc may va cac phuong phap hoc sau déu c6 thé dat do chinh xac cao trong
phan loai bat thudng miat duong, thudng vuot mic 80 - 90%. Tuy nhién, viéc
so sanh truc tiép gifta cac nghién ctru la khé khan do su khac biét vé tap dir ligu,
diéu kién thi nghi¢m va loai bat thuong dugc phan tich. Hoc sau ¢6 uu thé vé
kha nang tu dong trich xuét dic trung va hiéu suét cao, nhung lai doi hoi div
liéu nhan 16n, tén tai nguyén tinh toan va kho trién khai trong méi trudng thuc
té han ché phan ciing. Trong khi d6, hoc may két hop trich xuat dic trung c6
ru diém vé chi phi tinh toan thap, d& trién khai va dién giai hon, song vin phu
thudc manh vao chét luong dir liu va céach lya chon dac trung.

Tir nhitng nhan xét trén, hudng nghién ctru ctia luan an 1a phat trién thuat
toan trich chon dic trung toi wu, vira dam bao hiéu quéa phan loai, vira phu hop
dé trién khai trén cac hé thong c6 hiéu ning phan cing thap. Piéu nay s& gop
phan nang cao kha ning tng dung thuc té ctia cac hé thong giam sat mat dudng

thong minh trong bbi canh ha tang va ngudn luc con han ché.
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CHUONG 2. THUAT TOAN TRiICH CHON PAC TRUNG LAI KET
HQP HOC MAY

Trong Chuong 1, luan an da di phan tich mot s6 ru diém, han ché cua céc
phuong phap phan loai mit dudng. Trong d6, cac dic trung sir dung két hop
cac phuong phap hoc may c6 nhiéu wu diém, tuy nhién chua c6 nghién ctru ndo
vé thuét toan trich chon dic trung dugc ung dung trong bai todn phan loai mat
duong. Vi vay, trong chuong 2 ndy, luin an s& di theo hudng tiép can dé xut
thuat toan trich chon dac trung tbi uu, vira dam bao hiéu qua phan loai, vtra phu
hop dé trién khai trén cac hé théng c6 hiéu nang phan cung thap. Cac két qua
thuc nghiém di cho thay thuat toan dé xuat c6 hiéu qua trong viéc ning cao do
chinh x4c phan loai, giam tho1 gian thuc thi khi st dung cac moé hinh hoc may
cho bai toan phan loai mat duong. Thuat toan dé xuat da dugc cong b tai cong
trinh [CT1], thtr nghiém vé budc 1am sach dit lidu dugc cong bd trong cong

trinh [CT2] [CT3] trong “Danh muc céc cong trinh cta tac gia”.

2.1. Y tuwéng

Hoc may da dugc ap dung rong rai trong phan loai mat duong, dua trén
dir li¢u tir cdc mang cam bién, dic biét 1a cam bién quan tinh, nham dat duoc
su can bang gitra d6 chinh x4c va chi phi tinh toan. Tuy nhién, van con thiéu
nhiing nghién ctru chuyén sau vé ti wu hoa lya chon dic trung, nham nang cao
hiéu qua phan loai trong khi van dam bao yéu cau vé tinh toan gon nhe, dac biét
d6i voi cac ung dung trién khai trén phan cing han ché.

Céc nghién ctru phat hién va phan loai bat thudng mit duong dya trén dir
liéu rung dong ctia phuong tién chu yéu tip trung vao cac thuit toan ngudng,
trich xuat dic trung va hoc may [3][103]. Céch tiép can nay cho phép nhan
dang va phan loai cic loai bat thuong phd bién nhu go giam tbc, 6 ga, vét nit
hoac doan duong th.'fmg, dua trén dac trung tin hi¢u duogc trich xuét tir mién thoi
gian hodc mién tan s, sau d6 hudn luyén bang cac mo hinh hoc mdy truyén
théng [11].

Céc phuong phap hoc may va hoc sau da chung minh kha nang dat do
chinh xac vuot trdi trong phan loai mat duong so véi cac ki thuat phat hién dua
trén ngudng. Nhimg nghién ctru gan day [4][26] ciing chi ra tinh kha thi cua

viéc phat trién cac hé thong giam sat tinh trang mit dudng theo thoi gian thuc
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v6i chi phi hop 1y va do tin cdy cao. Trong d6, nhiéu mé hinh hoc may nhu Cay
quyét dinh, KNN hay SVM da dugc ap dung dé phan loai cac loai mit duong
khac nhau. Tuy nhién, mét thach thirc quan trong con ton tai 1 t6i uvu héa qua
trinh lia chon dic trung. Pay dugc xem 1a yéu t6 then chdt giap nang cao do
chinh xé4c, ddng thoi giam thiéu thoi gian tinh toan, dic biét trong cac tmg dung
phan loai mat dudng dya trén dir liéu cam bién quan tinh.

Trich chon dac trung tap trung vao viéc xac dinh moét tap hop con cac dac
trung c6 y nghia, di kha ning phan biét hiéu qua gifra cac nhan. Trong nhiéu
tap dir liéu, thuong ton tai cac dic trung du thira, c6 mirc do twong quan cao
hodc nhiéu, vén c6 thé dugc loai boé ma khong 1am suy giam chat lugng thong
tin [28]. Qua trinh trich chon dic trung khong chi gitp gidm chi phi va thoi
gian tinh toan ma con gop phan cai thién hiéu suat phan loai, dong thoi mang
lai cai nhin siu sic hon vé cau tric dir liéu. Chinh vi vay, lua chon dac trung
duoc xem la mot bude quan trong trong cac ing dung hoc may va nhan dang
mau [29][85].

Trich chon ddc trung (feature selection), con dugc goi 1a lya chon bién
hodc thudc tinh, thuong bao gdm bdn bude chinh: (i) tao tip con, (ii) danh gia
tap con, (iii) tiéu chi dimg, va (iv) xac thuc két qua [75].

i.  Tao tap con: sir dung mdt chién lugc tim kiém nhat dinh dé sinh ra céc
tap con dac trung Umg vién.

i1.  DPanh gia tap con: mot ham danh gia dugc xac dinh trudce s€ so sdnh hi¢u
qua cua tap con mdi véi tap con tdt nhat hién tai; néu vuot trdi hon, tap
con méi sé& thay thé.

iii.  Tiéu chi dimg: qua trinh tao va danh gia tiép tuc cho dén khi dat diéu
kién dung dugc dinh nghia trudce.

iv. Xac thuc két qua: tip con cubi cung duoc kiém chung bang kién thirc
chuyén nganh hodc théng qua cac phuong phap kiém dinh théng ké va
thuc nghiém.

Y tuéng chinh ctia nghién ctru ndy khao sat tiém nang img dung cac mo
hinh hoc mdy trong phan loai mat duong dua trén dac trung dugc trich XUt tir
dir liéu cam bién quén tinh, dong thoi tién hanh phan tich so sanh giita ba mo
hinh hoc may. Péng gop chinh ctia nghién ctru 1a cung cép céi nhin toan dién
vé tac dong cua ky thuat lya chon dac trung dén hiéu suat mé hinh trong bai

todn thyc hi€n nhi€ém vu phan loai mat duong.
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Céc két qua noi bat gdbm:

(@)

(i)

(iii)

Ba m6 hinh hoc may — Rimg ngau nhién (Random Forest), Ting
cuong do ddc (Gradient Boosting) va Tang cuong do doc cuc dai
(XGBoost) — da dugc danh gia, trong d6 XGBoost dat dg chinh x4ac
cao nhat, tiép dén 1a Gradient Boosting va Random Forest;

Mot thuat todn trich chon dac trung lai Filter—Wrapper (Hybrid
Filter—Wrapper) da dugc ap dung vai ba bién thé HFW-RF, HFW-
GB va HFW-XGB. Phuong phap nay trudce tién st dung bd loc dua
trén xép hang tim quan trong dé giam sb chiéu, sau d6 ap dung loai
bo dic trung d¢ quy (RFE) dé loai bo cac dic trung kém hitu ich,
qua d6 hinh thanh tap dic trung nho gon nhung van duy tri hiéu
suét cao;

Pénh gia s6 lugng cam bién lap dit cho thay co thé dat két qua

phan loai to1 wu vo1 cau hinh cam bién hop ly.

2.2. By dir liéu
B dit liéu Cam bién Xe thu dong (Passive Vehicle Sensor — PVS) [9],

nhu d3 néu trong Phin md dau duoc st dung cho cac thuc nghiém trong

Chuong 2 nay. Bo dir liéu dugc thu thap tir mot he théng ph?m cung g'fm trén

xe va bao gom ba loai mat duong chinh: nhua duong, dat va da cudi, nhu thé

hién trong Hinh 2.1. M6t mang ludi cac mo-dun cam bién MPU-9250 duge bd

tri tai nhi€u vi tri trén xe nham thu thap dit liu tir nhiéu diém khéac nhau.

Pudng dat i Puong da Pudng nhua phéng

Hinh 2.1. Thiét bi dwoc ld'p dat trén xe chay thu thdp trén ba nhan mat duong

[9].
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CAu hinh cam bién cu thé nhu sau: mot mod-dun MPU-9250 va thiét bi
GPS duogc gin trén bang diéu khién trong cabin (vi tri 1), trong khi hai mo-dun
MPU-9250 khac duogc lap tai hai du truc trudc bén trai (vi tri 2) va bén phai
(vi tri 3). Cac cam bién duoc ciu hinh voi thang do ddy du 1an luot 14 +8 g cho
gia toc ké va £1000 d6/gidy cho con quay hdi chuyén. Tdc do 14y miu duoc
thiét 1ap & mirc 100 Hz cho dit liéu quan tinh, trong khi mo-dun GPS ghi nhan
van tdc tai 1 Hz. Chi tiét vé cAu hinh phén cung cua bo dir li¢u nay dugc néu
trong Bang 2.1

Bang 2.1. Cau hinh phan ciing [9]

Phan ciing Cam bién Dit liéu thu duoc Tan s6 ldy mau
HP webcam HD- )
Camera 720p video 30 Hz
4110
Toc do (m/s)
Xiaomi Mi 8 GPS Kinh d6 1 Hz
Vido

MPU-9250 Gia tbc Gia tbc 3 truc (m/s2) 100 Hz
MPU-9250 Goc quay | Goc quay 3 truc (dd/s) 100 Hz
MPU-9250 Tur trudng T trwdng 3 truc 100 Hz
MPU-9250 Nhiét do Nhiét do 100 Hz

B4 dir liéu PVS cung cép dwr liéu quan tinh duoc déng bd hoa tir gia tbe
ké, con quay hdi chuyén va dir liéu van téc GPS. Piéu nay cho phép thiét lap
mbi tuong quan chinh x4c gitra tin hiéu rung dong véi van tde va vi tri cua
phuong tién. Viéc thu thap dir liéu tir ba cam bién phan bd khong gian (mot
trong cabin va hai gan banh trudc) gitip ghi lai ho so rung dong toan dién, dong
thoi tinh dén cac bién thién do vi tri cam bién va dong luc hoc cua xe.

B0 dir liéu bao gém dir liéu duoc grfln nhan rd rang cho ba loai méat duong:
nhya duong, dat va da cudi. Mbi loai mat duong cé dac tinh co hoc va tin hi¢u
rung dong khac biét, qua d6 cung cip nén tang vimg chic cho viéc huan luyén
va danh gid cdc mod hinh hoc may trong nhiém vu phéan loai mat duong. Bang

2.2 cho biét vé s6 luong mau duoc thu thap trén mdi loai nhan mat dudng.
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Bang 2.2. So luong mau dir liéu

B x Do dai quang duong
SO lwgng mau 2 A 2
Tong so (km) Tong

Tép dir li¢u - - - x - - -
Pwong DPwong DPwong mau Dwong Pwong Pwong (km)

dat da nhyua dat da nhya

PVS1 25868 61659 56509 144036 1.59 3.53 8.7 13.81
PVS 4 23903 57670 50919 132492 1.58 3.51 8.72 13.81
PVS 7 23778 54224 50546 128548 1.59 3.49 8.69 13.78
PVS 2 44618 20737 59330 124684 2.17 1.39 8.07 11.62
PVS 5 60539 18143 55195 133877 2.16 1.38 8.09 11.63
PVS 8 44939 18825 59854 123618 2.16 1.37 8.09 11.63
PVS 3 28659 26143 51014 105816 1.66 1.66 7.4 10.72
PVS 6 23888 31641 40750 96279  1.38 1.93 7.43 10.73
PVS 9 23153 25182 43220 91555 1.67 1.66 7.42 10.74
Tong 299345 314224 467337
s0 (27.69%) (29.07%) (43.24%) 13961952 7261

Véi mdi mot mau dir liu trong Bang 2.2 s& bao gom céc truong thong
tin nhu sau:

- Thoi gian;

- Dit liéu gia tdc, gbc quay cta cam bién quan tinh 1;

- Dit liéu gia tdc, gbc quay cta cam bién quan tinh 2;

- Dit liéu gia toc, goc quay cta cam bién quéan tinh 3;

- Dt liéu vi tri (kinh d9, vi d9);

- Dit liéu van toc (don vi tinh theo m/s).

Viéc gan nhin chinh x4c déng vai trd then chdt trong viée hd trg cac
phuong phap hoc c6 gidm sat nghiém ngat va ddm bao kha nang danh gia dang
tin cay. Pong thoi, dir liéu cam bién duoc thu thap tir nhicu vi tri khac nhau
trén xe tao diéu kién cho viéc phan tich mtrc dd tin cdy cua cac cu hinh cam
bién khac nhau. Tinh linh hoat ndy dic biét co gia tri trong cac tmg dung nhiing,
noi tinh kha dung ctia cam bién c6 thé thay doi, qua d6 khang dinh su phi hop
ctia bo dit liéu cho cac trién khai thuc té.

Trong phan nay, mang cam bién gdm ba md-dun MPU-9250 (Hinh 2.1)
da duoc su dung dé xay dung cac tap dir li¢u tur ngué)n cong khai, voi dit licu
duoc gén nhan tuong ung cho ba loai mat duong: nhya duong, dat va déa cudi.
Cu thé, ba ciu hinh tap dir liéu dugc xem xé€t trong cac thi nghiém phan loai

nhu sau:



49

Tap dit liéu 1: str dung dir liéu tir ca ba cam bién.

Tap dit li€u 2: st dung dir liéu tir hai cam bién s6 2 va sd 3, duoc g.’fm tai
hai déu truc trude (trai va phai).

Tap dir li€u 3: chi st dung dir li¢u tir cam bién sb 1, g?fm trén bang diéu
khién cua xe.

So d6 khéi thyc hién duoc mé ta nhu ¢ Hinh 2.2. Dit liéu tho thu thap
dugc tir bo dir liéu PVS sé& duoc thyc hién tién xir 1y dit liéu gdm cac budc lam
sach, can bﬁng dit liéu, chia cira so, gan nhan dir liéu twong Umg vai cac loai
mat duong, tap dir liu sau gan nhan dugc chia thanh cac tap dit li¢u danh cho
huan luyén trong cdc mé hinh hoc may va mot tp danh riéng cho qué trinh
kiém tra mé hinh. Dir liéu trong tap hudn luyén s& duoc st dung trong qua trinh
trich chon dac trung, bo dic trung tdi wu s& duoc sir dung cho tap dir li¢u kiém
tra dé thyc hién trong bai toan phan loai 3 loai mit dudng: duong dat; duong
da cufi va duong nhya.

2.3. Tién xir Iy dir liéu

Dit liéu cam bién tho thu duoc tir xe trong qua trinh thu thap thuong chira
nhiéu do ludng va nhiéu loai tin hiéu khéng mong mudn khac, cé thé phat sinh
tir chuyén dong bén trong xe hodc tir rung dong do dong co tao ra. Nhimg thanh
phan nhiu nay c6 kha nang 1am sai léch dir liéu va lam giam do tin cay khi
phan tich trang thai di chuyén trén cac loai mat dudng khac nhau. Nhu minh
hoa trong Hinh 2.3 va Hinh 2.4, tin hi¢u tor cam bién quan tinh c6 su bién thién
dang ké va tao ra cdc gié tri khac nhau tuy theo diéu kién van hanh. Tuy nhién,
khi xe dung lai, tin hi¢u ghi nhan dugc chu yéu phan anh nhiéu tir dong co dang
hoat dong hodc cac tdc dong co hoc khéc, thay vi dac tinh mat duong.

Pé dam bao chat lugng dir liéu dau vao va loai bé nhitng nhiéu khong
lién quan, luan an ndy ap dung mot ngudng van toc ¢d dinh 1a 1 m/s trong giai
doan tién xtr ly. TAt ca céc gia tri cam bién duoc ghi nhan & tbe do dudi nguong
nay déu bi loai bo. Ngudng nay duoc xac dinh thong qua thir nghiém md rong
va thé hién tinh hop 1y trén nhiéu khia canh: né khong qua thap dé loai bo nhiing
tin hiéu yéu va nhiéu phat sinh khi xe gan nhu dung yén, cling khong qua cao
dén murc loai bo cac rung dong dac trung xuat hién & tdc do trung binh. O toc

d6 dudi 1 m/s tuong tmg 3,6 km/h, tin hiéu hau nhu khong chtra mau rung dong



50

cu

~
* A

hu y€u bi chi phdi béi nhi

7
N

ULy oy} 10y Op 0§ “T°C YUl

4

\

Q
s [
& _ ! | L | ! _ _
o0 _ I ! _ ! NAL 0P TR UL ! “ (5/52p) Aenb 205 ,
m “ editqu Suong | “ “ | S AP TEqU D | | (3) 201 €10 |
- | 1 | - !
| - | ¥ 1| (vem u2q) ¢ U21q WED
S | e i e deL . “
| 1} WgO) ¢ | . : [ i
= ! | L nd] “ R
= “ ep Suong I I “ | ap os B eMP WEYJ |, “ (rd u_.ma 49 |
. _ _ : | reyd uaq) 7 uzIq we) | |
o= [ — | PEYS] ' [
- 1 | i . | |
o ! | ! Dol g dér | ! - _
- | | | peyd ] ~ | (s/32p) Lenb 205 I
R e IR (i1 H I - Sl ==y B I Ml
.m._ i | yep Suong o ! &P UOT o1 i ' | ap dis e g F ! | (3% o1-deT) T UsIq WED | |
................. B | 1 1 . B | 1
3 i L o | nenap s we [ n o
o L = _ [ _ _— | I _ [ , 20np déqy n oy ngyaq |
> | Suoap Jw ko] wEYd | | BuanofpuOP L A7 2% ugy wéop 1D R SRR A -
IIIIIIIIIII | S —_——— e —— e e e e e e e — e —
o
D
[} ! Js00gDX |
< | Suysoog jusipesny |
= j8210] WopuEyY !
| ‘1es weIs 0o |
| 20 o g o8 |

r

coO y ng
khong tai cua dong co hodc dao dong co hoc khdong li€n quan dén bé mat duong.



51

Vié¢e loai bé nhitng phan doan nay giup bao toan tinh toan ven cua dir
liéu va nang cao hi¢u qua mo hinh. Qua qua trinh khao sat, thuc nghiém cho
thiy ngudng 1 m/s (tvong tng véi 3,6 km/h) cho phép loai bod cac trang thai
van hanh khong hitu ich nhu khéi dong, dung xe hodc di chuyén cuc cham, von
khéng tao ra rung dong bé mit dic trung nhung lai gay nhidu trong qua trinh
huan luyén. Do d6, budc xir Iy ndy dong vai trd quan trong trong viéc ting
cuong kha nang phan biét dac trung va cai thi¢n d¢ chinh xac phan loai. Quan
sat thyc nghiém minh ching cho didu nay dugc trinh bay trong Hinh 2.3 va
Hinh 2.4, véi cac gia tri tuong Gmg cua gia toc va goc quay trén timg loai mit
duodng .

Quan sat truc quan cho théy, trén mat duong nhya, tin hi¢u gia tdc co
muc dao dong tuong dbi 6n dinh trén cé ba truc X, Y, Z, v6i bién dd bién thién
nho, Xép xi 2 m/s%. Nguoc lai, dbi voi mat duong dat, gia tdc trén cac truc thé
hién su bién thién rd rét hon, véi bién do khoang 8 m/s%. Pac biét, trén mat
duong da cudi, mirc d6 rung dong ting manh, véi bién do co thé dat t6i 25 m/s2
Két qua nay cho thay dic trung bién do gia tc c6 su khac biét 1o rang giita cac
loai mat duong.

Tuong tu, ddi voi tin hidu goc quay, trén mat duong nhua, gia tri dao
dong trong khoang hep tir -5 dén +5 do/gidy, phan anh sy 6n dinh cao. Trong
khi d6, trén mit duong dat va da cudi, goc quay c6 bién do bién thién 16n hon,
nam trong khoang tir -20 dén +20 d6/gidy, cho thidy mtc d6 dao dong manh

hon ctia chuyén dong.

12.5

10.0 1

7.5

5.0 1

Giatdc (M/s2)

2.5+

0.0

—2.51

10000 10050 10100 10150 10200 10250 10300
Thei gian (S)

a. Gid tri gia téc khi xe di chuyén trén mat dwong nhwa (x, y, z)



52

20

15 1

10 1

Gia téc (M/s2)

_10 4

10000 10050 10100 10150 10200 10250 10300
Theigian  (S)

b. Gid tri gia téc khi xe di chuyén qua mdt dwong da cudi (x, y, z).

10 1

Giatdc (M/s2)

10000 10050 10100 10150 10200 10250 10300
Thoigian (S)

c. Gid tri gia khi xe di chuyén qua mdt dwong dat (x, y, z).
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d. Gia tri gia toc khi xe dung yén, no may khong di chuyén (x, y, z).

Hinh 2.3. Gid tri ciia gia toc trén truc X, Y, Z theo thoi gian ciia cam bién gdn
O trong Xxe.
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b. Gid tri goc quay khi xe di chuyén trén mdt dwong dé cudi (x, v, z).
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c. Gid tri g6c quay khi xe di chuyén trén mat dwong ddt (x, v, z).
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d. Gid tri goc quay khi xe ditng yén, né mdy khéng di chuyén (x, y, z)
Hinh 2.4. Gid tri ciia géc quay trén truc X, Y, Z theo thoi gian ciia cam bién
gdn ¢ trong xe

Phan tich chuyén sau dir li¢u cam bién trén nhiéu loai mait duong cho
thay cac dic trung rung dong gan lién véi timg loai bé mit (vi du: nhya duong,
dat, da cudi) tro nén 6n dinh va co thé phan biét 1o rang khi van tdc xe vuot qua
1 m/s. Do d6, ngudng nay dong vai tro nhu mot ranh gigi dang tin cay, giup
tach biét viung dit liéu nhiéu khoi ving dit liéu giau thong tin. Budc loc nay
khéng chi cai thién hiéu suat mé hinh bang cach dam bao chi xtr 1y dir liéu phan
anh dong luc hoc thuc té do mit duong giy ra, ma con giup giam chi phi tinh
toan thong qua viéc loai bo cac doan tin hiéu it gia tri. Diéu nay dac biét quan
trong doi véi cac tmg dung thoi gian thuc trién khai trén phan cimg nhing cong
sut thap.

La budc khoi dau trong giai doan tién xir 1y, nhiu tir mdi doan tin hiéu
dugc loai bo bang phuong phap mé ta trong Phuong trinh (2.1), trong d6
X(Accy,,.|Gyroy,,.) biéu dién dir liéu tho thu dugc tir cam bién MPU-9250 va
GPS. Cu thé, Accyy- va Gyroyy, - lan luot 1a cac thanh phan gia téc ké va con
quay hoi chuyén trén ba truc X, ¥, Z trong khi v biéu thi van toc cta xe va
Vinreshola 13 ngudng van tée duge st dung dé loc dit liéu thd. Thong qua qua trinh
khao sat, nhan thdy rang khi xe dtng yén khong di chuyén, tin hiéu thu duoc
ctia GPS van c¢6 mét sai s6 nhit dinh do nhiéu da duong gay nén, chi sb van toc
van dao dong trong khoang tir 0 — 4 km/h, do d6 Nghién ctru sinh dat vieshor
=1 m/s (twong ung 3,6 km/h). Budc nay, dugc goi la lam sach dit liéu, dam bao
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chi nhitng doan tin hi€u mang thong tin hiru ich cho nhi€ém vu phan loai mat
duong méi dugce gitr lai dé huan luyén va danh gia mo hinh (Bang 2.3).

XAy Gyr0gy ) = fo Ao MO ¥ 2 ireshait -y )
Bang 2.3. S6 mau dir liéu sau khi lam sach
S6 lwong méu . o
Tép dir liéu - Tong so mau
Puwong dat Puong da Puwong nhya
PVS 1 25668 60759 43973 130400
PVS 4 23903 56371 45728 126002
PVS 7 23778 53524 43798 121100
PVS 2 44618 20737 54047 119402
PVS5 60539 18143 49519 128201
PVS 8 44939 18825 53437 117201
PVS 3 28559 26143 41398 96100
PVS 6 23888 31641 35771 91300
PVS 9 23153 24783 38966 86902

Sau khi dit liéu dugc 1am sach, cdc mau tir tit ca cac cam bién duoc chia
thanh cac khung c6 kich thudc bang nhau dé huan luyén mé hinh bang cach sir
dung ctra s6 truot co do dai ¢b dinh [104]. Viéc lua chon kich thuodc ctra )
truot 12 mot bude then chdt: néu ctra s6 qua ngén, dir liéu thu duogc khong du
dé biéu dién chinh x4c doan duong xe di qua; nguoc lai, néu cira s6 qua dai, chi
phi xir Iy dit liéu sé ting cao. Trong nghién ciru nay, nhiéu kich thudc cira so
trugt khac nhau da duoc thir nghiém dé danh gia tic dong dén hiéu suat phan
loai.

Mot thach thure khac trong dir 1i€u 1a hién tuong mét can béng nhén, von
c6 thé anh hudng tiéu cuc dén cac moé hinh hoc may khi du doan bi 1éch vé phia
nhan chiém da s6, din dén hiéu suit kém ddi véi cac nhan thiéu sb [105]. Dé
khic phuc, luan an nay 4p dung quy trinh can bang dit liéu thii cong trong giai

doan huan luyén. Trudc hét, sd lwong mau nho nhat trong ba nhan (mit duong
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nhua, mat duong dat va mat duong da cudi) dugc xac dinh, ky hi¢u 1a N. Sau
d6, ngau nhién chon N mau tir méi nhin dé dam bao su phan bd dong déu.

Quy trinh nay két hop viéc 14y mau ngiu nhién tir nhin da sé va/hoic lay
mAu ting cudng tir nhan thiéu s6, nhim dam bao rang moi 16p dong gdp tuwong
duong trong qua trinh huin luyén mé hinh. Céch tiép can nay gitip giam thiéu
su thién 1éch, déng tho1 nang cao hi¢u suét phan loai ddi véi cac loai mat duong
it duoc dai dién hon.

Tong hop dit liéu sau khi can bang va phan chia cira s6 duoc trinh bay
trong cac Bang 2.4, Bang 2.5, Bang 2.6, va Bang 2.7. Quy trinh trén dugc ap
dung mot cach nhat quan cho tat ca cc tap huan luyén trong cac thir nghiém,
nham duy tri tinh tai 1ap va tinh khach quan cta két qua.

Bang 2.4. Dit liéu sau khi thiee hién chia cira s6 khéng chong lan

Kich thude ctrasd | Tép dit liéu huén luyén | Tép dit ligu kiém tra
(mau dir li¢u) (train set) (test set)
200 2682 1788
300 1788 1191
400 1341 894
500 1074 714
600 894 594

Bang 2.5. Dir liéu sau khi thuc hién chia cia s6 ch&ng lan 30%

Kich thuéc cira s6 Tap dit liéu huan luyén | Tap dit liéu kiém tra
(mau dir liéu) (train set) (test set)
200 3831 2553
300 2553 1701
400 1914 1275
500 1533 1020
600 1278 849

Bang 2.6. Dir liéu sau khi thuc hién chia cua s0 chéng lan 50%

Kich thudc cura so
(mau dir liéu)

Tap dit liéu huan luyén
(train set)

Tap dit liéu kiém tra
(test set)

200

5364

3573
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300 3573 2382
400 2682 1785
500 2145 1428
600 1785 1191

Bang 2.7. Dit liéu sau khi thuc hién chia cua s0 chéng lan 70%

Kich thuéc ctra sd Tap dit liéu huan luyén | Tap dit liéu kiém tra
(mau dir liu) (train set) (test set)
200 8937 5955
300 5955 3969
400 4467 2976
500 3573 2379
600 2976 1983

Céc tin hiéu cam bién quan tinh thu dugc tir gia toc ké va con quay hoi
chuyén ctia xe phan anh cac mau rung dong phat sinh khi xe di chuyén trén cac
bé miat dudng khac nhau. Cac miu nay thuong thé hién dic tinh thong ké on
dinh trong nhiing khoang thoi gian ngan, kéo dai vai gidy, twong ing véi kich
thude ctra s6 thir nghiém tir 200 dén 600 mau ¢ tan s6 lay mau 100 Hz (twong
duong 26 gidy). Vi tc d6 xe duy tri & mirc trung binh va cac loai mit duong
c¢6 xu hudng 6n dinh trong nhitng khoang thoi gian nay, nén mdi cira s6 dir liéu
c6 thé cung cip du thong tin dai dién vé tinh trang mat duong ma khong gay
du thira dir liéu. Mat khac, cira s6 v6i khoang thdi gian nay 1a ¢a nho dé co thé
phat hién nhimg bat thudng trén cac doan dudng ngan ma xe di qua.

Cira s6 khong chong 14n mang lai loi thé déang ké vé hiéu qua tinh toan.
Cu thé, sb luong ctra s6 dugc tao ra it hon so véi khi dung cura ) chéng lan c6
cung kich thude, tir d6 truc tiép giam tai tinh toan trong cac budc trich xuat dic
trung, suy luan mo hinh va téng thoi gian xur 1y. Pay 1a yéu t6 quan trong doi
v6i cac ing dung giam sat thoi gian thue trén nén tang phan cing nhing hoic
thiét bi cong sut thép, von bi han ché vé b nhg va nang luc xur 1y.

Thém vao d6, do dic tinh mat duong thay do6i tuong ddi cham va tin hiéu
rung dong gilr dugc su 6n dinh trong pham vi mot ctra s0, clra sO khong chéng
lan van duy tri d6 phan giai thoi gian can thiét dé phat hién kip thoi cac thay
ddi bé mat. Cac dic trung théng ké duoc trich xuit tir mdi ctra s co tinh on
dinh va du dai dién dé phan loai chinh xac cac loai mat duong, ma khong can

dir li¢u chong 1an bo sung.
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Nguoc lai, ctra ) chéng 14n von tao ra sy du thira dang ké do céc cira s6
lién ké chia sé phf?m 16n s6 mau. Mic du sy du thira nay cé thé lam muot két
qua phan loai va nang cao do phan giai thoi gian, né ciing ddng nghia voi viée
1ap lai nhiéu phép tinh trén dir liéu twong dong, dan dén do tré xtr Iy cao hon va
tiéu thu ning luong khong can thiét. Trong bdi canh giam sat mat duong thoi
gian thyc, noi tinh nhanh chéng va nhat quan cua két qua phan loai duoc uu
tién dé hd tro ra quyét dinh, viéc sir dung cira s6 khong chong 14n tré thanh lua

chon hop 1y nham giam thiéu do trf ma van dam bao hiéu qua phan tich.

2.4. M6 hinh hgc sau LSTM

LSTM 1la mot loai Mang No-ron Hoi quy (RNN) dugc coi 1a 1y tudong
cho viéc du doan va phan loai chudi thoi gian. Ky thuat nay gi6i thiéu khai
niém vé 6 nhé va cac vong lip tu dong trong mang. Cac tinh ning nay cho phép
mang luu gitr thong tin trong cac khoang thot gian khac nhau dua trén dir lidu
dau vao [106], diéu nay phu hop véi dic tinh dit liéu ctia cam bién quén tinh 13
mot chudi ciia cac su kién theo thoi gian. Phan nay dé xuét sir dung cac bién
thé cia mo hinh hoc sdu LSTM dé thuc hién nhiém vu phan loai mat duong
(Hinh 2.5), dit liéu thu thap ciing dugc xir Iy & cac budc tién xt Iy nhu: loc dit
li¢u, gan nhan, chia ctra s0, sau do6 dit liéu duoc chia thanh céc tap dir li¢u: huin

luyén, xac thuc va kiém tra.
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D{r liéu cadm bién
guan tinh

Loc dir liéu

Gan nhan dir liéu

l

Chia clra s6
D{r liéu huén luyén D{ lidu kiém tra
70% 30%
Huén luyén | X&c thuc
80 % 209%
Mo hinh LSTM
Két qua phan loai

Hinh 2.5. Quy trinh phan logi mat dwong sir dung mo hinh LSTM.
Bang 2.8 dudi ddy mo ta vé 05 bién thé khac nhau ctia m6é hinh LSTM

dugc thir nghiém, trong d6 thay dbi s6 luong don vi va 16p LSTM dé danh gia
hiéu suat mo hinh.
Bang 2.8. Céc bién thé cia md hinh LSTM duoc st dung

Tén mo

hinh Cau hinh cac siéu tham s6 trong mo hinh
in

1 LSTM vo1 32 don vi, 1 BatchNormalization, 1
LSTM 1 | Dropout 0,5, 1 Dense véi 32 don vi va kich hoat relu, 1
Dense véi1 3 don vi va kich hoat softmax

1 LSTM vo1 32 don vi, 1 BatchNormalization, 1
LSTM v6i 32 don vi, 1 BatchNormalization, 1 Dropout 0,5,
1 Dense vo1 32 don vi va kich hoat relu, 1 Dense véi 3 don

LSTM 2

vi va kich hoat softmax
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Tén mo

hinh Cau hinh cac siéu tham so0 trong mo hinh
in

1 LSTM vo1 64 don vi, 1 BatchNormalization, 1
LSTM 3 | Dropout 0,5, 1 Dense véi 32 don vi va kich hoat relu, 1
Dense véi 3 don vi va kich hoat softmax

1 LSTM vo1 64 don vi, 1 BatchNormalization, 1
LSTM véi 64 don vi, 1 BatchNormalization, 1 Dropout 0,5,

LSTM 4 , . ,
1 Dense véi 32 don vi va kich hoat relu, 1 Dense véi 3 don
vi va kich hoat softmax
1 LSTM vo1 32 don vi, 1 BatchNormalization, 1
LSTM véi 64 don vi, 1 BatchNormalization, 1 Dropout 0,5,
LSTM 5

1 Dense vo1 32 don vi va kich hoat relu, 1 Dense véi 3 don

vi va kich hoat softmax

2.5. M hinh hgc may véi b diic trung toi vu
2.5.1. Sir dung bé dic trung théng ké trén mién thoi gian

Nhu da dé cap trong Chuong 1, trich xuat dic trung 1a mot giai doan tién
xu ly quan trong, trong d6 céac dac trung da dang dugc rut ra tir dit 1liéu tho. Qua
trinh nay bat dau bang viéc chia dir liéu chudi thoi gian thanh cac phan doan
nho hon, goi la ctra ) [104]. DPdi v6i mdi cira sb, cac dic trung duogc tinh toan
cho ting chudi thoi gian trong mién thoi gian. Tat ca cac dic trung cung cong
thire tinh toan dugc trinh bay trong Bang 2.9, trong d6 X; biéu dién gia tri cam
bién tai thoi diém i, va n 13 tong s6 mau trong mot cira so.

Trong mién thoi gian, Nghién ctru sinh da dé xuat sir dung céc dic trung
théng ké co ban nhu gia tri trung binh, trung vi, cling nhu cac tham s6 do do
phan tdn nhu phuong sai, d§ 1éch chuén, gia tri nhd nhét, gia tri 16n nhét va
khoang gia tri. Cac dic trung mién thoi gian dic biét phu hop véi bai toan phan
loai mat duong do tinh chét ctia dit liéu cam bién quéan tinh va yéu cau cua hé
théng thoi gian thye. Tin hiu quan tinh phan anh cac dao dong co hoc va bién
thién dong hoc ctia phuong tién khi di chuyén, do d6 cac tham s6 thong ké nhu
trung binh, phuong sai, do 1éch chuan hay pham vi c6 kha ning mé ta hiéu qua

cac kiéu dao dong dac trung cho céc loai mat duong khac nhau (vi du: nhya
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duong, dat, da cudi). Piéu nay cho phép phan biét bé mat dudng mot cach du

tin cdy ma khong can cac phép bién doi phuc tap.

Bdng 2.9. Cdc dic trung mién thoi gian dwoc trich xudt.

Dir li€u sir dung

Gia tri gia tde truc X Accey

Accy
Gia trj gia tc truc Y

Acc;
Gia tri gia tde truc Z
Gid tri géc quay truc X Gyroy
Gid tri géc quay truc Y Gyro,
Gia tri goc quay truc Z Gyro.
Pac trung Cong thirc tinh
n
. . — 1
Gia tri trung binh X =— z X; (2.2)
n
i=1

A 1 1 2
Po léch o2 = ﬁz(xi — %) (2.3)
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n
. 1
Do 1éch chuan o= —z(xi — X)2 (2.4)
e
Gia tri cuc dai Max {X; ... X, } (2.5)
Gia tri cyc tiéu Min {X; ... X,,} (2.6)
Khoang gia tri Max {X; .. X} — Min {X; ... X;;} (2.7)
Trung vi Median {X; ... X,;} (2.8)

Viéc sir dung cac dic trung mién thoi gian con mang lai loi ich thyc tién
vé hiéu qua tinh toan. Véi tinh don gian, chiing c6 thé duoc trich xuat nhanh
chong vai chi phi xir 1y thap, diéu nay dic biét quan trong trong bdi canh trién
khai trén cac hé théng nhing hodc vi diéu khién cong suét thép, von bi han ché
vé tai nguyén tinh toan va bo nhé. Khac vai cac k thuat trong mién tan s6 hoic
mién thoi gian—tan s6 nhu Bién doi Fourier Ngan han (STFT) hoic Bién ddi
Wavelet Lién tuc (CWT), dic trung mién thoi gian khong doi hoi phép toan
chuyén sau hay dung lwong bo nhé 16n, tir d6 tré thanh giai phap t6i wu cho cac
ung dung giam sat mat duong theo thoi gian thuc.

