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PHAN LOAI MAT DUONG SU' DUNG MO HINH HOC MAY
O GIAM SAT TREN BO DU LIEU CUA CAM BIEN QUAN TINH

ROAD SURFACE CLASSIFICATION USING SUPERVISED MACHINE LEARNING MODEL AND INERTIAL DATA
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TOM TAT

Trong nhiing ndm gan day, vdi su phat trién cta ha tang giao thong va linh
vuc khoa hoc cong nghé thi viéc nhan dién tinh trang mét dudng dang cé nhiéu y
nghia quan trong ddi véi cac hé thdng xe tu hanh hodc bai toan dan dutng tu
ddng. Trong cac bai toan phan loai mat dudng thi ¢d cac hé thong st dung camera,
hé cdm bién Lidar, tuy nhién cac hé thong nay trién khai thi thuting khd thuc hién
dugc phan loai trong thai gian thuc, dong thai cling ton kém vé mat chi phi. Chiing
t6i nhan thdy st dung cdm bién quan tinh va cac thudt todn hoc mdy sé mang lai
hiéu nang cao trong thai gian thuc va chi phi cho hé thong ciing thap hon nhiéu
50 v6i cac hé thdng khac. Trong bai béo nay, chiing toi dé xuat lwa chon bo dit liéu
t6i uu d€ danh gia hiéu ndng phan loai 3 loai mdt dutng la dudng nhua, dutng
dat va duong da trén mgt so mé hinh hoc mdy co ban trén b di liéu cong khai.
Két qua cho thdy dd chinh xac dat dugc trén 90% khi phan loai duong nhya, dutng
dat, duong da.

Tir khéa: Hoc mdy, phdn logi, cdm bién, mdt dudng, giao thong thong minh.

ABSTRACT

Recent advancements in transportation and technology highlight the need
for accurate road surface dlassification in autonomous vehicles and navigation
systems. Traditional methods using cameras and Lidar sensors face limitations in
real-time performance and cost. Our research suggests that inertial sensors,
coupled with machine learning, can achieve over 90% accuracy in real-time
classification of asphalt, dirt, and cobblestone surfaces, offering a low-cost and
readily available alternative. This paper proposes evaluating the classification
performance using fundamental machine learning models on publicly available
datasets for these three road surface types.
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1.GIGI THIEU

Giam sat tinh trang mat dudng la mét van dé day thach
thuc trong linh vuc giao théng va co s& s& ha tang [1, 2]. D&
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thuc hién viéc nay thi cac hé théng giao thong thong minh
[3] da dugc phat trién, d liéu tho dugc thu thap ti cac cdm
bién st dung trong ha tang giao thong [4] va cac thanh phén
tham gia khac, tri tué nhan tao dugc st dung d€ tao ra cac
kich ban nham hé trg dua ra cac quyét dinh [5-7]. Cac d(t liéu
nay cé pham vi ing dung réng nhu hé théng quan ly giao
thong, hoé trg viéc ra quyét dinh cla ngudi tham gia giao
thong, hé théng giao théng cong cdng va nhiéu hé théng
khac [8, 9]. D€ thuc hién céc bai toan lién quan dén giam sat
tinh trang mat dudng thi c6 mot s6 phuang phap st dung
anh [10-14], quét LiDAR [15], radar [16, 17] hoac két hop
nhiéu cdm bién [18]. Tuy nhién, nhiing cong nghé nay thi
thudng ton kém vé chi phi thiét bi va kho khan trong tinh
toan thoi gian thuc. Mot s6 nghién ctu lién quan dé xuat
phuong phép st dung di liéu cdm bién quan tinh l3p dat
trén xe két hop hoc may c6 chi phi ré hon va phu hop véi yéu
cau tinh toan thai gian thuc [19, 20].

Trong bai bao nay, & phan 2 ching t6i sé xem xét, phan
tich lai mét s6 nghién ctiu ¢6 lién quan da cong bo; phan 3
la giGi thiéu vé bo dir liéu cong khai va cac dac tinh quan
trong trong bai toan phan loai mat dudng; & phan 4 ching
toi danh gia hiéu nang ctia mot s6 mo hinh hoc may co ban
déi véi bo dit liéu cong khai.

