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TOM TAT
Giam sat chdr lugng mdt duong bé 1a phat hién sém nhitng huw hong (vét nit, sut, lin...) trén
Mt dwong bé trdi nhiea hodc khong trdi nhia @é ¢6 cdc gidi phdp khdc phuc, sita chita kip thoi
nham khéi phuc kha nang khai théc, kéo dai tuéi tho cia con dwong ciing nhir giam bét chi phi sira
chita truGe khi cac hie hong ndy tré nén nghiém trong. Bai béo trinh bay kér qua phdt hién nhing
e hong trén mdt duong bé trai nhwa tir UAV, khing dinh hiéu qua cia cong nghé ndy qua viée
kiém chimg bang két qua do truc tiép tai hién truong.
Tir khoa: gidm sat chat luong mat duong bo, UAV, Quéc 16 6.
ABSTRACT
Application of An Unmanned Aerial Vehicle (UAV) in road surface monitoring,
a case study at some segments on Highway 6
The aim of road surface monitoring is to detect the damages (cracks, slumps,...) at early
stages on paved or unpaved road surfaces in order to have repaired them. Early detection of road
damages can assist road maintenance process before the repair costs becomes too high. This paper
has presented the results of detection of road damages on paved road surface from UAV and
confirmed the effectiveness of this technology by compared with the field data.
Keywords: road surface monitoring, UAV, Highway 6.

1.  Ditvén dé

Cong tac kiém tra, giam sat chat luong mat duong bo dong vai trd quan trong trong
viéc phat hién sém cac hu hong hoac cac dau hiéu nguy hiém dé cé giai phap khic phuc,
stra chita nham khoéi phuc kha ning khai thac, kéo dai tudi tho cua dudng bo; dic biét, no
con gildp giam thiéu dang ké chi phi sta chita khi nhitng hu hong nay tré nén nghiém
trong, ma theo béo c4o cua cac co quan chic ning, day 1a cong viéc chiém chi phi 16n nhat
Vi khoang 70% chi phi bao tri hing nim vao hé théng Qudc 16 [1]. Nguy hiém hon,
nhirg hu hong trén cac tuyén duong sé tiém tang, an hoa tai nan giao théng nghiém trong,
de doa truc tiép dén phuong tién va tinh mang nguoi tham gia giao thong.

* Email: hahangxd@gmail.com
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Trén thé gioi, viéc tng dung may bay khong ngudi 1ai (UAV) trong linh vuc giao
thong duong bo cha yéu dugc thyc hién trong nhimg nam gan day. Dé phuc vu cho muc
dich quan Ii tuyén duong, chi can hai gio dong ho dé khao sat tuyén duong, mot hé thong
ban db duong bo thoi gian thuc cling véi kich thudc hinh hoc cua céc tuyén duong sé duoc
xay dung tir cac hinh anh chup dugc tir UAV [2], [3]. Pé phuc vu cho muyc dich quan i,
gidm sat chat lwong mat duong, ¢ nghién cau dé xuét thay thé phuong phap khao sat
truyén thong hién nay bang phuong phap chup can canh nhitng 16 hong trén mit dudng
nhya duoc thyc hién truc tiép tir cac méay anh ki thuat sé théng thudng véi wu diém 1a truc
quan va nhanh chong hon [4]. Tuy nhién, phuong phap chup cin canh nay twong d6i giong
vGi cong nghé truyén thong, do 1a van doi hoi cac nha quan Ii phai khao sét truc tiép ngoai
hién truong, cd thé bi gian doan bai thoi tiét, mat do cac phuong tién tham gia giao thong,
va ciing khong tiét kiém duoc nhiéu thoi gian hon so v&i phuong phap khao sét truyén
thong, toa do li trinh ciia cac tAm anh van phai ghi nhan thu cdng, chi khac 1a cac san pham
danh gia chét lugng mat duong bo dugce luu gitt truc quan hon. Trong khi do, cac hinh anh
ghi nhan tir UAV cho phép quan sét cac vét Iin mat dudng trén ca mot tuyén duong, thoi
gian bay khao séat vd ciing nhanh chéng, toa d6 Ii trinh dugc ghi nhan trén méi tim anh [5].
Tuy nhién, trong nghién ciru nay thi dbi twong danh gia cha yéu la dudng ndng thon - noi
c4c con dudng dit, chua duoc tham nhya - d& bj trdi, 1Gn bai cac vét banh xe c6 tai trong
I6n, dé bi ton dong nhitng viing nudc sau mdi tran mura. ..