2.5.2. Pé xudt két hop cdc thudt todn lai lpc-bao va hoc mdy

Thuat toan lua chon dic trung lai loc-bao (Hybrid Filter-Wrapper) két
hop v61 hoc may dugce dé xuat dé xac dinh tap dac trung tdi uu cho phan loai
mat duong. Céu tric cta thuat toan dugc minh hoa trong Hinh 2.6. Muc ti€u la
tan dung kha ning sang loc nhanh ctia bo loc dé giam khong gian dic trung

trude khi chuyén sang giai doan bao dé tinh chinh. Ba thuat toan hoc may sur
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dung dé lwa chon dic trung da duogc thir nghiém trong luan 4n ndy: Ring ngau
nhién; Tang cudong do déc; Tang cuong do dbe cuc dai.

Giai doan lgc:

Trong giai doan lgc cua thuat todn lya chon dac trung lai, cac dac trung
duoc Xép hang dua trén diém quan trong thu dugc tir ba m6 hinh phan loai:
Random Forest, Gradient Boosting va XGBoost. Pé x4c dinh tap con dac trung
t61 wu, nhiu gia trj ngudng Gng vién cho tim quan trong dic trung di duoc
danh gia mot cach co hé théng, bao gém cac muc 0,001; 0,002; 0,003; 0,004
va 0,005.

Véi mdi gia tri ngudng, tt ca cac dic trung cé diém quan trong nho hon
nguong déu bi loai bd, hinh thanh cac tap con dac trung thu gon. Céc tap con
nay sau d6 dugc dung dé huan luyén va xac thyc lai moé hinh hoc may tuong
mg trén mot tap dir liéu kiém dinh duoc giir riéng. Tiéu chi lra chon ngudng
tdi wu 1a dat duoc d6 chinh xéc phan loai cao nhat déng thoi giam thiéu s6
luong dac trung dugc gitr lai.

Cach tiép can nay nham dat su can bﬁng gifta viéc duy tri hi¢u suat du
doan cao va giam do phuc tap ctia mo hinh, tir 46 tang hi€u qua tinh toan, dac
biét phut hop cho cac tng dung trién khai trén hé thong han ché tai nguyén.

Nhu dugc thé hién chi tiét trong Bang 2.10, ngudng toi uu ddi voi mo
hinh Random Forest dugc xac dinh 1a 0,001, trong khi ca Gradient Boosting va

XGBoost déu dat hiéu suét cao nhat véi nguong 0,004.



Trich xuét dac
tring

Tét ca dac truwng: Xf

Thuét toan hoc
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Tap dac trieng maoi (j): Xf(j) :
A 4 :

Thuat toan hoc
may

Xo6a dac trwng it
quan trong nhat '

Tép dac treng mai (k): Xf(k) Khéng théa man :

Thuéat toan hoc |
may :

So sanh d chinh xac phan loai?,
p nhat do chinh xac phan loai I&n nha

~

Thoéa méan

Dirng, tra vé tap

dac trweng: Xf(k)

Hinh 2.6. Thudt toan lai loc-bao.
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Bang 2.10. Két qua thir nghiém trong giai doan loc

VOi cac nguong khdc nhau.

Ngudng loc do Sb luong | Bo chinh xéc
M6 hinh hoc may quan trong cua dac | dac trung phan loai

trung sau loc (%)

0.005 34 85.7

0.004 40 85.4

0.003 51 85.4

Random Forest

0.002 68 86.6

0.001 101 87.2

0 126 87.1

0.005 31 91.6

0.004 38 92.5

, , 0.003 45 90.8

Gradient Boosting

0.002 60 92.4

0.001 96 91.7

0 126 91.5

0.005 50 92.7

0.004 65 93.5

0.003 82 92.4

XGBoost

0.002 99 92.3

0.001 107 92.4

0 126 92.5

Qua trinh di€u chinh ngudng nay c6 thé dugc xem nhu mot tim kiém

heuristic c6 kiém soat, duoc dan dat boi cac két qua xac thuc thuc nghiém thay

vi chi dya trén kiém dinh théng ké thuan tuy hoac quy trinh xéac thuc chéo

truyén théng. Thong qua viée danh gia lap di lap lai d6 chinh xac cia mo hinh

trén tap dit 1iéu xac thuc véi céac tap con dac trung khac nhau, phuong phéap nay

bao dam ring cac dic trung duoc giit lai ¢ dong gop thue su vao hiéu qua du

doan. Pong thoi, viéc loai bo nhiing dic trung it quan trong gitip giam s6 chiéu

dir li€u, tur d6 cai thién hiéu qua ca trong giai doan huan luyén va suy luan.

Toan bd cac budc thuc hién trong giai doan loc nay dugc mo ta chi tiét

trong Thuat toan 2.1.
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Thuét toan 2.1. Giai doan lgc

Pau vao: Tap dir liéu huan luyén T

Tap dir liéu kiém tra V
Tap dac trung ban dau X175 fi26]
Gié tri ngudng duoc cai dat trudc thres
M0 hinh hoc mdy str dung: Rung ngau nhién (RF); Ting cudng
d6 doc (GDB); Tang cudng do doc cuc dai (XGB)
Pau ra: Tap diac trung dugc chon X(k)

Budce 1:
U6c luong phan loai theo tirng mé hinh hoc may:

RG (T, V)

GDB(T, V)

XGB(T, V)
Budc 2: Tinh toan mtrc do quan trong cua tung dac trung trong X
Budc 3: Sap xép lai tap dic trung Xrtheo murc @6 quan trong tang dan.
Budc 4: Gitr lai tap dac trung Xy(k) cd d quan trong 16n hon ngudng thres.

Giai doan bao (wrapper):

Trong giai doan bao, cac dac trung dugc xép hang lai dua trén muc do
quan trong trong ba mo hinh phan loai: Random Forest, Gradient Boosting va
XGBoost. Sau d6, cac dic trung it quan trong nhét sé& lan luot bi loai bé qua
tirng budc. Mot diéu kién ding duoc ap dung dya trén ngudng do chinh xéc.
Trong ludn 4n nay, ba ngudng do chinh xac da dugc danh gia 1a 1%, 2% va 3%.
Két qua cho thay ngudng 2% 1a phu hop nhit: ngudng 1% khién thuit toan
dimg qua sém, dan dén tap dic trung chua t6i wu; trong khi ngudng 3% cho
cung két qua t6i wu nhu 2% nhung lai tiéu ton nhiéu tai nguyén tinh toan hon
do diéu kién dimg kéo dai. Do d6, ngudng 2% dugc lua chon vi can bang t6t
gitra hi¢u suét va hiéu qua tinh toan.

Céac budce cu thé trong giai doan bao dugc trinh bay trong Thuat toan 2.2.

Thuat toan 2.2. Giai doan bao

Pau vao:  Tap dit liéu huan luyén T

Tap dit lidu kiém tra V/
Tap ddc trung sau giai doan loc: X/(k)
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Gia tri nguong duoc cai dat trudc thres acc
Mo hinh hoc may str dung: Rung ngau nhién (RF); Tiang cudng
d6 doc (GDB); Tang cudng do dbc cuc dai (XGB)

Pau ra: Tap déc trung dugce chon X(1)

Budce 1:
U6Gc luong phan loai theo tirng mé hinh hoc may:
RG (T, V) =>do chinh xac[i]
GDB(T, V) => do chinh xac[i]
XGB(T, V) => do chinh xac[i]
Budc 2: Tinh toan mrc d6 quan trong cua tung dac trung trong X(k)
Budc 3: Sap xép lai tap dic trung X (k) theo mirc 4o quan trong tang dan.
Budc 4: Loai bo dic trung it quan trong nhat, tra vé tap dic trung X(k).
Budc 5:
U6c lugng phén loai theo tirng mé hinh hoc may:
RG (T, V) =>do chinh xdc[j]
GDB(T, V) => do chinh xac[j]
XGB(T, V) => do chinh xac[j]
Budc 6: So sanh d§ chinh xac phan loai sau khi loai bé dac trung.
Budce 7:
Néu do chinh xdac[j] - do chinh xdc[i] < thres_acc:
- Cap nhat do chinh xac: do chinh xdc[i] = do chinh xdc[j]
- Luu tap dic trung c6 do chinh xac cao nhat: X/(1)

- Quay lai Budc 2.
Néu do chinh xdc[j] - do chinh xdc[i] > thres_acc: tra vé tap dic
trung X(1).

Céc thuat toan trich chon dac trung lai loc-bao dugc xay dung trén co so
ldy d6 quan trong ciia dic trung boi cac mo hinh hoc may: Random Forest,
Gradient Boosting va XGBoost, trong thyc nghiém & phan sau, tén goi mdi
thuat toan tuong ung v41 mo hinh hoc may nhu sau:

- HFW-RF: Thuét toan trich chon dac trung lai loc-bao vé1 d§ quan trong
cua dac trung theo mo hinh hoc méy Random Forest;

- HFW-GB: Thuat toan trich chon déc trung lai loc-bao véi d§ quan trong
cta ddc trung theo mo hinh hoc may Gradient Boosting;



68

- HFW-XGB: Thuit toan trich chon ddc trung lai loc-bao véi do quan
trong cua dac trung theo mo hinh hoc méy XGBoost;

2.6. Két qua thyue nghiém va danh gia

Céc thi nghiém trong phan nay dugc thuc hién trén may tinh chay
Windows 10, st dung bo xtr Iy Intel(R) Core(TM) 17-7700 @ 3,60 GHz, bd
nhd RAM 16 GB va card d6 hoa GTX 1650. Viéc xay dung, huan luyén va
danh gia mo hinh hoc may dugc tién hanh trong méi truong Python Jupyter
Notebook vo1 cac thu vién phé bién nhu Pandas, NumPy, Scikit-Learn
(sklearn), v.v.

Két qua sir dung mé hinh hoc sdu LSTM:

5 bién thé khac nhau ciia mé hinh LSTM di duoc thir nghiém voi cac
ctra sO dit liéu c6 d6 dai khac nhau & 100 mau, 200 mau va 300 mau tuong Uing
v6i 1 gidy, 2 gidy va 3 gidy thu dir lidu. Két qua thir nghiém vé d6 chinh xéac
duogc trinh bay trong Bang 2.11. Quan sat két qua cho thay hiéu suat cao nhat
voi do dai cira s6 dir lidu 1a 100 mau, trong d6 mo6 hinh LSTM 4 dat d chinh
xac 94,74% trén tap dir li€u thir nghiém. Tang kich thudce cira s6 1én 200 mAu,
mo hinh LSTM 2 dat d6 chinh xac 94,49%. Vi d6 dai ctra s6 1 300 mau, mo
hinh LSTM 5 cho két qua tot nhét, dat d6 chinh xac 92,82%. Bang 5 tom tat do
chinh xac cua tt ca cac mo hinh da dugc thir nghiém.

Bang 2.11. Do chinh xdc phan loai sur dung LSTM

. D0 chinh xac
Tén mo

hinh , 2 x ) 2 x . 2 x

Cta so =100 mau | Craso =200 mau | Cua so =300 mau

LSTM 1 88.68% 89.70% 83.12%
LSTM 2 93.41% 94.49% 93.31%
LSTM 3 90.96% 90.09% 83.29%
LSTM 4 94.74% 91.82% 85.12%
LSTM 5 91.27% 93.38% 92.82%
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Phan tich ma tran nham 13n duoc thé hién & Hinh 2.7 nhan théy rﬁng, mo
hinh LSTM 4 hoat dong tot v6i mit dudng nhya 1190/1199 phat hién dung, tuy
vay véi 2 loai mat duong dat va duong da cudi, mé hinh phan loai c6 d6 chinh
xac kém hon khi mat duong da cudi phat hién 1073/1199 1a ty 1€ dung va phat
hién nham sang mat dudng dat 1a 126/1199 mau, mit dudng dit c6 ty 1¢ tuong
tu khi phat hién duoc 1145/1199 mau dung va c6 52 mau phat hién nham sang
mit duong da cudi va 02 mau sang mit dudng nhua. Hinh 2.8 cho théy mbi
quan hé gitta do chinh x4c vé&i cac chu ky huan luyén, co thé thiy moé hinh
LSTM 4 da bat dau hoi tu & chu ky tha 30, sau chu ky thar 30 thi ¢ chinh xac
gan nhu khéng dugc cai thién hon.

Két qua sir dung mé hinh hoc may cé chon loc diic trung:

Ba thuat toan hoc may dya trén mo hinh ho cay da duoc thir nghi¢m, bao
gém Rung ngiu nhién (RF) [97], Tang cuong do doc (GDB) [100] va Tang
cuong d6 dbc cuc dai XGBoost [102]. Cac mo hinh ndy duoc lua chon boi
nhiig wu diém noi bat vé kha ning xép hang tam quan trong dic trung, tinh
don gian trong dién giai va hiéu qua trong phan loai. Viéc danh gia tAim quan
trong dac trung gitp hiéu rd hon cac mdi quan hé trong dit liéu, ho tro Iwa chon
dac trung phu hop va cdi thién kha nang giai thich mo hinh [107].

Trong thyc té, dir liéu cam bién quan tinh thuong bi anh hudng bai nhiéu
nguodn nhidu khéng lién quan dén mit dudng, vi du nhu rung dong tir dong co
hodc chuyén dong hé thong treo. Dé giam thiéu tac dong nay, nghién ctru da
thir nghiém céc ngudng véan toc khac nhau va nhan thay viéc ap dung ngudng
qua 16n thi s& bo qua nhiéu dir liéu ma c6 thé str dung trong phan loai mat
duong, nguoc lai néu ngudng van tdc qua nho thi s& c6 nhiéu nhiéu khi xe &
trang thai tinh, do d6 4p dung ngudng vén téc I m/s tuong ung 3,6 km/h trong
giai doan tién xtr Iy dé loai bo dir liéu khi xe dimg yén hodc di chuyén qua
cham. Ngudng nay cho phép tach biét hiéu qua tin hiéu nhiéu khoi cac rung
dong dic trung do bé mat duong gay ra, dong thoi can bang gitra viéc loai bo
nhiéu va gitr lai dir li€u co gia tri.

Tinh manh m¢ va kha nang thich ting ciia mo hinh dugc thé hién qua viéc
danh gia trén cac cAu hinh cam bién khéc nhau (str dung dir li€u tir mét, hai
hoc ca ba cam bién). Nhu trong Bang 2.12, 6 chinh x4c phan loai van duy tri

& muc cao va o6n dinh ngay ca khi s6 lugng cdm bién gidm, ching minh kha
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nang khai quat hoa va duy tri hi¢u suat ctia mo hinh ngay ca khi luong dir li¢u
dau vao bi han ché.

Bang 2.12. Két qud phdn logi mdt dwong véi sé lwong cam bién khdc nhau

b§ dai cura . D0 chinh x4c (Accuracy) (%)
b dirligu | Do hinh y 2 cambién | 1 cam bién
. hoc may 3 cam bién ) _
(s6 mau) (trai, phai) trong xe
RF 80.7 80.5 79.0
200 GBM 88.2 85.8 83.4
XGB 90.0 88.4 84.3
RF 82.1 82.4 78.7
300 GBM 87.5 87.8 83.5
XGB 88.7 89.2 83.6
RF 85.5 83.4 82.5
400 GBM 90.2 89.2 85.0
XGB 91.7 91.3 85.0
RF 87.1 85.3 79.7
500 GBM 90.2 88.9 84.4
XGB 92.8 91.7 85.5
RF 84.2 84.6 84.0
600 GBM 89.4 88.5 86.0
XGB 91.8 90.5 85.5

Ngoai ra, viéc lya chon cac dic trung théng ké mién thoi gian nhu gid tri
trung binh, phuong sai, do 1éch chuan va khoang mang lai su 6n dinh cao trudc
cac bién dong ngiu nhién hodc dot bién thoang qua. Khi cac dic trung nay duoc
tinh toan trén cira so c6 dinh, chung goép phan 1am min cac bat thuong ngan
han, tao ra biéu dién dix liéu dang tin cay hon cho mo6 hinh phan loai.

Két qua thuc nghiém cho thay: st dung ca ba cam bién (bang diéu khién,
bén trai va bén phai) dem lai do chinh x4c phéan loai cao nhat. Viéc chi ding
hai cam bién 1am gidm do chinh xac doi chut, trong khi chi st dung mot cam
bién khién hiéu suat giam dang ké. Pic biét, véi do dai cira s6 500 mau (twong
g 5 gidy), do chinh x4c phan loai dat murc t6i wu: 92,8% ddi véi XGBoost,
90,2% d6i voi Gradient Boosting va 87,1% d6i voi Random Forest.
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Bang 2.13 trinh bay két qua so sanh vé do chinh xac va thoi gian huan
luyén cta ba mé hinh hoc may: Rimg ngiu nhién, Tang cuong d6 déc va Tang
cuong do dbc cuc dai khi sir dung thuat toan trich chon dac trung. Bén canh do,
Bang 2.7 cung cap cai nhin chi tiét hon vé cac chi sé danh gia nay, cho phép
phan tich toan dién hiéu suit cua tirng mo hinh.

Bang 2.13. Hiéu nang phdan loai cua cac thudt toan hoc may khi swr dung thudt
toan trich chon dac trung

Thuét toan | S6 lugng dic Do chinh x4c | Thoi gian
trich chon trung dugc M6 hinh (Accuracy) huan luyén
dac trung chon (%) (giay)
Khong ap Random
87.1 0.32
dung. Su Forest
dung tat ca 126 Gradient
L , 92.3 13.51
cac dic trung Boosting
duoc tao ra XGBoost 93.2 1.03
Random
85.5 0.27
Forest
HFW-RF 76 Gradient
_ 93.2 11.95
Boosting
XGBoost 94.2 0.99
Random
85.5 0.15
Forest
HFW-GB 30 Gradient
_ 93.0 4.71
Boosting
XGBoost 94.2 0.54
Random
85.5 0.21
Forest
HFW-XGB 42 Gradient
, 91.6 6.84
Boosting
XGBoost 92.8 0.71

Nhu két qua thé hién trong Bang 2.13, M6 hinh XGBoost dat 4o chinh
xé4c trung binh cao nhat, khoang 94%, trong tat ca cac kich ban, bat ké c6 ap
dung lya chon dac trung hay khong. Tiép theo 1a mo6 hinh Gradient Boosting,
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dat do chinh xéc trung binh khoang 93% trén ba tap dir li¢u thir nghi¢m. Mo
hinh Rimng Ngau nhién cho thay do chinh x4c thap nhét, trung binh chi khoang
87% trong hau hét cac truong hop. Nhing két qua nay 1am ndi bat tinh manh
mé cua cac thuat toan luva chon dic trung, vi chung van duy tri do chinh xéc
cao ngay ca khi sb lugng dic trung giam déng ké.

Thuét toan HFW-GB dat duoc hiéu suét tbi wu béng cach lua chon mot
tap con gdm 30 dic trung quan trong nhat. Trong khi d6, HFW-XGB giit lai 42
dic trung, con HFW-RF chon 76 dic trung. Céac két qua thuc nghiém chi ra
rang viéc rat gon dic trung khong chi duy tri hiéu suat phan loai ma con giam
dang ké thoi gian huan luyén. Cu thé, khi sir dung 30 dic trung do HFW-GB
chon, thoi gian huan luyén ciia md hinh Random Forest giam tir 0,32 gidy (Vi
toan bd 126 dac trung) xuéng con 0,15 giay. Péi v6i XGBoost, thoi gian huin
luyén giam tir 1,03 gidy xudng con 0,54 gidy. Trong khi d6, Gradient Boosting
tuy dat hiéu qua cao nhung van c6 thoi gian huan luyén dai nhat: 4,71 gidy véi
30 ddc trung, so vaoi 13,51 gidy khi sir dung toan bg dac trung. Cac dac trung
dugc lya chon bdi ba thuat toan dugc minh hoa trong Hinh 2.9, Hinh 2.10 va
Hinh 2.11.

Thuat toan lya chon déc trung két hop loc-bao da dugc 4p dung va kiém
ching trén ba m6 hinh hoc may khac nhau: Random Forest, Gradient Boosting
va XGBoost, trong nhiéu cdu hinh cam bién (mdt, hai va ba cam bién) ciing
nhu véi cac kich thuée ctra s6 trugt khac nhau. Cac kich ban nay phan anh diéu
kién trién khai thuc té va cac chién lugc phéan doan dir li¢u da dang, nham dam
bao réng tap dic trung duoc chon van cé tinh phu hop va 6n dinh trong nhiéu
tinh huéng dau vao khac nhau.

Két qua nhat quan cho théy hiéu suét phan loai khi str dung céc tap dac
trung rat gon van duy tri & mirc cao va 6n dinh trong moi diéu kién thir nghiém.
Piéu ndy ngu y rang nhitng dic trung duoc xép hang cao nhét da nam bat duoc
cac dic diém cot 161 cua dir liéu cam bién quan tinh, thé hién tinh 6n dinh, giau
thong tin va kha ning khai quat bat ké sy thay ddi trong phan doan di liéu hoic

sO lugng cam bién kha dung.
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(46 1ap lai 0.94, @6 nhay 0.90, diém F1 0.92) va duong dat (d6 lap lai 0.89, do
nhay 0.93, diém F1 0.91).
Bdng 2.14. Céc tham sé danh gid mé hinh hoc may khi sir dung 30 déc trung

M6 hinh Nhan mat duong bo 1ap lai Do nhay Piém F1
Mait duong nhya 0.99 0.98 0.98
Random .
Mait duong da cudi 0.83 0.86 0.85
Forest
Mit duong dat 0.86 0.84 0.85
Mait duong nhya 0.99 0.98 0.98
Gradient . ; )
] Mat duong da cudi 091 0.90 0.90
Boosting
Mit duong dat 0.88 0.91 0.89
Mait duong nhya 0.99 0.99 0.99
XGBoost Mait duong da cudi 0.94 0.90 0.92
Mit dudng dat 0.89 0.93 0.91

Gradient Boosting cho két qua sat sao, v6i do chinh xac cao trén duong
nhua (46 13p lai 0.99, d6 nhay 0.98, diém F1 0.98), va chi thap hon déi chat &
cac bé mit khac: duong da cudi (d6 lap lai 0.91, d6 nhay 0.90, diém F1 0.90)
va duong dat (46 1ap lai 0.88, 46 nhay 0.91, diém F1 0.89).

Random Forest mac du hoat dong tdt trén mat duong nhua (do lap lai
0.99, d6 nhay 0.98, diém F1 0.98), nhung lai cho thy hiéu suat yéu hon dang
ké d6i voi mat dudng da cudi (do lap lai 0.83, d6 nhay 0.86, diém F1 0.85) va
duong dat (do lip lai 0.86, d6 nhay 0.84, diém F1 0.85).

Téng thé, XGBoost ching minh dugc tinh 6n dinh va hiéu suét cao nhat
trén tat ca cac loai bé mit, tiép theo 1a Gradient Boosting, trong khi Random
Forest to ra kém hi€u qua hon, dac bi¢t vdi mat duong da cudi (Bang 2.15).
Ngoai ra, nghién ctru cling da giai quyét mbi quan ngai vé kha ning thich tng
ctia ctra so truot ¢d dinh bang cach danh gia cac kich thudc cira s6 khac nhau
(tir 2 dén 6 gidy & toc d6 ldy mau 100 Hz). Két qua chi ra rang su khac biét vé
d6 chinh xac phan loai giita cac kich thudc nay 1a khong dang ké, cho thay cira
s6 ¢ dinh c6 thé cung cap do phan giai thoi gian phu hop dé ghi lai cac miu

rung dong lién quan.
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a. Ma trdn nham lan khi sir dung thudt toan Random Forest.

Nhan mat duong dy doan

Mit duong dat

Mat duong da
cudi

Mat duong nhya

380 94 2
78 397 1
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Nhin mit duong thyc té

b. Ma trdn nham lan khi sir dung thudt todn Gradient Boosting.

Nhan mat duong du doan

Mit duong dat 432 42 2
Mat dudng da 39 435 2
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c. Ma trdn nham lén khi sir dung thudt toan XGBoost.
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Nhén mit duong thuc té

Cira s6 kich thuéc ¢6 dinh mang lai nhiéu loi ich thiét thuc, dic biét trong
bbi canh trién khai trén cac hé thong thoi gian thye. U diém ndi bat ctia phuong
phap nay bao gdm tinh don gian trong tinh toan, do tré xur 1y c6 thé dy doan
trude, dé dang trién khai cling nhu tinh 6n dinh khi 4p dung trong nhiéu diéu
kién 14i xe khac nhau. Mic du viéc str dung céc ctra s6 thich ung hodc ctra s6
nhan biét ngir canh co tiém nang cai thién thém do chinh xac, nhung nhiing
phuong phéap nay lai di kém véi chi phi tinh toan va dg phtrc tap cao hon. Do
do, xét trén khia canh can béng gitta hi€u nang va kha nang trién khai thuc tién,
ctra sO kich thudc ¢b dinh van 1 lua chon phit hop hon cho cac ing dung giam
sat mat duong theo thoi gian thuc trén hé thong nhung trong xe.

So sanh voi mot s6 nghién ctru lién quan cung sir dung tap dit liéu PVS
cho bai toan phan loai mat duong, Menegazzo, J. [10] va Sakorn
Mekruksavanich [13] déu st dung cac mo6 hinh hoc sau nhu CNN, LSTM hoac
CNN-LSTM v61 d0 chinh xac cao 1a 93,1 % va 96 % tuong trng, m6 hinh LSTM
4 ¢ thye nghiém nay ciing dat dugc két qua tuong duong véi do chinh xac dén
94,74%, tuy cdc mo hinh hoc sau da ching minh vé hiéu nang phan loai vdi do

chinh xac twong di cao nhung lai khong phu hop dé trién khai trén céc thiét bi
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c6 hiéu nang thap, boi cac mo hinh ndy yéu cau cac phép tinh toan, bo nhé phai
du 16n, dic biét 1a kho kha thi khi trién khai trén céc thiét bi st dung vi diéu
khién nhing. Két qua str dung mé hinh XGBoost, két hop cac phuong phép tién
xu 1y, trich chon dic trung tdi wu da dat duge do chinh xac 94,2% 1a tuong
duong véi cac phuong phap sir dung hoc sau. M6 hinh XGBoost sir dung s6
luong it ddc trung sé giup giam chi phi tinh toan va hoan toan co thé trién khai
trén céc thiét bi nhung c6 tai nguyén han ché. Tur cac két qua thyc hién trén bo
dit liéu PV'S c6 thé thay rang, két qua phén loai khi sir dung ca hai loai mé hinh
hoc may va hoc sau dat d§ chinh x4c tuong ddi cao, tuy nhién su nham 1an
trong viéc nhan dang céac loai mat duong c6 dac tinh tuong déng van con la kho
khin (gitta dudong dat va dudng da cudi), boi cac tic dong chinh khi di chuyén
1a rung xoc cta cac loai mit duong nay 1a twong ddi gidng nhau va su khac biét

chua ro rét khi so vo1 mat duong nhuya.

2.7. Két luan Chwong 2

Trong chuong 2 nay da dé xuat mot thuat toan dé lua chon tap con cac
dic trung phi hop nhét cho cac mo hinh hoc may dugc sir dung trong phan loai
mat duong. Két qua thu duoc cho théy viée st dung tat ca cac dic trung co san
c6 thé din dén tinh toan kém hiéu qua, gy ra viéc st dung bo nhd CPU khong
can thiét va thoi gian huan luyén mo hinh dai hon. Béng cach lua chon bo dac
trung toi wu, ching ta c6 thé cai thién dang ké thoi gian thuc thi ciia mo hinh
va dung luong bo nhd danh cho thiét bi c6 hiéu nang thap, gitip cac mo hinh
phu hop hon véi cac ing dung thoi gian thuc. Panh gia cdc mo6 hinh hoc may
dé giam sat chat lugng duong bo cho thdy mic du ca ba mé hinh: Rimg ngau
nhién, Tang cuong d6 déc va Tang cudong d6 doc cuc dai déu c6 thé thyc hién
nhiém vy, nhung Tang cuong d6 déc cuc dai ndi bat 1a mo hinh hiéu qua nhat
nho do chinh xac vuot troi, can béng gitta d§ chinh x4c va kha nang thu hdi va
thoi gian hudn luyén hiéu qua. Cac mé hinh hoc may thuc nghiém cia cong
trinh nay chimg minh rang viéc str dung mot tap dic trung nho gitip cai thién
thoi gian thyc hién do s6 luong phép tinh giam. Nhu cau tinh toan thap cho thay
bai toan phan loai mit dudng sir dung cam bién quan tinh c6 thé duoc trién khai
day du trén cac bo vi diéu khién hiéu niang thap. Cach tiép can nay giup giam
chi phi ddng thoi dap tmg cac yéu cau vé cin bang giira d6 chinh xéac va thuc

thi m6 hinh theo thoi gian thuec.
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Nghién ctru trong chuong 2 niy ching minh rang viéc lya chon cac dic
trung c6 y nghia rat hidu qua trong phan loai mat duong. Tuy nhién, viéc tbi uu
hoéa chi phi ¢ thé duoc cai thién hon nira thong qua viéc giam thiéu phan cing.
Dua trén nhitng phat hién nay, trong Chuong 3 s€ tap trung vao viéc st dung it
cam bién quan tinh dé thu thap dix liéu & cac bdi canh mat duong thuong gip,
trong khi van duy tri do chinh x4c phan loai cao, cho phép cac thiét bi nhing
phan loai mat duong theo thoi gian thuec.

Két qua cua thuat toan trich chon dac trung lai loc-bao dé xuit da duoc
cong bd tai cong trinh [CT1]. Budc tién xir Iy dit liéu da duogc khao sat, thu
nghiém trong cong b tai cong trinh [CT2] [CT3] trong phan “Danh myc cic

cong trinh cua tac gia”.
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CHUONG 3: XAY DUNG THIET BI GIAM SAT MAT PUONG

Trong Chuong 2, chung ta di thay rang lua chon cac dic trung co ich
gitip cho nang cao hiéu nang phan loai va ¢ thé trién khai trén cac thiét bi phan
cung thép. Tuy nhién hién nay moi chi ¢6 bo dit li¢u PVS dugc cong bd, ba loai
mit duong & bo dit liéu nay 1a twong ddi khac biét va ciing chua phan anh cac
mat duong thuong gap trong méi truong giao thong hién nay. Trong Chuong 3
nay, s& huéng dén quy trinh xir 1y dit liéu cam bién trén thiét bi dién toan bién,
xay dung thiét bi dién toan bién gop phan xay dung mot khau trong hé thong
giam sat duong End-to-End doc 1ap, chi phi thap. Nho thiét bi nay da xay dung
hai B9 Dir liéu Thuc dia dau tién tai Viét Nam: Bo dir liéu 3 loai mait duong
pho bién, cung cap co sd dir lidu xac thuc cho cac nghién ciru twong lai (di liéu
cam bién gia tde, van toe gbc, vi tri) va Bo dir liéu vé cac b ga trén mat duong.
Trén bo dit liéu nay, da thuc thi mo hinh phan loai hiéu qua nhat (XGBoost)
v6i d6 chinh x4c cao ¢ thé Trién khai Thoi gian Thuc (Real-time Deployment
Architecture). Két qua ciia Chuong 3 di duoc cong bd tai cong trinh [CT4,

CT5] trong phan “Danh muc cac cong trinh cia tac gia”.

3.1. M6 hinh hé thong giam sat

Qua cac nghién ctru vé bai toan phan loai mat duong, viéc trién khai hé
théng giam sat mat duong dua trén cam bién quan tinh van d6i mat véi mot so
thach thurc quan trong:

o Thach thire 1: DS chinh x4c phan loai con han ché khi chi str dung mot
gia téc ké va mot con quay hdi chuyén, do d6 kha ning nhan dang chinh
xac cac loai mat duong khac nhau chua cao.

« Thich thire 2: Gi6i han ning lugng trong cac hé théng IoT thoi gian
thuc. Cac thuat toan phirc tap co thé tiéu ton nang lugng déng ké, 1am
giam thoi gian hoat dong cua thiét bi, doi hoi phai téi wu quy trinh xt 1y
va lua chon thuat toan.

« Thach thic 3: Téi vu hoa dong thoi giira thuat toan, dic trung va cira
sO dir liéu nham can bang giita hiéu suat phan loai va chi phi tinh toan.
Tir d6 ¥ tudng dé xuat ciia nghién ctru nay mot hé théng phan loai mat

duong dua trén nén tang IoT, hudng toi kha ning phat hién va giam sat mit

duong trong bdi canh thoi gian thuc. So d6 khdi ciia mo hinh hé thdng giam sat
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mit duong duoc md ta nhu trong Hinh 3.1, cc thanh phan chinh cta hé théng
giam sat bao gdm: Xe 6 t0 c¢6 gin thiét bi giam sat mat duong (10); Hé thong
may chu dé truyén/nhan dir liéu (100); Ban do s6 cua hé théng dé luu lai cac
doan dudng da duge giam sat (11); cac thiét bi ngoai vi c6 thé truy cép vao ban
d6 s6 dé 1ay thong tin (laptop (110A); dién thoai (110B); may tinh (110C)...)

110C

Hinh 3.1. So d@6 khéi hé thong gidm sdt mdt dwong theo thoi gian thuec.

Phan cung cta hé thong theo mo hinh nay dwoc chia thanh hai phan
chinh: phan mot 1a thiét bi duoc gin trén xe giao thong (10) nhim do dac dix
liéu vé cam bién quén tinh (46 rung, x6c, goc quay) va dit liéu dinh vi (van tde,
toa do, thoi gian), két hop véi cac thong sb cuia xe va cam bién khac (ma sd,
trong luong xe, ap suat 10p, duong kinh banh xe, nhiét do, d6 am...) khi di
chuyén trén duong; phan hai 1a phan thu tin hiéu, luu trir va xt Iy dit liéu thu
duoc. Cu thé 1a:

(i) Phan mot gdm mat thiét b 1a: thiét bi do dé do gia tdc, van toe goc,
gbc hudng, v.. khi xe di chuyén trén dudng giao thong két hop véi cac dir licu
ctia hé thong dinh vi GNSS (vi tri, téc d6, thoi gian thuc).
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Thiét bi s€ st dung cac dit liéu dau vao do duoc dé dua ra cac phan loai

vé tinh trang mat duong hién tai, két qua phan loai kém theo thong tin thoi gian

dugc dong thoi cap nhat 1én di liéu ctia may chi (100) dé chia sé tdi cac thiét
bi khac trong mang luéi (110A; 110B; 110C).

(ii) Phan hai 1a may cha gdm may tinh (100) v6i phan mém nhan két qua

phat hién mit dudng theo vi tri va thoi gian tir cac thiét bi gan trén xe. Phan

mém s& luu lai thong tin mat dudng c6 nhan thoi gian gan nhat trén ban do so

(11) va dir liéu nay s& dugc cap nhat lai cho céc thiét bi khac. Cac thiét bi két

ndi internet c6 thé truy cap vao hé théng ban dd s6 dé biét vé thong tin tinh

trang mat duong.

Chtic ning ciia hé thong s& gdm:
- Nhan dién dugc hién trang mat duong tai mot thoi diém xac dinh;
- Gan thong tin hién trang mat dudng véi vi tri cla xe tai thoi diém
d6. Mot khung dir lidu duoc giri tir thiét bi vé may chu s& bao gom:

tho1i gian, vi tri, tinh trang mat duong tuong g vo1 vi tri.

CAu tric khung dir liéu truyén tir thiét bi dau cudi 1én may chii dwoc minh

hoa nhu Hinh 3.2 du¢i day.

ID

Time | Position |Speed |Ax |Ay |Az |Gx |Gy |Gz |[RS

Hinh 3.2. Cau triic khung dir liéu.
Trong do:

ID: S& mang s6 hiéu va cac thong tin ciia xe nhu: loai xe, ¢ xe...
Time: Tho1 gian thuc hién thu thap, gidam sat mat duong.

Position: Vi tri cua xe, cung cap cac thong tin vé kinh do, vi do theo hé

toa d0 WGS-84.

Speed: Tbc dd xe chay theo don vi m/s hodc km/h (léy tur GPS).
Ax: Gia tri gia toc theo truc X, don vi g;

Ay: Gia tri gia tdc theo truc Y, don vi g;

Az: Gid tr1 gia tdc theo truc Z, don vi g;

Gx: Gia tri goc quay theo truc X, don vi °/s;

Gy: Gia tri goc quay theo truc Y, don vi °/s;

Gz: Giéa tr1 gbc quay theo truc Z, don vi °/s;

RS: nhan mat duong duoc du doan tai thiét bi dau cudi.
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Nghién ctru nay tap trung vao viéc xay dung thiét bi lap dat trén cac
phuong tién giao thong, phuong phap xir 1y dé két hop céc loai dir liéu: gia tdc,
van téc goc, vi tri va thoi gian khi di chuyén ¢ cac mat dudng khac nhau va
may chu luu co so dir liéu vé céc trang thai mat duong. Thiét bi phan loai, phat
hién tinh trang mat duong s dung hoc may sé str dung cac dir li¢u dau vao do
dugc dé dua ra cac phan loai vé tinh trang mit duong hién tai, két qua phan loai
kém theo thong tin thoi gian duoc déng thoi cap nhat 1én dir 1iéu ciia may chu
dé chia sé t6i cac bo thiét bi khac trong mang.