2. MOT SO NGHIEN CUU LIEN QUAN

Trong nghién ctru [19], hai thiét bi gan cam bién gia toc
dugc gan cé dinh bén trong xe 6 t6, mot & trén mat tap 16
clia xe, mot & dudi san xe dé thu thap dit liéu nham phan loai
6 ga va hé ga & trén dudng, cdc mo hinh hoc may giam sat
¢G ban dugc s dung: Decision Tree (DT), Support Vector
Machine (SVM) and k-Nearest Neighbor (kNN), két qua phan
loai cho thdy mé hinh SVM d6i véi trudng hop nay la chinh
xac nhat khi thiét bi dat trén san xe, d6 chinh xac dat 97%.

Coéng b6 [20] khac st dung mét dién thoai théng minh
c6 cdm bién quan tinh gan ¢é dinh trong xe, nghién ctu nay
tap trung vao xu ly dir liéu cdm bién va danh gia hiéu nang
cUa cac thuat toan hoc may trong phan loai dudng bang
phéng, 6 ga va vét nit ngang I6n trén dudng.

Nghién ctu [21] xay dung mét phan mém trén dién thoai
thong minh s&r dung cdm bién quan tinh va thuat toan hoc
may C4.5 dé phat hién & ga trén dudng theo thai gian thuc,
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két qua thuc nghiém theo nghién ctiu cong bé dat dé chinh
xac phat hién 6 ga trén dudng tran 13 98,6%.

D liéu st dung tir cdm bién quan tinh va GPS gan trén
hé théng treo clia xe [22, 23] da dugc st dung dé danh gia
phan loai mat dudng nhya va bé tong, mé hinh hoc may
SVM da dugc sir dung vai cac dac trung dugc lay trén mién
tan s6, d6 chinh xac trung binh ctia phan loai la 69,4%.

Cac két qua trong [24] st dung thuat toan hoc may KNN
trén bo d liéu ctia cdm bién gia t6c dé€ phan loai g gidm
téc, 6 ga va dudng tau hda cdt ngang, bang cach st dung
phd cong suat cda tin hiéu nha bién déi Fourier nhanh (FFT)
két qua phan loai dat d6 chinh xac 95,5% theo bao cao cua
tac gia. Cac nghién cliu tuong tu cling da dugc thuc hién
[25], cdng bé dua ra nhing dac trung trén mién thaoi gian va
mién tan s6 d6i vai cac thuat toan hoc may giam sat nhu cay
quyét dinh, SVM.

Nhom tac gia [26] dé xuat phat hién cac loai mat dudng
nhu da cudi va dudng bang phdng, st dung mé hinh KNN
vGi 8 dac trung tur gia tri gia téc va goc quay clia 3 truc x, y, z.
Nghién ctru [27] cho rang khong c6 phuong phép chinh xac
dé lua chon d6 dai clia s6 mot cach chinh xac, do d6 cach
ti€p can phé bién 1a kiém tra két qua thi nghiém véi nhiéu
cla s6 khac nhau va lua chon d6 dai clfa s8 t6i uu nhat. Bang
1 trinh bay tém tat cac nghién ctu da sit dung hoc may dé
xac dinh cac bat thudng trén mat dusng.

Bang 1. Mot sd cong bd vé phan loai, phdt hién mat dudng

s Nam A ks o Mo | Do chinh
Tac gia cong bé Phan loai mat duong hinh X
6 N
Martinelli(19] | 2022 | 9° WM | 97%
Ho ga
Duding phéng
Akanksh 2020 |6ga Mang | 2sq
Basavaraju [20] o ) ngron
Vét niit ngang lén
Azza Mllouch [21] | 2017 [0ga “45 | 986%
Wang S, Kodagoda Nhua
2018 SYM 69,4%
$[22-23] Bé tong ’
Bustamante-Bell GG giam tc
R‘;;:]ma“ B0 2022 663 KNN | 95,5%
Dudng tau hda cat ngang
GG giam toc
Ferjani | [25] 2022 |0ga SVM 949%
Dudng tau hda cit ngang
Julio-Rodriguez Duding dd cudi
2022 . . KNN 99,2%
[26] Dutng bang phang 0
Buong nhya
N Mang
Menegazzo J. [27] | 2021 |Dudng dat 06 ron 93,1%
Duong da

Qua théng tin trong bang 1, ching ta c6 thé thay phan
I6n cac nghién ciu la lién quan dén viéc phan loai cac bat
thudng trén mat dudng nhu 6 ga, hé ga, g& gidm téc.
Cac nghién cutu vé viéc phan loai mat dudng chua cé nhiéu
coéng bé.