O Viét Nam, thiét bi UAV trong nhitng nim gan day da khéng con xa la, tuy nhién,
cac nghién ciru ¢ nude ta chi yéu tap trung vao céc ang dung cua UAV trong khao sét dia
hinh mat dat phuc vu thiét ké cac cong trinh giao thong, dac biét 1a mo cac tuyén duong
mai [6]-[8], con viéc tng dung thiét bi UAV trong giam sét chat lugng mat duong bo la
mot van dé kha méi, hau nhu chwa dugc quan tam toi.

Trong khi d6, theo cac van ban phap quy, cong tac thu thap thong tin, kiém tra chat
lugng mat duong bo phai dugc thyc hién tit ca cac ngay trong nim theo phwong phép
truyén thong, dé 1a st dung gidy, bat, so, bang, phan két hop sir dung may anh ki thuat
s6... dé luu giir trong s6 nhat ki [9], [10]. Cong nghé truyén thdng nay vira mét nhiéu thoi
gian vira c6 thé bi gian doan bai diéu kién thoi tiét, mat do cac phuong tién luu thong...,
anh huong tryc tiép toi thong tin kiém tra chat luong mat duong bo.

Bai bao nay, trinh bay quy trinh giam séat chat lugng mat duong bo tir UAV, sau do,
sir dung két qua do tryc tiép ngoai thuc dia dé kiém chimg. Qua do6, khing dinh hiéu qua
ciing nhu kha ning dap ung céc yéu cau ki thuat cua nganh khi st dung UAV trong viéc
thay thé cong nghé truyén thong.

2. Khu vuc nghién ctu

Quéc 16 6 1a con dudng ndi thu do Ha Noi voi cac tinh viing Tay Bic caa Viét Nam.

Chiéu dai toan tuyén cua dudng 1a 504km va di qua 4 tinh, thanh phé 1a: Ha Noi, Hoa
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Binh, Son La va Pién Bién. Piém dau Km0 1a dau cau séng Nhué, quan Ha Péng, Ha Noi;
Diém cudi la thi x4 Muong Lay, tinh Dién Bién.

Tuyén Quéc 16 6 1a tuyén dudng doc dao, ndi lien Ha Noi, ddng bing Bic Bo voi
Tay Béc va Thuong Lao [11], lai trai dai qua nhiéu tinh c¢6 dia hinh ndi trung binh va ndi
cao, chia cét phuc tap, d6 dbc 16n nén hién tugng sat 16, sut lan... do thién tai xay ra khéa
thuong xuyén, bén canh d6, mat do cac phuong tién trong tai I6n qua lai tuyén duong
twong d6i day dic, diéu ndy anh huong rat lon téi chat lugng mat dudng bo noi day.
3. Phwong phap thuc nghiém
3.1. Quy trinh thuc nghi¢gm

| Cong tac chuén bi |

I

| Thiét ké tuyén bay |
| Bay chyp énh bing UAV | Do tryc tiép ngoai
mit duong
Xir Iy s6 liéu trén phin
mém Pix4D mapper
M3 hinh s6 bé mat Déam may diém M3 hinh 6 d6 cao Anh trre giao
(DSM) (point clouds) (DEM) (Orthophoto)
Xéc dinh kich thude hu So sanh Xac dinh kich thude hu
hong trén mit duong bo héng trén mit dudng bé