Mot uu diém ndi bat ciia hé thong giam sat mat duong (Hinh 3.1) 1a kha
nang tu 1am giau dir liéu. Khi mot phuong tién mdi tham gia vao hé thong, thiét
bi gan trén xe s& dya vao cac cung dudng di dugce dan nhin sin trén ban do sb
dé tu dong thu thap dir lidu. Cac dir liéu nay dugc truyén vé may chu dé huan
luyén lai cadc mo6 hinh hoc may phu hop. Sau d6, mo6 hinh cap nhat s€ dugc ap
dung nguoc lai cho cac xe c6 dic tinh twong tu. Nho co ché nay, hé thdng co
thé dé dang mo rong tir mot nhom nhé ban dau sang nhicu ching loai xe khéc
nhau. Diéu nay giup tong quat héa mé hinh vi mdi loai xe c6 dic tinh rung xoc
riéng biét, chrfmg han nhu xe tai x6c hon xe con, hay xe xing chiu nhiéu dong
co 16n hon xe dién hoic trong cac diéu kién méi trudng, diéu kién van hanh
khac nhau.

Thiét bi xtr Iy dé két hop cac loai dir liéu: gia tdc, van tdc goc, vi tri va
thoi gian khi di chuyén ¢ cac mat duong khac nhau va may cha luu co sé dir
liéu vé cac trang thai mat duong, chirc nang cua hé théng gém: nhan dién duoc
hién trang mat duong tai mdt thoi diém xac dinh; va gan thong tin hién trang
mit dudng véi vi tri cta xe tai thoi diém do;

Céac dé xuat chinh c6 thé dugc tom tit nhu sau:

o Xay dung mot thiét bj phan cimg gan trén xe, 1a mot khau trong hé théng
giam sat mit dudng theo thdi gian thyc, ¢6 chi phi thap.

« Thu thap bo dit liéu thuc té tai Viét Nam véi 3 loai mit dudng thuong
gip: duong nhya dudi 10 nam tudi cé chat luong kha, dudng nhya trén

15 nam tudi co chat luong trung binh va dudng bé tong chat lwong mit

duong kém.

o Thu thap b dir li¢u thuc té clia cac 6 ga trén mat duong.
« Tién hanh so sanh hiéu suat giita ba thuat toan hoc may phd bién—

Random Forest (RF), Gradient Boosting Machine (GBM) va XGBoost—
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trén cung mot bd dir liéu dugc thu thap truc tiép tu thuc nghiém, nham
danh gia tinh hiéu qua va kha ning ap dung trong cac diéu kién thuc té.
« Ung dung k§ thuat Loai bo Pic trung Pé quy (Recursive Feature
Elimination — RFE) dé xéc dinh s luong dic trung tdi wu, qua d6 giam
d6 phirc tap mo hinh va rat ngin thoi gian huin luyén ma van duy tri
duoc do chinh x4c cao. Két qua thuc nghi¢m cho théy chi can khoang 27
dic trung 1a du dé dat hiéu suat gan tuong duong v6i mo hinh str dung
toan b tap dac trung, dam bao tinh kha thi khi nhing mé hinh hoc may

vao thiét bi c6 tai nguyén han ché.

3.2. Thiét bi thu thip dir liéu va giam sat mit duong
3.2.1. Céiu hinh thiét bi phdn cirng

Hé théng giam sat mat duong dua trén loT dugc thiét ké nham phat hién
som cac van dé vé chat lugng mat duong va giri canh béo kip thoi dén thiét b
quan 1y hodc trung tim diéu khién. Hinh 3.3 minh hoa kién trac tong thé cia
thiét bi. Trong do, thiét bi duoc léy nguén dién &p hoat dong truc tiép tr xe 0
t6 v6i chuan dién ap S5VDC, b vi xir 1y chinh 1a ESP32 két nbi v6i may chui
thong qua truyén thong khong day Bluetooth hodc Wifi, cac thiét bi ngoai vi
nhu module GPS, cam bién quan tinh, b nhd cuc bd s& duoc két ndi véi vi xtr
1y chinh ESP32.

Khi c6 két ndi mang, ESP32 s& gtri ban tom tat su kién thong qua Wi-Fi
hoic Bluetooth Low Energy (BLE) t6i may chu, tir d6 hd tro viéc giam sat va
phan tich tir xa, cip nhat thong tin 1én ban do s6. Pé dam bao viéc gin nhin
chinh xéc cho dit liéu chuyén dong, nhém nghién ctru con tich hop va dong bo
video tir camera hanh trinh trong qua trinh thu thap di li€u. Viéc déng bd nay
cung cip bang chimg truc quan cho cac su kién bat thuong, gitip nang cao do

tin cdy cua bo dit liéu huan luyén va kiém thir mo hinh phan loai mat duong.
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GPS module
U-BLOX
NEO 6M

| l RS5232

MPU9250 <:I:> ESP32 51 SD card '
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Nguf’in

Hinh 3.3. So d6 khoi thiét bi gidm sat mdt dwong dwa trén IoT.
Module ESP32

Kit Wifi BLE ESP32 NodeMCU-32S CH340 Ai-Thinker duoc phat trién
trén nén Vi diéu khién trung tam 1a ESP32 SoC véi cong nghé Wifi, BLE va
kién trac ARM méi nhat hién nay, véi wu diém 1a cach st dung d& dang, chi
phi thap, thich hop vé6i cac nghién ctru, tng dung vé Wifi, BLE, IoT va diéu
khién, thu thap dir liéu qua mang, voi day du cac 10 nhu UART; SPI; SDIO;
12C; RS232 dé két ndi dén cac thiét bi ngoai vi. ESP32 14 bd vi xir 1y chinh
trong thiét bi thu thap dir liéu va giam sat mat duong voi bo nhéd FLASH 4 MB.
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Module dinh vi GPS

Module GPS NEO-UBLOX-6M V2, hoat dong véi dién ap 3.3V,
Module c6 dng-ten bang stt, c6 EEPROM luu tham s6 cau hinh khi mat ngudn,
¢6 pin dy phong luu dit liéu, hd trg giao tiép truyén thong nbi tiép RS232 véi
vi xu Iy ESP32. Module GPS cung cép cac thong tin dir liéu vé dinh vi, van tdc,
thoi gian thu thap dir liéu cua thiét bi.

Cam bién MPU9250

Module MPU9250 1a cam bién chuyén dong tién tién, tich hop 3 truc gia
tdc, 3 truc con quay hoi chuyén, va 3 truc tir ké dua trén chip MPU-9250 cua
hang InvenSense. Cam bién niy cung cip dif liéu chinh xac vé cac gia tri rung
dong cua thiét bi khi di chuyén qua cac mat dudng khac nhau véi do phan giai
1én t&i 16-bit. Cam bién hd tro giao tiép 12C hoidc SPI dé két ndi toi bo vi xur 1y
ESP32. Cam bién hd tro pham vi do +2g/+4g/+8g/+16g ddi voi gia toe va
+250/+£500/+1000/+2000°/gidy dbi véi van tbe goc, phit hop dé phat hién cac

dao dong than xe, va cham ngén han va rung dong mat duong.

o g
O SOAmsn e

. o
™\ EDA MMu l
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3.2.2. Moi truong thi nghiém

Céc thi nghiém duoc tién hanh tai cic cung duong & khu vuc thanh phd
Ha Noi, va tinh Thai Nguyén, trén cd duong do thi va ngoai 6. Pay la khu vuc
c6 khi hau nhiét d6i gi6é mua véi su bién dong 16n vé nhiét do va d6 am, khién
mit duong d& bi xudng cip va hu hong. Phuong tién khao sat 1a mot chiée xe
sedan c¢& nhd, dugc van hanh trong diéu kién giao thong thuc té dé phan &nh
cac dic diém rung dong sat véi moi truong st dung. Thiét bi c6 kich thudce
(85%35%35) mm duogc gan ¢ gitta tryc trung tAm trén néc xe nhu mo ta trong
Hinh 3.4.

4

A

Hinh 3.4. Lap ddt thiét bi trén xe thu thdp dir liéu.

Thiét bi thu thap dir liéu dugc gin chic chin tai vi tri gitta chiéu dai co

s& cua xe nham gidm thiéu sai s6 do rung lac co hoc. Thiét bi sit dung MPU-
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9250, mot cam bién IMU 9 truc (bao gém gia tdc ké 3 truc, con quay hoi chuyén
3 truc va tir ké 3 truc).

Dit lidu duoc ldy mau voi tan s6 50 Hz, truyén tir MPU9250 sang ESP32
thong qua giao thirc 12C. B vi diéu khién ESP32 (32-bit, tich hop Wi-Fi/BLE)
dam nhiém tién xu 1y thoi gian thyuc, bao gdm:

i. Loc thong thip d¢ loai bé nhiéu tan sd cao,
ii. Hiéu chuan lai gi tri cam bién dé tranh céc sai s6 tich lily theo thoi gian,
iii. Chuan hoa khung toa do dé dam bao tinh théng nhét cua dit liéu.

Sau khi xtr 1y so b9, dir li¢u dugc dong goi thanh cac khung thoi gian va
ghi lién tuc vao thé SD dudi dang file .csv (giao tiép qua SPI) nham tranh mat
mat dir liéu khi mat két ndi v6i may chir. Khi phat hién rung dong bat thuong,
hé théng tao mot nhat ky su kién chura thoi gian, chi ) rung dong, loai mat
duong va toa do GPS, sau d6 tai dir liéu nay 1én may chi khi ¢ két ndi Wi-Fi.
Chi tiét vé cau hinh thu thap dir liéu dugc néu trong Bang 3.1.

Badng 3.1. Cdu hinh cai ddt thiét bi

Loai xe Sedan 4 chd: Accent
Ap suat 16p xe 2.3 bar
Dai gia tri gia toc trén cam bién MPU9250 +8¢g
Dai gia tri goc quay trén cam bién MPU9250 + 1000°/giay
Tan sb lay mau 50 Hz
Dinh dang luu dit li¢u luu triv *.csv

Hinh 3.5 dudi ddy mo ta quy trinh cia mot qué trinh thu thap dit liéu. O
bude dau tién 1a viéc lép dat thiét bi trén noc xe va kiém tra do chic chin cua
thiét bi, sau d6 thiét bj duoc cAp ngudn dé khoi dong va kiém tra cac thong sb
cai dat cling nhu cac thiét bi ngoai vi. Qua trinh thu thap dir li¢u dugc thuc hién
sau khi thiét bj hoat dong binh thudng va tin hiéu GPS di két ndi thanh cong.
Code nhung vi diéu khién trén thiét bi thu thap di liéu dugc trinh trong Phu luc

cua Luan an.
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Lap dat thiét bi

Cap nguén,
khéi ﬂ‘ong thiét

h

Kiém tra cau }

hinh: Cam bién
Khdng thanh cong GPS: thé nho

Chér két néi GPS

Thanh cong

l

Lai xe di chuyén
thu thap dir ligu

Hinh 3.5. Quy trinh thuc hién thu thdp dir liéu.

Bang 3.2 mo ta chi tiét cac 10p nhin duogc st dung trong nghién ctiru. Dé
g'fm nhan chinh xac, dir liéu thu duoc tir IMU duoc déng bd hoa vo1 video tir
camera hanh trinh, giup dam béo tap dit liéu huan luyén va kiém thir ¢6 chat
lugng cao va it nhiéu nhan.

Qua trinh gan nhan dugc thyc hién khi thu thap dir liu, dé dam bao chat
luong dit liéu cho cac mo hinh hoc may c6 giam sat, Nghién ctru sinh trude khi
chay thu thap dit liéu déu d3 thuc hién khao sat cac tuyén dudng du dinh 1y dir
li¢u, qua trinh ghi dir liéu va gan nhan mat duong thuc hién ban ty dong: cai
dit trude cac tuyén dudng theo timg nhén va thiét bi sé tu dong ghi dir liéu, gan

nhan mat dudong tuong Ung.
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Bang 3.2. Gidi thich vé nhan dir liéu
Nhin Giai thich

Mit dudng nhua phang dudi 10 nim tudi (dwa vao quan

Roadtype 0 sat thuc té, nhan dinh chat lugng mat dudng kha tuong
ung theo thang do ctua PCI trong Bang 1.1)

Mit dudng nhya phang trén 15 nam tudi (dwa vao quan
Roadtype 1 sat thuc té, nhan dinh chét lugng mat duong trung binh
tuong ung theo thang do ctuia PCI trong Bang 1.1)

Mit dudng bé tong (dwa vao quan sat thuc té, nhan dinh

Roadtype 2 chét luong mit dudng kém tuwong tmg theo thang do cta
PCI trong Bang 1.1)
Pothole O ga trén miat duong c6 chat luong trung binh

3.2.3. Thu thdp dir liéu

Trong thyc nghiém nay, mdi tuyén khao sat tuong ing véi mot loai mit
duong va dugc gan mot ma dinh danh duy nhét. Hé thong do luong bao gdm
cam bién quéan tinh MPU-9250 dugc gin c6 dinh trén xe khao sat, két hop véi
vi diéu khién ESP32 va thé nhd SD dé ghi dit liéu. MPU-9250 dong thoi do gia
tdc ba truc (Ax, Ay, Az) va van téc goc ba truc (Gx, Gy, Gz), cung cap dit liéu
quan tinh toan di¢n cho phan tich.

Dit liéu cam bién dugc 14y mau & tan s6 50 Hz cho méi truc, tuong duong
150 mau mdi gidy cho mo-dun gia toc ké va 150 mau mdi gidy cho mo-dun con
quay hoi chuyén. Cac thong tin bo sung dugc ghi nhan bao gom: toa d6 GPS
(Vi d9, Kinh d0), quing duong di chuyén, do cao (Alt), te do (Speed), s6 vé
tinh (Sats), cac dir liéu nay duoc 1ay tir Module GPS NEO-UBLOX-6M V2 va
tinh trang mat duong (ROADSURFACE). Cac nhan tinh trang mat duong duoc
gan tryuc tiép trong qua trinh khao sat nham tao bo dit liéu c6 giam sat.

ESP32 dam nhén viéc dong géi dir lidu trude khi luu trir, bao gom céc
thanh phﬁn: gia tde, van toc gbc, thoi gian léy mau va dit liéu GPS (déng bo
theo chu ky 1 gidy). Tat ca dir liéu ndy dugc ghi lién tuc 1én thé SD nham tranh
mAat mat trong truong hop khong ¢ két ndi mang tai hién truong. Khi co két
nbi Wi-Fi, cac khdi dir liéu dugc truyén téi may cha dé phuc vu luu trit va phan

tich 1au dai.
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Thong qua cac phién thir nghiém véi nhiéu tan s6 khac nhau, nghién ciru
nhan thay rang tan s 14y mau 50 Hz 1a t6i vu: vira du dé ghi lai cac dao dong
nhanh va rung dong ngin han cua xe khi di qua bé mit khong bang phang, vira
dam bao hiéu qua tinh toan.

Bang 3.3 Bang 3.4 Bang 3.5 minh hoa dit liéu miu thu duoc tir gia tdc
ké va con quay hoi chuyén dbi véi loai mit duong c6 chat luong kha
(Roadtype 0), chat luong trung binh (Roadtype 1) va chat luong kém
(Roadtype 2) twong mg va Hinh 3.6 mé ta cung dudng di chuyén véi cac nhin
cua 3 loai mat duong da thu thap duoc.

Bang 3.3. Dit liéu cam bién trén mdt duong nhya chat lwong kha

Roadtype 0
Ax Ay Az Gx Gy Gz
0.02 0.03 -1.01 0.18 -1.77 0.02
0.01 0 -1.03 0.73 -1.46 0.01
0.08 0.06 -1.01 0.55 -0.37 0.08
0.03 0.09 -0.92 0.67 -0.18 0.03
0.07 0.09 -0.92 0.85 -1.22 0.07
-0.02 0.1 -0.84 1.34 -1.77 -0.02
-0.05 0.08 -1.03 1.59 -4.33 -0.05
0.04 -0.01 -1.08 2.62 -2.5 0.04
0.11 0.13 -1.06 2.32 -1.65 0.11
0.03 0.06 -1.02 2.01 -1.1 0.03
0.11 0.12 -0.98 -0.24 0.18 0.11
0.14 0.05 -1.04 0.31 -2.14 0.14
0.03 0.04 -1.03 0 -2.5 0.03
0.05 0.03 -1.07 0.61 -1.89 0.05
-0.02 0.09 -0.99 1.1 -2.08 -0.02
0.01 0.06 -1.04 0.79 -3.54 0.01
0.08 0.09 -1.03 0.61 -0.43 0.08
-0.04 -0.03 -1.02 1.28 -2.44 -0.04
-0.01 0.06 -0.94 1.59 -3.17 -0.01
0.08 0.06 -0.98 1.4 -2.26 0.08

-0.08 0.13 -0.96 0.49 -3.91 -0.08
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Bdng 3.4. Di liéu cam bién trén mdt dwong nhiea chat heong trung binh

Roadtype 1

Ax Ay Az Gx Gy Gz
-0.08 -0.1 -0.98 2.87 -6.04 0.12
-0.1 -0.01 -0.97 4.03 -7.26 -0.24
-0.11 -0.03 -0.97 3.48 -8.18 0.06

0 0.08 -1.09 2.44 -5.55 -0.73
-0.01 0.11 -0.91 0.61 -5.43 -0.61
0.03 0.11 -1.01 1.16 -3.3 -0.49
0.03 0.11 -0.97 0.92 -4.64 -0.85
0.13 0.06 -1.09 1.22 0.73 -0.24
-0.08 0.02 -0.9 1.34 0.43 -0.79
-0.04 0.03 -0.87 1.04 5 -0.31
-0.14 0.06 -0.82 1.1 4.46 -0.37
0.09 0.1 -1 1.95 3.72 0
0.05 0.09 -0.99 0.73 -1.34 -0.12

0 0.12 -1.02 0.12 -0.24 -0.06
0.14 0.13 -1.05 -0.49 -0.55 -0.37
0.04 0.07 -0.99 -1.22 -0.85 -0.73
0.04 0.08 -1.03 -1.65 -1.95 -0.49
-0.01 0.05 -0.96 -1.34 -2.08 -1.1
-0.11 0.14 -1.05 -0.31 0.12 -0.49
-0.05 0.13 -1.02 0 -1.16 -0.31
-0.01 0.08 -1.08 0.43 -1.65 -0.18
-0.09 0.07 -1.08 0.67 -2.62 -1.16
-0.03 0.03 -1.07 2.81 -2.14 0.06
-0.03 -0.02 -1.05 2.69 -2.44 0.06

-0.22 -0.07 -1.19 2.56 -14.53 -0.31
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Bang 3.5. Dit liéu cam bién trén mdt dwong chat heong kém

Roadtype 2

Ax Ay Az Gx Gy Gz
-0.18 0.04 -0.86 1.65 0.12 2.75
0.01 -0.01 -0.92 2.93 0.49 2.93
-0.09 0.05 -0.94 3.42 -1.28 2.38
0 0 -0.98 4.33 -0.37 2.99
0.03 -0.12 -1 5 0.24 3.23
0.01 -0.12 -1.06 6.04 1.83 2.5
-0.05 -0.11 -1.03 6.35 -0.12 2.99
0.03 -0.09 -1 5.92 1.22 2.56
-0.03 -0.13 -1.04 5.86 0.73 2.44
-0.01 -0.01 -0.97 4.76 0.67 2.01
-0.03 -0.08 -0.94 5.13 0.49 2.01
0.08 -0.03 -1.07 5.31 2.01 2.01
0.06 0.04 -1.05 4.21 0.12 2.81
-0.01 -0.03 -1.09 3.85 0 2.38
0 0.04 -1.12 2.99 -0.85 2.81
-0.01 0.07 -0.97 1.89 -1.59 2.38
-0.06 0.01 -0.96 2.14 -3.48 2.62
-0.01 -0.05 -1.02 1.34 -2.56 2.87
0.08 0.05 -1 2.38 -1.53 2.38
0.04 -0.02 -0.98 2.75 -4.64 2.56
0.09 -0.01 -0.93 2.44 -3.66 2.26
0.11 0.02 -0.98 2.32 -1.71 2.2
0.1 0.05 -1.05 1.1 -2.81 1.71
0.08 0.05 -1 0.85 -2.14 1.46

-0.04 0.03 -0.94 2.38 -2.93 2.5
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Wi tri GPS theo loai mat dudng
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Mat duang chat Iugng kha
Mat dudng chat Iugng trung binh
Mat duang chat Iugng kém
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a. Lo trinh thu thdp dir liéu theo toa do
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b. Mt dwong chdt lwong khad (Roadtype 0)
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b. Mt dwong chdt lwong kém (Roadtype 2)

B e o7
A Ko

c. Mat dwong chat liong trung binh (Roadtype 1)

Hinh 3.6. Lo trinh thu thdp dir liéu voi cac nhan mat duwong twong ung.

Trong Hinh 3.6 c4c loai mat duong dugc gan nhan theo danh gié cua chi
s6 PCI, mat duong chét luong kha (Roadtype 0) duoc thu thap 1a loai mat
dudng nhya phang, co 1 vai vi tri vét niat nhé nhung khong anh huong dén di
chuyén (cung dudng thu thap 13 doan dudng cao tbc Noi Bai — Nhat Tan), mit
duong chat lugng trung binh (Roadtype 1) 14 loai mit duong nhya c6 su xudng
cAp nhiéu boi trai qua thoi gian dai sir dung va c6 nhiéu xe tai trong 16n di
chuyén, 1ai xe cam nhén rd rét sy rung x6c khi di chuyén (cung dudng thu thap
1a doan duong Qudc 16 18 va Qudc 16 3), mit dudng chat luong kém



96

(Roadtype 2) 1a loai mat duong bé tong, gb ghé, lai xe di chuyén véi sy rung
x6c manh, van toc khi di chuyén thuong khong qua duoc 60 km/h (doan dudng
thu thap 1a duong dé ven song Hong dugc trai tham bé tong).

B0 dit liéu vé vi tri cac 6 ga cling da dugc thu thap, Hinh 3.7 dudi day
mo ta vé qud trinh di chuyén thu thap dit liéu ciia cam bién quan tinh vé cac 6
ga hodc hé ga trén mit dudng.

- Thoi gian thu thap dit liéu 6 ga: ngay 14/12/2025.

- Dia diém: Ha Noi.

Cung dudng thu thap di liéu & g3

Buong nhua chat lugng trung binh
Vitri 6 g

21.08

{Latitude)

" 21.06

Wi do

./
v/

21.05 r

d

21.04
¥

105.78 105.79 105.80 105.81 105.82 105.83
Kinh dd (Longitude)

Hinh 3.7. Vi tri cdc 6 ga trén cung dwong thu thdp dit liéu.

Hinh 3.8 du6i day mo ta truc quan dir liéu ctiia cam bién quan tinh bj tac

dong boi 6 ga hodc khong co 6 ga.



97

Gia tri gia toc khi di chuyén qua 6 ga (X, Y, Z)
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a
g 27
B
)
-]
z
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Thai gian (s)

Hinh 3.8. Dit liéu cam bién quan tinh di qua 6 ga va khong phai 6 ga.
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3.2.4. Xdy dung tdp dir liéu

Dit liéu gia tdc ké va con quay hodi chuyén thu duoc tir thiét bi gin trén
xe da duoc déng bo héa va td chirc thanh cac tap dir liéu phuc vu huin luyén
va danh gia moé hinh. Qua trinh nay duoc thuc hién bang cach chia chudi dir
liéu lién tuc thanh céc ctra s6 truot c6 do dai cb dinh. Trong ph?ln nay, cac cura
s6 co d0 dai 8 gidy, 10 gidy, 12 gidy va 15 gidy dd duoc thir nghiém nham phan
tich anh hudng cua dd dai cua s6 dén hiéu suit phan loai.

Céac quan sat trong mdi ctra s6 bao gom dit liéu cam bién tho tir gia tdc
ké va con quay hoi chuyén, cing v6i nhin loai mit dudng dugc gan trong giai
doan khao sat. Bang 3.6 va Bang 3.7 lan luot trinh bay sb lugng quan sat twong
g cho timg loai mat duong trong tap huan luyén va tap kiém tra véi do dai
ctra s6 10 gidy.

Pé dam bao kha ning téng quat va do tin cdy cia mo hinh, dit liéu da
dugc chia thanh tap huan luyén (training set) va tap kiém tra (test set) theo
nhiéu ty 1&€ khac nhau. Trong do, ty 1¢ 60% dit li¢u cho huin luyén va 40% cho
kiém tra dugc lua chon 1am ciu hinh chinh, vi su phan chia nay cung cép su
can bang hop 1y giita kich thudc dir liéu huén luyén va kha ning danh gia khach

quan hi€u suat cia mo hinh.

Badng 3.6. S6 lwong quan sdt cho ting loai mdt dwong

tir tdp dir liéu hudn luyén

Loai mat duong Tong sO quan sat
Roadtype 0 3150
Roadtype 1 3460
Roadtype 2 2340
Tong 8950

Badng 3.7. S6 lwong quan sdt cho timg loai mdt dwong tir tdp dir liéu kiém tra

Loai mat duong Téng sd quan sat
Roadtype 0 2100
Roadtype 1 2310
Roadtype 2 1560

Tong 5970
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3.2.5. Trich xudt dic trung

Viéc lua chon dic trung dong vai tro quan trong trong viéc giam nhiéu,
nang cao kha nang phan biét cac loai mat duong va tdi wu hoa hiéu suat mo
hinh. Céc dic trung dugc trich xuat duéi day duogc tinh toan riéng cho ting truc
do cua cam bién gia téc (Ax, Ay, Az) va con quay hodi chuyén (Gx, Gy, Gz)
trén cac cira sO dit liéu co kich thuée ¢b dinh. Cac dic trung mién thoi gian

dugc st dung nhu sau:

- Trung binh:
L&
U= NZ X; (3.1)
i=1
- Do léch chuan (STD):
L
3.2
0= |50, G2
i=1
- Do léch:
1 &
Var = —z(xl- — p)? (33)
N <
=1
- Trung vi:
Median(x;) (3.4)

- @14 tr1 cuc dai:
Max = max(x;) (3.5)

- Gia tri cuc tiéu:

Min = min(x;) (3.6)
- Khoang gia tri:
Range = Max — Min (3.7)

Trong do:
x; 14 gia tri ciia mau tht i trong cira sb dit liéu.
Nl1asd luong mau trong mot cura s6 dit liéu.
1 14 gia tri trung binh ciia mot ctra s6 dir liéu.

o 1a do 1éch chuan.



- Var la d6 1éch.
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- Max and Min la gia tri cuc dai, cuc ti€u trong ctra s6 dir li€u.

- Range la khoang gié tri hay con goi 1a bién d¢ tin hicu.

Bang 3.8 dudi day minh hoa cac gia tri dac trung da duoc trich xuét dua

trén dir liéu ctia moi loai méat duong.

Bang 3.8. Gia tri dac trung dai dién duoc trich xuat

Trung | D0 1éch o .| Giatrt | Giatri | Khoang
. h Do léch | Trung vi ) 2 L
binh chuan cuc dai | cuctiéu | giatri
Gia tri dac trung dai dién dugc trich xuat trén mat duong kha
2.60000 | 4.641379 | 2.154240 | 0.000000 | 1.800000 | 2.800000
Ax 1.000000
000e-03 | 11e-02 00e-03 00e+00 00e-01 00e-01
00e-01
8.90000 | 5.497081 | 3.021790 | 1.000000 | _ 1.700000 | 2.900000
}\y- 1.200000
000e-03 | 04e-02 00e-03 00e-02 00e-01 00e-01
00e-01
- 5.350978 | 2.863297 | _ - - 3.000000
Az | 9.90450 9.900000 | 1.150000 | 8.500000
88e-02 50e-03 00e-01
000e-01 00e-01 00e+00 00e-01
1.80625 | 7.964411 | 6.343184 | 1.950000 | _ 3.660000 | 4.760000
Gx 1.100000
000e+00 | 07e-01 37e-01 00e+00 00e+00 00e+00
00e+00
- 1.552535 | 2.410365 | - 4.520000 | 9.460000
Gy | 1.36410 1.590000 | 4.940000
08e+00 19e+00 00e+00 00e+00
000e+00 00e+00 00e+00
G 1.73250 | 6.372321 | 4.060647 | 1.770000 | 4.300000 | 3.300000 | 2.870000
Z 1 000e+00 | 01e-01 50e-01 00e+00 00e-01 00e+00 00e+00
Gia tri dac trung trich xuat trén mat duong chat lugng trung binh
R 5.085565 | 2.586297 | _ i 1.800000 | 2.900000
Ax | 2.05000 1.000000 | 1.100000
36e-02 50e-03 00e-01 00e-01
000e-03 00e-02 00e-01
- 4.621144 | 2.135497 | i 1.500000 | 2.800000
Ay | 1.00500 1.000000 | 1.300000
34e-02 50e-03 00e-01 00e-01
000e-02 00e-02 00e-01
i 5.862345 | 3.436710 | _ i K 3.300000
Az | 1.02230 1.020000 | 1.210000 | 8.800000
95e-02 00e-03 00e-01
000e+00 00e+00 00e+00 00e-01
1.710000 | _ 4.580000 | 4.820000
1.77515 | 8.825548 | 7.789029 2.400000
Gx 00e+00 00e+00 00e+00
000e+00 | 01e-01 78e-01 00e-01
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- 1.761185 | 3.101774 | - 3.780000 | 1.007000
1.62220 1.650000 | 6.290000
Gy 440400 16e+00 00e+00 00e+01
000e+00 00e+00 00e+00
- 4.356886 | 1.898245 | _ - 1.220000 | 2.500000
3.16550 3.100000 | 1.280000
Gz 47e-01 98e-01 00e+00 00e+00
000e-01 00e-01 00e+00
Gia tri dac trung trich xuat dir liéu trén mat duong chat luong kém
- 9.365146 | 8.770597 | 0.000000 | _ 3.400000 | 6.100000
9.50000 2.700000
Ax 82e-02 50e-03 00e+00 00e-01 00e-01
000e-04 00e-01
4.43000 | 1.192204 | 1.421351 | 5.000000 | _ 3.700000 | 6.200000
2.500000
Ay | 000e-02 | 26e-01 00e-02 00e-02 00e-01 00e-01
00e-01
- 1.142792 | 1.305975 | - - 7.100000
1.01250 1.010000 | 1.390000 | 6.800000
Az 63e-01 00e-02 00e-01
000e+00 00e+00 00e+00 00e-01
1.69180 | 3.257005 | 1.060808 | 1.590000 ; 240000 | 1227000 | 2.051000
Gx | 000e+00 | 03e+00 18e+01 00e+00 : 00e+01 00e+01
00e+00
- 7.702273 | 5.932501 | - 1.233000 | 3.394000
2.36445 1.460000 | 2.161000
(}y 15e+00 17e+01 00e+01 00e+01
000e+00 00e+00 00e+01
i 1.717052 | 2.948269 | 3.000000 | _ 4.580000 | 7.810000
2.74500 3.230000
Gz 420400 00e+00 00e-02 00e+00 00e+00
000e-02 00e+00

3.2.6. Trich chon dic trung

Thuét toan trich chon dac trung lai loc-bao (Hybrid Filter-Wrapper) dugc
st dung nham cai thién hiéu suét phan loai mat duong trén dir li¢u cam bién
quan tinh dong thoi t6i wu hoa chi phi tinh toan cho cac Gmg dung thoi gian thuc
trén phan cting han ché tai nguyén. Quy trinh bao gdém hai giai doan: (i) Loc
(Filter)—xép hang va loai bo cac dic trung c6 tam quan trong dudi ngudng toi
wu (x4c dinh théng qua cac thir nghiém véi nhiéu gia tri), cho phép giam nhanh
kich thudc khong gian dac trung; (i) Bao (Wrapper)—ap dung Recursive
Feature Elimination (RFE) trén tap dit liéu da giam, danh gi4 lai hiéu suét cua

mo hinh tai mdi bude va dimg lai khi d6 chinh x4c giam hon 2%. Phuong phap
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nay cho thay s6 luong dic trung va thoi gian dao tao c6 thé giam dang ké trong
khi van duy tri hodic cai thién do chinh x4c. Thuat toan 3.1 minh hoa cac budc
trong giai doan loc, va Thuat toan 3.2 trinh bay cac budc trong giai doan

wrapper.

Thuat toan 3.1. Giai doan lgc

Pau vao:  Téap dir li€u huan luyén T

Tap dir liéu kiém tra V
Tap dic trung ban dau X=[f;; f>...; fi]

Gia tri ngudng dugc cai dat trudc thres

Piu ra: X selected = X«(k): danh sach cac dac trung da chon
Quy trinh:

FILTER FEATURES(T, V, threshold, X all):

1. (acc, imp) «— TRAIN AND EVALUATE MODEL(T, V, X all)
2. X selected «— []
3. Forifrom 1 to |X all|:

If imp[i] > threshold:

Append X all[i] to X selected
4. Return X _selected
Két thic

Thuat toan 3.2. Giai doan bao

Pau vao:

- T: Tap dit liéu huan luyén

- V: Tap dit liéu kiém tra

- p: chi s giam sat hiéu suat

- threshold: Ngudng diéu kién ding

- init_features = [..., fk, ...]: danh sach cac dac trung da chon sau giai
doan loc.
Piu ra:

- selected features = Xf(1): danh sach cac dic trung dugc chon cudi
cung.
Quy trinh:
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WRAPPER PHASE(T, V, p, threshold, init_features):

1. (Accuracy i, importance) <« EVALUATE MODEL(T,

init_features)
2. Trong khi p < threshold:
Xép hang dic trung theo d6 quan trong
Loai bo dic trung it quan trong nhat tir tap init_features
(Accuracy j, importance) <« EVALUATE MODEL(T,
init_features)
Calculate p «<— Accuracy 1i- Accuracy ]
Néu Accuracy j > accuracy max:
Cép nhat accuracy _max
Chon tap dac trung con hién tai
Accuracy 1« Accuracy ]
3. Tra vé selected_features
Két thic

Vv,

Vv,

3.2.7. Mo hinh hoc may phédn logi mat dwong

Pé dam bao kha ning trién khai thyuc té trén phan cing nhung co tai
nguyén tinh toan han ché, Nghién ctru sinh lya chon ba thuat toan phan loai nhe
nhung hiéu qua: Random Forest (RF), Gradient Boosting Machine (GBM) va
Extreme Gradient Boosting (XGBoost). Cac mé hinh dugc trién khai thong qua
cac phién ban ti uu cia Scikit-learn va XGBoost, bao dam kha nang suy luan
voi do tré th'éip. Céac tham sb duge cu hinh ctia md hinh hoc nhu sau, viée lya

chon cac dd sau vira phai d€ dam bao c6 du by nhd danh cho chuong trinh

nhung trén moi thiét bi dau cudi:

« Random Forest dugc cdu hinh vé6i 50 cay va do sau tdi da 1a 5, gitip giam
dung luong, giam kich thudc mo hinh luu trén bd nhéd flash/ROM va

giam luong RAM, ting téc do du doan nhung van duy tri d chinh xac

chap nhan duoc.

« GBM duogc thiét lap voi tdc dd hoc (learning rate) = 0,1, do sau tdi da =
2 va 50 cay, cho phép cip nhat nhanh va giam thiéu khdi luong tinh toan.
« XGBoost duoc diéu chinh véi toe do hoc = 0,1, d6 siu toi da =3, 80 cay

va by tadng cuong “gbtree”, nham can bang gitra hi€u suat phan loai va

to1 uu tai nguyén.
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Pé danh gia toan di¢n hi¢u suét cia cac mo hinh, nghién ctru st dung
bbn chi s co ban va phd bién trong cac bai toan phan loai: Do chinh xac
(Accuracy), Do lap lai (Precision), D6 nhay (Recall) va Piém F1 (F1-score).
Céc chi sb nay duoc tinh toan truc tiép tir ma tran nham 13n (confusion matrix),
phan 4nh mdi quan hé gitta cac truong hop du doan ding va sai.

Quy trinh hoat dong cho bo phan loai mat duong nhu mo ta trong Hinh
3.9. Dit liéu cam bién quén tinh thu thap duoc dugc chia thanh céc ctra $6 ¢6
d6 dai 8 gidy, 10 gidy, 12 gidy va 15 gidy. Mdi ctra s6 duoc gin nhan loai mit
duong tuong Gng, sau do dit liéu dugc chia ngiu nhién thanh 60% cho tap huin
luyén va 40% cho tap kiém tra. Trong tip huan luyén, dit lidu tiép tuc duoc tach
theo ty 16 60/40 dé phuc vu qua trinh huan luyén va xac thuc moé hinh. Cach
chia nay gitup dam bao tap kiém tra ban dau (40%) hoan toan ddc lap, khong bi
anh hudng boi cac tham so hay dic trung da duoc sir dung trong qua trinh huan
luyén. Sau khi mo hinh duoc huin luyén va xac thuc, tap dir li€u kiém tra duoc

str dung riéng biét dé danh gia hiéu qua phan loai ctia md hinh.

D liéu cdm bién
quan tinh
Chia clra s6
D{r liéu huén luyén D liéu kiém tra
60 % 40 %
huén luyén Xac thuc

60 % 40 %
Trich xuét dac trung Trich xuéat dac trung
Thuéat toan phén loai M& hinh phan loai

Két qua phan loai

Hinh 3.9. Quy trinh phan loai mat duwong



105

3.3. Két qua thyue nghiém va danh gia

Chuong 3 nay tién hanh danh gia hiéu sut phan loai mit dudng véi cac
kich thudc cira s6 dit liéu khac nhau gdm 8 gidy, 10 gidy, 12 gidy va 15 gidy,
d6ng thoi so sanh ba mé hinh hoc may thudc ho cay: Random Forest (RF),
Gradient Boosting Machine (GBM) va Extreme Gradient Boosting (XGBoost).
Dit liéu dau vao dugc thu thip tir cac cam bién gia toc ké va con quay hdi
chuyén gin trén phuong tién khao sat. Ttr dit 1iéu tho, mot tap hop cac dic trung
thong ké trong mién thoi gian duoc trich xuat, bao gdm gid tri trung binh, do
léch chuén, phuong sai, trung vi, gia tri cuc dai, gia tri cuc tiéu va khoang gia
tri.