Vol. 60 - No. 6 (June 2024)

3.MO TADU LIEU

Trong bai bdo nay chiing tbi s&rdung bo dirliéu cong khai
[28], dit liéu vai tan s6 lay mau la 100Hz thu dugc tir cac cdm
bién MPU-9250 va GPS. B6i cdnh dugc st dung dé thu thap
d{ liéu nay la trén 3 loai xe khac nhau, 3 13i xe khac nhau va
chay trén 3 loai mat dudng khac nhau: dudng dat, dudng da
va duding nhya bang phéng. Bang dudi day trinh bay chi tiét
vé cach thu thap dir liéu [28].

Bang 2. M6 ta vé bo dit liéu

dr;:u Loai xe Lai xe 'i';:yb:: Db dai
PVS1 | Volkswagen Saveiro Laixe 1 Kich ban 1 13,81km
PVS2 | Volkswagen Saveiro Laixe 1 Kich ban 2 11,62km
PVS3 | Volkswagen Saveiro Ldixe 1 Kich ban 3 10,72km
PVS4 | FiatBravo Ldixe2 | Kichban1 13,81km
PVS5 | FiatBravo Ldixe2 | Kichban2 11,63km
PVS6 | FiatBravo Ldixe2 | Kichban3 10,73km
PVS7 | Fiat Palio Ldixe3 | Kichban1 13,78km
PVS8 | Fiat Palio Ldixe3 | Kichban2 11,63km
PVS9 | Fiat Palio Ldixe3 | Kichban3 10,74km

Cac dac trung tu gid tri gia téc, géc quay cla 3 trucx, y, z
va téc do dugc st dung trong bai bao nay. Ching téi tao ra
cactép di liéu tu bo dir liéu cong khai ma & do6 di liéu dugc
gan cac nhan tuong Ung la dudng dat, dusng da va dudng
nhua tron. Hinh 1 mo6 ta vé 3 kich ban chay xe va hinh 2 la
anh chup vé 3 loai mat dudng [28].

M pirt Road M Cobblestone Roa

Hinh 1. Ba kich ban chay xe [28]

d M Asphalt Road

Dirt Road (Unpaved)

Hinh 2. Anh chup ctia 3 loai mét dutng [28]
S8 lugng mau dir liéu dugc thé hién nhu bang 3 [28].
Bang 3. 56 lugng mau dit liéu

| rep 6 Iugng miu ) Do dai quang duéng )
Kich dit Tang (km) Tong
ban liay | PUONg | Budng | Budng 56 mau|puang|DuongDuong| (km)
" | dit | da | nhua dat | da |nhuva
PVS1| 25,868 | 61,659 | 56,509 [144036( 1,59 | 3,53 | 8,7 |13,81
1 |PVS4| 23,903 | 57,670 | 50,919 132,492 1,58 | 3,51 | 8,72 (13,81
PVS7| 23,778 | 54,224 | 50,546 (128,548 1,59 | 3,49 | 8,69 |13,78
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PVS2| 44,618 | 20,737 | 59,330 (124,684 2,17 | 1,39 | 8,07 |11,62
2 |PVs5| 60,539 | 18,143 | 55,195 (133,877 2,16 | 1,38 | 8,09 [11,63
PVS8| 44,939 | 18,825 | 59,854 [123,618| 2,16 | 1,37 | 8,09 |11,63
PVS3| 28,659 | 26,143 | 51,014 |105,816| 1,66 | 1,66 | 7,4 |10,72
3 [PVs6| 23,888 | 31,641 | 40,750 [96,279| 1,38 | 1,93 | 7,43 (10,73
PVS9| 23,153 | 25,182 | 43,220 |91,555| 1,67 | 1,66 | 7,42 |10,74
Tén 299,345 314,224 | 467,337
sdg (27,69%)[(29,07%)|(43,24%) 15,96 19,52 72,61

Nhom tac gid [27] nhan dinh bd d(r liéu ho tao cd moét sy
mat can bang nhe vé dir liéu gilta cac nhan [29], va tac gia
cho rang viéc nay thuong dugc x(r ly gibng nhu mot moé hinh
phan loai thong thuong [30], khéng can thiét dp dung céc
phuong phap xt ly van dé can bang d liéu trong trudng
hgp nay. Chang téi nhan thay rang trong sé lugng mau thu
dugc thi c6 1 phan la mau thu dugc khi xe khéng di chuyén,
do vay cung quang dudng nhu trong bang 3 nhung s6 mau
dir liéu thu dugc khi xe di chuyén la sé it hon, ching ta coi
cac mau dir liéu tir cdm bién quan tinh khi van téc bang 0 la
nhiéu va loai trir n6 ra khoi bé dir liéu ap dung vao cac mé
hinh hoc may trong bai bao nay, bang 4 dusi day mé ta sé
lugng mau sau khi da loc nhiéu.

So sanh bang 4 va bang 3 chung ta c6 thé thay s6 luong
mau dir liéu ¢é su thay di dé can bing hon & dir liéu tai cac
nhan, d6i vai di liéu c6 nhan dudng dat va dudng da da tang
|&n xap xi 30% va d{ liéu c6 nhan la dudng nhua da giam tu
43,24% xudng con 40,0%.

Béng 4. 56 lugng mau sau loc nhiéu

o S6 lugng mau o
Kichban | 109" o ong | Duing | Duong | OO0
: liéu v , mau
’ dat da nhua
PVS1 25,668 | 60,759 43,973 130400
1 PVS4 23,903 56,371 45,728 126,002
PVS7 23,778 53,524 43,798 121,100
PVS 2 44618 | 20,737 54,047 119,402
2 PVS5 60,539 18,143 49,519 128,201
PVS8 44,939 18,825 53,437 117,201
PVS3 28,559 26,143 41,398 96,100
3 PVS6 23,888 | 31,641 35,771 91,300
PVS9 23,153 24,783 38,966 86,902
Téngsé 299,045 | 310,926 | 406,637
(29,4%) | (30,6%) | (40,0%)

Trong bai bao nay, ching téi tién hanh danh gia hiéu
nang phan loai ctia mot s6 moé hinh hoc may co ban (cay
quyét dinh; KNN; Riing Ngau nhién; Gradient-boosting) trén
cac bo dit liéu hudn luyén va kiém tra nhu sau:

Thirnghiém 1: B6 dir liéu nay dugc lua chon d€ mé hinh hoc
mdy c6 du cdc dir liéu tir logi xe; ngudi Idi xe; kich ban chay xe;
ty Ié gidia tdp hudn luyén va kiém tra & thr nghiém nay khodng
7:3:

-Tép d(t liéu huan luyén: dugc tao ra tir cac tép PVS 1; PVS
2; PVS 4; PVS6; PVS 8; PVS 9.
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- Tép dir liéu kiém tra: dugc tao ra tif cac tép PVS 3; PVS 5;
PVS7.

Thit nghiém 2: Chung téi lua chon bé dir liéu tha nghiém
phdn logi ma childy trén 1 logi xe do 1 Idi xe chay dé loai bé cdc
yéu té anh hudng tu ddc tinh cda xe nhu d6 ndng, dé giam séc
cuaxe vaddctinh ctaldi xe. Tép dirliéu duoc lua chon la PVS 1;
PVS 2; PVS 3 véity Ié phdn chia tdp hudn luyén va kiém tra cing
la 6.5:3.5 dé tuong duong vdi ty 1 dthirnghiém 1.

4. HIEU NANG PHAN LOAI

Cac mé hinh hoc may c6 giam sat (C4.5; KNN; Rirng Ngau
nhién; Gradient-boosting) dugc thuc nghiém trong bai bdo
nay déu dugc lap trinh bang ngdn nglr Python 3, st dung
thu vién scikit-learn trén nén tang Google Collaboratory. Cac
m& hinh dugc thuc hién trén b6 di liéu sau khi chidng t6i da
loc bd cac gia tri cila cdm bién quan tinh khi xe khéng di
chuyén. D6i véi mbi mé hinh ching t6i sé thay d6i cac gia tri
tham s& vé clia s6 dir liéu 13 100; 200; 300; 400; 500 dé& tinh
toan dé chinh xac. Hinh 3 mo ta vé phuong phap va ky thuat
st dung dé phan loai.

D liéu Chia clra s6 Gan nhan

dir liéu dir liéu

Trich chon
dac trung

Phan loai bang
hoc may

Hinh 3. Phuang phép thuc hién phan loai

Trong hinh 3, dit liéu [28] dugc st dung d€ ap dung vao
cac mé hinh hoc may, cac budc tién xir ly dugc dp dung nhu
loc nhiéu bang céach loai bd cac dit liéu clia cam bién khi van
t6c bang 0, sau d6 dir liéu dugc phan chia thanh céc cta s
c6 d6 dai khac nhau, cac dit liéu dugc chia thanh tap huan
luyén va kiém tra sé dugc gan nhan tuong tng ddi véi cac
loai mdt dudng. Bo trich chon dac trung dugc dp dung trudc
khi thuc hién phan loai béi cdc moé hinh hoc may, & bai bdo
nay chung téi ap dung cac dac trung co ban trén mién thoi
gian nhu: trung binh, d6 1éch chuan, RMS, phuong sai.