Ba loai mat duong muc tiéu dugc xem xét trong nghién ctru la:

1. Mit dudng dugc danh gia & chat lugng mic kha theo thang do PCI,

& d6 mat duong bat dau c6 nhitng dau hiéu xau nhu vét nat nho, do
x6c khi di chuyén d3 c6 thé cam nhéan (Roadtype 0);

2. Mit dudng duge danh gia & chat lugng mirc trung binh theo thang do
PCI, mat duong xuét hién nhiéu cac bat thuong hon nhu vét nut rong,
d6 gb ghé mit duong, cam nhan rd rét bai do xoc khi di chuyén xe
(Roadtype 1);

3. Mit dudng co chat lugng xau theo thang do PCI, & loai mat duong
nay thi rat kho khan c6 thé di chuyén o téc do cao (trén 60 km/h) boi
cac vét nut, do xoc da anh huong rat 16n khi l4i xe di chuyén.

Pé do ludng va so sanh hiéu qua cta cic mo hinh, bon chi sé danh gia
tiéu chuan trong phan loai da dugc ap dung: P chinh xac (Accuracy), Do nhay
(Recall), Po 1ap lai (Precision) va Diém F1 (F1-score).

Két qua thyc nghiém dugc trinh bay trong Bang 3.9 va

Bang 3.10 cho thdy anh huong cia kich thudc ctra s6 dit liéu dén higu
suat cia ba mo hinh hoc may: Random Forest (RF), Gradient Boosting Machine
(GBM) va Extreme Gradient Boosting (XGBoost). Vi cac cira s6 ¢ do dai 8,
10, 12 va 15 gidy, XGBoost nhat quan dat do chinh xac cao nhét trong tat ca
cac trudong hop (dao dong trong khoang 0,94-0,95), tiép theo 1a GBM (0,93—
0,94), trong khi RF cho thay hiéu suat thap hon (0,88—0,89).

Két qua trong
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Béang 3.10 phan anh gia tri d§ nhay (Recall), tirc kha nang mo6 hinh nhan
dang chinh x4c céc truong hgp thude ting loai méat duong. Xu hudng nay phu
hop véi quan sat trong Bang 3.9: XGBoost tiép tuc dan dau vai gia trj DO nhay
tr 0,94-0,95, GBM dat 0,93-0,94, trong khi RF chi dat 0,89-0,90. Nhu vay,
XGBoost khong chi vuot troi vé d6 chinh xéc téng thé ma con thé hién kha

nang nhan dang manh mé hon déi véi timg loai bé mit dudng.

Bang 3.9. Do chinh xdc cua 3 mo hinh hoc may

o cdc do dai cwra so khac nhau

Do chinh xac

Do dai cira s6 (s) RF GBM XGBoost
8 0.88 0.93 0.94
10 0.89 0.94 0.95
12 0.89 0.94 0.95
15 0.88 0.93 0.94

Bang 3.10. Do nhay
D34 nhay

Do dai cira s6 (s) RF GBM XGBoost
8 0.89 0.93 0.94
10 0.90 0.94 0.95
12 0.90 0.94 0.95
15 0.89 0.93 0.94

Nhing két qua nay nhan manh loi thé vuot tréi cuia XGBoost trong vi¢c
mo hinh hoa cdc mdi quan hé phi tuyén tinh va khai thac hiéu qua cac tuong
tac ddc trung thong qua co ché ting cudng, tir 46 mang lai kha nang on dinh va
khai quat hoa cao hon so véi cac md hinh khac. Pong thoi, so sanh giira cac
kich thudc ctra s6 cho thiy ctra s6 8 gidy qua ngan, khién cac dic trung thong
ké nhay cam hon véi nhidu; trong khi cira s6 15 gidy qua dai, c6 nguy co tron
1an nhiéu diéu kién 14i xe hodc bé mit dudng, lam giam kha ning phén biét.
Nguoc lai, cac cira so6 10—12 gidy mang lai sy can bang hop 1y giita viéc loai

b6 nhidu va duy tri tinh dong nhat cua tin hiéu, tir 46 dat hiéu sut phan loai tdi
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wu. Trén co s& d0, ¢6 thé két luan rang XGBoost két hop véi ctra s6 10 gidy 1a
c4u hinh phil hop nhét, vira dam bao d6 chinh xac cao, vira duy tri tinh 6n dinh
va tinh kha thi thuc tién cho cac g dung giam sat va nhan dang mit dudng
trong moi truong thuc té.

Hinh 3.10 minh hoa ma trin nhadm 1an ctia md hinh XGBoost, qua doé cho
théy kha nang phan loai ba loai mat duong véi do chinh xac rit cao va su phan
b 151 o rang. Cu thé, 16p Roadtype 0 dugc nhan dién dang 111/116 mAu, chi
c6 5 mau bi nham sang 16p Roadtype 1 va khong co6 trudng hop nao bi gan
nham sang Roadtype 2. Di v6i 16p Roadtype 1, md hinh du doan chinh xac
119/127 mAu; cac 16i chil yéu xuat hién khi bi nham thanh Roadtype 0 (6 mau)
va mot s rat it bi nhAm sang Roadtype 2 (2 mau), phan anh muc d6 twong
d6ng dang ké gitta hai loai nhua dudng von chi khac biét chu yéu & mirc do 130
hoa. Lép Roadtype 2 dat két qua gan nhu hoan hao v&i 110/114 miu dugc
phan loai dung, chi c6 2 mau bi gan nham sang mdi loai mat duong kha va
trung binh, cho thay dic tinh tin hiéu ctia mit duong x4du Roadtype 2 cé su

khac biét rd rét so véi hai loai mit dudng chat luong kha va trung binh.

=

j§ Roadtype 0 111 5 0

Fg.

)

B

= Roadtype 1 6 119 2

N

=

5

Az: Roadtype 2 2 2 110
S ~ N
2 2 2
s S S
S S S
S S S
< S o

Nhan mat duong thuc té

Hinh 3.10. Ma trén nham lan ciia mé hinh XGBoost trén tdp dir lieu da thu
thap
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Nhin chung, phan 16n cac 15i xay ra & cip Roadtype 0 va Roadtype 1
(11/17 18i), diéu nay co thé giai thich boi su két cAu ctia mit dudng tac dong
1én xe, ciling nhu tac dong dén cam bién quan tinh boi sy rung xo6c khi lai xe di
chuyén bo1 2 loal mat dudng nady co cAu tric va két ciu tuong tu nhau, dir liu
thu dugc s& c6 nhiéu diém twong déng. Két qua nay khang dinh ring mé hinh
XGBoost khong chi dat hiéu suit cao ma con thé hién sy 6n dinh, dic biét dbi
v6i cac 16p co dac tinh vat Iy khac biét ro rét.

D0 chinh x4c phan loai mat duong duogc trinh bay trong Bang 3.11, phan
anh hiéu sudt cao va can bang trén ca ba loai mit dudng. Cu thé, Roadtype 0
va Roadtype 1 déu dat do chinh xac 0,96, trong khi Roadtype 2 vuot troi hon
v6i 0,98. Dbi véi 16p Roadtype 0, do 1dp lai (0,96) cao hon do nhay (0,93), cho
théy mo hinh dua ra dy doan dang tin ciy nhung van bo sot mot s6 mau, chu
yéu bi nham 1an sang Roadtype 1. Nguoc lai, Roadtype 1 dat ca do nhay va
d6 lap lai & muc 0,94, phan anh su phan bd 16i twong ddi can d6i. Lop
Roadtype 2 1a loai dé phan biét nhét, véi do nhay 0,98 va d¢ lap lai 0,96, cho
thdy mo6 hinh hau nhu khong bo sot va hiém khi phan loai sai nho ddc trung
rung dong khac biét ro rét. Piém F1 cho ca ba nhin déu trén 0,94, trong do
Roadtype 2 dat cao nhat (0,97), ching minh rang mé hinh duy tri hiéu qua 6n
dinh trén tat ca cac nhan va chi gap kho khin trong viéc phan biét giita hai loai
nhan mit dudng c6 chat luong kha Roadtype 0 va trung binh Roadtype 1.

Bang 3.11. Cdc chi s6 danh gid hiéu ning

Hiéu ndng m6 hinh
Nhan mat duong - —
Do chinh x4c | Do nhay | Bd lap lai | Fl-score
Roadtype 0 0.96 0.93 0.96 0.94
Roadtype 1 0.96 0.94 0.94 0.94
Roadtype 2 0.98 0.98 0.96 0.97

Ttr nhitng két qua thu dugc, ¢6 thé khang dinh rang XGBoost véi khung
thoi gian 10 gidy 13 lya chon tdi wu cho bai toan phén loai mat dudng trong bai
toan nay. Khung thoi gian 10 gidy du dai dé lam muot va 6n dinh cac dic trung
thong ké, ddng thoi loai bo nhidu ngan han; nhung ciing du ngén dé duy tri tinh
d6ng nhat cta tin hiéu phan anh diéu kién 1ai xe va loai mit duong. Nho do,

cau hinh nay khong chi ddm bao hi¢u suat phan loai cao ma con dap ung duoc
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cac yéu cau vé do tré thap va tinh kha thi khi trién khai trong cac hé thong giam

sat mat duong thoi gian thyc trén phan ctg nhiing.

3.4. Két luan

Trong Chuong 3 nay da P& xuat quy trinh thu thap, xt 1y dit liéu cam
bién trén thiét bi dién toan bién st dung mo hinh hoc may XGBoost dé phan
tich va danh gia hi¢n trang mat duong giao thong, hudng to1 hoat dong thoi
gian thuc trén céc thiét bi phan cung chi phi thap, dya trén dit liéu rung dong
thu thap tir cam bién gia téc ké va con quay hdi chuyén gan trén xe. Bing cach
so sanh ba m6 hinh hoc méay nhe Random Forest (RF), Gradient Boosting
(GBM) va XGBoost, két qua chi ra raing XGBoost v&i cira so dir lidu 10 gidy
mang lai hi¢u suét cao nhat, dat do chinh xéc trung binh khoang 0,95 va diém
F1 khoang 0,94 trén cé ba loai mat duong duoc nghién ctru. Pac biét, mo6 hinh
c6 kha nang phét hién t6t khi di chuyén trén mat dudng chat luong kém va giam
dang ké tinh trang nham 1an gitta hai loai mat duong c6 chat lugng kha va trung
binh.

Mot dong gop quan trong ctiia nghién curu 1a viée ap dung thuat toan lya
chon ddc trung Hybrid Filter-Wrapper (HFW). Phuong phap nay da rat gon tap
dic trung tir bd ban dau 1a 42 dic trung xudng chi con 27 dic trung, ddng thoi
van duy tri, tham chi cai thién d6 chinh x4c phan loai. Viéc tinh gian dic trung
nay khong chi gitip t6i wu hoa thoi gian huan luyén va chi phi tinh toan, ma con
dap ung yéu cau khit khe cua cac hé thdng IoT nhing vé tai nguyén han ché,
d6 tré thap va mirc tiéu thu ning luong tdi thiéu.

Két qua cua Chuong 3 da cong bd tai cong trinh [CT4, CT5] trong phan

“Danh muc céc cong trinh cua tac gia”.
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KET LUAN

Hé thdng giao thong thong minh (Intelligent Transportation Systems —
ITS) da va dang dugc (mg dung rong rai nham tan dung cic cong nghé tién tién
dé nang cao ning luc giam sat, quan 1y va van hanh hé théng giao thong mot
cach hiéu qua. Trong hé thdng nay, nhan dang va phan loai mit dudng doéng
vai tro then chét, gop phan ting cudng kha ning phuc hdi va thich tmg cua hé
théng giao thong trudc cac tic dong tir moi truong, thoi gian va tin suit sir
dung. C6 nhiéu phuong phap dé thuc hién cac nhiém vu cta bai toan phén loai
mit dudng, tuy nhién n6i com 1én d6 1a viéc ing dung cac cong nghé cam bién
c6 chi phi thap dé co thé trién khai rong rdi ma van dam bao yéu cau vé do
chinh xéc can thiét. Cac dong gop chinh ctia Luan 4n nham hudng toi giai quyét
van dé trén va c6 thé dua vao trién khai trong thuc té. Ludn an c6 di c6 nhiing
dong gbp sau:

(1) Bé xuat thuat toan trich chon dic trung lai két hop hoc may giup
tinh giam dit liéu cam bién, giam khéi luong tinh toan va thoi gian
xtr 1y cho hé théng phan loai mat duong sir dung cam bién quan
tinh. Cac két qua da dugc cong bd & cong trinh [CT1, CT2, CT3].

(2) Bé xuit quy trinh thu thap, xir Iy dit liéu cam bién trén thiét bi
dién toan bién sir dung mo hinh hoc may XGBoost dé phan tich va
danh gia hién trang mat duong giao thong. Cac két qua di duoc
cong bd trong cac cong trinh [CT4, CT5].

Tuy véy, nghién ctru van con mot sd han ché can giai quyét. Thir nhat,
mo hinh méi chi dugc xéac thyuc trén dit li€u thu thap trong pham vi hep, chua
bao quat sy da dang cua cac loai phuong tién, tdc do, tai trong va diéu kién
duong xa khac nhau. Thir hai, ddc trung duoc st dung chu yéu thude mién thoi
gian; viéc két hop thém déc trung mién tan sd hodc thoi gian—tén sO (vi du:
nang luong phd, entropy pho, phan tich wavelet) c6 thé nang cao kha nang phan
biét gitta cac loai mat dudng c6 tin hidu gan gidng nhau. Thtr ba, mic du
XGBoost mang lai hiéu qua cao va dé dién giai, né chua c6 kha ning tu dong
hoc dac trung nhu cac mo6 hinh hoc sau.

Do d6, mot huéng nghién ctru ddy hira hen trong tuwong lai 1a mé rong
thu thap dir liéu da ngit canh dé tang tinh khai quat hoa, dong thoi phat trién

cac mé hinh két hop (ensemble) gitra XGBoost va cac kién trac hoc siu nhe,
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nham tan dung vu diém hoc dic trung tu dong cua hoc sau va tinh hi€u qua tinh
toan ctia XGBoost. Cach tiép can ndy co tiém nang mang lai mot hé thong phan
loai mat duong vira chinh xé4c, vira bén vitng, vira kha thi trong cac img dung
IoT thoti gian thuc.

Két qua thuc nghiém cho thiy phuong phap dé xut hoan toan kha thi dé
trién khai trong moi truong thuc té, mang lai sy can b::ing gitra do chinh xac
cao, kha ning khai quat hoa va hiéu qua tinh toan. Pay 14 co s& quan trong dé
phat trién cac hé thong giam sat mat dudng thong minh, chi phi thip, c¢6 thé mé
rong quy mo trong cac ung dung giao théng thong minh va quan 1y ha tang d6
thi. Y tuong nay da duoc ding ky bao ho sang ché, giai phap hiru ich ¢ cong
trinh [CT4].
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PHU LUC 1. CODE NHUNG TREN THIET BI THU THAP DU LIEU

#include <Wire.h>

#include <MPU9250 asukiaaa.h>
#include <TinyGPSPlus.h>
#include <SD.h>

#include <SPI.h>

// UART2 cho GPS

#define GPS_RX 16

#define GPS_TX 17
HardwareSerial gpsSerial(1);

// MPU9250
MPU9250_asukiaaa mpu;
TinyGPSPlus gps;

// SD Card
#define SD CS 5
File dataFile;
char filename[20];

// LED bdo GPS
#define LED PIN 2

#define ROAD_D1 32 // budng kha, nhan o
#define ROAD_D2 33 // budng trung binh, nhan 1
#define ROAD_D3 25 // Pudng kém, nhan 2
#define ROAD_D4 26 // pothole, nhan 3

int roadSurface = -1;

// Buffer dir liéu

const int bufferSize = 100; // Ghi vao SD sau mdi 100 dong
String dataBuffer[bufferSize];

int bufferIndex = 0;

unsigned long previousMillis = @;
const long interval = 20; // 20ms (5@Hz)

void setup() {
Serial.begin(115200);
gpsSerial.begin(9600, SERIAL_8N1l, GPS_RX, GPS_TX);
Wire.begin(21, 22); // Kh&éi tao I2C trén ESP32
pinMode (LED_PIN, OUTPUT);
pinMode (ROAD D1, INPUT PULLUP);
pinMode (ROAD D2, INPUT PULLUP);
pinMode (ROAD_ D3, INPUT PULLUP);
pinMode (ROAD D4, INPUT PULLUP);
// Kh&i tao SD Card
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if (!SD.begin(SD _CS)) {
Serial.println("Léi khdi tao thé SD!");
return;

¥
Serial.println("Thé SD OK!");

// Chd GPS dé 13y ngay
Serial.println("Cho tin hiéu GPS...");
while (!gps.date.isValid()) {
while (gpsSerial.available()) {
gps.encode(gpsSerial.read());

}

// CO6 dinh tén file 13 data.csv
strcpy(filename, "/data.csv");
Serial.print("Ghi dit 1iéu vao: ");
Serial.println(filename);

// Néu file chua ton tai, tao file va ghi tiéu dé
if (!SD.exists(filename)) {
dataFile = SD.open(filename, FILE_WRITE);
if (dataFile) {
dataFile.println("Time,Lat,Lon,Alt,Speed,Sats,Ax,Ay,Az,GX,Gy,Gz,
Mx, My, Mz, ROADSURFACE") ;
dataFile.close();
Serial.println("Pa tao file méi va ghi tiéu de.");
} else {
Serial.println("Léi khi tao file mgil!");
}

¥
// Khdi tao MPU9250@

mpu.setWire(&Wire);
mpu.beginAccel();
mpu.beginGyro();
mpu.beginMag();

Serial.println("MPU9250 da san sang!");
Serial.println("Time,Lat,Lon,Alt,Speed,Sats,Ax,Ay,Az,Gx,Gy,Gz,Mx,My,Mz,R
OADSURFACE");
}

void loop() {

unsigned long currentMillis = millis();
if (currentMillis - previousMillis »>= interval) {
previousMillis = currentMillis;
// Gan nhan dit 1iéu cho 3 loai mat duong
// Uu tién: chi 1 cong tdc bat tai 1 thoi diém
if (digitalRead(ROAD D1) == LOW) {
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roadSurface = 0;

} else if (digitalRead(ROAD_D2) == LOW) {
roadSurface = 1;

} else if (digitalRead(ROAD_D3) == LOW) {
roadSurface = 2;

} else if (digitalRead(ROAD_D4) == LOW) {
roadSurface = 3;

} else {
roadSurface

}

// Céap nhat dir 1

while (gpsSerial
gps.encode(g

}

// Kiém tra GPS
if (gps.location

digitalWrite
} else {

digitalWrite
}

// Lay thong tin
String dateStr =

String timeStr =

= -1; // Xe dung

iéu GPS
.available()) {
psSerial.read());

.isvalid()) {
(LED_PIN, HIGH); // GPS OK - Bat LED

(LED_PIN, LOW); // Mat tin hiéu GPS » T&t LED

ngay gid GPS
gps.date.isvalid() ?
String(gps.date.year()) +
"-" + String(gps.date.day())

+

nu,
J

gps.time.isvalid() ?

String(gps.time.hour() + 7) + ":" +
String(gps.time.minute()) + ":" +
String(gps.time.second()) + "." +
String(gps.time.centisecond() * 10) : "";
// K&t hgp ngay va gio

0.0;

0.0;

0.0;

String dateTimeS
double latitude
double longitude
double altitude
double speed

int satellites

// Cap nhat dir 1
mpu.accelUpdate(
mpu.gyroUpdate()

tr = dateStr + " " + timeStr;

gps.location.isValid() ? gps.location.lat()

gps.location.isvalid() ? gps.location.lng()

gps.altitude.isValid() ? gps.altitude.meters() :

gps.speed.isvalid() ? gps.speed.kmph() : 0.0;
gps.satellites.isvalid() ? gps.satellites.value()

iéu tr MPU9250
)5

)
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mpu.magUpdate();

// Tao chudi dir liéu
String dataStr = dateTimeStr + "," +
String(latitude, 6) + "," + String(longitude, 6) +

String(altitude, 2) + "," + String(speed, 2) + ","
+ String(satellites) + "," +
String(mpu.accelX(), 2) + "," +

non nmon
)

+ String(mpu.accelz(), 2) + "," +

String(mpu.gyroX(), 2) + "," + String(mpu.gyroY(),
2) + "," + String(mpu.gyroz(), 2) + "," +
String(mpu.magX(), 2) + "," + String(mpu.magY(), 2)

+ "," + String(mpu.magz(), 2) + ", + String(roadSurface);

String(mpu.accelY(), 2) +

// In ra Serial
Serial.println(dataStr);

// Luu vao buffer
dataBuffer[bufferIndex++] = dataStr;

// Khi buffer day, ghi vao thé SD

if (bufferIndex >= bufferSize) {
writeToSD();
bufferIndex = @; // Reset buffer index

}

// Ham ghi buffer xudng thé SD
void writeToSD() {
dataFile = SD.open(filename, FILE_APPEND);
if (dataFile) {
for (int i = @; i < bufferIndex; i++) {
dataFile.println(dataBuffer[i]);
}
dataFile.close();
Serial.println("Pa ghi dit 1iéu vao SD!");
} else {
Serial.println("L6i m& file!");
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PHU LUC 2. CODE CHAY THU NGHIEM MO HINH HOC MAY

import numpy as np

import pandas as pd

from
from
from
from

from

scipy.fft import fft

scipy.signal import welch

scipy.stats import skew,

kurtosis

sklearn.tree import DecisionTreeClassifier

sklearn.metrics import accuracy score,

# Ham trich xudt dic trung thbéng ké

def extract statistical features(data):

def

trai
acti
test
acti

trai
acti
test
acti

trai
for
test
for

trai
acti

classification report

features = []
features.append (np.mean (data)) # Trung binh
features.append (np.std(data)) # Pd léch chuén
features.append (np.var (data)) # Phuong sai
features.append (np.median (data)) # Trung vi
features.append (np.amin (data)) # Min
features.append (np.amax (data)) # Max
features.append (np.amax (data) - np.amin (data)) # Range
return features
featuresFromBufferall (at, fs):
feat = []
cols = [6, 7, 8, 9, 10, 11, 12, 13, 14] # Ax..Az, Gx..Gz, Mx.
for ¢ in cols:
data = np.array(at.iloc[:, c], dtype=np.float64)
feat.extend (extract statistical features(data))
return feat
feat.extend (extract statistical features(data))
return feat
=== Trich xudt dic trung =====
n_ features = np.array([featuresFromBufferall (action, 1)
on in data train])
_features = np.array([featuresFromBufferall (action, 1)
on in data test])
n_ featuresdash = np.array([featuresFromBufferdash (action, 1)
on in data train])
_featuresdash = np.array([featuresFromBufferdash (action, 1)

on in data test])

n featuresright = np.array([featuresFromBufferright (action, 1)
action in data train])
_featuresright = np.array([featuresFromBufferright (action, 1)
action in data test])
n_ featuresleft = np.array([featuresFromBufferleft (action, 1)

on in data train])

.Mz

for

for

for

for

for
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test featuresleft = np.array([featuresFromBufferleft (action, 1) for
action in data test])

# Khoi tao va huédn luyén mé hinh Random Forest
rf clf = RandomForestClassifier(n estimators=32, max depth=6,
random_state=42)

# Measure the training time
start time = time.time ()

rf clf.fit (X train, y train)
end time = time.time ()

# Calculate training time (in ra dung sb ddc trung hién co6)
training time = end time - start time

print (f"Training time random forest {X train.shape[l]} features:
{training time:.4f} seconds")

# Du doan nhan cho dit 1iéu kiém tra
rf predictions = rf clf.predict (X test)

# Tinh todn dd chinh x&c cua md hinh Random Forest
rf accuracy = accuracy score(y test, rf predictions)

# In két qua
print ("Random Forest Accuracy =", rf accuracy)

# L4y d6 quan trong cua cac dic trung
importances = rf clf.feature importances
print (f"{len (importances) }")

# Budc 2: Loc cac dac trung cbdé dd quan trong >= 0.001
selected features = np.where (importances >= 0.001) [0]
print (f"{len(selected features)}")

X train filtered = X train[:, selected features]

X test filtered = X test[:, selected features]

rf clf.fit (X train filtered, y train)

# LAy d6 quan trong cua cac dic trung
importances = rf clf.feature importances
print (f"{len (importances) }")

# Budc 2: Loc cac dac trung cbd6 dd quan trong >= 0.001
selected features = np.where (importances >= 0.001) [0]
print (f"{len(selected features)}")

X train filtered = X train[:, selected features]

X test filtered = X test[:, selected features]

I
o

nl =
n2

I
o
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selected features2 = np.where (importances >= 0) [0]

# Khoi tao d6 chinh x&c ban dau
accuracy max = 0
threshold = 0.02 # Ngudng thay ddi accuracy dé& dung

# Danh sach luu két qua accuracy
accuracy list = []

# S6 luong ddc trung ban dau
n features = X train filtered.shapell]

# Vong ldp loai bo ddc trung

for i in range (n_features, 1, -1):
rfe = RFE (estimator=rf clf, n features to select=i, step=1)
rfe.fit (X train filtered, y train)

# Du doan trén tap kiém tra
y pred = rfe.predict (X test filtered)

# Tinh d& chinh xéac

accuracy = accuracy score(y test, y pred)

accuracy list.append(accuracy)

print (f"Number of features: {i}, Accuracy: f{accuracy}")

# Kiém tra thay dbi accuracy

if accuracy max != 0 and (accuracy max - accuracy) > threshold:
print (f"Stopping: Accuracy change below {threshold}")
print (f"Stopping: Accuracy change {accuracy max -

accuracyl}")

print (f"Stopping: Accuracy max {accuracy max}")

selected features = [f for f, s in zip(range (n_features),
rfe.support ) if s]

nl = len(selected features)

break

# Cap nhédt dé chinh x&c max
if accuracy max <= accuracy:
accuracy max = accuracy
selected features2 = [f for £, s in zip(range(n_ features),
rfe.support ) if s]
n2 = len(selected features2)

S i
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print (f"{len(selected features2)}")

print ("Selected features:", selected features2)

X train filtered
X test filteredl

train features([:, selected features2]
X testl[:, selected features?]
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X test filtered2 X test2[:, selected features?2]
X test filtered3 = X test3[:, selected features2]

start time = time.time ()
rf clf.fit(X train filtered, label train)
end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time random forest {len(selected features2)}
features: {training time:.4f} seconds")
S i i
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# L4y tén cua cac dic trung da chon

selected feature names = [feature names[i] for i in

selected features?2]

# Trich xudt d6 quan trong cua cac ddc trung tu mé hinh di hudn luyén
feature importances = rf clf.feature importances

# S&p xép cac bién theo mic d6 quan trong giam dan

indices = np.argsort (feature importances) [::-1]

sorted feature names = [selected feature names[i] for i in indices]
sorted importances = feature importances[indices]

# ve biéu dd

plt.figure (figsize= (15, 6))

plt.bar (sorted feature names, sorted importances)
plt.xlabel ("Feature Name")

plt.ylabel ("Importance")

plt.title ("Features selected in Random Forest")
plt.xticks (rotation=90)

plt.tight layout ()

plt.show ()

FHA A S
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# Du doan nhan cho dit 1liéu kiém tra 1
rf predictions = rf clf.predict(X test filteredl)
rf accuracy = accuracy_ score(y testl, rf predictions)

print ("Random Forest Accuracy (testl) =", rf accuracy)

confusion test = confusion matrix(y testl, rf predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Random forest - confusion matrix (test 1)', font size=18)
plt.show ()

report = classification report(y testl, rf predictions)
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print (report)
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# Du doan nhan cho dit 1iéu kiém tra 2

rf predictions = rf clf.predict(X test filtered2)

rf accuracy = accuracy score(y test2, rf predictions)

print ("Random Forest Accuracy (test2) =", rf accuracy)

confusion test = confusion matrix(y test2, rf predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOT
plt.figure()

plot confusion matrix(confusion test, classes=class names,
title='Random forest - confusion matrix (test 2)', font size=18)
plt.show ()

report = classification report(y test2, rf predictions)

print (report)

FHAFHFH AR AR A A R
S i i

# Du doan nhian cho dt liéu kiém tra 3

rf predictions = rf clf.predict(X test filtered3)

rf accuracy = accuracy score(y test3, rf predictions)

print ("Random Forest Accuracy (test3) =", rf accuracy)

confusion test = confusion matrix(y test3, rf predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Random forest - confusion matrix (test 3)', font size=18)
plt.show ()

report = classification report(y test3, rf predictions)

print (report)

S i
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gbm clf = GradientBoostingClassifier(n estimators=64, max depth=6,
random state=42)

# Khoi tao va hudn luyén mé hinh Gradient Boosting Machines

start _time = time.time ()
gbm clf.fit(X train filtered, label train)
end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time Gradient Boosting {len(selected features2)}
features: {training time:.4f} seconds")
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# Du doan nhan cho dit liéu kiém tra 1

gbm predictions = gbm clf.predict (X test filteredl)

gbm accuracy = accuracy score(y testl, gbm predictions)

print ("Gradient Boosting Machines Accuracy (testl) =", gbm accuracy)

report = classification report(y testl, gbm predictions)
print (report)

confusion test = confusion matrix(y testl, gbm predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOT
plt.figure()

plot confusion matrix(confusion test, classes=class names,
title='Gradient Boosting - confusion matrix (testl)', font size=18)
plt.show ()
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# Du doan nhan cho dit 1iéu kiém tra 2

gbm predictions = gbm clf.predict (X test filtered2)

gbm accuracy = accuracy score(y test2, gbm predictions)

print ("Gradient Boosting Machines Accuracy (test2) =", gbm accuracy)

report = classification report(y test2, gbm predictions)
print (report)

confusion test = confusion matrix(y test2, gbm predictions)
class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Gradient Boosting - confusion matrix (test2)', font size=18)
plt.show ()
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# Du doan nhan cho dit liéu kiém tra 3

gbm predictions = gbm clf.predict (X test filtered3)

gbm accuracy = accuracy_ score(y test3, gbm predictions)

print ("Gradient Boosting Machines Accuracy (test3) =", gbm accuracy)

report = classification report(y test3, gbm predictions)
print (report)

confusion test = confusion matrix(y test3, gbm predictions)
class _names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOT
plt.figure ()

plot confusion matrix(confusion test, classes=class_names,
title='Gradient Boosting - confusion matrix (test3)', font size=18)
plt.show ()
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# Khoi tao LabelEncoder cho XGBoost

label encoder = LabelEncoder ()

label train encoded = label encoder.fit transform(label train)

label test encodedl = label encoder.transform(y testl)
label test encoded2 = label encoder.transform(y test2)
label test encoded3 = label encoder.transform(y test3)

xgb clf = xgb.XGBClassifier (n estimators=64, max depth=6,
random state=42, use label encoder=False, eval metric='merror')

# Khoi tao va huidn luyén mé hinh XGBoost

start time = time.time ()
xgb clf.fit (X train filtered, label train encoded)
end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time XGBoost {len(selected features2)} features:
{training time:.4f} seconds")

# Du doan nhan cho dit 1iéu kiém tra 1

xgb predictions = xgb clf.predict (X test filteredl)

xgb _accuracy = accuracy score (label test encodedl, xgb predictions)
print ("XGBoost Accuracy (testl) =", xgb accuracy)

report = classification report (label test encodedl, xgb predictions)
print (report)

confusion test = confusion matrix(label test encodedl,

xgb predictions)

class names = list (label encoder.classes ) # Pam bao tht tu nhan
dung theo encoder

plt.figure ()

plot confusion matrix(confusion test, classes=class_names,
title='XGBoost - confusion matrix (testl)"')

plt.show ()

G 2 o
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# Du doan nhan cho dit liéu kiém tra 3

xgb predictions = xgb clf.predict (X test filtered3)

xgb_accuracy = accuracy score (label test encoded3, xgb predictions)
print ("XGBoost Accuracy (test3) =", xgb accuracy)

report = classification report(label test encoded3, xgb predictions)
print (report)

confusion test = confusion matrix(label test encoded3,
xgb predictions)
class names = list(label encoder.classes )
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plt.figure()

plot confusion matrix(confusion test, classes=class names,
title='XGBoost - confusion matrix (test3)"')

plt.show ()
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# Du doan nhan cho dit 1iéu kiém tra 2

xgb predictions = xgb clf.predict (X test filtered2)

xgb _accuracy = accuracy score (label test encoded2, xgb predictions)
print ("XGBoost Accuracy (test2) =", xgb accuracy)

report = classification report(label test encoded2, xgb predictions)
print (report)

confusion test = confusion matrix(label test encoded2,

xgb predictions)

class names = list(label encoder.classes )

plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='XGBoost - confusion matrix (test2)')

plt.show ()

from sklearn.ensemble import GradientBoostingClassifier
from sklearn.metrics import accuracy score

from sklearn.metrics import classification report

from sklearn.metrics import confusion matrix

# Khoi tao va hudn luyén md hinh Gradient Boosting Machines

gbm clf = GradientBoostingClassifier(n estimators=32, max depth=6,
random state=42)

# Measure the training time

start _time = time.time ()

gbm clf.fit(X train, y train)

end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time Gradient Boosting {X train.shape[l]} features:
{training time:.4f} seconds")

# Du doan nhan cho dit 1iéu kiém tra

gbm predictions = gbm clf.predict (X test)

# Tinh todn dd chinh x&c cua mdé hinh Gradient Boosting Machines
gbm_accuracy = accuracy score(y test, gbm predictions)

# In két qua
print ("Gradient Boosting Machines Accuracy =", gbm accuracy)

# LAy d6 quan trong cua cac dic trung
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importances = gbm clf.feature importances
print (f"{len (importances) }")

# Budc 2: Loc cac dac trung cbd6 dd quan trong >= 0.001
selected features = np.where (importances >= 0.001) [0]
X train filtered = X train[:, selected features]

X test filtered = X test[:, selected features]

print (f"{len(selected features)}")

gbm clf.fit(X train filtered, y train)

# Lay d6 quan trong cua cac dic trung
importances = gbm clf.feature importances
print (f"{len (importances) }")

# Budc 2: Loc céc dac trung cbd6 dd quan trong >= 0.001
selected features = np.where (importances >= 0.001) [0]
X train filtered = X train[:, selected features]

X test filtered = X test[:, selected features]

print (f"{len(selected features)}")

# Khoi tao d6 chinh xac ban dau

accuracy max = 0

threshold = 0.02 # Ngudng thay ddi accuracy dé dung
selected features2 = np.where (importances >= 0) [0]

# Danh sach luu két qud accuracy

accuracy list = []

# S6 luong dic trung ban dau
n features = X train filtered.shapell]

# Vong ldp loai bo dac trung

for i1 in range (n_features, 1, -1):
rfe = RFE (estimator=gbm clf, n features to select=i, step=1)
rfe.fit (X train filtered, y train)

# Du dodn trén tap kiém tra
y pred = rfe.predict (X test filtered)

# Tinh doé chinh xac

accuracy = accuracy score(y test, y pred)

accuracy list.append(accuracy)

print (f"Number of features: {i}, Accuracy: {accuracy}")

# Kiém tra thay dbi accuracy

if accuracy max != 0 and (accuracy max - accuracy) > threshold:
print (£"Stopping: Accuracy change below {threshold}")
print (f"Stopping: Accuracy change {accuracy max -

accuracy}l")

print (f"Stopping: Accuracy max {accuracy max}'")

selected features [f for £, s in zip(range(n_features),

rfe.support ) 1if s]
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nl=len (selected features)
break

# Cap nhadt dé chinh x&c max
if accuracy max <= accuracy:

accuracy max = accuracy
selected features2 = [f for £, s in zip(range(n features),
rfe.support ) 1if s]

n2=len (selected features2)
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print (f"{len(selected features2)}")

print ("Selected features:", selected features2)

X train filtered = train features[:, selected features2]
X test filteredl = X testl[:, selected features?]
X test filtered2 = X test2[:, selected features?]
X test filtered3 X test3[:, selected features?]

# (Git nguyén doan RF d& so sanh nhu code gbc, chi d&bi label hién
thi)

start time = time.time ()

rf clf.fit(X train filtered, label train)

end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time random forest {len(selected features2)}
features: {training time:.4f} seconds")

FHAFHFHS AR H A A A R
S i i i

# L4y tén cha cac dic trung da chon

selected feature names = [feature names[i] for i in

selected features?]