M6 hinh cay quyét dinh C4.5: 1a mot thuat toan quyét
dinh cay (decision tree) dugc phat trién bai Ross Quinlan vao
nhing nam 1990. C4.5 la phién ban cai tién cta thuat toan
ID3 (lterative Dichotomiser 3) va la mét trong nhiing thuat
toan quyét dinh cay phé bién nhat trong linh vuc hoc may
[31]. C4.5 bat dau bang viéc xay dung cay quyét dinh tir géc
(root) bang céch chon thudc tinh t6t nhat dé chia di liéu
thanh cac tap con (subsets) sao cho méi tap con chia cac
mau c6 tinh déng nhat nhat c6 thé.

Mé hinh Ritng Ngau nhién (Random Forest): |3 mot
thuat toan hoc may dua trén viéc xay dung nhiéu cay quyét
dinh (decision trees) va két hgp két qua tu cac cay dé tao ra
mot du doan cudi cling [32].

Bang 5 dudi day thé hién dé chinh xac cia mé hinh
trén cac cta s6 di liéu khac nhau trén 2 thit nghiém néu tai
muc 3.
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Bang 5. D4 chinh xac clia (4.5

Mé hinh Cay quyét dinh
B4 dit liéu D9 dai cifa s
thitnghiém 100 200 300 400 500
Thirnghiém1 | 73,3% | 694% | 718% | 72,2% | 650%
Thirnghiém2 | 79,6% | 755% | 766% | 81,5% | 785%
M hinh Riing Ngau nhién
B dit liéu Do dai clta s0
thinghiém 100 200 300 400 500
Thirnghiém1 | 67,0% | 70,2% | 70,5% | 70,8% | 71,0%
Thirnghiém2 | 82,3% | 82,2% | 83,2% | 782% | 83,2%

M hinh K 1an can: KNN bao gém mot ky thuat phan loai
dua trén céc s6 liéu tuong tu gidra d (i liéu d€ nhan dang mau.
Bang cach nay, d6i véi mot dir liéu mdi, khoang cach gilra dit
liéu va mo6i dir liéu huan luyén dugc tinh toan, xac dinh k 1an
can gan nhat. Lép dir liéu méi dugc dinh nghia 1a I6p phé
bi€n nhat trong s6 k lan can ca no [33]. Trong nghién ctu
[27], nhém tac gid da tha nghiém trén déi vai mé hinh KNN
c6 két qua tét nhat tai clra s6 dt liéu 200, tai caclan can 1, 2,
5,10, 50. Bdng 6, 7 thé hién dé chinh xac cia mé hinh trén
céc d6 dai ctia s6 khac nhau.

Bang 6. D chinh xac KNN ap dung trén di liéu cla thif nghiém 1

Lan Db dai cira s6
@n 100 200 300 400 500
1 92,2% 80,3% 90,5% 81,3% 79,5%
2 75,7% 70,3% 75,2% 71,7% 68,9%
5 76,7% 74,9% 77,6% 76,7% 76,0%
10 70,8% 71,2% 71,2% 72,1% 70,7%
20 69,5% 68,4% 69,1% 70,3% 69,3%
50 67,0% 66,0% 67,9% 67,7% 66,9%
Bang 7. D4 chinh xac KNN dp dung trén dit liéu cda thd nghiém 2
Lan P dai cifa s6
n 100 200 300 400 500
1 76,4% 71,7% 76,8% 77,8% 76,5%
2 75,3% 74,4% 77,1% 73,1% 75,2%
5 76,6% 74,4% 76,6% 76,8% 76,9%
10 77,3% 74,6% 75,6% 76,8% 78,2%
20 76,5% 75,3% 771% 76,2% 78,6%
50 74,8% 74,2% 76,1% 77,5% 76,4%
4.4. M6 hinh Gradient-boosting
Bang 8. D4 chinh xac Gradient-boosting
B& di liéu P dai cifa s6
thirnghiém | 100 200 300 400 500
Thirnghiém 1 | 85,0% 84,4% 90,2% 853 % 86,7%
Thirnghiém2 | 86,6% 87,4% 88,4% 85,9% 89,9%

Gradient-boosting la moét ky thuat hoc may manh mé
dugc st dung cho ca bai toan phan loai va héi quy. N6 1a mot
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phuong phap tap hgp (ensemble method) ma két hgp céc
mo6 hinh yéu thanh mot mé hinh manh hon théng qua viéc
xay dung cac cay quyét dinh (decision trees) tuan tu [34]. D6
chinh xac cia mé hinh nhu bang 8.