# Trich xudt doé quan trong cua cac dic trung tt mé hinh di huldn luyén
(RF)

feature importances = rf clf.feature importances

# S&p xép cédc bién theo mic dd6 quan trong giadm dan

indices = np.argsort (feature importances) [::-1]

sorted feature names = [selected feature names[i] for i in indices]
sorted importances = feature importances[indices]

# ve biéu dd

plt.figure (figsize= (15, 6))

plt.bar (sorted feature names, sorted importances)

plt.xlabel ("Feature Name")

plt.ylabel ("Importance™)

plt.title("Features selected in Random Forest")

plt.xticks (rotation=90)

plt.tight layout()
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plt.show()
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# Du doan nhan cho dit liéu kiém tra 1 (RF)
rf predictions = rf clf.predict(X test filteredl)
rf accuracy = accuracy score(y testl, rf predictions)

print ("Random Forest Accuracy (testl) =", rf accuracy)

confusion test = confusion matrix(y testl, rf predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Random forest - confusion matrix (test 1)', font size=18)
plt.show ()

report = classification report(y testl, rf predictions)

print (report)
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# Du doan nhan cho dit 1iéu kiém tra 2 (RF)

rf predictions = rf clf.predict(X test filtered2)

rf accuracy = accuracy score(y test2, rf predictions)

print ("Random Forest Accuracy (test2) =", rf accuracy)

confusion test = confusion matrix(y test2, rf predictions)

class_names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Random forest - confusion matrix (test 2)', font size=18)
plt.show()

report = classification report(y test2, rf predictions)

print (report)
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# Du doan nhan cho dit liéu kiém tra 3 (RF)

rf predictions = rf clf.predict(X test filtered3)

rf accuracy = accuracy_ score(y test3, rf predictions)

print ("Random Forest Accuracy (test3) =", rf accuracy)

confusion test = confusion matrix(y test3, rf predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Random forest - confusion matrix (test 3)', font size=18)
plt.show ()
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report = classification report(y test3, rf predictions)

print (report)
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gbm clf = GradientBoostingClassifier(n estimators=64, max depth=6,
random state=42)

# Khoi tao va hudn luyén md hinh Gradient Boosting Machines

start time = time.time ()
gbm clf.fit(X train filtered, label train)
end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time Gradient Boosting {len(selected features2)}
features: {training time:.4f} seconds")

# Dy doan nhdn cho dit liéu kiém tra 1 (GBM)

gbm predictions = gbm clf.predict (X test filteredl)

gbm accuracy = accuracy score(y testl, gbm predictions)

print ("Gradient Boosting Machines Accuracy (testl) =", gbm accuracy)
report = classification report(y testl, gbm predictions)

print (report)

confusion test = confusion matrix(y testl, gbm predictions)
class_names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Gradient Boosting - confusion matrix (testl)', font size=18)
plt.show ()
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# Du doan nhan cho dit 1iéu kiém tra 2 (GBM)

gbm predictions = gbm clf.predict(X test filtered2)

gbm_accuracy = accuracy_ score(y_ test2, gbm predictions)

print ("Gradient Boosting Machines Accuracy (test2) =", gbm accuracy)
report = classification report(y test2, gbm predictions)

print (report)

confusion test = confusion matrix(y test2, gbm predictions)

class _names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOT
plt.figure ()

plot confusion matrix(confusion test, classes=class_names,
title='Gradient Boosting - confusion matrix (test2)', font size=18)
plt.show ()
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# Du doan nhan cho dit liéu kiém tra 3 (GBM)

gbm predictions = gbm clf.predict (X test filtered3)

gbm accuracy = accuracy score(y test3, gbm predictions)

print ("Gradient Boosting Machines Accuracy (test3) =", gbm accuracy)
report = classification report(y test3, gbm predictions)
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print (report)

confusion test = confusion matrix(y test3, gbm predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Gradient Boosting - confusion matrix (test3)', font size=18)
plt.show ()
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# Khoi tao LabelEncoder

label encoder = LabelEncoder ()

label train encoded = label encoder.fit transform(label train)
label test encodedl = label encoder.transform(y testl)
label test encoded2 = label encoder.transform(y test2)
label test encoded3

label encoder.transform(y test3)

xgb clf = xgb.XGBClassifier (n estimators=64, max depth=6,
random state=42, use label encoder=False, eval metric='merror')

# Khoi tao va huidn luyén md hinh XGBoost

start time = time.time ()

xgb clf.fit(X train filtered, label train encoded)
end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time XGBoost {len (selected features2)} features:
{training time:.4f} seconds")

# Du doan nhan cho dit 1iéu kiém tra 1 (XGB)
xgb predictions = xgb clf.predict (X test filteredl)
xgb_accuracy = accuracy score (label test encodedl, xgb predictions)

print ("XGBoost Accuracy (testl) =", xgb accuracy)

report = classification report (label test encodedl, xgb predictions)
print (report)

confusion test = confusion matrix(label test encodedl,

xgb predictions)

class names = list (label encoder.classes ) # Dung tht ty nhéan
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='XGBoost - confusion matrix (testl)"')

plt.show ()
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# Du doan nhan cho dit liéu kiém tra 2 (XGB)

xgb predictions = xgb clf.predict (X test filtered2)

xgb accuracy = accuracy score (label test encoded2, xgb predictions)
print ("XGBoost Accuracy (test2) =", xgb accuracy)

report = classification report(label test encoded2, xgb predictions)
print (report)
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confusion test = confusion matrix(label test encoded2,

xgb predictions)

class names = list(label encoder.classes )

plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='XGBoost - confusion matrix (test2)"')

plt.show ()
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# Du doan nhan cho di 1iéu kiém tra 3 (XGB)

xgb predictions = xgb clf.predict (X test filtered3)

xgb _accuracy = accuracy score (label test encoded3, xgb predictions)

print ("XGBoost Accuracy (test3) =", xgb accuracy)

report = classification report (label test encoded3, xgb predictions)
print (report)

confusion test = confusion matrix(label test encoded3,

xgb predictions)

class names = list(label encoder.classes )

plt.figure ()

plot confusion matrix(confusion test, classes=class_ names,
title='XGBoost - confusion matrix (test3)"')

plt.show ()

import xgboost as xgb

from sklearn.metrics import accuracy score

from sklearn.preprocessing import LabelEncoder
from sklearn.metrics import classification report
import numpy as np

import matplotlib.pyplot as plt

# Khoi tao LabelEncoder
label encoder = LabelEncoder ()

# Ma hoa nhan cho tdp huldn luyén va tap kiém tra
label train encoded = label encoder.fit transform(y train)
label test encoded = label encoder.transform(y test)

# Khoi tao va hudn luyén mé hinh XGBoost

xgb clf = xgb.XGBClassifier (n estimators=32, max depth=6,
random state=42, use label encoder=False, eval metric='merror')
# Measure the training time

start _time = time.time ()

xgb clf.fit (X train, label train encoded)

end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time XGBoost {X train.shape[l]} features:
{training time:.4f} seconds")

# Du doan nhan cho dit 1iéu kiém tra
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xgb predictions = xgb clf.predict (X test)

# Tinh toadn dbé chinh x&c cta md hinh XGBoost
xgb accuracy = accuracy score (label test encoded, xgb predictions)

# In két qua
print ("XGBoost Accuracy =", xgb_ accuracy)

# L&y d6 quan trong cua cac ddc trung
importances = xgb clf.feature importances
print (f"{len (importances) }")

# Budc 2: Loc cac dac trung cbd6 dd quan trong >= 0.001
selected features = np.where (importances >= 0.001) [0]
print (f"{len(selected features)}")

X train filtered = X train[:, selected features]

X test filtered = X test[:, selected features]

xgb clf.fit(X train filtered, label train encoded)

# Liy lai d6 quan trong
importances = xgb clf.feature importances
print (f"{len (importances) }")

# Loc 1lan nta véi ngudng 0.001

selected features = np.where (importances >= 0.001) [0]
print (f"{len(selected features)}")

X train filtered = X train[:, selected features]

X test filtered = X test[:, selected features]

# Khoi tao d6 chinh xac ban dau

accuracy max = 0

threshold = 0.02 # Ngudng thay ddi accuracy dé dung
selected features2 = np.where (importances >= 0.000) [0]
# Danh sach luu két qua accuracy

accuracy list = []

# 56 luong ddc trung ban dau
n features = X train filtered.shape[l]

# Vong 1l8p loai bd dic trung bing RFE

for i in range(n_features, 1, -1):
rfe = RFE (estimator=xgb clf, n features to select=i, step=1)
rfe.fit (X train filtered, label train encoded)

# Du doan trén tap kiém tra
y pred = rfe.predict (X test filtered)

# Tinh d& chinh xéac

accuracy = accuracy score (label test encoded, y pred)
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accuracy list.append(accuracy)

print (£f"Number of features: {i}, Accuracy: f{accuracy}")

# Kiém tra thay dbi accuracy

if accuracy max != 0 and (accuracy max - accuracy) > threshold:
print (f"Stopping: Accuracy change below {threshold}")
print (f"Stopping: Accuracy change {accuracy max -

accuracyl}")

print (f"Stopping: Accuracy max {accuracy max}'")

selected features = [f for f, s in zip(range(n_ features),
rfe.support ) 1if s]

nl = len(selected features)

break

# Cap nhadt d6 chinh x&c max
if accuracy max <= accuracy:
accuracy max = accuracy
selected features2 = [f for £, s in zip(range(n features),
rfe.support ) 1if s]
n2

len (selected features2)
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print (f"{len(selected features2)}")

print ("Selected features:", selected features2)

X train filtered = train features[:, selected features2]
X test filteredl = X testl[:, selected features2]
X test filtered2 X test2[:, selected features?2]
X test filtered3 X test3[:, selected features?]

start time = time.time ()

rf clf.fit(X train filtered, label train)

end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time random forest {len(selected features2)}
features: {training time:.4f} seconds")
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# LAy tén cua cac dic trung di chon

selected feature names = [feature names[i] for i in

selected features?2]

# Trich xudt d6 quan trong cua cac ddc trung tu mé hinh di hudn luyén
feature importances = rf clf.feature importances

# S&p xép cac bién theo mic d6 quan trong giadm dan

indices = np.argsort (feature importances) [::-1]

sorted feature names = [selected feature names[i] for i in indices]
sorted importances = feature importances[indices]
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# ve biéu dd

plt.figure(figsize=(15, 6))
plt.bar(sorted feature names, sorted importances)
plt.xlabel ("Feature Name")

plt.ylabel ("Importance™)

plt.title("Features selected in Random Forest")
plt.xticks (rotation=90)

plt.tight layout ()

plt.show()
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# Du doan nhan cho dit 1iéu kiém tra 1 (RF)
rf predictions = rf clf.predict(X test filteredl)
rf accuracy = accuracy score(y testl, rf predictions)

print ("Random Forest Accuracy (testl) =", rf accuracy)

confusion test = confusion matrix(y testl, rf predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Random forest - confusion matrix (test 1)', font size=18)
plt.show ()

report = classification report(y testl, rf predictions)

print (report)
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# Du doan nhan cho dit 1iéu kiém tra 2 (RF)

rf predictions = rf clf.predict(X test filtered2)

rf accuracy = accuracy score(y test2, rf predictions)

print ("Random Forest Accuracy (test2) =", rf accuracy)

confusion test = confusion matrix(y test2, rf predictions)

class _names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOT
plt.figure ()

plot confusion matrix(confusion test, classes=class_names,
title='Random forest - confusion matrix (test 2)', font size=18)
plt.show ()

report = classification report(y test2, rf predictions)

print (report)
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# Du doan nhan cho dit liéu kiém tra 3 (RF)

rf predictions = rf clf.predict(X test filtered3)

rf accuracy = accuracy_ score(y test3, rf predictions)

print ("Random Forest Accuracy (test3) =", rf accuracy)
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confusion test = confusion matrix(y test3, rf predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Random forest - confusion matrix (test 3)', font size=18)
plt.show ()

report = classification report(y test3, rf predictions)

print (report)
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gbm clf = GradientBoostingClassifier(n estimators=64, max depth=6,
random state=42)

# Khoi tao va hudn luyén md hinh Gradient Boosting Machines

start time = time.time ()
gbm clf.fit(X train filtered, label train)
end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time Gradient Boosting {len(selected features2)}
features: {training time:.4f} seconds")

# Du doan nhan cho dit liéu kiém tra 1 (GBM)

gbm predictions = gbm clf.predict (X test filteredl)

gbm_accuracy = accuracy score(y_ testl, gbm predictions)

print ("Gradient Boosting Machines Accuracy (testl) =", gbm accuracy)
report = classification report(y testl, gbm predictions)

print (report)

confusion test = confusion matrix(y testl, gbm predictions)
class_names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title='Gradient Boosting - confusion matrix (testl)', font size=18)
plt.show ()
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# Du doan nhan cho dit 1iéu kiém tra 2 (GBM)

gbm predictions = gbm clf.predict (X test filtered2)

gbm_accuracy = accuracy_ score(y_ test2, gbm predictions)

print ("Gradient Boosting Machines Accuracy (test2) =", gbm accuracy)
report = classification report(y test2, gbm predictions)

print (report)

confusion test = confusion matrix(y test2, gbm predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOT
plt.figure ()

plot confusion matrix(confusion test, classes=class_names,
title='Gradient Boosting - confusion matrix (test2)', font size=18)
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plt.show ()
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# Du doan nhan cho dit liéu kiém tra 3 (GBM)

gbm predictions = gbm clf.predict (X test filtered3)

gbm accuracy = accuracy score(y test3, gbm predictions)

print ("Gradient Boosting Machines Accuracy (test3) =", gbm accuracy)
report = classification report(y test3, gbm predictions)

print (report)

confusion test = confusion matrix(y test3, gbm predictions)

class names = ['asphalt 10', 'asphalt 15', 'concrete'] # NHAN MOI
plt.figure()

plot confusion matrix(confusion test, classes=class names,
title='Gradient Boosting - confusion matrix (test3)', font size=18)
plt.show ()

G2
FHEFFAAAAA ARSI AAA AR

# Khoi tao LabelEncoder (cho XGBoost vdi d@tr 1iéu da chon dac trung)
label encoder = LabelEncoder ()

label train encoded = label encoder.fit transform(label train)
label test encodedl
label test encoded2 = label encoder.transform(y test2)

label encoder.transform(y testl)
label test encoded3 = label encoder.transform(y test3)

xgb clf = xgb.XGBClassifier(n estimators=64, max depth=6,
random state=42, use label encoder=False, eval metric='merror')

# Khoi tao va hudn luyén mé hinh XGBoost
start time = time.time ()
xgb clf.fit(X train filtered, label train encoded)

end time = time.time ()

# Calculate training time

training time = end time - start time

print (f"Training time XGBoost {len (selected features2)} features:
{training time:.4f} seconds")

# Du doan nhan cho dit liéu kiém tra 1 (XGB)
xgb predictions = xgb clf.predict(X test filteredl)
xgb_accuracy = accuracy_ score (label test encodedl, xgb predictions)

print ("XGBoost Accuracy (testl) =", xgb accuracy)

report = classification report (label test encodedl, xgb predictions)
print (report)

confusion test = confusion matrix(label test encodedl,

xgb predictions)

class names = list (label encoder.classes ) # ding tht tu nhéan
plt.figure ()

plot confusion matrix(confusion test, classes=class_names,
title="'XGBoost - confusion matrix (testl)"')
plt.show ()
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# Du dodn nhan cho dit liéu kiém tra 2 (XGB)

xgb predictions = xgb clf.predict (X test filtered2)

xgb _accuracy = accuracy score (label test encoded2, xgb predictions)
print ("XGBoost Accuracy (test2) =", xgb accuracy)

report = classification report(label test encoded2, xgb predictions)
print (report)

confusion test = confusion matrix(label test encoded2,

xgb predictions)

class names = list(label encoder.classes )

plt.figure ()

plot confusion matrix(confusion test, classes=class names,
title="'XGBoost - confusion matrix (test2)"')

plt.show ()
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# Du doan nhan cho dit liéu kiém tra 3 (XGB)

xgb predictions = xgb clf.predict (X test filtered3)

xgb_accuracy = accuracy score (label test encoded3, xgb predictions)
print ("XGBoost Accuracy (test3) =", xgb accuracy)

report = classification report (label test encoded3, xgb predictions)
print (report)

confusion test = confusion matrix(label test encoded3,

xgb predictions)

class names = list (label encoder.classes )

plt.figure ()

plot confusion matrix(confusion test, classes=class_names,
title="'XGBoost - confusion matrix (test3)"')

plt.show ()
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PHU LUC 3. CODE CHAY THU NGHIEM MO HINH HQC SAU

from keras.models import Sequential
from keras.layers import LSTM, Dense, Dropout, BatchNormalization
from sklearn.metrics import confusion matrix
import matplotlib.pyplot as plt
import seaborn as sns
import numpy as np
from sklearn.preprocessing import StandardScaler
from keras.models import Sequential
from keras.layers import Conv2D, MaxPooling2D, Flatten, Dense
from keras.layers import Input, ConvlD, MaxPoolinglD, Flatten, Dense,
Dropout, BatchNormalization, GRU
from keras.layers import Reshape
from keras.utils import plot model
# thuc hien windowing du lieu
window size = 100
stride = 50
def train test Data(data):

RateTrain = 0.7

X data train = []

X data_test = []

X data = [data[i:it+window size] for i in range (0, int(len(data)),
stride) if i+window size<=int (len(data)) ]

if RateTrain < 1:

X data test, X data train = train test split (X data,

test size=RateTrain)

else:

X data train = X data

return X data train, X data test
train dirt, test dirt = train test Data(dirt)
train cobblestone, test cobblestone = train test Data (cobblestone)
train asphalt, test asphalt = train test Data(asphalt)

print ('Train: ', len(train dirt) + len(train cobblestone) +
len(train_asphalt) )

print ('Test: ', len(test dirt) + len(test cobblestone) +
len(test asphalt) )

print (len(test dirt))
print (len(train dirt))
test cobblestone))
train cobblestone))

print (len

print (len

(
(
(
(
print (len(test asphalt))

(

(
(
(
(
(
print (len(train asphalt))

train dirt = np.array(train dirt)

train cobl = np.array(train cobblestone)
train asp = np.array(train asphalt)

test dirt = np.array(test dirt)

test cobl

np.array (test cobblestone)
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test asp = np.array(test asphalt)
#tao chuoi du lieu va nhan dung de train dung full du lieu
data train= []
label train = []
for acts in train dirt:
data train.append(pd.DataFrame (acts))
label train.append(0)

for acts in train cobl:
data train.append(pd.DataFrame (acts))
label train.append(1l)

for acts in train asp:
data train.append(pd.DataFrame (acts))
label train.append(2)

#tao chuoi du lieu va nhan dung de test dung full du lieu
data test= []
label test = []
for acts in test dirt:
data_ test.append(pd.DataFrame (acts))
label test.append(0)

for acts in test cobl:
data test.append(pd.DataFrame (acts))
label test.append(1l)

for acts in test asp:

data_ test.append(pd.DataFrame (acts))

label test.append(2)
print('data train\'s length: ', len(data train))
print('label_train\'s length: ', len(label train))

print('data test\'s length: ', len(data test))
print('label_test\'s length: ', len(label test))
data trainl = np.array(data train)

data testl = np.array(data_ test)

label train = np.array(label train)

label test = np.array(label test)

data trainl = data trainl.astype(float)

data testl = data testl.astype(float)

# D 1iéu hudn luyén va dit liéu kiém tra

X train = data trainl

X test = data testl

y train = label train

y _test = label test

# Pinh hinh lai dt liéu cho mang LSTM
X train reshape = X train.reshape (X train.shape[0], window size, 19)
X test reshape = X test.reshape (X test.shape[0], window size, 19)
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# X&y dung mé hinh deeplearning
model = Sequential ()

# 3. LSTM Layer d& xuit 1y chudi thoi gian dai
model.add (LSTM (units=64, return sequences=True,

input shape=(window size, 19))) # 86 don vi (neurons) la 64
model.add (Dropout (0.2))
model.add (LSTM (units=64)) # GRU don gian hon LSTM, nhung van manh mé

trong x0 1y chudi thoi gian
model.add (BatchNormalization())
model.add (Dropout (0.2))

# 4. Lop Dense dé tao ra dau ra tu cac dic trung da dugc trich xuét
model.add (Dense (units=32, activation='relu')) # Lop fully connected
model.add (Dense (units=3, activation='softmax')) # 3 1la sb 1ldép dau
ra, softmax cho bai toan phan loai nhiéu 1lop

model . summary ()

plot model (model, show shapes=True, show layer names=True)

# Bién soan md hinh

model.compile (optimizer="adam',

loss='sparse categorical crossentropy', metrics=['accuracy'])

# Pao tao md hinh

history = model.fit (X train reshape, y train, epochs=100,
batch size=32, validation split=0.2)
#validation data=(X test reshape, y test))

# Panh giid mé hinh trén dit liéu kiém tra

loss, accuracy = model.evaluate (X test reshape, y test)
print ("Test Loss:", loss)

print ("Test Accuracy:", accuracy)

# Du doan nhan cho dit 1iéu kiém tra

y_pred = model.predict (X test reshape)

y pred classes = np.argmax(y pred, axis=l)
class names = ['Dirt', 'Cobblestone', 'Asphast']
report = classification report(y test, y pred classes,

target names=class names)

print (report)

# Tinh todn ma tran nham l&n

conf matrix = confusion matrix(y test, y pred classes)

# V& ma trdn nham 1lan

plt.figure(figsize=(8, 6))

sns.heatmap (conf matrix, annot=True, fmt='d', cmap='Blues',
xticklabels=class names, yticklabels=class names)
plt.xlabel ('Predicted Label')

plt.ylabel ('True Label')

plt.title('Confusion Matrix'")
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plt.show()

# vé biéu &6 ham mdt mat

plt.plot (history.history['loss'], label='Training Loss"')
plt.plot (history.history['val loss'], label='Validation Loss')
plt.xlabel ('Epoch')

plt.ylabel ('Loss')

plt.title('Training and Validation Loss')

plt.legend()

plt.show()

# Ve biéu dd d6 chinh xéac

plt.plot (history.history['accuracy'], label='Training Accuracy')
plt.plot (history.history['val accuracy'], label='Validation
Accuracy')

plt.xlabel ('"Epoch'")

plt.ylabel ('Accuracy')

plt.title('Training and Validation Accuracy')

plt.legend()

plt.show ()



VIENHANLAM PANG CONG SAN VIET NAM
KHOA HQC VA CONG‘ NG}-IE VN
HQC VIEN KHOA HQC VA CONG NGHE
%

S6 4L - QDP/HVKHCN Ha Noi, ngay 2 thing 4 nam 2026

QUYET DINH
vé viéc thanh lap Hoi dong d4nh gi ludin an tién si cap Hoc vién

- Can cr Quyét dinh s6 175- -QD/VHLKHCNVN ngay 28/04/2026 ctia Chu
tich Vién Han 14m Khoa hoc va Cong nghé Viét Nam ban hanh Quy ché T4 chirc
va hoat dong ciia Hoc vién Khoa hoc va Cong nghé;

- Can cu Thong tu s6 08/2017/TT-BGDDT ngay 04/4/2017 cua Bo Giao
duc va Dao tao ve viéc ban hanh Quy ché Tuyén sinh va Pao tao trinh do Tién si;

- Can cir Quyét dinh s6 1948/QD-HVKHCN ngay 28/12/2018 cta Giam déc
Hoc vién Khoa hoc va Cong nghe vé viéc ban hanh Quy dinh d#o tao trinh d6 tién si:

- Can ctr Quyét dinh sb 1119/Qb-HVKHCN ngay 10/08/2021 ctia Gidm déc
Hoc vién Khoa hoc va Cong nghe ve viéc cong nhan nghién ctru sinh dot 2 nam 2021;

- Can cr Quyét dinh sb 777/QD-HVKHCN ngay 08/08/2025 cuia Giam doc
Hoc vién Khoa hoc va Céng nghé vé viéc gia han thoi gian hoc tap lan 1 cho
nghién ctru sinh Ngbé Vin Cong;

- Xét dé nghi cua Truong phong Pao tao,

GIAM POC HQC VIEN KHOA HQC VA CONG NGHE
QUYET PINH

Piéu 1. Thanh lap Hoi dong danh gia luan 4n tién si cip Hoc vién cho
nghién cru sinh Ngo Vin Cong véi dé tai:

Nghién ciru gidi phap nhdn dang mit duwong giao thong sir dung cam
bién quan tinh va mo hinh hoc may

Nganh: K§ thuat diéu khién va tu dong hoa Mi s6:9 52 02 16

Danh séch thanh vién Hoi dong danh gla ludn an kem theo Quyét dinh nay.

Diéu 2. Hoi ddng c6 trach nhiém danh gié luan 4n tién s theo dung quy ché
hién hanh cia B9 Gido duc va Dao tao, cua Hoc vién Khoa hoc va Cong
nghé.Quyét dinh c6 hiéu luc téi da 90 ngay ké tir ngay ky. Hoi dong tu giai thé
sau khi hoan thanh nhiém wvu.

Diéu 3. Trudng phong T6 chirc - Hanh chinh, Truong phong Dao tao,
Tru'orng phong Ké toan, cac thanh vién c6 tén trong danh sach Hoi dong va nghién
ctru sinh ¢ tén tai Diéu 1 chju trach nhiém thi hanh Quyét dinh nay. ﬁ/

Noi nhan:

- Nhu Diéu 3,

- Luu hd so NCS,

- Luu: VT, DT.rq.1s.




DANH SACH HQI BONG DANH GIA LUAN AN TIEN SI CAP HQC VIEN

cam bién quan tinh va mo6 hinh hoc may
Nganh: K§ thuét diéu khién va tu dong hoa

Ngudi huéng dan 1: GS. TS. Tran Dirc Tén,

Trudng K§ thudt Phenikaa, Dai hoc Phenikaa

M s6: 952 02 16

Ngudi huéng dan 2: TS. Tran Dirc Nghia, Vién Cong ngh¢ théng tin,

Vién Han 1am KHCN VN
Trach
Ho va tén, hoc ham, . o . nhiém
TT hoc vj Nganh Co quan cong tac trqng Hpi
dﬁng
| | PGS.TS. Nguyén Long | Héthéng | Vién Cong nghé thong tin, Chil tich
Giang thong tin Vién Han lam KHCN VN s
B K¥ thuat diéu Truong Pai hoc
g NEE R Canh | 4 hidn va ty Giao thong van tai, | Phdn bién 1
dong hoa B6 Gido duc va Pao tao
PGS.TS. Nguyén Hitu Pién Trudng Dién - Dién tt, e
3 | phat Pitatd | Daihoc Bihkhagh: | ToqnBim2
& e K§ thuét diéu & o
4 | IB-Nesgnitong khién va tu T A0 18, Phan bién 3
Khoa o . Dai hoc Quoc gia HN
ong hoa
i K¥ thuét diéu | (.. ~a ot oA
5 TS. Bui Thi Thanhh ot el Vién Cong nghé thong tin, | Uy vién
Quyén 45 A Vién Han 1am KHCN VN | - Thu ky
ong hoa
PESTS Wik Taong. | T St Gicw TIGIE SN 4
6 Mién khién va tu Giao thong van tai, Uy vién
dong hoa B& Gido duc va Pao tao
o Siats Truong Pai hoc Su pham
PGS.TS. Pham Ngoc K§ thuat - N gl e
Z Théng dién tr Ky thuat Hung Yén, Uy vién

B6 Gido duc va Pao tao

Hoi d&ng gém 07 thanh vién. ﬁ/




CONG HOA XA HOI CHU NGHIA VIET NAM
Doc lap - Tw do - Hanh phic

BAN NHAN XET LUAN AN TIEN Si
(Cap Hoc vién)

Tén nghién ctru sinh: Ngbé Van Cong

Pé tai: Nghién cru giai phap nhan dang mit dudng giao théng st dung cam bién

quén tinh va mo6 hinh hoc may

Nganh: K¥ thuat diéu khién va tu dong hoa

Mi s6: 9 52 02 16

Nguoi huéng din:

Nguoi huéng din 1: GS.TS. Tran Pac Tan

Nguoi huéng dan 2: TS. Tran Puc Nghia

Nguwoi nhan xét: PGS.TS. Nguyén Long Giang, Chu tich

Co quan cong tac cia ngwoi nhan xét: Vién Cong ngh¢ thong tin
NOI DUNG NHAN XET

1. Y nghia khoa hoc va thyec tién ciia dé tai luin an

Pé tai luan an c6 ¥ nghia khoa hoc va thuc tién siu sic trong bbi canh phat trién
ha tang giao thong thong minh va chuyén d6i sb trong quan 1y giao thong hién nay.
Vé mat khoa hoc, luan 4n gop phan bo sung co s& 1y luan va phuong phap nghién
ctru trong linh vuc nhan dang, phan loai mat duong dua trén dir liéu cdm bién quan
tinh két hop céac k¥ thuat hoc may va lya chon ddc trung. Nghién ctru khong chi lam
r0 kha nang img dung ctia cac mo hinh hoc may trong xtr ly dir liéu rung dong phuc
vu phan loai mit dudng ma con tap trung giai quyét bai toan toi uu hoa lua chon dic
trung nham nang cao do chinh xac, giam chi phi tinh toan va ting kha ning tong

quat hoa cia mo hinh trong céc di€u kién van hanh khac nhau. Qua do, luan &n dong
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g6p vao xu hudng nghién ctru hién dai vé giao thong thong minh, tri tué nhén tao va

phan tich dit liéu 16n trong quan 1y ha tang giao thong.

Vé mit thuc tién, két qua nghién ctru cta ludn an c6 kha ning tng dung cao
trong cong tac giam sat, danh gia va bao tri mat duong theo thoi gian thuc voi chi
phi hop 1y. Viéc xay dung giai phap tu dong phan loai mit dudng dya trén cam bién
quan tinh gitip giam phy thudc vao phuong phéap kiém tra thi cong truyén théng, rat
ngan thoi gian phat hién hu hong va ning cao hiéu qua quan 1y ha tng giao thong.
Pong thoi, hé thong dé xuat c6 thé trién khai trén dién rong nhd kha nang tich hop
v6i cac phuong tién giao thong thong thudng, gop phan hd trg co quan quan Iy trong
viéc dua ra quyét dinh bao tri kip thoi, giam chi phi duy tu, han ché tai nan giao
thong va nang cao chat luong khai thac cong trinh giao thong. Két qua nghién ciru
cling tao tién dé cho viéc phat trién cac hé thong giao thong thong minh thich Gmg
v6i yéu cau phat trién d6 thi bén viing va chuyén doi sé trong linh vyc giao thong
van tai.

2. Sw hop ly va dé tin ciy cia cac phwong phap nghién ciru

Phuong phap nghién ctru cia luan an 1 nghiéu ctru 1y thuyét, thao luan khoa
hoc, thuc nghiém va danh gia két qua trén cac bo dir liéu mau 1a hop 1y, bao dam

tinh khoa hoc va do tin cay.

3. Panh gia cac két qua dat dwoe, néu nhirng dong gop méi va gia tri ciia cac
dong gop do:

Luén an da dat duoc cac két qua nghién ctru co6 gia tri ca vé mat khoa hoc va
thyc tién trong linh vic nhan dang, phan loai mit duong giao thong dua trén dit lidu
cam bién va hoc mdy. Trén co s khao sat, phan tich cic phuong phap hién c6, luan
an da dé xuat dugc hudng tiép can phu hop véi diéu kién trién khai thuc té tai Viét
Nam, bao dam can bang giita 4 chinh xéc, chi phi tinh toan va kha nang trién khai

trén dién rong.

Luén 4n c6 hai dong gop méi chinh nhu sau:
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- P& xuét thuit toan trich chon dic trung lai két hop hoc may nham tinh giam
dit liéu cam bién quén tinh, loai bd cac dic trung du thira hodc nhiéu, qua d6 giam
khéi lwong tinh toan va rit ngan thoi gian xir Iy ma van bao dam do chinh xac cta
mo hinh phan loai mat duong. Péng gop nay cd y nghia khoa hoc trong viéc nang
cao hiéu qua khai thac dir li¢u cam bién va tdi wu hoa hiéu nang cuia cac mo hinh hoc
may trong bai todn phén loai mat duong theo thoi gian thuec.

- X4y dung va thu thap hai bo dir liéu thyc té tai Viét Nam, bao gom: (i) bo dit
liéu vé ba mirc chat lwong mit dudng (kém, trung binh va khd) va (ii) bo dir liéu vé
6 ga trén mit dudng chat luong trung binh. Trén co s¢ do, luan an dé xuét quy trinh
xu ly dir li€u cam bién trén thiét bi dién toan bién str dung mo6 hinh hoc may XGBoost
dé phan tich va danh gia hién trang mat dudng giao thong theo thoi gian thyc. Pay
1a dong gop c6 gia tri thuc tién cao, tao co so cho viéc phat trién cac hé thong giam
sat ha tang giao thong théng minh c¢6 kha ning trién khai thuc té véi chi phi hop 1y,
phu hop diéu kién ha tang va giao thong tai Viét Nam.

Céc ket qua nghién ctru cua luan an gép phan bo sung ngudn dir li¢u thuc
nghiém phuc vu nghién ctru trong nudce, dong thot mé ra kha nang itmg dung cac mo
hinh hoc may va dién toan bién trong cong tac quan 1y, giam sat va bao tri ha tang

giao thong theo hudng tu dong hoa, thong minh va bén viing.
4. Nhirng wu diém va thiéu sé6t, nhirng diém can dwoc bo sung va sira chira

Uu diém: Luan an dugc trinh bay véi bd cuc logic, két cau hop 1y gitta phan
tong quan, co s& 1y thuyét, phuong phap nghién ctru va thye nghiém. Noi dung tong
quan tai liéu tuong d6i day du, cap nhat dugc nhiéu hudng nghién ctru lién quan dén
bai toan phan loai mat duong sir dung cam bién quan tinh va hoc may. Vin phong
nhin chung 6 rang, mach lac, thé hién duoc chiéu sau nghién ctru va bam sat dinh
hudng tng dung thuc tién trong linh vuc giao thong thong minh.

Moét sb diém manh ndi bat cta luan 4an la da xay dung dugc bo dir liéu thuc
nghiém thu thap tai Viét Nam, gop phan nang cao gia trj thuc tién va kha ning tng

dung ctia nghién ctru. Luan an cling c6 dong gdop ve to1 uu lya chon ddc trung nham
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giam chi phi tinh toan, dong thoi trién khai mo hinh hoc may trén thiét bi dién toan
bién, phu hop véi yéu cau xtr Iy theo thoi gian thuc va kha ning trién khai trén dién
rong. Pinh hudng tmg dung cta luan 4n rd rang, c6 tiém nang hd trg cong tac giam

sat va quan 1y ha tdng giao thong trong thuc té.

Mot s6 ¥ kién chinh sira, bd sung luin 4an nhw sau: luan 4n can tiép tuc ra
soat lai 18i dinh dang, cach trinh bay bang biéu, hinh v& va tai liéu tham khao trudc
khi hoan thi¢n ban in chinh thitc, m¢t s hinh v& khi in chit lugng con mo vi dy nhu
hinh 1.10; 1.11.

5. Panh gia ve su trung 1ap cia luan an so véi cac do an, ludn van hay cong

trinh khoa hoc di cong bd trong va ngoai nuéc

Theo hiéu biét ctia nguo1 nhan xét, két qua cua luan an khong trung 1ap vai cac

luan an, luan van hay cong trinh khoa hoc da cong bd trong va ngoai nudc.

6. Nhan xét vé chat lwgng cac bai bao khoa hoc di dwoc cong bo va khing dinh

cac bai bao do6 chira dung ndi dung chi yéu cia luan an

Céc két qua cua luan an da duoc cong bd trong 04 bai bao khoa hoc uy tin chét
luong d3 xuat ban (gom 01 bai tap chi Scopus Q1; 01 bai tap chi Scopus; 01 bai tap
chi duoc tinh diém Hoi dong chirc danh gido su nha nude; 01 bai hoi thao qudc té
Scopus), va 01 bang doc quyén giai phap hiru ich di dugc Cuc sé hitu tri tué cap
bang. Cac bai bao phan anh cac ndi dung nghién ciru cta luan an. Do d6, luan an dap
g yéu cau vé céng bd khoa hoc.

7. Tinh trung thwe trong viéc trich din cac cong trinh di dwoe NCS cong bo
trong va ngoai nudec, tai liéu tham khio

Céc két qua nghién ctru ctia luan an di duoc trich dan trung thyc trong cac cong
trinh cong bo. Trich dan tai liéu tham khao duoc thuc hién mot cach rd rang, déy dua

va cap nhat.



8. Két luan

- Lu4n 4n d4p tmg dugc céac yéu cau vé ndi dung va hinh thirc d6i voi mdt luén
4n tién si, nganh K¥ thuét diéu khién va ty dong héa.

- Déng y cho NCS duoc bao v¢ tai Hoi d(‘Sng chdm luan 4n cép Hoc vién.

Ha noi, ngay 0Xhang & nam 2026

Ngwoi nhan xét

/.
PG54 S. Nguyén Long Giang



CONG HOA XA HOI CHU NGHIA VIET NAM
D{e 1§p - Ty do - Hanh phic

BAN NHAN XET LUAN AN TIEN Si
((‘5p Hoc vién)

Tén nghién ciru sinh: Ngo Vian Cong

De tai: Nghién ciru giai phdp nhdn dang mdt dwong giao thong su dung cam bién
quan tinh va mo hinh hoc may.

Nganh: K¥ thudt didu khién va tyr dong hoa

Mi s6: 9 5202 16

Ngwoi hwong dan:

Ngudi hudng dan 1: GS.TS. Tran Puc Tan

Ngudi hudng dan 2: TS. Tran Duc Nghia

Ngurdi nhén xét/Phan bién: PGS. TS. Nguyén Canh Minh/ Phan bién 1.

Co quan cong tac nguoi nhan xét: Khoa Pién-Dién ti, Truong PH Giao thong van tai

NOI DUNG NHAN XET
1. Y nghia khoa hoc va thye tién ciia dé tai ludn an

[_uan an c6 tinh cAp thiét cao xut phat tir nhu cdu giam sat va dénh gia hién trang
mit duong giao thong bang céc giai phap chi phi thap, c6 kha ning trién khai rong rai
trong bbi canh phat trién giao thong thong minh va dién toan bién.

Vé mat khoa hoc, lun an gép phan bb sung phuong phap tiép can trong linh vue nhan
dang va danh gia chat lugng mat dudng dua trén dit liéu cam bién quan tinh két hop voi
cac k¥ thuéat hoc may. Luan an lam rd kha néng khai thac dir liéu dao dong cta phuwong
{ién dé phan biét cac loai va trang thai mdt duong khac nhau, déng thoi dé xuat phuong
phap trich chon dac trung lai t6i vu nham giam sb chiéu di lidu, giam chi phi tinh toan va
duy tri d6 chinh xac phan loai cao. Két qua nghién ciru gop phan nang cao hi¢u qua trién
khai cac mé hinh hoc may trén cac nén tang dién toan bién cé tai nguyén han ché, d‘éng
thoi mo rong huéng nghién ciru vé tri tué nhan tao, phan tich di¥ lidu cam bién va img
dung cong nghé so trong giam sat, quan ly ha tang giao thong thdng minh.

Vé mat thue tién, cac két qua nghién ciru ¢6 kha nang ung dung hi¢u qua trong cdng
tac giam sat, danh gia hi¢n trang va hd trg 1ap ké hoach bao tri mait duong giao thong. Giai
phéap nhan dang va phan loai mat duong dya trén dir liéu cam bién quan tinh cho phép tyr
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dong hoa qua trinh thu thap va phan tich dit 1i¢u, giam sy phy thude vao cac phuong phap
khao sat thu cong hoiic cac hé thong chuyén dung co chi phi cao. Viéc trién khai mé hinh
hoc mdy trén thiét bj dién toan bién chi phi thap cho phép xir Iy va danh gid trang thaj mat
duong theo thoi gian thye trén cée phuong tién giao thong thong dung, gép phan hd trg
céc co quan quan ly trong vige phét hién som céc ddu hiéu xudng cép, dua ra quyét dinh
bao tri kip thoi va i wu hoa ngudn lye duy tu. Bén canh do, cac bg dit liéu thuc dia va hé
thong duoc phat trién trong ludn an ¢ thé 1am nén tang cho cac nghién ctru tiép theo vé
giao thong thong minh, quan ly ha ting s6 va do thj thong minh, gép phan thic day qua
trinh chuyén ddi s6 trong linh vue giao thong van tai.

2. Su hop ly va d§ tin ciy cia cac phwong phap nghién ciru

Cac phuong phap nghién citu duge lya chon phi hgp véi muc tiéu cua lusn 4n, bao
dam co so khoa hoc va tinh kha thi. Viéc két hop gitta nghién ctru 1y thuyét véi thue
nghiém trén ca b9 dir liéu chuan qudc té PVS va bo dit lidu thye dia tai Viét Nam gitp
nang cao do tin cdy, kha nang kiém chimg va tinh khach quan clia két qua. Day 14 vu diém
ndi bat, gop phan ting gia trj khoa hoc va y nghia thyc tién cta luan 4n.

3. Panh gia cic két qua dat dwogc, néu nhitng déng gép méi va gia tri cua cac dong
gop do:

Luan 4n d3 dat duoc nhiéu két qua nghién ctru c6 y nghia vé ca phuong dién Iy luan
va Umg dung trong linh vuc nhéan dang, danh gid hién trang mét duong giao thong dua
trén dir liéu cam bién két hop véi cac k¥ thudt hoc may. Thong qua viéc nghién ciu,
tong hop va danh gié cac phuong phap hién 6, ludn an da xay dung dwoc huéng tiép
can phi hop véi diéu kién thuc té tai Viét Nam, dap (mg yéu cdu v& do chinh xac, hicu
qua xu ly dir liéu va kha nang trién khai trong thuc tién.

Ludn an ¢6 hai dong gop chinh:

- Dé xuat thuat toan trich chon dic trung lai két hgp hoc mdy gitp tinh giam dut liéu

cam bién, giam khdi lugng tinh toan va thoi gian xu ly.

- Dé xuat quy trinh x1r ly dit liéu cam bién trén thiét bi di¢n toan bién sur dung mo
hinh hoc may XGBoost dé phan tich va danh gia hi¢n trang mit duong giao thong
theo thoi gian thuc.

Nhin chung, cac két qua nghién cdu cua luan an khong chi bo sung ngudn dir lidu
thyc nghiém ¢6 gia trj cho cac nghién ctu tiép theo trong linh vire giao thong théng minh
maé con cho thay tiém nang ung dung cua cac ky thudt hoc may va di¢n toan bién trong
giam sat, danh gia va hd trg bao tri két ciu ha tang giao thong. Cac két qua dat duge gop
phan thic day qua trinh ty dong hoa cong tac quan ly ha tang giao thong, d(“mg thot tao
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tién dé cho vi¢e phat trién cac giai phép giao thong thong minh theo hudng hi¢u qua va
bén vimg.
" + R \1 . » ~ N \ > ~
4. Nhirng wu diém va thiéu sot, nhirng diém can dwge b6 sung va sira chira
Ludn an g,om chuong, ¢6 két cau hop ly N6i dung ludn an da lam noi bat dugce cac

két qua nghién ciru trong luan an va dqu bd cuc trong 3 phan Cac chuong co6 su lién két
logic chat che va phan anh day du céc két qua da cong bo trong [CT1]-[CT5].

M4t s6 ¥ Kién chinh sira, bd sung lu@n an

- Ra so0dt va chuan hoa viée sir dung céc thuat ngit chuyén nganh tiéng Anh nhim
bao dam tinh théng nhat trong toan bd luan an.

- Bo sung Danh muc céc ky hiéu toan hoc.

- Sap xép muc Tai liéu tham khao theo qui dinh.

- Kiém tra, chuin héa dinh dang bang biéu, hinh v&, cht thich hinh va cach dan
ngudn tai lidu theo ding quy dinh trinh bay luan 4n.

- B sung mb ta chi tiét hon v& bo dit lidu thuc nghiém tai Viét Nam (quy mé, dicu
kién thu thap, phuong phép gan nhan) va mét sé chi s6 danh gia hiéu ning trén
thiét bi dién toan bién dé tang tinh thuyét phuc ctia két qua nghién ctru.

- Trong phan tong quan, nén 1am rd hon khoang trbng nghién ctru va tinh méi cua
luan 4n théng qua bang so sanh céc cong trinh lién quan.

- Dinh hudéng nghién ciru tiép theo c6 thé md rong theo hudng tich hop da ngudn
dir liéu cam bién, tmg dung cac mé hinh Al t61 wu cho thiét bi bién, mé& rong nhan
dang cac dang hu hdng mat dudng va nghién ciru du bao mure do xuéng cip cua
mit duong nhim nang cao gia tri tmg dung thuc tién cua két qua nghién cuu.

Nhin chung, cac ndi dung can chinh sira chii yéu mang tinh hoan thién va ning cao

chét luong trinh bay, khong anh huong dén céac két qua khoa hoc chinh cua luan an.

Céac cau hoi lam ré thém:

- Thudt todn Phuong phdp trich chon ddc trung lai (Hybrid Feature Selection) dé
xudt c6 wu diém gi so vdi cde phwong phdp la chon dic trung hién cé va mikc
do cai thién hiéu nang dat dwgc nhuw thé nao?

Quy trinh xu ly trén thiét b dign toan bién dap ing véu cdu thoi gian thuece ra sao
va hiéu nang trién khai thuc té dd dwoc dinh gid nhu thé nao?
5. Danh gia vé sy trung 1ap cia ludn an so véi cac dd an, lu@n van hay cong trinh
khoa hoc da cong b trong va ngoai nudc
Theo danh gia cua nguoi nhéan xét, ndi dung cia ludn an khong trang 1dp voi cac ludn
an da dugc cong bd. Két qua nghién ctru ctia ludn an khong trang Lip voi cac cong trinh
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nghién ciru trong va ngoai nude.
6. Nhin xét vé chat hwgng cac bai bao khoa hge da dugce cong b6 va khiang dinh cac
bai bao do chira dyng ndi dung chii yéu ciia ludin an

Céc cdng trinh ¢ong b ctia NCS ¢6 ndi dung phi hop véi ndi dung nghién ciru clia
ludn an va duge dang trén céc tap chi, hoi thao chuyén nganh uy tin. Céc két qua nghién
clru chinh cua ludn dn duge cdng bo trong 04 cong trinh va 01 Bing doc quyén giai phap
hiru ich.

Cac cong trinh [CT1]-[CT5] phan anh tuong dbi day du cac ndi dung trong tdm cua
ludn &n, co su lién két logic va hd tro tét cho bd cuc ba chuong nghién ctru. Trong do,
CT1 1a cdng trinh chira dumg déng gdp khoa hoc cbt 16i vé thuat toan trich chon dic trung
lai 161 wu, con CT4 va CTS phan 4nh rd déng gop vé trién khai hé théng giam sat mit
dudng thoi gian thuc trén thiét bi dién toan bién. Mic du tinh mdi hoc thuat tap trung chu
véu & CT1 va phan dong gop thir hai con thién vé ing dung k¥ thuat, nhung nhin chung
hé thong cong bd du st chimg minh tinh khoa hoc, tinh thuc tién va su nhét quan cia
hudng nghién ciru trong luan 4n tién si nganh K§ thuat didu khién va tu dong hoa.

7. Tinh trung thyc trong viée trich din cac cong trinh da dwge NCS cong bd trong
va ngoai nudc, tai liéu tham khio

Céc két qua nghién ctru clia luén 4n da dugc trich dan trung thyc trong cac cong trinh
cong bé. Trich dan tai ligu tham khao dugc thuc hién mot cach rd rang, déy du.
8. Két luan

Luan 4n cia NCS dap {mg c4c yéu cau co ban d6i véi mot luan 4n tién st nganh K5
thuat diéu khién va tu dong hoa.

Dong y cho dua ra bao v¢ tai Hoi dong cham luan 4n cap Hoc vién.

Ha noi, ngay 04 thang 06 nam 2026
Nguwoi nhan xét
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PGS. TS. Nguyén Cinh Minh
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1. Y nghia khoa hoc va thuec tién ciia dé tai luin an

Luan 4n c6 y nghia khoa hoc trong viéc dé xuat phuong phap nhan dang va
phan loai mat duong str dung dir liéu cam bién quan tinh két hop cac md hinh hoc
may va hoc sau, gop phan nang cao hiéu qua xir Iy va do chinh x4c trong bai toan

phan loai mat duong thoi gian thye.

Vé y nghia thyc tién, luan an xay dung dugc hé thong giam sat mat dudng chi
phi thip, c6 kha nang trién khai trén thiét bi phan ctimg cdu hinh thap, phu hop véi
xu huéng phat trién giao thong thong minh va hd trg cong tac giam sat, bao tri ha

tang giao thong tai Viét Nam.
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Két qua nghién ctru da c6 cong bd qubc té thudc danh muc Scopus/Q1 va co
giai phap hiru ich duoc cp bang bao h, cho thiy gia tri khoa hoc va kha ning tmg

dung cua luan an.
2. Su hgp ly va do tin ciy cia cac phwong phap nghién ciru

Phuong phéap nghién ciru ciia luan an 1 nghién ctu 1y thuyét, thao luan khoa
hoc, thuc nghiém va danh gia két qua trén cac bo dir liéu mau 1a hop 1y, bao dam

tinh khoa hoc va do tin cay.

3. Panh gia cac két qua dat dwoe, néu nhirng dong gop méi va gia tri ciia cac
dong gop do:

Luén an ¢6 hai dong gop chinh:

v/ Dé xuat thuat toan trich chon dic trung lai két hop hoc may giup tinh giam
dir liéu cam bién, giam khéi luong tinh toan va thoi gian xir 1y.

v Thu thap hai bd dit liéu thuc t& & Viét Nam: Bo dit liéu vé ba loai mat duong
c6 chat luong kém, chat luong trung binh, chat luong kha va Bo dir liéu vé
cac 6 ga trén mit dudng c6 chat lugng trung binh. Dé xuat quy trinh xu 1y dir
liéu cam bién trén thiét bi dién toan bién st dung m6 hinh hoc may XGBoost

dé phan tich va danh gia hién trang mat duong giao thong theo thoi gian thuec.
4. Nhirng wu diém va thiéu sé6t, nhirng diém can dwoc bo sung va sira chira
Uu diém:
« Luan an lya chon huéng nghién ctru c6 tinh thoi sy va y nghia thuc tién trong
linh vyc giao thong thong minh va gidm sat ha tang giao thong.

« Noi dung nghién ciru dugc trién khai twong doi hé théng, tir tong quan ly
thuyét, dé xuat thuat toan dén xay dung thiét bi thyc nghiém va dénh gia mo
hinh.

« Téc gia da dé& xuit phuong phép trich chon dic trung lai két hop hoc may
nham t6i wu hiéu ning trén thiét bi cAu hinh thap; két qua thuc nghiém cho

thdy do chinh xac phan loai khé cao.
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Lu4n an c6 két qua cong bd khoa hoc tét, bao gdm bai bao Q1, bai bao Scopus

va giai phap hitu ich di duoc cip bang bao ho.

Tuy nhién dé hoan thi€n luén an can bo sung theo cac gop y sau:

Phin M& dau

Can lam r6 hon khoang trong nghién ctru (research gap) gitra cac nghién ctru
hién c6 va hudng ti€p can cua luan an, dac biét so voi cac phuong phap hoc

sau va thi giac may tinh hién nay.

Muyc ti€u nghién ctru nén luong héa rd hon veé yeu cau thoi gian thue, d¢ chinh
xac va gidi han phan cimg muc tiéu.

Can trinh bay rd hon cac dong gop méi cua ludn an dudi dang cac luan diém
khoa hoc cu thé.

Chuong 1 — Tong quan bai toan phan loai mit dwong

Phan tong quan kha day dui nhung con thién vé mo ta, chua phan tich sau uu
nhuogc diém giira cac nhém phuong phép.

Can bo sung bang so sanh dinh luong giita cac nghién ctru lién quan vé dir
li¢u, mo hinh, d§ chinh xac va chi phi tinh toan.

Phan danh gia xu hudng nghién ciru moi nhu Transformer, TinyML hoic
Edge Al con han ché.

Mot sb tai liéu tham khao quéc té g?m giai doan 2024-2025 nén dugc cap nhat

thém.

Chuong 2 — Thuit toan trich chon dic trung lai két hop hoc may

Can giai thich chi tiét hon co s& lya chon cac dic trung mién thoi gian va ly
do lua chon cac thuat toan RF, GBM, XGBoost.

Phan mo ta thuat toan trich chon dic trung lai con dai nhung chua that truc

quan; nén bo sung luu do thuat toan hoac gia ma.
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Can bd sung danh gia d6 phuc tap tinh toan va thoi gian xir Iy cua timg mo
hinh dé chtrng minh tinh pht hop véi phan cing ciu hinh thap.
Chua phan tich rd anh hudng ctia nhidu dir liéu, toc d6 xe va vi tri cam bién
dén hiéu nang mo hinh.
Nén bd sung kiém dinh thong ké hodc danh gia do tin cdy cia két qua thuc

nghiém.

Chuwong 3 — XAy dung thiét bi giam sat mit dwong

Phan mo ta hé thdng phan cimg con thiéu thong tin chi tiét vé tiéu thu ning
luong, kha ning hoat dong lién tuc va kha ning méd rong hé thong.

Quy md dir liéu thu thap thuc té con tuong ddi han ché; can mo rong thu
nghiém trén nhiéu loai phuong tién, diéu kién thoi tiét va dia hinh khac nhau.
Can bo sung danh gia kha nang trién khai thuc té ngoai méi trudng giao thong
thue va tinh 6n dinh cta hé thong theo thoi gian.

Chura ¢ phén so sanh truc tiép véi cac hé thong thuong mai hodc cac nghién

ctru hién dai sit dung camera/LiDAR.

Phan Két luan

Can tong hop 16 hon cac dong gép mai ndi bat cia ludn an dudi dang dinh
luong.
Phan huéng nghién ctru tiép theo nén cu thé hon, vi du tich hop da cam bién,

hoc sau nhe cho Edge Al hoac két hop dir li€u hinh anh va cam bién quan tinh.

Hinh thire trinh bay

Mot s6 bang biéu va hinh v& con day didc thong tin, can tinh gon va chuan hoa
cach trinh bay.
Can ra soat lai 16i chinh ta, cach viét thuat ngit tiéng Anh va cach trich dan tai

liéu tham khao dé bao dam tinh thong nhat hoc thuat.



5. Panh gia ve sy trung 1ap cia luian an so véi cac do an, luan van hay cong
trinh khoa hgc da cong bo trong va ngoai nuwéc

Theo hiéu biét cia ngudi nhan xét, két qua cua luan 4n khong tring lip véi cac
luan an, luan vin hay céng trinh khoa hoc da cong bd trong va ngoai nudc. Mic du
vay, tic gia cAn ra soat va 1am rd hon ranh gi6i giita cac ndi dung di cong bd va cac
dong gop méi cta ludn an, dic biét trong Chuong 2 va Chuong 3, nham nhan manh
rd phan phat trién méi so v6i cac bai bao di cong bd trude do.

6. Nhan xét vé chit lwong cac bai bao khoa hoc da dwoc cong b va khing dinh
cac bai bao @6 chira dung ndi dung chii yéu ciia luin 4n

Nghién ctru sinh d& cong bd mot s6 bai bao khoa hoc lién quan tryc tiép dén
ndi dung luan an trén cac tap chi va hoi nghi khoa hoc c6 uy tin trong nude va quoc
té. Pang chl ¥, luan an c6 bai bao dang trén tap chi Results in Engineering thudc
danh muc Scopus Q1 cua Elsevier vé phuong phap trich chon dic trung lai cho bai
toan phan loai mit dudng thoi gian thyc trén phan ctng cu hinh thap. Ngoai ra,
nghién ciru sinh con c6 bai bao hoi nghi qudc té thudc Springer Lecture Notes in
Civil Engineering (Scopus) vé ing dung mo hinh LSTM trong nhan dang miat duong.

Cac bai bao cong bd c6 nodi dung phu hop véi hudng nghién ciru ctia ludn an,
phan anh céc két qua chinh nhu:

« phan loai mat dudng sir dung dit liéu cam bién quan tinh;

« trich xuét va lya chon dic trung;

o Ung dung md hinh hoc may/hoc sau;

« x4y dung hé thong giam sat mat duong thoi gian thuc trén thiét bi chi phi thap.

Bén canh d6, nghién ciru sinh ciing tham gia cong bd giai phap hitu ich lién
quan dén hé thong giam sat va danh gia trang thai mat duong, cho thay kha ning tmg
dung va trién khai thyc té cua két qua nghién ctru.

Nhin chung, cac bai bao khoa hoc da cong b co chat lwong tét, phit hop chuyén
nganh dao tao va co ban chira dung cac ndi dung nghién ciru chi yéu cua luén an.
Céc cong bd thé hién nghién ctru sinh c6 kha nang nghién ctru doc 1ap, tiép can duoc
chuan cong bd qudc té va dap tng yéu cau ddi véi luan an tién si chuyén nganh Ky
thuat Piéu khién va Tu dong hoa.
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7. Tinh trung thwe trong viéc trich din cac cong trinh da dwge NCS cong b6
trong va ngoai nudc, tai ligu tham khio

Céc két qua nghién ciru ctia ludn an da duogc trich dan trung thyc trong cc cong
trinh cong bo. Trich dan tai li¢u tham khao duoc thyc hién mot cach rd rang, day dua
va cip nhat.

8. Két lun
e Ludn 4n dap Umg y€u ciu cia mot ludn an tién si vé noi dung, phuong
phép va dong gbp khoa hoc
e Ban tém tit luin 4n phan dnh trung thyc ndi dung chinh ctia luén an
e Ludnandu didu kién dé dua ra bao vé cap Hoc vién va dé nghi xem xét
cap hoc vi Tién si cho nghién ctru sinh.

Ha noi, ngay0¥ thdng é nam 2026

Ngwoi nhan xét

PGS. TS. Nguyén Hiru Phat
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1. Y nghia khoa hoc va thuec tién ciia dé tai luin an

Pé tai gop phan nghién ctru va phat trién phuong phap nhan dang trang thai mat
duong giao thong dua trén dir liéu tir cam bién quan tinh (IMU) két hop vé6i cac mod
hinh hoc may hién dai. Nghién ctru c6 y nghia trong viéc khai thac tin hiéu rung
dong va gia toc dé trich xuat dic trung phan anh chit luong mit dudng, tir d6 xay
dung mé hinh phan loai ty dong véi d6 chinh xac cao. Dé tai ciing gop phan mo rong
huéng tng dung ctia hoc may va hé théng cam bién nhung trong linh vuc giao théng
thong minh va giam sat ha ting dudng bo.

Két qua nghién ctru c6 thé duoc tng dung trong cac hé thong giam sat va danh
gia chét lugng mit dudng véi chi phi thap, sir dung cac cam bién quan tinh phd bién

trén phuong tién giao thong hodc thiét bi di dong. Giai phap gitip phat hién sém cac
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doan duong xudng cap, hd trg cong tac bao tri, quan 1y ha tang giao thong va nang
cao an toan van hanh. Ngoai ra, dé tai con c6 tiém ning tng dung trong xe tu hanh,
hé théng giao théng théng minh (ITS) va cic nén tang IoT phuc vu d6 thi thong
minh.

2. Su hop ly va dg tin cay cia cac phwong phap nghién ciru

Phuong phéap nghién ctru dugc xay dung twong ddi hop 1y, két hop giita nghién
ctru 1y thuyét va nghién ctru thyc nghiém. Phan nghién ciru Iy thuyét thong qua viéc
téng hop, phén tich cac cong trinh lién quan gitup xac dinh rd cac han ché con ton tai
va dinh huéng dé xuit giai phap phu hop cho bai toan nhan dang mit dudng bing
cam bién quan tinh va hoc may.

Phén nghién ctru thye nghiém c6 do tin cay twong ddi tt do sir dung dong thoi
hai ngudn dit liéu gdm b dit liéu cong khai Passive Vehicular Sensors (PVS) trén
Kaggle va bo dit li¢u ty thu thép trong moéi truong Viét nam. Viéc st dung dir licu
cong khai giup tang tinh khach quan va kha nang d6i chiéu véi cac nghién ctru khéc,
trong khi dir liéu ty thu thip gitp danh gia kha ning tmg dung thuc té cia mé hinh
trong diéu kién van hanh cu thé.

Céc dir liéu duoc thu thap tir cam bién quan tinh gén trén phuong tién di chuyén
trén nhiéu loai mit duong khac nhau (dit, soi, mit duong phang) 1a phu hop véi muc
tiéu nghién ctru. Tuy nhién, d6 tin cdy cta két qua con phu thudc vao quy mo dir
li¢u, sy da dang cua diéu kién thu thap (té)c do xe, phuong tién, diéu kién moi truong),
cling nhu phuong phap dénh gia mé hinh va kiém chimg chéo dir liéu. Néu cac yéu
t6 nay dugc kiém soat va mé ta day du, phuong phap nghién ctru c6 thé dugce xem
1a ¢6 co s¢ khoa hoc va kha ning tmg dung thuc tién t6t.

3. Panh gia cac két qua dat dwoe, néu nhirng dong gép méi va gia tri cia cac
dong gop do:

Luan an da dat dugc hai két qua ndi bat ca vé mat phuong phap nghién ctru va

kha ning tng dung thyc tién.
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Tht nhat, ludn an dé xuét thuat toan trich chon dic trung lai két hop nhiéu mo
hinh hoc may gém Rung ngiu nhién, Gradient Boosting va XGBoost theo cic pha
loc va pha bao nham tinh giam dit liéu cam bién quan tinh. Phuong phéap nay gitp
giam s6 luong dic trung dau vao, giam khéi lugng tinh toan va thoi gian xir Iy nhung
van duy tri dugc do chinh x4ac ctia mé hinh nhan dang mit duong. Pay 1a dong gop
c¢6 ¥ nghia khoa hoc trong viéc nang cao hiéu qua xir 1y dit liéu cam bién cho cac hé
théng nhung va dién toan bién c6 tai nguyén han ché.

Thu hai, luan an da xay dung dugc bo dir li¢u thuc té tai Viét Nam bao gém dir
liéu vé céc loai mat duodng co chét lugng khac nhau va dir liéu vé ga trén mat
duong. BO dit lidu ndy co gia tri thuc tién cao do phan anh diéu kién giao thong thuc
té tai Viét Nam, gop phan bo sung ngudn dit liéu nghién ctru con han ché trong linh
vuc danh gia chat luong mit dudng bang cam bién quan tinh. Trén co sé d6, luan an
dé xuat quy trinh xur 1y dit liéu cam bién trén thiét bi dién toan bién str dung mé hinh
XGBoost dé phan tich va danh gia hién trang mit duong giao thong theo thoi gian
thire. Két qua nghién ctru cho thdy kha ning tmg dung trong cac hé thong giao théng
thong minh, hd trg gidm sat ha tang giao thong va canh bao an toan cho phuong tién.
4. Nhirng wu diém va thiéu sét, nhirng diém cin dwoc b sung va sira chira

Lu4n an duogc trinh bay véi bd cuc hop 1y, cdu trac 1 rang, dam bao tinh logic
giita cac chuong va ndi dung nghién ctru. Tac gia da thé hién kha ning tong hop tai
liéu va phan tich vin dé nghién ctru tuong dbi tot, lam rd duoc khoang tréng nghién
ctru ciing nhu dinh hudng tiép cin cua luan 4n.

Nghién ctru c¢6 su két hop chit ché giira co sé 1y thuyét va thuc nghiém. Cac
phuong phap hoc may va xir Iy dit liéu cam bién dugc lya chon phu hop vai bai toan
nhan dang chat luong mat duong giao thong. Phan thyc nghiém duoc trién khai cong
phu trén ca bd dir li¢u cong khai va bo dit li€u tu thu thap trong diéu kién thuc té tai
Viét Nam, gép phan nang cao tinh thuyét phuc va kha ning tng dung cua két qua

nghién ctru.
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Luan 4n c6 gid tri khoa hoc va thuc tién tbt, dic biét trong hudng ting dung cam
bién quan tinh va hoc may cho cac hé théng giao thong thong minh va dién toan
bién. Két qua nghién ctru di dugc cong bd thong qua 05 cong trinh khoa hoc, trong
do c6 04 cong trinh ma nghién ctru sinh 1a tac gia chinh, dang tai trén cac tap chi va
hoi nghi khoa hoc uy tin. Diéu nay cho thay két qua nghién ctru c6 tinh méi va da
duoc cong dong khoa hoc ghi nhan.

Ngoai ra, cach trinh bay ctia luan 4n nhin chung mach lac, 1ap luan logic, cac
két qua thuc nghiém dugce minh hoa va phan tich tuong d6i day du.

Bén canh cdc két qua dat duoc, lugn an van con mét sé diém can dwoc bo sung
va hoan thién thém.

Mot sd ndi dung trinh bay can duoc ra soat va chinh sira can than hon. Cu thé,
tai trang 4, ph?m “Muc ti€u cua luan an” c6 st dung cum “Thur nhat” nhung khong
c6 cac muc tiép theo nhu “Thir hai”, gdy thiéu nhit quan trong cach trinh bay. Cac
cong thue tir (1.3) dén (1.14) dugc lap lai tai Chuong 2 (tir cong thirc 2.2 dén 2.8)
va tiép tuc xuat hién & Chuong 3 (trang 97), cin xem xét tinh gian hodc dan chiéu
dé tranh trung ldp ndi dung.

Bang 2.8 nén dugc thiét ké lai dé thuan tién cho viéc theo ddi va so sanh. Co
thé can nhéc trinh bay theo dang cot 1a cac md hinh LSTM1-LSTM4 va cac hang thé
hién ciu trc theo tang.

Mot sb thudt ngir da duoc liét ké trong bang viét tat thi khong can thiét phai giai
thich lai ddy du trong phan noi dung, vi du nhu “Intelligent Transportation System
(ITS)” tai trang 14.

M5t s6 hinh anh con chua rd nét, nhu Hinh 1.4 va Hinh 1.6. Céc hinh vé& can
duoc sip xép va trinh bay lai nham dam bao kich thudc chir phu hop, hinh anh rd
rang va thé hién tdt noi dung nghién ctru, dac biét ddi véi cac hinh 1.8, 2.6,2.7,2.15
va 3.5. Ngoai ra, can xem xét lai cach st dung mot s6 thuat ngir trong cac hinh 2.5

va 3.8, chang han cum “chia ctra s6” hay “tach dir liéu huan luyén va dir li€u kiém
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tra”, cling nhu ra soat 15i dién dat tai trang 46 nhu cum “module GPS ghi nhan van
tde tai 1HZ”.

Hinh 2.1 nén duoc chuyén tir trang 48 vé trang 46 dé dam bao tinh lién tyc trong
theo ddi nodi dung, boi trang 46 dang mé ta vi tri dit cam bién nhung phai dén trang
48 moi xuat hién hinh minh hoa tuong tng.

Péi voi Bang 2.2, mic du da mo ta miu dit liéu, nhung can bd sung chi tiét cau
truc dir liéu (theo hang va cdt) twong tu nhu Hinh 3.2. Hién tai chua thé hién rd céac
truong dir liéu nhu van tbe, trong khi cong thuc (2.1) lai lién quan dén viéc loc
ngudng dya trén thong sd nay.

Lu4n 4n ciing can phan tich rd hon vai trd cua van tdc va vi tri GPS trong bai
toan nghién ctru. Noi dung nay da dugc dé cap tai trang 47 nhung con kha so lugc.
bic biét, trong Hinh 2.2 chua théy thé hién sy tham gia cua thong tin van tde va vi
tri GPS trong quy trinh xur 1y dir li¢u.

Pbi voi Chuong 3, trong Hinh 3.5, khéi “Cho két ndi GPS thanh cong” nén
dugc chuyén sang dang khéi diéu kién (hinh thoi) v6i cac nhanh du ra Yes/No dé
pht hop véi luu db thuat toan.

Bén canh d6, IMU MPU9250 thudng chiu anh huéng béi nhiéu, do d6 can lam
10 tac gid co st dung céc ky thuat loc nhu Kalman Filter hoac Complementary Filter
hay khong, thay vi dua truc tiép dir liéu RAW vao mé hinh hoc may.

Phin mo ta qué trinh thuc nghiém va tong hop dit liéu vao file CSV can dugc
trinh bay chi tiét hon, dic biét 1a co ché déng bd cac trudng théng tin nhu ID, Time,
Position, Speed va RS. Céan 1am rd dit liéu téc d6 duoc 1ay tir ngudn ndo, ciing nhur
co ché gan nhén RS trong diéu kién mit dudng thuc té vn c6 thé xuét hién cac yéu
t bat thuong nhu go giam tdc hodc 6 ga. Tac gia ciing nén giai thich liéu c6 co ché
loai bo hodc bo qua dir liéu bat thuong trong qua trinh thu thap hay khéng.

ESP32 dugc mo ta 1a MCU dung dé thu thap va luu dit liéu vao thé nhé. Tuy
nhién, tai trang 83 lai d& cap ESP32 giri dir liéu t6i may chu théng qua WiFi hoic
Bluetooth Low Energy, trong khi Hinh 3.3 chi thé hién viéc luu dit liéu cuc bo ra thé
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nhd ma chua thiy thanh phdn may chu. Noi dung ndy can dugc ra soat dé dam bao
tinh théng nhat gitta mé ta va kién trac hé thong.

Ngoai ra, tai trang 89, luan an néu tan s6 ldy mau la S0Hz nhung lai dé cap dén
150 mAu trong mot gidy, can kiém tra lai tinh chinh x4c ctia thong tin nay. Ciing tai
phan nay, can mo ta cu thé hon cach thirc thu thip cac thong tin nhu quing dudng,
tdc d6 va do cao.

Cubi cung, luan an chua lam ndi bat vai tro cta thiét bi bién (edge device). Hién
tai, ESP32 chu yéu dugc sir dung nhu mot vi diéu khién dé thu thap va luu dir liéu,
trong khi chua thay cac chiic nang xtr 1y tai bién nham thé hién diing ban chat cia
mot hé thong edge computing.

5. Panh gia vé su trung 1ip cia luin an so véi cac dd an, ludn vin hay cong
trinh khoa hoc di cong bd trong va ngoai nuéc

Theo hiéu biét va qua trinh tham khao ctia nguoi nhan xét, ndi dung va két qua
nghién ctru ctia luan an khong trung 1ap vo1 cac luan an, luan van hay cac cong trinh
khoa hoc di duoc cong bd trong va ngoai nude. Luan an c6 hudng tiép can riéng,
két hop giira nghién ctru 1y thuyét va trién khai thuc nghiém, dong thoi thé hién duoc
nhimg dong gop nhit dinh vé mit phuong phap va tng dung trong linh vuc nghién
cuu.

6. Nhén xét vé chit lwgng cac bai biao khoa hoc di dwoc cong bo va khiang dinh
cac bai bao dé chira dung ndi dung chii yéu ciia luéin an

Nghién ctru sinh d3 cong bd 05 cong trinh khoa hoc lién quan truc tiép dén noi
dung nghién ctru ctia luén an, trong do c6 04 cong trinh véi vai tro tac gid chinh. Cac
cong trinh dugc dang tai tai cac tap chi va hoi nghi khoa hoc c6 uy tin, phan anh chét
luong nghién clru va tinh hoc thuat caa luan an.

Céc bai bao da cong bd thé hién rd cac nodi dung ¢t 161 cua luén 4n, bao gém
co s& Iy thuyét, phuwong phap nghién ctru, xay dung hé thong thuc nghiém, xir 1y va

phan tich dit liéu, cling nhu danh gia két qua dat duge. Noi dung cac cong trinh co
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su lién két chat ch& véi cac chuong cua lusn 4n va thé hién duoc qua trinh nghién
ctru nghiém tuc, ¢6 tinh hé théng.

Bén canh d6, cac két qua thuc nghiém duoc trinh bay cong phu, c6 y nghia thuc
tién va gép phan lam 5 cac dong gép khoa hoc cta luan 4n. Vi véy, c6 thé khang
dinh rang céac bai bao khoa hoc da cong bd chira dung nhimg nodi dung chu yéu va
cac két qua chinh cta luén én.

7. Tinh trung thwe trong viéc trich din cac céng trinh da dwge NCS cong bbd
trong va ngoai nwdc, tai liéu tham khao

Theo nhan xét cia ngudi phan bién, cac két qua nghién ctru dugc trinh bay trong
luéin 4n da duogc trich dan théng nhét va trung thuc trong céc cong trinh khoa hoc
lién quan cua nghién ctru sinh. Céc tai liéu tham khao duge sir dung tuong déi phu
hop v6i hudng nghién ciru, duge trinh bay 16 rang, day du va c6 cap nhat cdc cong
trinh trong va ngoai nuée lién quan dén linh vire nghién ctru.

Viéc trich dan va st dung tai liéu tham khao co ban tuan thu quy chudn khoa
hoc, gop phan 1am 15 co sé Iy thuyét, phuong phép nghién ciru ciing nhu cac két qua
dat duogc cia ludn an.

8. Két luan

- Luén 4n dap g duqc cac yéu cau vé ndi dung va hinh thirc déi véi mét ludn

an tién s, nganh K§ thuat diéu khién va tu dong hoa.

- D@)ng y cho NCS dugc bao vé tai Hoi déng chdm lu4n 4n cép Hoc vién.

Ha néi, ngay Ogthdngé nam 2026

Nguwdi nhan xét

C
TS. Nguyén Ping Khoa
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1. Y nghia khoa hoc va thye tién ciia dé tai ludn 4n

Hé thong giao thong thong minh (Intelligent Transfortation System-ITS) dd va
dang phat trlen/u'ng dung rdng rai nhim néng cao nang luc gidm sat, danh gia, quan ly
va van hanh hé théng giao thong an toan, hiéu qua va thén thién v6i méi truong hon.

Luén an t4p trung vao vén dé cai thién hiéu ning phat hién, phén loai mit duong
sr dung cam bién quan tinh va thuit toan hoc may dap Ung thoi gian thyc trén thiét bi
nhung c6 tai nguyén tinh toan han ché nham trién khai trén dién rong.

Day la nhimg nghién ciru ¢4 y nghia khoa hoc va kha néng (mg dung thuc tién cao
trong bai toan giam sat mat duong, mot phan khé quan trong trong hé thong ITS khi ma
t6¢ do do thi hoa gia ting nhanh chéng va hé thdng giao thong ngdy cang phat trién.

2. Su hogp ly va dj tin cdy cia cac phwong phap nghién ciru

Phuong phép nghién ctu cia lugn 4n 1a nghiéu cau ly thuyét két hop véi thuc
nghiém va danh gia két qua trén 02 b dir lifu: b§ dir ligu cong khai PVS (Passive
Vehicle Sensor) va b dir liéu ty thu thap thuc té tai Viét Nam. Céc phuong phap da sur
dung dé nghién ctru ¢ tinh logic, hop ly va kha tin cay.

3. Panh gia cac két qua dat dugc, néu nhirng déng gop mai va gia tri cia cac dong
gop do:

Két qua nghién ciru méi cia tac gia nhu sau:

+ Dé xuat thuat toan trich chon dac trung lai két hop hoc may gidp tinh giam dr ligu

cam bién, giam khdi lugng tinh toan va thoi gian xir ly cho h¢ thong phan loai mat duong
str dung cam bién quan tinh.



+ D& xuat quy trinh xlir ly dit li¢u cam bién trén thiét bj dién toan bién sir dung mé hinh
hoc may XGBoost d¢ phén tich va danh gia hi¢n trang mit duong giao thong theo thoi
gian thure.

Ludn an cing da trinh bay cac két qua ddl duge, kiém chang trén cac bo dir liéu cong
khai PVS va bo dit liéu tr thu thp thye té tai Viét Nam sir dung thiét bi dién toan bién.

Day 1a nhimg déng gdp mdi va gid tri cho bai toan giam sat mat duong giao thong
4. Nhirng wu diém va thicu sot, nhiing diém cén dwgc bé sung va stra chira
[ uan an chia lam 03 chuong va Phu lyc, trong do:
Chirong 1: Téng quan bai toan phan loai mit duong (35 trang).
Chiwong 2: Thudt toan trich chon dac trung lai két hop hoc may (34 trang).
Chwong 3: Xay dung thiét bi giam sat mit duong (28 trang).
Phu luc (28 trang): ma nguE“)n nhing grén thiét bi thu thap dit liéu, ma nguén chay
thir nghiém md hinh hoc may, ma ngudn chay thir nghiém m6 hinh hoc sau.
Cac dong gop chinh cia ludn én trinh bay & Chuong 2, 3.
Nhin chung luan an 14 cdng trinh khoa hoc nghiém tuc, ¢6 y nghia khoa hoc va thuc
tién phuc vu viéc gidm sat mit dudng giao thong. Cac dong gop cua luan an dugc cong

bo trong céc tap chi/ky yéu hoi thao chuyén nganh c6 uy tin. Tém tat ludn an phan anh
day du. trung thuc cac két qua nghién ctru cua luén an.