5. PHAN TiCH KET QUA

Quan sat két qua trong cac bang 5, 6, 7, 8 ching ta ¢6 thé
thdy cac mo hinh hoc may Cay quyét dinh va Riing Ngau
nhién c6 dé chinh xac thap hon cac mé hinh KNN va Gradient-
boosting. M6 hinh Cay quyét dinh va Riing Ngau nhién trong
b dir liéu cla tht nghiém 1 cé d6 chinh xac trung binh
khodng 70%, thap hon két qua khi chay trén bd dir liéu cda
thdr nghiém 2, d6 chinh xac dat dugc khoang 82%.

So sanh két qua ctia mé hinh KNN trén bé di liéu cda thi
nghiém 1 d6i véi két qua clia nhom tac gia [27] da cong bo,
két qua clia ching téi cao hon khi d6 chinh xac trung binh
dat dugc khodng 85%, cong bo [27] cho két qua trung binh
dat khodng 75%.

K&t qua khi th&r nghiém trén mé hinh Gradient-boosting
c6 d6 chinh xac cao nhat, trung binh khoang 87% khi chay
trén ca 2 bo dit liéu thi nghiém 1 va thir nghiém 2. M6 hinh
Gradient-boosting cling cho thdy két qua la 6n dinh nhat khi
su thay déi gilta cac két qua chi rai vao khoang 4%. Ba mo
hinh con lai cling cho thay su 8n dinh cla cac két qua khi
thuc hién trén bo di liéu cda thi nghiém 2.

6. KET LUAN

Vi su phat trién clia giao théng théng minh, mét s6 ting
dung da tré nén phd bién hang ngay (hé théng dinh vi dan
dudng, xe tu hanh). Nhiing hé théng dugc st dung trong hé
thong giao théng théng minh can c6 nhiéu nguén dit liéu
khac nhau dé dua ra cac quyét dinh mét cach chinh xac nhat,
mot trong sé dé thi thong tin vé trang thai mat dudng la
cling quan trong dé dua ra cac quyét dinh bdi ngudsi lai xe
hoac may tinh.

Nghién ctru [27] da cdng bé mot s6 két qua vé phan loai
3 mat dudng gém: dudng nhua phéng, dudng dat, dudng
da st dung cac phuong phap hoc may trén bo dir liéu [28]
ma ho da cong khai. K&t qua clia Menegazzo, J va cdng su
[27] khi thuc hién phan loai bang mé hinh KNN dat trung
binh khodng 75%. Trong bai bdo nay, chung téi dé xuat ap
dung mét bo loc trong budc tién xi ly di liéu trude khi thuc
hién phan loai bang mé hinh hoc may, thuc nghiém cho thay
két qua phan loai mat dudng bang mo hinh KNN sau khi x{
ly dit liéu da cai thién do chinh xac dang ké, dé chinh xac
trung binh dat 85%.

Nghién cdu nay chdng téi cing da dé xuat thuc hién
phan loai trén b dir liéu ma & dé cac dac trung it bitac déng
bdi cac yéu té tac ddng dén dit liéu dé gan nhan nhu loai xe,
ap suat I16p, ngudi lai xe. Tuy két qua thuc hién trén cac mé
hinh hoc may & bai bao nay cho thay c6 cai thién hon nhung
khong qua nhiéu, ching t6i nhan thay mét phan nguyén
nhan c6 thé gay ra bdi bd dit liéu nay khi téng hop ti[28] thi
sO lugng ditliéu st dung khong du 16n va chua can bang cho
mdi loai mat dudng. Trong thoi gian téi, nhom tac gia du
kién sé thu thap mot bo di liéu da I6n va ap dung mét s6
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phuang phap dé nang cao hiéu nang cla cdm bién quén
tinh [35-36] két hgp v6i mdt mé hinh hoc may don gian dé
c6 thé ap dung phan loai thdi gian thuc trén cac thiét bi
nhung cé hiéu nang thap ma van dat dugc d6 chinh xac cao.
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