+ Bb cuc, ndi dung lusn 4n vé& co ban hop 1y, logic. Muc tiéu, déi twong, pham vi
nghién ciru kha rd rang.

+ Lu4n an it 18i danh may.
Tuy nhién luin 4n cén chinh stra cac muc nhé nhu sau:

- Trong phan Muc luc, cin bd sung muc Phuy luc.

- Trong phr;‘m “Bé cuc luan 4n”, nén bd sung dé cép taoi phz“m Phu luc.

- BO6 sung tén Hinh cho mot s6 Hinh & trang 84, 85.

- Hinh 2.4b va tén Hinh dang & hai trang khac nhau = > nén chinh vé cung 1 trang.

- Tén Bang 2.15, 3.4, 3.5, tén Hinh 3.5 => dang in nghiéng cho ddng bd véi form
tén Bang/tén Hinh trong luén an.

- Bo6 dir liéu v@ vi tri cac 6 ga hién mo ta kha so sai => néu c6 thé thi nén bd sung
thém thong tin minh hga cu thé hon, vi dy nhu dir li¢u cua cam bién quan tinh
nhu thé nao tai mét vai vij tri c6/khong c6 0 ga.

5. Panh gia vé sy trung 13p cia lu@n 4n so véi cac dd an, lu@n viin hay cong trinh
khoa hoc da cong bd trong va ngoai nuéc

Hi¢n chua thay sy trung 1ap cua dé tai nghién ctru so véi cac cong trinh, ludn an da
cong bod ¢ trong va ngoai nudc.

6. Nhan xét vé chat lugng cac bai bio khoa hoc da dwgc cong bd va khing dinh cac
bai bao d6 chira dyng ndi dung chii yéu ciia lugn én



4 Nghién cuu sinh 6 05 con% trinh khoa hoc ¢6 lién quan dén luan an, trong d6 ndi
batla 0l Bing doc quycn GPHI 50 4541 cép ngay 30 thang 10 ndm 2025 cta Cuyc SHTT,

02 cong trinh cong bo trén tap chi SCOPUS, 01 cong trinh cong b & hoi nghi quic té,
01 cOng trinh cOng b6 & tap chi trong nude.

+ S8 lugng cong trinh kha 18t va cht lugng, cic cong trinh cong bd & tap chi/hoi
nghi chuyén nganh ¢6 uy tin.

7. Tinh trung thyc trong viée trich diin cic cong trinh da dwgc NCS cong bo trong
va ngoai nworc, tai li¢u tham khdo

Céc két qua nghién ciru cua lugn an da dugc trich dan trung thuc trong cac cong
trinh cong bd.

S luong tai lidu tham khao trong luén an 1 107. Trich dan tai liéu tham khao duoc
thue hién mot cach rd rang, day du va cép nhat.
8. Két luan

- Luan 4n dap img dugc cac yéu ciu vé ndi dung va hinh thire d6i voi mét luan an
tién si. nganh K¥ thuat didu khién va tw dong hoéa.

-Ddng v cho NCS dugc bao vé tai Hoi dong chdm luan an cp Hoc vién.

Ha néi, ngay 26 thang 05 nam 2026

Ngudi nhan xét

AL

Bui Thi Thanh Quyén



CONG HOA XA HQI CHU NGHIA VIET NAM
Doc lap - Ty do - Hanh phiic

BAN NHAN XET LUAN AN TIEN Si
(Cép Hoc vién)

Tén nghién ciru sinh: Ngo Vian Cong

Pé tai: Nghién ciru gidi phdp nhén dang mit dudng giao thong sir dung cam bién quén

tinh va mé hinh hoc may

Nganh: K¥ thuit diéu khién va tw dong héa

Ma s6:9520216 -

Nguwoi huwéng din:

Ngudi huéng din 1: GS.TS. Tran Dic Tan

Ngudi huéng dan 2: TS. Tran Pirc Nghia

Nguwdi nhin xét/Phan bién: PGS.TS. Trinh Lwong Mién

Co quan cong tic clia ngudi nhin xét: Khoa Pién-Dién tu, Truomg PH GTVT
NOI DUNG NHAN XET

1.Y nghia khoa hoc va thue tién cia dé tai luin an

Luan an nghién ciru bai toan phén loai, danh gia tinh trang mat duodng sur dung
cam bién quan tinh, tin hiéu GPS va céc mé hinh hoc méy, huéng t6i trién khai trén
thiét bi phan cimg chi phi thp va dép tmg thoi gian thuc. Pay la huéng nghién ctru
¢0 y nghia khoa hoc va thyc tién rd rét trong bdi canh phat trién hé théng giao thong
thdng minh, quan ly ha ting giao thong sb, bao tri du bdo va hd trg ra quyét dinh
trong cOng tac duy tu duong bo.

Vé y nghia khoa hoc, luan 4n g6p phan 1am rd kha ning khai thac dit liéu rung
dong tir cdm bién quan tinh d& nhan dang dic trung mit duong, ddng thoi dé xuét
phuong phép trich chon dic trung nham giam chiéu dir liéu, giam chi phi tinh toan
nhung van duy tri d6 chinh x4c phan loai. Viéc két hop xit ly tin hiéu, lya chon dic
trung va hoc may 1a phu hop véi xu huéng nghién ciru hién dai trong didu khiénzs%_
dong hoéa, IoT bién va giao thong théng minh.



Vé y nghia thuc tién, dé tai c6 kha néng tng dung trong céac hé théng gidm sat
mit duong quy md lon véi chi phi thdp. Viéc xay dung thiét bi thu thap dit licu gin
trén phuong tién, két hgp cam bién quan tinh va GPS, ¢6 thé hd tro co quan quéan ly
giao thong phat hién sém cac doan dudng xubng cAp, lap ban dd tinh trang mat

duong, t8i wu ké hoach béo tri va nang cao an toan giao thong.
2. Sy hop ly va dg tin ciy ciia cac phwong phap nghién ciru

Phuong phap nghién ciru cua luan 4n 1a nghiéu ctru 1y thuyét, thao lugn khoa
hoc, thuc nghiém va danh gia két qua trén cac bd dit liéu mau 1a hop 1y, bao dam

tinh khoa hoc va dg tin cay.

3. Panh gia cac két qua dat dwgre, néu nhitng déng gop mai va gia tri cia cac
dong gop do:

Lu4n an c6 hai déng gop chinh:

+ P& xuét thuat toan trich chon dac trung lai két hop hoc may giup tinh giam dir
liéu cam bién, giam khdi lugng tinh todn va thoi gian xu ly. Két qua cho thay viéc
lya chon tap déc trung tdi wu giup giam s lugng déc trung dAu vao, rut ngan thoi
gian hudn luyén va cai thién hoac duy tri d chinh xac phan loai. Pay 1a dong gop
c6 gid tri trong bdi canh cac hé thong loT giao thong can xtr ly nhanh, tiét kiém tai

nguyen va c6 kha ning trién khai thuc té.

+ P2 xuét hé théng, quy trinh xur Iy dir liéu cam bién trén thiét bi dién toan bién
sir dung md hinh hoc may XGBoost dé phan tich va danh gia tinh trang mat dudng
giao thong theo thot glan thuc. Thu thap b dir lidu chét luong mat dudng thuc té &
Viét Nam: b dit licu vé ba loai mat duong chéit luong kém, chit luong trung binh,
chét lugng khé; bo dir liu v& céc b ga trén mat dudng co chét lugng trung binh.

4. Nhirng wu diém va thiéu sét, nhimg diém cin dwgc bd sung va sira chira
Luén an can b sung, chinh stra mot s6 ndi dung sau:

_ Ra soét hinh thirc trinh bay, thudt ngl, bang biéu, chu thich hinh, cach danh
s6 hinh/bang va chuin hoa tiéng Anh chuyén nganh. Mot s6 phan nén dugc viét co
dong hon 44 1am ndi bat dong gop thay vi mo ta dai cac kién thirc nén.

_ Viét r& hon tinh méi cua thuat toan trich chon dic trung lai so véi cac phuong

phap filter-wrapper da cong bd, chi ra thanh phan cai tién riéng ctia nghién ciu sinh.



- Bd sung phan tich d§ nhay cia mé6 hinh do6i vdi toc do xe, loai xe, vi tri lap

cam bién, tai trong, ap suat 16p va di€u kién mét dudng am/khd.

- M6 ta chat ch& quy trinh gan nhan dit liéu thuc dia; cin rd tiéu chi k¥ thuat
phén loai “mét dudng kha”, “trung binh”, “kém” ...

- R4 so4t tinh nhét quén ciia toan b trich din, dic biét 1a cac trich dan lién quan
dén tiéu chuan PCI, IRI, cé4c bo dir liéu cong khai va cac phuong phap trich chon dic
trung; dam bao céc hinh anh, bang biéu, bo dir liéu va thuét toan ké thira déu duoc
dan ngudn day du, chinh xac va théng nhét theo quy dinh cuia co sé dio tao.

5. Panh gia vé sy trung lidp cia luin 4n so véi cac do 4n, ludn van hay cong

trinh khoa hoc da cong bo trong va ngoai nwée

Tai thoi di€ém nhan xét, két qua cta ludn an khong trung 1ap véi céc luén an,

ludn van hay cong trinh khoa hoc da cong b trong va ngoai nudc.

6. Nhan xét vé chét lwgng cac bai bao khoa hoc da dwoc cong bd va khing dinh
cic bai bdo d6 chiva dwng ndi dung chii yéu cia ludn an

Danh muc c6ng trinh cong b cho thdy NCS d c¢6 cac cong bb lién quan truc
tiép dén ndi dung luan é&n, bao gém 02 bai bao Scopus, trong d6 cé mdt bai Q1, 01
bai bdo hoi nghi qubc t& Scopus, 01 bai tap chi HDCDGSNN va 01 bang doc quyén
giai phap hiru ich lién quan dén hé thdng va phuong phap phét hién, danh gié trang
thai miit dudng str dung cam bién quén tinh va GNSS gén trén xe.

Chét lugng cong bd nhin chung dép tmg yéu cau ddi voi mot luan an tién si
nganh k§ thuét diéu khién va tu dong héa (mg dung trong giao thong. Viéc c6 cong
b6 Scopus Q1 va bing doc quyén gidi phép hitu ich 1a diém manh, thé hién két qua
nghién ctru ¢6 ca gia tri khoa hoc va gia tri itng dung.

7. Tinh trung thwe trong viéc trich din cic cong trinh da dwgc NCS cong b
trong va ngoai nwdc, tai li€éu tham khao

Céc két qua nghién ciru ciia luén 4n da dugc trich dan trung thuc trong céc cong
trinh cong bd. Trich dén tai liéu tham khao duogc thuc hién mot cach rd rang va dép

{mg du.



8. Két luin

- Luén 4n dap ing dugc cac yéu cau vé€ ndi dung va hinh thirc d6i véi mot ludn
an tién si, nganh K§ thuét di€u khién va tu dong hoa.

- Déng y cho NCS dugc béo vé tai Hoi ddng chim luan 4n cip Hoc vién.

Hangi, ngay 02 thdang 06 ndm 2026

PGS.TS. Trinh Lwong Mién
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Ma s6: 95202 16
Ngudi hwéng dan:
Ngudi huéng din 1: GS.TS. Tran Pic Tan
Ngudi huéng din 2: TS. Tran Dirc Nghia
Ngudi nhin xét: PGS. TS. Pham Ngoc Thiing
Co quan céng tic ciia ngudi nhin xét: Truong Pai hoc Su pham ky thuat Hung
Yén
NOI DUNG NHAN XET
1. Y nghia khoa hoc va thue tién ciia d8 tai luin 4n
D¢ tai nghién ciru giai phdp nhan dang mit dudng giao thong st dung cim

bién quén tinh va ng dung hoc may nham phat hién tinh trang dé khuyén nghi giai
phép khic phuc phit hop 14 mot bai toan quan trong trong Hé théng giao thong thong
minh. Céc dé xuét phu hop v6i diéu kién thuc tién ciia Viét nam hién nay va céc
qubc gia/ving 1anh thd c6 diéu kién tuong tu. DE tai ludn 4n c6 tinh khoa hoc va
thuec tién. .
2. Sw hgp ly va dg tin cay ciia cac phwong phap nghién ciu

Phuong phép nghién ciru ciia ludn 4n 13 nghidu ctru Iy thuyét, thao luan khoa
hoc, thuc nghiém va danh gia két qué trén cac bd dit 1iéu miu 13 hop 1y, bao dam

tinh khoa hoc va d9 tin cay. -/P/
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3. Danh gis che két qui dat duwge, néu nhitng déng gop mai v gia tri cia cac
dong gop dé:

Ludn an c6 hai dong g6p chinh:

v D& xuit thudt toéan trich chon déc trung lai két hop hoe may gidip tinh giam
dit lidu cam bién, giam khdi lugng tinh toan va thoi gian xir 1y.
v" Thu thap hai bd dit lidu thyce té & Viét Nam: B dit liéu vé ba logi mit duong
6 chat lwong kém, chat lugng trung binh, chit lugng kha va B dir liéu vé
cac O ga trén mat dudng cé chat lugng trung binh. D& xuét quy trinh xtr ly dir
liéu cam bién trén thiét bi dién ton bién sir dung md hinh hoc may XGBoost
dé phan tich va danh gid hién trang mdt duong giao thong theo thoi gian thyec.
4. Nhirng uu diém va thiéu sot, nhirng diém cin duge bé sung va swa chira
Uu diém: Vén dé nghién ctru clia ludn 4n nghién ciru 14 cén thiét, cach dat van
dé va giai quyét van dé 1 hop 1y, 16 rang, bd cuc hop 1y.
Can chinh sira:
- Con 13i chinh t3;

- M6t s6 so do, hinh v& c6 kich thudce chua can doi;

5. Danh gia ve sy trung lip clia ludn 4n so véi cac d0 4n, ludn vin hay cong
trinh khoa hoc da cong bo trong va ngoai nuée

Theo hiéu biét ciia ngudi nhén xét, két qua cia luan an khong trung 13p véi cac
luén an, luan vin hay cong trinh khoa hoc da cong bo trong va ngoai nudc.
6. Nhin xét vé chit lwgng cdc bai bao khoa hoc @ dwgc cong bd va khiing dinh
cac bai biao do6 chira dung ndi dung chii yéu ctia ludn an
Téc gia va cac cong sy da xay dyng va cong bo duge 4 bai bao/bao céo khoa
hoc trén céac Tap chi/Hoi nghi khoa hoc c6 uy tin va 1 bang ddc quyén giai phap hiru
ich. N§i dung céc cong trinh da phan anh cac ndi dung chi yéu cua luén an.

7. Tinh trung thye trong viéc trich din cic cong trinh da dwge NCS cdng bd
trong va ngoai nwdc, tai liéu tham khio /;p/
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Cac két qua nghién ciru cua ludn dn da duge trich dan trung thye trong céc}cfmg
trinh cong b, Trich dan tai liéu tham khao duge thue hién mt cach rd rang, day du
va cap nhat.

8. Két lugn

- Lun dn dap tmg duge cdc yéu ciu vé ni dung va hinh thire doi véi mot ludn
an tién si, nganh Ky thuat dicu khién va ty dong hoa.

- Péng ¥ cho NCS duge bao v¢ tai Hoi ddng chim lun an cap Hoc vién.

Ha néi, ngay 18 thdang 5 nam 2026

Ngudi nhin xét

Pham Ngoc Thing
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VIEN HAN LAM PANG CONG SAN VIET NAM
KHOA HOC VA CONG NGHE VN
HOC VIEN KHOA HQC VA CONGNGHE

"

Ha Néi, ngay 02 thang 07 nam 2026

BIEN BAN CUA
HOI PONG PANH GIA LUAN AN TIEN SI CAP HQC VIEN

Cén ctr quyét dinh sé 32/QD-HVKHCN ngay 28 thing 04 nim 2026 cla
Giam dbc Hoc vién Khoa hoc va Cong nghé vé viée thanh 1ap Hoi dong déanh gia
luén 4n tién st cdp Hoc vién, Hoi ddng da hop vao hdi 9 gitr ngay 02 thang 07 ndm
2026 tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc va Cong
nghé Viét Nam, s6 18 dudmg Hoang Quéc Viét, phudng Nghia Do, thanh phé Ha
Noi d8 danh gi luan 4n tién si.

Ho va tén NCS: Ngdb Van Cong

Tén d@ tai luan 4n: “Nghién ctru gidi phap nhén dang mat duong giao thong
st dung cam bién quéan tinh va md hinh hoc may”

Nganh: Ky thuat diéu khién va ty dong hoa Mi sb: 95202 16

Ngudi huéng din 1:  GS. TS. Tran Buc Tan

Ngudi huéng ddn 2:  TS. Trn Dirc Nghia

THAM DU BUOI BAO VE GOM CO

- Dai dién co s& dao tao:

1. PGS.TS. Hoang Anth Son — Giam dbc Hoc vién KH&CN.

- Pai dién Vién Coéng nghé thdéng tin/Khoa Cong nghé thong tin va Vién
thong:

1. PGS.TS. Nguyén Long Giang, Ph6 Vién truong Vién CNTT, Phé trudng
khoa.

- Dai dién co quan chu quan:

- Thanh vién Hoi ddng c6 mit: 7/7 thanh vién
1. PGS.TS. Nguyén Long Giang, Chii tich Hoi dong
2. PGS.TS. Nguyén Canh Minh, Phéan bién 1



PGS.TS. Nguyén Hitu Phat, Phan bién 2

TS. Nguyén Ding Khoa, Phéan bién 3

TS. Bui Thi Thanh Quyén, UV, Thu ky Hoi dong
PGS.TS. Trinh Luong Mién, Uy vién

7. PGS.TS. Pham Ngoc Thing, Uy vién

SR =

- Thanh vién Hoi déng véng mit: 0
- Dai dién tap thé cén bo hudng dan:
1. GS. TS. Tréan Puc Tan
2. TS. Tran Pirc Nghia

- Cung tham dyu budi bao vé con ¢ nhi€u cén bo nghién ciru khoa hoc trong va
ngoai Hoc vién.

TIEN TRINH BUOI BAO VE

1. Bai dién co sé dao tao, ¢6 Pham Thi Nhu Quynh, tuyén bd 1y do, gi¢i thiéu
dai biéu va doc quyét dinh s 32/QD-HVKHCN ngay 28 thang 04 nam 2026
ctia Gidgm dbéc HVKHCN vé viéc thanh 1ap Hai d@)ng danh gia luin an tién si
cép Hoc vién cho NCS Ngb Vin Cong va d& nghi Chu tich Hoi ddng diéu
khién phién hop.

2. Chu tich Hoi ddng, PGS.TS. Nguyén Long Giang, cong bé danh sich thanh
vién c6 mat 1a 07, théng qua chuong trinh budi bao vé, dé nghi Thu ky thong
béo céac didu kién chudn bi cho bubdi bao vé va doc 1y lich khoa hoc ctia NCS.

3. Thw ky Hoi dong, TS. Bui Thi Thanh Quyén théng bio céc diéu kién cho
budi béo vé :

- Doc ly lich khoa hoc cia NCS Ngd Van Cong.
- D4 nhéin du 07 nhan xét cia cac phan bién va cac thanh vién HD.
- Lich bao vé ctia NCS di dugc déng trén Céng thong tin dién tir Hoc vién
Khoa hoc va Cong nghé ngay 08 thang 06 nam 2026.
- Céc gidy to can thiét khac.
NCS Ngb Van Cong cd da céc didu kién v& thu tuc dé bao vé ludn 4n trude

Hoi dong dénh gi4 luén an cip Hoc vién.

4. Céc thanh vién hoi dong va nhing ngudi tham du théng qua vé 1y lich khoa
hoc va qué trinh dao tao ctia nghién ctru sinh.



5. Nghién ctru sinh Ngd Vin Cong trinh bdy ndi dung luin én trong 30 phut
trude Hoi ddng. Béo cédo ciia NCS bao gdm céc ndi dung chinh nhu sau:

Giéi thiéu bai todn giam sat, phan loai mét dudng.
o Bai todn phan loai mat dudong
o Céc phuong phap tiép can

o Doéng gop cia ludn an.

Phan loai mit duong st dung md hinh hoc sdu LSTM

Hé théng phén loai mit dudng sir dung hoc may
o BO ditliéu
o Tién xu ly dir lidu
. o Dic trung théng ké mién thoi gian
o Thuit toan trich chon dic trung lai
o Két qua thir nghiém va danh gia
e D& xuit mo hinh hé théng gidm sat mit duong
o Xay dung thiét b phén cting
o Maoi truong thi nghi€ém
o Trich xuit dic trung
o Thyc nghiém
o K&t luan va kién nghi
e Danh muc cbng trinh cong bd.
6. Cac phan bién doc ban nhan xét va dat cau hoi danh gia luin an cia NCS.
Ng6 Vin Cong
1) Phin b,ién 1, PGS.TS. Nguyén Canh Minh, doc nhan xét danh gié luan
an va két luan (c6 van ban kém theo).
- Luan 4n c6 tinh cép thiét cao, ¢6 y nghia khoa hoc va thyc tién.
- Céackét qua nghiér} ciru cﬁa}uan an d3 duge trich din trung thuc trong cic
cong trinl‘1 cdng bo. Trich dan tai liéu tham khao dugc thuc hién mdt cach
10 rang day du.
- Luén 4n c6 02 dong gop chinh.
+ D& xut thust toér} trich ch(_)n' dac trung lai két hop hoc may gitp tinh
giam dit liéu cam bién, giam kho6i lrgng tinh toan va thoi gian xtr ly.



+ D& xuét quy trinh xtt ly dir liéu cam bién trén thiét bi dién toan bién, sir
dung md hinh hoc may XGBoost dé phén tich va dénh gia hin trang mat
duong giao thong theo thoi gian thyc.

Uu/nhugce diém:

+ Uu dlem Luén 4n gdm 3 chuong, c6 két cdu hop ly. Noi dung luén én
da 1am ndi bat dugc cac két qua nghlen ctru trong luén an va duogc bb cuc
trong 3 phéan. Cac chuorng c6 sy lién két logic chit ch& va phan dnh day du
cac két qua da cong bd trong [CT1]-[CT5]

+ Mot sb ¥ kién chinh sira bd sung luan an

©)

Ra so4t va chudn héa viée st dung céc thuét ngir chuyén nganh
tiéng Anh nhim dam bao tinh thdng nhét trong toan bd luan 4n.

B6 sung danh myc céc ky hiéu toan hoc
Sép xép muc Tai liéu tham khéo theo quy dinh

Kiém tra, chudn hoa dinh dang bang biéu, hinh v&, chu thich hinh
va cach din ngudn tai lidu theo ding quy dinh trinh by luén an.

B6 sung md ta chi tiét hon vé bd dir liéu thuc nghiém tai Viét Narn
(quy mo, diéu kién thu thap, phu:orng phéap gan nhan) va mot sb chi
s6 danh g1a hi€u néng trén thiét bi dién toan bién dé tang tinh thuyét
phuc ctua két qua nghién ctru.

Trong phan tong quan, nén lam r& hon khoang tréng nghién ciru va
tinh mé&i ctia luan 4n thong qua bang so sanh cic cong trinh lién
quan.

Dinh hucmg nghién curu tiép theo c6 thé mé rong theo huong tich
hop da nguon dit liéu cam bién, tmg dung cac mé hinh Al t61 wu
cho thiét bi bién, mé rong nhén dang cac dang hu hong mét duong
va nghién ctru dy bdo muc dd xuong cAp cia mit dudong nhim nang
cao gia tri itng dung thyuc ti&n cua két qua nghién ciru.

Nhin chung, cdc ndi dung chinh sira chu yéu mang tinh hoan thién va
nang cao chét lwgng trinh bay, khong anh hudng dén c4c két qua khoa
hoc chinh cta luén an.

Cdu héi trao doi:

1) Thudt todn Phuong phdp trich chon ddc trung lai (HFS) dé xudt c6

wu diém gi so véi cdc phuong phdp lea chon ddc trung hién cé va
mikc d6 cdi thién hiéu nang dat dwoc nhie thé nao?



2) Quy trinh xur Iy trén thiét bi dién todn bién ddp vmg yéu cau thoi
gian thuc ra sao va hiéu ndng trién khai thyc té da dwoc danh gid
nhue thé ndo?

2) Phan bién 2, PGS. TS Nguyén Hiru Phat, doc nhan xét danh gia luén an
va két luan (c6 vin ban kém theo)

- Phuong phép nghién clru cia ludn 4n 1a nghién ciu ly thuyét, thao luan
khoa hoc, thuc nghiém va dénh gia két qua trén cac bd dit lidu mAu 13 hop
1y, bao dam tinh khoa hoc va d tin cdy.

- Luén 4n c6 02 déng goép chinh:

v D& xuét thuat todn trich chon dic trung lai két hop hoc may giup tinh
gidm dir liéu cam bién, giam khdi lugng tinh toan va thoi gian xit ly.

v’ Thu thap hai b6 dit liéu thuc t& & Viét Nam: B¢ dit liéu vé ba loai mit
dudng c6 chit lugng kém, chét lugng trung binh, chét lugng kha va
Bo di liéu vé cac 6 ga trén mit duong cd chét luong trung binh. pé
xuét quy trinh xt 1y dir liéu cam bién trén thiét bi dién toan bién st
dung md hinh hoc may XGBoost dé phan tich va danh gia hién trang
mit dudng giao thong theo thoi gian thuc.

- Uu nhugc diém cta lusn an:
+ U diém:

o Luan 4n lua chon huéng nghién ctru c6 tinh thoi sy va y nghia thuc
tién trong linh vuc giao thong thong minh va gidm sat ha ting giao
thong.

o Noi dung nghién ctru duge trién khai twong d6i hé théng, tir tong
quan ly thuyet d& xuét thudt toan dén xay dung thiét bi thuc nghiém
va danh gia mo hinh.

o Téc gia da dé xuét phuong phap trich chon dic trung lai két hop hoc
méy nhim t§i wu hidu ning trén thiét bi chu hinh thip; két qua thuc
nghiém cho thiy d6 chinh x4c phan loai kh4 cao.

o Luan an c¢é két qué cong bd khoa hoc tét, bao gém bai bao Ql, bai
bdo Scopus va giai phap hitu ich da dugc cAp bang bao hd.

+ Tuy nhién dé hoan thién lu4n 4n cin bd sung theo cic gop y sau:

Phan M6 dau

o Can 1am 15 hon khoang tréng nghién ctru (research gap) giita cic nghién
ctru hién c6 va hudng tiép can cua luin an, dic biét so véi cac phuong
phap hoc sau va thi gidc may tinh hién nay.



Muc tiéu nghién ctru nén lugng héa rd hon vé yéu cau thoi gian thue, do
chinh xac va gi¢i han phan ciing muc tiéu.

Céan trinh bay rd hon cic dong gbp mdéi cla ludn 4n dudi dang cic luan
diém khoa hoc cu thé.

Chicong 1 — Tong quan bai todn phdn logi mdt duwong

(o]

Phin tdng quan kha ddy dil nhung con thién vé mé ta, chua phén tich sau
wu nhuoc diém gifta cAc nhém phuong phéap.

Cén bd sung bang so sénh dinh luong giita cic nghién ciru lién quan vé dir
liéu, md hinh, d6 chinh x4c va chi phi tinh toéan.

Phan dénh gia xu huéng nghién ctru méi nhu Transformer, TinyML hogc
Edge Al con han ché.

Mot sb tai liéu tham khao qudc té gin giai doan 2024-2025 nén dugc cip
nhét thém.

Chuong 2 — Thudt todn trich chon ddc trung lai két hop hoc mdy

o

Can giai thich chi tiét hon co s& lua chon céc dic trung mién thoi gian va
ly do lua chon céc thuét toan RF, GBM, XGBoost.

Phén mé ta thuat toan trich chon dic trung lai con dai nhung chua that
tryc quan; nén bd sung lwu dd thudt toan hoic gia ma.

Can bd sung danh gia do phire tap tinh toan va thoi gian xir Iy clia timg
mo hinh d& chimg minh tinh phit hop véi phan ctg cdu hinh thap.

Chua phén tich ro anh huéng cta nhidu dit liéu, tbc d6 xe va vi tri cam
bién dén hiéu nang mo hinh.

Nén bd sung kiém dinh théng ké hodc danh gia d¢ tin cdy cta két qua
thuc nghiém.

Churong 3 — Xdy dung thiét bi gidm sdt mét dwong

e}

Phan mé ta hé thdng phin cing con thiéu théng tin chi tiét vé tidu thu
nang lugng, kha nang hoat dong lién tuc va kha nang m¢ rong hé théng.
Quy mo dir liéu thu thap thuc té con tuong dbi han ché; cin m& rong thir
nghiém trén nhiéu loai phuong tién, diéu kién thoi tiét va dia hinh khéc
nhau.

Cén b sung danh gia kha nang trién khai thuc t& ngoai méi truong giao
thong thuc va tinh 6n dinh cua hé thdng theo thoi gian.

Chua cé phan so sanh truc tiép véi cac hé théng thuong mai hodc cic
nghién ctru hién dai st dung camera/LiDAR.



Phan Két ludn

o Cén tbng hop 1o hon cac déng gbp mai ndi bat cia luén 4n dudi dang dinh
lugng.
o Phan huéng nghién ciu tiép theo nén cu thé hon, vi du tich hgp da cam

bién, hoc sau nhe cho Edge AI hodc két hop dir liéu hinh anh va cam bién
quén tinh.

Hinh thikc trinh bay

« Mdt sb bang biéu va hinh v& con day dic thong tin, can tinh gon va chuén
hoa cach trinh bay. Cén ra soat lai 13i chinh ta, cach viét thuét ngit tiéng
Anh va cach trich dan tai liéu tham khao d8 bao dam tinh théng nhét hoc
thuét.

Céu hoi trao doi:

1. Trong Bdng 2.6 va 2.7 vé kich thudc cira s6, qud trinh training,
testing thuc hién tru"ac/sau khi chia cira s6?

2. Ddnh gid nhie the nao vé CPU, ning lwong? Tiéu chi nao dap ung
dwoc voi yéu cdu thiec t6?

3. V&i mé hinh XGBoost, gidi thich vé su thay d6i ciia “dp chinh xdc”
khi “so luong dic trung dwoc chon” thay déi trén Bang 2.13.

3) Phan bién 3, TS. Nguyén Diing Khoa, doc nhén xét danh gia luén 4n va
két luan (c6 vin ban kém theo).

- D2 tai gop phan nghién ciru va phat trién phuong phap nhin dang trang
thai mat dudng giao thong dya trén dit li€u tir cam bién quén tinh (IMU)
két hop v6i cac md hinh hoc may hién dai. Két qua nghlen ctru 6 thé
dugce tmg dung trong cac h¢ théng gidm sat va danh gia chét luorng mat
duong véi chi phi thép, st dung cac cam bién quén tinh phd bién trén
phuong tién giao thong hodc thiét bi di dong.

- Luén 4n d3 dat dugc hai két qua ndi bat ca vé mit phuong phéap nghién
ctru va kha ning tmg dung thuc tién.

- Uu nhuoc di€ém cta luan an:

+ Luan 4an dugc trinh bay véi b6 cuc hop ly, chu tric rd rang, dam béo
tinh logic glu’a cac chuong va ndi dung ngh1en ciru. Tac gia da thé hién
kha nang téng hop tai liéu va phén tich vAn d& nghién ciru twong abi tét,
1am 6 duoc khoang trdng nghién ctru cling nhu dinh hudng tiép can cla
luén an.

+ Nghién ctru c6 sy két hop chiit ché giita co so 1y thuyet va thyc nghiém.
Céac phuong phép hoc may va xir ly dit ligu cam bién dugc lwa chon phu



hop véi bai toan nhin dang chét lwong mit duong giao thong. Phén thuc
nghiém dugc trién khai cong phu trén ca bd dir liéu cong khai va bd dix
liéu tu thu thip trong didu kién thuc té tai Viét Nam, gop phan nang cao
tinh thuyét phuc va kha ning Gmg dung cia két qua nghién ctru.

+ Luén 4n c6 gia tri khoa hoc va thuc tién tdt, ddc biét trong hudéng tng
dung cam bién quan tinh va hoc mdy cho cac hé théng giao thong thong
minh va dién toan bién. Két qua nghién ciru d& dugc cong bb théng qua
05 cong trinh khoa hoc, trong d6 c6 04 cong trinh ma nghién ciru sinh 1a
tac gia chinh, dang tai trén céc tap chi va hdi nghi khoa hoc uy tin. Diéu

nay cho thiy két qua nghién ctru c6 tinh méi va da dugc cong dong khoa
hoc ghi nhén.

Ng0a1 ra, cach trinh bay clia ludn 4n nhin chung mach lac, lap luén logic,
cac két qua thuc nghiém dugce minh hoa va phén tich tuong d6i déy da.

Bén canh cac két qua dat dwoc, ludn dn vén com mét sé diém can duoc bo
sung va hoan thién thém.

oMbt sé ndi dung trinh béy cin duoc ra soat va chinh stra cin thén hon.
Cu thé, tai trang 4, phén “Muc tiéu cua ludn 4n” c6 sir dung cum “Thua
nhat” nhung khong c6 cac muc tiép theo nhu “Thir hai”, gdy thiéu
nhét quén trong cach trinh bay. Céc cong thire tur (1. 3) dén (1. 14) duge
13p lai tai Chuong 2 (tir cong thirc 2.2 dén 2.8) va tiép tuc xuét hién &
Chuong 3 (trang 97), cin xem xét tinh gian hogc dan chiéu dé tranh
trung 1dp ndi dung.

o Bang 2.8 nén dugc thiét k& lai dé thuan tién cho viéc theo doi va so
sanh. C6 thé can nhéc trinh bay theo dang cdt 12 cac md hinh LSTM1-
LSTM4 va céc hang thé hién cAu tric theo ting. Mot sb thuat ngit da
duoc liét ké trong bang viét tit thi khong cén thiét phai giéi thich lai
ddy du trong phan ndi dung, vi du nhu “Intelligent Transportation
System (ITS)” tai trang 14.

o M0t sb hinh anh con chua rd nét, nhu Hinh 1.4 va Hinh 1.6. C4c hinh
vé& can dugc sip xép va trinh béy lai nhdm dam bao kich thudc chi
phu hO‘p, hinh anh o rang va thé hién tot ndi dung nghlen ctru, dédc
biét ddi véi cc hinh 1.8, 2.6, 2.7, 2.15 va 3.5. Ngodi ra, cAn xem xét
lai cach st dung mot s6 thuét ngir trong cac hinh 2.5 va 3.8, chang han
cum “chia cira s6” hay “tach dit liéu huén luyén va dir liéu kiém tra”,
cing nhu ra soat 18i dién dat tai trang 46 nhu cum “module GPS ghi
nhin vén tbc tai 1Hz”.



Hinh 2.1 nén dugc chuyén tir trang 48 vé trang 46 d& dam bao tinh
lién tuc trong theo d&i ndi dung, bdi trang 46 dang md ta vi tri dat cdm
bién nhung phai dén trang 48 méi xuét hién hinh minh hoa tuong tng.

Débi voi Bang 2.2, mic di 3 m6 ta mau dir lidu, nhung cin bd sung
chi tiét cdu trac dir lidu (theo hang va cot) twong ty nhu Hinh 3.2.
Hién tai chua thé hién rd cic truong dit liéu nhu van tdc, trong khi
cong thirc (2.1) lai lién quan dén viéc loc nguéng dwa trén thong s6
nay.

Luén 4n ciing can phan tich r& hon vai trd ctia van tdc va vj tri GPS
trong bai toan nghién ctiru. N6i dung nay da dugce dé cép tai trang 47
nhung con khé so luge. Pic biét, trong Hinh 2.2 chua théy thé hién su
tham gia ctia thong tin van tdc va vi tri GPS trong quy trinh xtt 1y dir
liéu.

Dbi v6i Chuong 3, trong Hinh 3.5, khdi “Chd két ndi GPS thanh
¢dng” nén dugc chuyén sang dang khéi diéu kién (hinh thoi) v6i céc
nhanh dau ra Yes/No dé phii hop v6i luu d6 thuat toén.

Bén canh d6, IMU MPU9250 thudmg chiju anh huéng béi nhiéu, do d6
can 1am rd tac gia co st dung c4c k¥ thuét loc nhu Kalman Filter hodc
Complementary Filter hay khong, thay vi dua truc tiép dit liéu RAW
vao md hinh hoc may.

Phin mo ta qua trinh thuc nghiém va tdng hop dir lidu vao file CSV
can dugc trinh bay chi tiét hon, dic biét 13 co ché déng bd cic truong
thong tin nhu ID, Time, Position, Speed va RS. Cén lam ro dit liéu tdc
do duogc léy tr ngu(‘A)n ndo, cling nhu co ché gan nhan RS trong didu
kién mét dudng thuc té vén c6 thé xuét hién céc yéu t bét thuong nhu
g giam tdc hodic 6 ga. Téc gia cling nén giai thich liéu ¢6 co ché loai
b6 hoiic bd qua dir liéu bit thudng trong qué trinh thu thap hay khong.
ESP32 duwoc md ta 14 MCU ding dé thu thap va luu dir liéu vao thé
nh¢. Tuy nhién, tai trang 83 lai d& cap ESP32 giri dit lidu téi may chi
thdong qua WiFi hodc Bluetooth Low Energy, trong khi Hinh 3.3 chi
thé hién viéc luu dir liéu cuc bd ra thé nhé ma chua thay thanh phén
mdy chu. Noi dung nay cin duoc ra so4t d& dam bao tinh théng nhét
gitta md ta va kién tric hé théng.

Ngoai ra, tai trang 89, luan 4n néu tin sb 14y mau 1a 50Hz nhung lai d&
cap dén 150 mau trong mot gidy, cAn kiém tra lai tinh chinh xé4c clia
théng tin nay. Ciing tai phan nay, cAn mé ta cu thé hon cach thic thu
thap céc théng tin nhu quing dudng, tbc d6 va do cao.



o Cudi cing, luan &n chua lam n01 bat vai trd cua thiét bi bién (edge
device). Hién tai, ESP32 chu yéu dugc st dung nhu mdt vi diéu khién
dé thu thap va luu dir liéu, trong khi chua thiy cac chirc niing xr 1y tai
bién nhim thé hién ding ban chét ctia mot hé théng edge computing.

Cdu héi trao doi:

1. Trong Bdng 2.13, gidi thich tai sao thoi gian hudn luyén kha ngdn.
2. Lam rd tinh real-time ciia hé thong?
7. NCS Ngb Vian Cong tiép thu y kién nhén xét va tra 1o cdc cdu hoi cia phan
bién:
- NCS ghi nhén va s& chinh stra cac 161 vé& soan thao viin ban, ra soat, chinh
stra c4c bang biéu, v.v.

- NCS tra 1o dy du cac cdu hoi ciia cac phén bién.

8. Céc thanh vién khac trong Hoi ddng dua ra ¥ kién nhan xét; Hoi dong va
nhitng ngudi tham du dat cau héi
- PGS. TS. Trinh Lwong Mién

e Dingy voicacy kién ctia cac thiy phan bién.

e Luén 4n nghién ctru bai toan phén loai, danh gié tinh trang mat dudng
str dyng cam bién quan tinh, tin higu GPS va cac mo hinh hoc may,
hudng toi tridn khai trén thiét bi phin ctmg chi phi thip va dap ung
thoi gian thye. D2 tai luén 4n c6 ¥ nghia khoa hoc va ¢6 kha néng tmg
dung trong céac hé théng gidm sat mit dudng quy md 16n voi chi phi
thép.

e Luén 4n c6 haj dong gép chinh:

+ D& xuét thuét toan trich chon dic trung lai két hop hoc may gilp
tinh glam dir liéu cam bién, giam khdi lugng tinh todn va thoi gian xu'
Iy. Két qua cho thay viéc lua chon tap dic trung t51 wu gitp gidm 56
lugng déc trung du vao, rut ngan thdi gian huén luyén va cai thién
hodc duy tri d@d chinh x4c phén loai. Day la déng gbp cd g1a tri trong
bdi canh cac hé thong IoT giao thong can xt 1y nhanh, tiét kiém tai
nguyén va c6 kha ning trién khai thuc té.

+ D& xuét hé théng, quy trinh xit Iy di¥ liéu cam bién trén thiét bi dién
toan bién sir dung md hinh hoc may XGBoost dé phan tich va danh
gia tinh trang mat duong giao thong theo thoi gian thye. Thu thap bd
dir liéu chit lwong mit dudng thuc t& & Viét Nam: bd dit ligu vé ba
loai mét dudong chat lu:orng kém, chit lugng trung binh, chit luong
kh4; bo dit lidu v& cac 6 ga trén mit dudng c6 chét lugng trung binh.
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e Luén 4n cén b sung, chinh stra mot s6 ndi dung sau:

+ Ra so4t hinh thirc trinh bay, thuat ngft, bang biéu, chu thich hinh,
cach d4nh s6 hinh/bang va chuin héa tiéng Anh chuyén nganh. Mot sb
phan nén duogc viét c6 dong hon dé 1am ndi bat déng gbp thay vimoé ta
dai cac kién thirc nén.

+ Viét 6 hon tinh m&i cia thuét toéan trich chon dic trung lai so voi
cac phuong phép filter-wrapper da cong bo, chi ra thanh phan cai tién
riéng cia nghién cru sinh.

+Bb sung phén tich d6 nhay ctia mé hinh dbi véi the dd xe, loai xe, vi
tri 1ip cAm bién, tai trong, ap suét 16p va didu kién mit duong dm/khd.

+MB0 ta chit ch& quy trinh gan nhén dit liéu thyc dia; can rd tiéu chi ky
thudt phan loai “mét dudmg kha”, “trung binh”, “kém” ...

+ Ra so4t tinh nh4t quan cva toan bo trich din, dic biét 1a cac trich
dan lién quan dén tiéu chudn PCI, IRI, céc bd dir liéu cong khai va céc
phuong phép trich chon dic trung; dam bao céc hinh anh, bang biéu,
bd dir lidu va thuat toan ké thira déu dwoc din ngudn ddy du, chinh
xé4c va théng nhit theo quy dinh cta co s¢ dao tao.
- PGS.TS. Pham Ngoc Thing

e Ddngy véi cacy kién cua cic thiy phan bién

e D@ tai ludn 4n c6 tinh khoa hoc va thue tién. Céc két qué nghién ctru
ctia luan 4n da dugc trich din trung thyc trong céc cong trinh cong bé.
Trich dan tai liéu tham khdo dugc thuc hién mét cach rd rang, day da
va cdp nhat..

e Luén 4n c6 02 dong gbp chinh:
+ D& xudt thujt toan trich chon dic trung lai két hop hoc may gitp
tinh gidm dit liéu cam bién, giam khéi lugng tinh toan va thoi gian xir
ly.
+ Thu thap hai bo dir liéu thuc t€ & Viét Nam: Bo dir liéu vé ba loai
mit dudng cé chit lugng kém, chit luong trung binh, chét luong kha
va B9 dit liéu vé cac 6 ga trén mit dudng co6 chét lugng trung binh. D&
xuat quy trinh xtr Iy dit liéu cam bién trén thiét bj dién toan bién st
dung mé hinh hoc may XGBoost d phan tich va danh gi4 hién trang
mit dudng giao thong theo thoi gian thue.

e Uunhugc diém cta ludn 4n
+ Vén dé nghién ctru cuia luan an nghién ctiru 1a can thiét, cach dit van
e va giai quyét vin dé 14 hop 1y, 6 rang, bd cuc hop ly.
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+ Cén chinh stra:

o Con 13i chinh ta. M6t s6 so dd, hinh v& ¢6 kich thudc chua cén
d6i. Pham vi nghién ciru can lam r hon.

- PGS. TS. Nguyén Long Giang

e Luén an da dat duoc cic két qua nghién ciru ¢ gid tri ca vé mit khoa

hoc va thyc tién trong linh vuc nhén dang, phan loai mat duong giao
thong dwa trén dir liéu cam bién va hoc may. Trén co s& khao sit,
phan tich cac phuong phap hién ¢6, luan 4n da dé xudt dugc huéng
tiép cén phu hop véi didu kién trién khai thuc té tai Viét Nam, bao
dam can bang gitra d6 chinh x4c, chi phi tinh todn va kha ning trién
khai trén dién rong.

CAc két qua nghién ciru cia luén 4n d& dugc trich dan trung thuc trong
cac cong trinh cong bb. Trich din tai liéu tham khao dugc thuc hién
mdt cach r3 rang, ddy dii va cdp nhat.

Uu nhuoc diém cua ludn an:

+ Ludn 4n dugc trinh bay véi bb cuc logic, két chu hop 1y giita phén
tdng quan, co s& Iy thuyét, phuong phap nghlen ctru va thyuc ngh1em
Nbi dung tdng quan tai licu tuong dbi day du, cap nhat dugc nhiéu
hudng ngh1en ctru lién quan dén bai toan phén loai mit duong stir dung
cam bién quéan tinh va hoc mady. Vin phong nhin chung r3 rang, mach
lac, thé hién duoc chidu sau nghién ctru va bam sat dinh huéng g
dung thuc tién trong linh vuc giao thong thong minh.

+ Mot sb diém manh ndi b4t ctia luan 4n 1a d4 xay dung dugc bo dit
liéu thuc nghiém thu thap tai Viét Nam, gép phin ning cao gia tri
thuc tién Va kha nang Ung dung cia nghlen ciru. Luén 4n ciing cé
dong g6p vé t6i vu lwa chon dic trung nham giam chi phi tinh toan,
dong thoi trlen khai mo hinh hoc mdy trén thiét bi dién toan bién, phu
hop véi yéu cdu xir Iy theo thoi gian thuc va kha ning trién khai trén
dién rong. Dinh huéng tmg dung ctia ludn 4n 15 rang, ¢6 tiém ning hd
trg cong tac gidm st va quan Iy ha tAng giao théng trong thyec té.

+ Mot sb y kién chinh stra, bd sung luén 4n nhu sau: ludn 4an cin tiép
tuc ra so4t lai 16i dinh dang, cich trinh bay bang biéu, hinh v& va tai
lidu tham khdo trudce khi hoan thién ban in chinh thirc, mot sb hinh vé&
khi in chét lugng con mo vi du nhu hinh 1.10; 1.11.

- TS. Bui Thi Thanh Quyén

DBong y véi cac y kién cua cac thay phan bién.
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e Nghién ciru sinh cé 05 cong trinh khoa hoc ¢6 lién quan dén luén 4n.
S6 lwong cong trinh kha t6t va chit lugng. Cac cong trinh cong bd &
tap chi/hdi nghi chuyén nganh c6 uy tin va dép tng dugc yéu cau doi
vd&1 luédn an Tién si.

e Nhin chung luén 4n 12 cong trinh khoa hoc nghiém tic, cé y nghia
khoa hoc va thuc tién phuc vu viéc gidm sat mit duong giao thong.
Cac dé xuét cua ludn an duoc cong bd trong cac tap chi/ky yéu hoi
thao chuyén nganh c6 uy tin. Tém tit luan 4n phan énh ddy da, trung
thuc cac két qua nghién ctru cia luan 4n.

e B cuc, ndi dung luan 4n vé co ban hop ly, logic. Muc tiéu, dbi tuong,
pham vi nghién ctru kh4 3 rang. Luén 4n kh4 it 15i d4nh méy.

e Tuy nhién luin 4n cn chinh stra cdc muc nhé nhu sau:

o Trong phan Muc luc, cin bd sung muc Phu luc. Trong phan “Bb
cuc luan an”, nén bo sung dé€ cap toi phan Phu luc.

o Nén bd sung tén Hinh cho mot s6 Hinh & trang 84, 85. Hinh
2.4b va tén Hinh nén chinh v€ cung 1 trang.

o T§n Béang 2.15, 3.4, 3.5, tén Hinh 3.5 => dang in nghiéng cho
dong bd vdi form tén Bang/tén Hinh trong luén an.

o BO dit lidu v& vi tri cac 6 ga hién mo ta khé so sai => néu c6 thé
thi nén bd sung thém thong tin minh hoa cu thé hon, vi du nhu
dir li¢u cda cam bi€n quan tinh nhu thé nao tai mot vai vi tri
c6/khodng cé 6 ga.

9. NCS Ngé Vin Cong tiép thu y kién nhan xét ciia cic thanh vién ctia Hoi
dong.
NCS tra 1&i cAc cAu héi cua cac thanh vién Hoi dong.

10.Dai dién tap thé huéng din phét biéu y kién béng vin ban.

NCS Ngb Vin Cong lam viéc nghiém téc, rét ¢§ ging va nd luc dé hoan
thanh Luan 4n. Cac két qua luan 4n duoc danh gia tbt, c6 gid tri thuc tién.

11.Hoi ddng tién hanh hop riéng dé bau ban kiém phiéu, bé phiéu kin va thao
luan thong qua quyét nghj ctia Hoi dong

1) BAu ban kiém phiéu gdm:
- Trudng ban: PGS.TS. Trinh Luvong Mién
- Uy vién: PGS.TS. Pham Ngoc Thing
- Uy vién: TS. Bui Thi Thanh Quyén
2) Bé phiéu kin va thao luan thong qua Quyét nghi ctia Hoi dong.
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- Trudng ban kiém phiéu, PGS.TS. Trinh Luong Mién, cong b6 két qua
kiém phiéu (c6 bién ban kiém phiéu).

- Chu tich Hoi ddng, PGS.TS Nguyén Long Giang, thong qua Quyét
nghi ctia Ho1 ddng (c6 van ban kém theo).

3) Tém tit nghi quyét ctia Hoi déng
3.1 Tinh phii hop ciia tén dé i va sw khong tring ldp vé ngi dung ludn dn

- Tén d tai, ndi dung va két qua nghién ciru cta luén an phii hop v6i nganh
dao tao “K§ thuat didu khién va ty dong hoa”, ma s6 9 52 02 16.

- Noi dung ctia luan 4n khong trung 13p véi céc lun n di bao vé va cac ket
qua nghién ctru di cong bo trong va ngoai nudce.

- Céc tai liéu tham khao cta luan 4n c6 ndi dung phu hop va da dugc trich
dan trong luén 4n.

3.2 Cdc két quad chinh cua ludn dn

Luén 4n tdp trung vao bai toan phan loai, danh gid trinh trang mit duong
giao thong st dyng cam bién quan tinh va cidc md hinh hoc may, hudng téi
trién khai trén thiét bi phan cimg chi phi thip va dap ung thoi gian thyc. Két
qua nghién ctru cia Luén 4n c¢6 ¥ nghia khoa hoc, ¢6 tinh thoi sy va kha néng
thuc ti&n cao, cu thé.

1) Dé xuit thuat toan trich chon dic trung lai két hgp hoc may giup tinh
giam dit lidu cam bién, giam khéi luong tinh toan va thoi gian xit Iy cho
hé théng phén loai mit dudng sit dung cam bién quén tinh.

2) Dé xuit quy trinh thu thép, x{r ly. di¥ liéu cam bién trén thiét bi dién toan
bién str dung mé hinh hoc miy XGBoost dé phan tich va d4nh gia hién
trang mat duong giao thong.

3.3Cdc diém cdan bo sung chinh sia trude khi nop ludgn dn cho Thu vién Quéc
gia Viét Nam

NCS can tiép thu, ra so4t, chinh sira, bd sung ndi dung luén 4n theo y kién
déng gop trong ban nhan xét cia cac thanh vién Hoi ddng va Bién ban cua
Hoi déng danh gié luan 4n tién st cép Hoc vién trude khi ndp luén an cho
Thu vién Qubc gia Viét Nam.

3.4 Mirc dé ddp umg yéu cau cia ludn dn tién st vé ca ndi dung va hinh thikc

- Luan 4n ctia NCS Ngb Vin Cong dép tmg yéu ciu clia ludn 4n tién singanh
“K¥ thuat diéu khién va tu dong héa”, ma 6 “9 52 02 16” vé ndi dung va
hinh thic theo cac qui ché hién hanh vé dio tao tién si ctia Bd Gido duc va
DPao tao, cua Hoc vién Khoa hoc va Cong nghé.
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- D& nghi Hoc vién Khoa hoc va Cong nghé céng nhéin két qua béo v€ va cap

bang tién si cho NCS Ngb Vin Cong sau khi chinh stra, bd sung Iudn 4n
theo céc gop y ciia Hoi ddng.

12.Téng két

Trudng ban kiém phiéu, PGS.TS. Trinh Lwong Mién, céng b két qua bo
phiéu danh gi4 lun 4n.

Chu tich Hoi dong, PGS.TS. Nguyén Long Giang, doc Quyét nghi ctia
Hoi ddng.

Cha tich Hoi déng tuyén bd Hoi déng da hoan thanh nhiém vu va trao lai
quyén diéu khién cho Co s& dao tao.

Céc dai biéu va NCS phat biéu y kién.

Dai dién co s dao tao tuyén bo két thiic buodi bao vé tién si.

Bién ban hop Hoi dong nay duoc 7/7'1’1y vién Hoi dong biéu quyét cong khai
thdng qua.

Budi hop Hoi dong danh gi4 lusn 4n tién si cdp Hoc vién két thic vao Iic 11
gi¢ 30 phut, ngay 02 thang 07 ndm 2026.

Thu ky Hoi dong Chii tich Hpi déng

Nguyén Thi Trung

15

\Q:::';-__..-f'



VIEN HAN LAM DPANG CONG SAN VIET NAM
KHOA HOC VA CONG NGHE VN
HOC VIEN KHOA HOC VA CONG NGHE,
*

Ha N¢i, ngay 02 thdng 07 ndm 2026

QUYET NGHI CUA
HOQI PONG PANH GIA LUAN AN TIEN SI CAp HOC VIEN

Cin ctr quyét dinh sb 32/Qb HVKHCN ngay 28 thang 04 ndm 2026 cta Gidm
déc Hoc vién Khoa hoc va Céng nghé vé viéc thanh 13p Hoi dong danh gia luén 4n
tién si cAp Hoc vién, Hoi ddng da hop vao hdi 09 gio 00 ngay 02 thang 07 nim 2026
tai Hoc vién Khoa hoc va Cong ngh¢, Vién Han 1am Khoa hoc va Céng nghé Viét
Nam, s6 18 ducmg Hoang Quéc Vigt, phudng Nghia D6, thanh ph Ha Noi dé danh
gié luan 4n tién si cép Hoc vién.

Hovatén NCS: Ngé Vin Cong

Tén dé tai luan é4n: “Nghién ctru giai phép nhén dang mit duong giao thong str dung
cam bién quén tinh va mé hinh hoc may”

Nganh: K§ thuat diéu khién va tu dong hoa Mi s6: 95202 16
Ngudi huéng dan 1: GS.TS. Tran Dic Tén
Ngudi huéng dén 2: TS. Trén Puc Nghia
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HQIPONG PANH GIA LUAN AN TIEN ST CAP HQC VIEN CUA
NCS NGO VAN CONG KET LUAN
1. Tinh phu hgp ciia tén dé tai va sir khong trung lip vé nji dung ludn an

- Tén dé tai, noi dung va két qua nghién ctru clia luan an phu hop véi nganh dao
tao “K§ thuat diéu khién va tu dong hoa”, ma s6 9 52 02 16.

- Noi dung cta luén 4n khong tring 18p v6i céc ludn 4n da bao vé va cac két qua
nghién ciru da cong bé trong va ngoai nudc.

- Céc tai liu tham khéo ctia luan an ¢6 noi dung pht hop va da duge trich ddn
trong luén an.

2. Két qua, y nghia khoa hgc, thye tién ctia dé tai

Luén 4n tap trung vao bai toan phén loai, d4nh gid trinh trang maét du:orng giao
thong st dung cdm bién quén tinh va cdc mé hinh hoc mdy, huéng t6i trién khai
trén thiét bi phan ctng chi phi thap va dép mg thoi gian thyc. Két qua nghlen

ctru ciia Luén 4n ¢ y nghia khoa hoc, ¢6 tinh thoi su va kha néng thuc tién cao,
cu thé.



1) D& xuét thuét toan trich chon dic trung lai két hop hoc may giup tinh gidm dir
liéu cam bién, giam khéi luong tinh todn va thoi gian xir Iy cho hé théng phan
loai mit dudng sir dung cam bién quén tinh.

2) D& xuét quy trinh thu thép, xt Iy dir liéu cam bién trén thiét bi dién toan bién
sir dung mo hinh hoc may XGBoost dé phén tich va danh gié hién trang mit
duong giao thong.

3. Nhirng thiéu sét ciia ludn 4n, van dé cin bd sung, sira chira
- NCS cén tiép thu, ra soat, chinh sira, bd sung ndi dung luan én theo y kién
déng gop trong ban nhén xét cia céc thanh vién Hoi dong va Bién ban cua Hoi
ddng danh gi4 luan 4n tién st cép Hoc vién trude khi ndp ludn an cho Thu vién
Qudc gia Viét Nam.
4. Mirc 9 dap ing yéu ciu ciia ludn an tién sivé ci ndi dung va hinh thirc theo
cac quy ché hién hanh vé dao tao tién s§ ciia B9 Gido duc va Pao tao
Ludn 4n cua NCS Ngb Vin Cong dép ung y€u cdu cua luan 4n tién si nganh
“K¥ thuét diéu khién va ty dong hoa”, mi s6 “9 52 02 16” vé ndi dung va hinh thirc
theo cac quy ché hién hanh vé dao tao tién s7 cuia BO Gido duc va Do tao, ciia Hoc
vién Khoa hoc va Cong ngh¢.
Két luén:
Két qua bo phiéu d4nh gia luén an cia Hoi ddng: 7/7 tan thanh, trong d6 c6 02
phiéu Xuét sic.
Hoi ddng két luan théng qua ludn 4n, dé nghi Hoc vién Khoa hoc va Cong nghé
cong nhan két qua bao vé va chp bing tién si cho NCS Ngb Vin Cong.
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Quyét nghi ndy dugc 7/7 thanh vién Hoi dong biéu quyét cong khai thong qua.

THU KY CHU TICH
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(
TS. Bui Thi Thanh Quyén PGS.TS. Nguyén Long Giang
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(Mdu 6-HV-Baén gidi trinh cdp Hoc vién)

VIEN HAN LAM PANG CONG SAN VIET NAM
KHOA HOC VA CONG NGHE VN
HOC VIEN KHOA HQC VA CONG NGHE

BAN GIAI TRINH CHINH SUA, BO SUNG LUAN AN TIEN ST
CAP HQC VIEN

Ngay 02 thang 7 ndm 2026, Hoc vién Khoa hoc va Cong ngh¢ dé td chirc
d4nh gi4 ludn 4n tién si cdp Hoc vién cho nghién ctru sinh Ngé Vin Cong theo
Quyét dinh s 32/QD-HVKHCN ngay 28 thang 4 nam 2026 ctia Gidm déc Hoc
vién.

Dé tai: Nghién ctru giai phdp nhin dang mit dudong giao thong sit dung
cam bién quan tinh v mo hinh hoc mdy.

Nganh: K§ thuat didu khién va tu dong hoa M3 s6: 9 52 02 16

Ngudi hudng dan khoa hoc: GS. TS. Tran Dtc Tan; TS. Tran Drc Nghia.

Theo Bién ban ciia Hoi ddng, NCS phai chinh sira, bd sung luan én céc
diém sau day:

N¢i dung di dwgc chinh sira, bo sung
(Ghi r3 50 trang/chuong/muc... da
dwoc chinh sita)
Phin “Muyc tiéu ctia ludn 4n” c6 sir | NCS xin tiép thu va da bd sung cum tir
dung cum “Thir nhat” nhung khéng | “Thir hai” & doan 2 cia myc 2 trang 4
¢6 cac muc tiép theo nhu “Thit hai”. d& nhit quan ndi dung.

gy | N@i dung d& nghi chinh sira, bd
sung

Muc tiéu nghién ciru nén lugng héa | NCS xin cdm on y kién nhan xét cta
13 hon v& yéu ciu thoi gian thue, d6 | Hoi ddng, NCS xin dwgc giai trinh nhu
chinh x4c va gi6i han phin cimg | sau: & myc 2 trang 4 NCS d4 dit muyc
muc tiéu tidu 1a “Dé xuit mét sé phuong phép
2. nhim cai thién hiéu ning phan loai,
danh gié tinh trang mat dudng s dung
cam bién quén tinh va hoc may d4p tmg
thoi gian thyc trén thiét bi ¢é hiéu ning
thip nhim trién khai trén dién rong”

Cén 1am rd hon khoang tréng nghién
ctru (research gap) gifta cac nghién
3. | ctru hién cé va hudng tiép can cla
luén an, dédc bi€t so vai cac phuong
phép hoc sdu va thi gidc may tinh

NCS xin cam on y kién nhin xét cua
Hbi ddng, NCS xin dugc giai trinh bd
sung nhu sau: & trang 2, trang 3, NCS
da thuc hién phén tich va danh gia gifra

Luu y: Cdc chit ky xdc nhdn cdn gidn véi ni dung trén citng mpt trang gidy. Hoc vién sé khong xdc
nhdn néu phan chit ky tdach roi véi nji dung.



hién nay

cac hudng nghién ciru, NCS ciing dé
tdng hop céc wu nhuge diém va trinh
bay tdng quat trong Bang 1.4 trang 15.

Cin bbd sung bang so sanh dinh
lugng gitta cac nghién ciru lién quan
vé dit liéu, md hinh, d¢ chinh x4c va
chi phi tinh to4an

NCS xin cam on y kién ctia Hoi ddng,
NCS xin dugc giai trinh nhu sau: qua
céc nghién ciru gin day vé& hudng
nghién ctru nhén dang mit duong, NCS
d3 téng hop cdc nghién ciru lién quan,
mo hinh st dung, d6 chinh xdc trong
thue nghiém va dugc trinh bay tai Bang
1.5 trang 28

Phin danh gid xu huéng nghién ciru
méi nhu Transformer, TinyML hodc
Edge Al con han ché

NCS xin cam on ¥ kién ctia Hoi dong,
NCS xin dugc gidi trinh nhu sau: &
Luén an nay, NCS tép trung vao viéc sir
dung cadc md hinh hoc méy ho ciy nhe
@ trién khai trén thiét bi bién c6 hiéu
ning thdp, ngoai ra dén thoi diém
nghién ciru, xu huéng nhdn dang mat
duong van dang tip trung vao 3 loai
chinh la thi gidc mday tinh, Lidar, cam
bién quan tinh. NCS xin tiép thu va
huﬁng nghién ctu trong twong lai s&
danh gia cac loai m6 hinh mai.

Cén giai thich chi_tiét hon co s& lwa
chon céc dic trung mién thoi gian va
ly do lwya chon céc thuét todn RF,
GBM, XGBoost

NCS xin cam on y kién cta Hoi dong,
NCS xin dugc bd sung nhu sau: “Viéc
st dung cac ddc trung mién thoi gian
con mang lai loi ich thuc tién vé hiéu
qua tinh toan. V¢i tinh don gian, ching
6 thé dugce trich xuit nhanh chéng voi
chi phi xtr ly thdp, didu nay dic biét
quan trong trong bdi canh trién khai
trén cdc hé théng nhing hodc vi diéu
khién cong suét thép, von bi han ché vé
tai nguyén tinh toan va bd nhd.”; Cac
thuét toan ho cdy duoc lya chon dugc
gidi thich & trang 69 “Céac mo hinh nay
duoc lya chon bdi nhitng wu diém nbi




bat vé kha ning xép hang tdm quan
trong dic trung, tinh don gian trong
dién giai va hiéu qua trong phan loai.
Viéc danh gia tAm quan trong dic trung
giup hidu 16 hon cac mbi quan hé trong
dit liéu, hd trg lya chon dic trung phu
hop va cai thién kha ndng gidi thich mo
hinh”.

Quy md dir li¢u thu thap thuc té con
twong d6i han ché; cAn m& rong thir
nghiém trén nhiéu loai phwong tién,
didu kién thoi tiét va dia hinh khac
nhau.

NCS xin cam on y kién cta Hoi dong,
NCS bb sung lam 13 co ché ty 1am giau
dit liéu cta hé théng d& ting tinh tong
quat héa md hinh voéi nhiéu loai xe,
diéu kién khac nhau ¢ trang 79.

Chua c6 phan so sanh truc tiép voi
cic hé thdng thuong mai hodc céc
nghién ciru hién dai st dung
camera/LiDAR

NCS xin cam on y kién ctia Hoi dong,
NCS xin duoc giai trinh nhu sau: ndi
dung Luén 4n tép trung vao st dung di
liéu cta cam bién quén tinh do vay
khéng c6 phan so sanh véi két qua st
dung camera/Lidar, cc wru nhugc diém
cia hé théng hién dai cfing da duge
NCS chi ra ¢ Chuong 1.

CAn bd sung danh gia kha ning trién
khai thuc t# ngoadi mdi trudng giao
thong thuc va tinh On dinh cua hé
théng theo thoi gian.

NCS xin cam on ¥ kién ctia Hi dong,
NCS xin duogc giai trinh nhu sau: tai
trang 107 NCS da danh gia khi sir dung
thuat toan trich chon dic trung da giam
sb lwong dic trimg tir 42 xudng 27 ddc
trung. Viéc tinh gidn ddc trung nay
khong chi giap téi uwu héa thoi gian
huén luyén va chi phi tinh toan, ma con
dap ung yéu ciu khit khe ctia céc hé
théng IoT nhung v& tai nguyén han ché,
d6 tré thip va mic tiéu thu nang lwong
t6i thiéu.

Tinh én dinh cta hé théng theo thoi
gian, NCS xin tiép thu va thyc hién &
trong cac nghién ctru trong lai.

10.

Hinh 2.1 nén duoc chuyén tr trang
48 v& trang 46 d& dim bao tinh lién

NCS xin tiép thu va dd chinh stra lai
trinh bay tai trang 46




| tuc trong

theo ddi ndi dung,

i &

Péi voi Bang 2.2, mic du 43 mo ta
mau dit lidu, nhung cin bd sung chi
tiét cau tric dit liu (theo hang va
cot) twong tw nhu Hinh 3.2. Hién tai
chua thé hién rd céc truong dit lieu
nhu van tbc, trong khi cong thirc
(2.1) lai lién quan dén viée loc
ngudng dya trén thong sd nay.

NCS xin tiép thu va bo sung ndi dung
tai trang 48 nhu sau:

Véi mdi mot miu dit liéu trong Bang
2.2 s& bao gdm céc trudong thong tin
nhu sau:

- Thoi gian;

- Dit liéu gia tdc, goc quay cla cam
bién quan tinh 1,

- Dit liéu gia tdc, goc quay cla cam
bién quén tinh 2;

- Dit liéu gia tde, géc quay cia cam
bién quan tinh 3;

- Dit lidu vi tri (kinh d9, vi do);

- Dit liéu van tdc (don vi tinh theo m/s).

phén tich rd hon vai trd ctia vén tbc
va vi tri GPS trong bai toan nghién
ctru. N6i dung ndy dd dugc d8 cap tai
trang 47 nhung con khé so luge. Dac
biét, trong Hinh 2.2 chua thiy thé
hién sy tham gia ca thong tin vén
tbc va vi tri GPS trong quy trinh xtt
ly dit liéu.

NCS xin cam on ¥ kién ctia Hoi dong,
NCS xin dugc giai trinh nhu sau: Hinh
2.2 dugc thé hién 1a so dd khdi thuc
hién cta qua trinh phén loai, dit liéu
duwoc st dung 13 dit liéu cla cam bién
quéan tinh, dit liéu vin tdc duoc sir dung
qué trinh 1am sach dit li¢u la & khéu
tidn xtr ly duoc gii trich & muyc 2.3 clia
Luén 4n. Vi tri GPS & ddy chi tham gia
vdo dinh vi vi tri da gz?'m nhén, khdng
tham gia vao md hinh phén loai mét

duong

13.

Hinh 3.5, khéi “Chd két ndi GPS
thanh coéng” nén duge chuyén sang
dang khéi diéu kién (hinh thoi) voi
cac nhdnh ddu ra Yes/No d¢& phi
hop v6i luu d6 thuat toén.

NCS xin tiép thu va da chinh sira lai
trinh bay Hinh 3.5

14.

can 1am 13 tac gia co st dung céc k¥
thuat loc nhu Kalman Filter hodc
Complementary Filter hay khong,
thay vi dua truc tiép dir lieu RAW

NCS xin cam on y kién cia Hoi dong,
NCS xin duoc giai trinh nhu sau: tai
trang 87, NCS d& mé ta qua trinh tién
xit ly & ESP32, tuy nhién vé co béan




vao mo hinh hoc may.

NCS str dung cac dic trung thong ké
mién thoi gian, do d6 chua 4p dung cac
b6 loc Kalman vao qué trinh xir ly.

15.

Phén md ta qué trinh thuc nghiém va
téng hop dit lieu vao file CSV can
dugc trinh bay chi tiét hon, dic biét
Ja co ché ddng bo cac trudong thong
tin nhu ID, Time, Position, Speed va
RS. Cin lam 3 dit liéu tdc do duge
l4y tir ngudn ndo, cling nhu co ché
gan nhin RS trong difu kién mit
dudng thuc t& vén c6 thé xuét hién
cac yéu t6 bat thudng nhu g gidm
téc hodc & ga. Téc gia cling nén giai
thich liéu ¢6 co ché loai bd hodc bd
qua dit liéu bit thuong trong qua
trinh thu thdp hay khong.

NCS xin tiép thu va da bd sung thém
ngudn dir lidu tbe d6 dugc 14y tir GPS &
trang 81 va bd sung ndi dung md ta qua
trinh g4n nhén ban ty dong & trang 88.

16.

Béang 2.8 nén duoc thiét ké lai dé
thuan tién cho viéc theo ddi va so
sanh. C6 thé can nhéc trinh bay theo
dang cOt 14 cac m6 hinh LSTMI-
LSTM4 va céc hang thé hién ciu
trac theo tang

NCS xin ca4m on v kién cta Hoi dong,
NCS thyc hién ra soét thiét ké lai Bang
2.8

17.

ESP32 duge mé ta 1a MCU dung dé
thu thap va luu dir liéu vao thé nho.
Tuy nhién, tai trang 83 lai dé cap
ESP32 guri dir liéu téi méy chu thong
qua WiFi hodc Bluetooth Low
Energy, trong khi Hinh 3.3 chi thé
hién viéc luu dit liéu cyc bd ra thé
nhé ma chua thdy thanh phin may
cht. N6i dung nay can duge ra soat
d& dam bao tinh théng nhét gitra mo
ta va kién tric hé théng.

NCS xin cam on y kién ctia Hoi dong,
NCS thuc hién chinh stra lai m6 ta ciu
trac hé théng & 2 Hinh 3.1 va 3.3 dé
lam 10.

18.

luan 4n chua 1am ndi bat vai trd cia
thiét bi bién (edge device). Hién tai,
ESP32 chil yéu dugc st dung nhu
mot vi didu khién dé thu thap va luu
dit liéu, trong khi chua thiy céc chirc
ning xir 1y tai bién nhim thé hién

NCS xin cam on y kién ctia Hoi déng,
NCS d3 ra soat va viét lai ndi dung
dong gop chinh ctia Ludn 4n. NCS xin
tiép thu y kién Ho6i ddng va s& trién
khai qua trinh thyc hién tai thiét bi bién




dting ban chit cia mot hé théng edge
computing

trong cac nghién ctru tuong lai.

19.

nén b sung thém théng tin minh hoa
cu thé hon, vi du nhu ditr liéu cia
cam bién quan tinh nhu thé ndo tai
mdt vai vi tri c6/khong ¢ b ga

NCS xin cam on ¥ kién ctia Hoi dong,
NCS xin dugc bd sung tai hinh 3.9 v&
md ta dit liéu v6i c6 va khéng co 6 ga.

20.

Viét 13 hon tinh méi cua thudt toan
trich chon dic trung lai so vdi céac
phuong phap filter-wrapper d& cong
b6, chi ra thanh phin cai tién riéng
cta nghién ctru sinh.

NCS xin cam on ¥ kién cta Héi dong,
NCS bd sung ndi dung vé& thuat toan
dac trung lai & Muc 2.5.2 trang 61, 62.

21.

B6 sung phén tich d6 nhay ctia mo
hinh d6i véi tc d6 xe, loai xe, vi tri
14p cam bién, tai trong, &p suét 16p
va diéu kién mit dudng Am/khé.

NCS xin cam on ¥ kién ctia Hoi dbng,
NCS bb sung céc ndi dung nay vé mit
han ché tai phan Két lun trang 108 va
NCS xin tiép thu dé trién khai trong
hudng nghién ctru tuong lai.

22.

Mo ta chdt ché quy trinh gan nhén
dir liéu thuc dia; cin rd tiéu chi k§
thudt phan loai “mit duong kha”,
“trung binh”, “kém” ...

NCS xin cim on y kién ctia Hoi dong,
NCS bb sung noi dung gan nhin mit
duong ban tr dong va danh gia chét
luong mat dudng & Bang 3.2 tai trang
89

23.

Hién tai, ESP32 chu yéu dugc st
dung nhu mét vi didu khién dé thu
thap va luu dit liéu, trong khi chua
thdy cic chirc ning xir ly tai bién
nham thé hién dung ban chét ctia mét
hé thdng edge computing

NCS xin cam on y kién ctia Hoi ddng,
NCS xin dugce giai trinh nhu sau: Qua
trinh thuc nghiém NCS tép trung chinh
vao thu thap dir liéu dé danh gia hiéu
nidng phin loai bdi cdc moé hinh khac
nhau, va c6 tinh kha thi khi trién khai
hé théng gidm mat mit dudong theo thoi
gian thue. NCS xin tiép thu y kién déng
gop va hudng nghién ciru twong lai s&
thuc hién trong hé théng hoan chinh.

24.

Ra soat lai 101 chinh ta, cach viét

thuat ngit tiéng Anh, cach trinh bay
hinh v&, bang biéu va cach trich din
tai liéu tham khéo @€ bao dam tinh

NCS xin tiép thu y kién cia Hoi dong
va s€ ra soat lai toan bo ludn an. NCS
d4 thuc hién chinh sira:

- Ra soat lai muc luc, bd sung thém




théng nhét hoc thuat. phén Phu luc.

- Ra s04t va chinh stra lai cac thuét ngir
trong Luén 4n dé théng nhét.

- Ra soat va chinh stra lai cac hinh anh
trong Ludn 4n dé khi in duoc 3 nét.

- Ra soat va chinh stra lai dinh dang céc
tén clia Bang va Hinh d& théng nhit
dinh dang in nghiéng,

Nghlen ctru sinh chan thanh cam on Quy thay, c6 trong Hoi ddng d4nh gia lusn
4n tién s cAp Hoc vién da gop y va tao co héi cho NCS hoan thién lusn an ctia minh.

Xin trin trong cam on./.

Ha Noi, ngayO8 théng Frndm 2026

NGUOI HUONG DAN 1 NGUOI HUGNG DAN 2 NGHIEN CcUU SINH

/ / / L ;j.
. v
GS. TS. Tran Dirc Tan TS. Trin Pirc Nghia Ng6 Vin Céng
CHU TICH HOI PONG THU KY
_ I | o r)‘
| 4 ﬁ
L
PGS.TS. Nguyén Long Giang TS. Bui Thi Thanh Quyén
XAC NHAN CUA HQC VIEN

Nguyén Thi Trung
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