Két luin

Hinh 1. Quy trinh gidm sat chdt heong mat duwong bg tir UAV

Cong tac chuan bi bao gom: lra chon vi tri, pham vi tién hanh bay chup anh, pham vi
viing cdm bay, diéu kién thoi tiét, mat do cac phuong tién tham gia giao théng... Trong
nghién ctru nay, pham vi tién hanh bay chup anh tir Km23+300 — Km23+550 trén tuyén
Qudc 16 6, diéu kien thoi tiét nang réo, lang gié va thoi diém tién hanh bay chup vao luc
5h50° sang ngay 14-10-2017. Bé ¢ thé quan st duoc rd nét nhimg hu hong trén mat
duong bo tir trén khdng thi can bay chup & d cao thap, trong qua trinh thyc nghiém, tai
thoi diém bay chup, tac gia lya chon thoi diém 1a Idc 5h50° sang, khi Mat Troi da chiéu
khé rd moi vat va mat o cac phuong tién tham gia giao thong chua nhiéu, tuy nhién, do hé
thong duong day dién kha day dic, vBng xudng va thap, nén da thiét ké UAV bay chup &
d6 cao 30m. So dd tuyén bay duogc thé hién trong Hinh 2.
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Hinh 2. So do tuyén bay thirc nghiém tuyén Quac 16 6, tir Km23+300 — Km23+550
Thong thudng, cdng nghé chup anh khong nguoi lai phuc vu thanh Iap ban 46 dia
hinh gdm 4 thanh phan chinh: hé thong may bay, may anh ki thuat 6, tram diéu khién mat
dat va tram xt Ii anh tao mé hinh sé mat dat. Trong do, hé thdng may bay caa UAV bao
gom: than may bay, dau thu tich hop GPS, cam bién téc do gi6, cam bién d6 cao, cam bién
&p suat, cam bién can bang, bo thu phat tin hiéu va mot qua pin d¢é cung cp ngudn dién
[7]. Thiét bi UAV st dung trong nghién ciru nay 1a DJI Phantom 3 Standard, do hang san
Xuat may bay khong ngudi 1ai 1on nhat thé gici DJI san xuat, voi cac théng sb ki thuat co
ban dugc thé hién trong Bang 1.
Bdng 1. Cac thdng sé ki thudt co ban cua thiét bi UAV DJI Phantom 3 Standard [12]
TT B phan Céc thong sb ki thuat co ban
1 Hé théng may bay - Trong luong cua may bay 12 1,2 kg
- Tdc do cat canh téi da: Sm/s
- Tdc d¢ ha canh téi da: 3m/s
- Tdc d¢ t6i da: 16m/s
- Tran bay cuc dai 0 v6i myc nuéc bién: 6000m
- Thoi gian bay téi da: 25 phut
- Nhiét do hoat dong: 0°C dén 40°C
- Hé thong dinh vi GPS tich hop
2 May anh ki thuat s6 - Cam bién camera: 12 Megapixel
- Hinh anh kich thuéc téi da: 4000 * 3000
- Truong 6ng kinh 94°
- o mé 6ng kinh /2,8
- Camera chdng rung, giit 6n dinh bang 3 tryc thing bang
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Két thic qué trinh bay chup anh tuyén Quéc 16 6, doan tir Km23+300 — Km23+550,
thu nhan dugc 128 tim anh voi d6 phu giita cac tim anh dat 70-90%, kich thudc mdi tam
anh s 1a 4000x3000 véi do phan giai khong gian dat 1,35cm, cling toa d6 tam chup dugc
xac dinh nho dau thu GPS gan trén may bay.

3.2. Két qud va thdo lugn

Dir liéu nhan dugc sau khi tién hanh bay chup anh bang thiét bi UAV gdm co: cac
tam anh sb, toa do cta cac diém tam chup cling nhu toa d6 cac diém khéng ché s& duoc
dua vao phan mém Pix4D Mapper dé tién hanh cong tac xu Ii s6 liéu ndi nghiép. San pham
cta qua trinh nay, bao gom: tap hop diém dam may, c6 dinh dang *.las; mé hinh s6 d6 cao
(DEM); md hinh s6 bé mit (DSM) va anh tryc giao (Hinh 3a, 3b, 3¢, 3d).

Hinh 3b. Md hinh sé dg cao (DEM) cua tuyén Quac g 6, tir Km23+300 — Km23+550
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Hinh 3c. M6 hinh s6 bé mat (DSM) cia tuyén Quéc 16 6, tir Km23+300 — Km23+550

Hinh 3d. Anh truc giao cia tuyén Quac g 6, tir K23+300 — K23+550

Tuyén Quéc 16 6 duoc xép loai la duong cép [T mién nui va dugce trai nhua tir dau
dén cubi tuyén. Do thoi gian thi cong d4 lau, dia hinh chia cit phtic tap, mat do cac phuong
tién c6 tai trong 16n tham gia lru thong trén duong twong ddi 1on. Khao sat truc tiép tai
thuc dia nhdn thiy, cic hu hong c6 kich thuéc mit bang kha 1on va do sau trung binh dat
Scm, do d6, anh huong rat 16n dén chat Iuwong mat duwong b tai day.

O Viét Nam, cac yeu cau ki thuat nham dam bao chat lugng mit duong tuyén quoc 16
duoc quy dinh rat rd, nhu: cac vét niit doc, nit ngang c6 do rong khong vuot qua Smm;
Cac vét lun 16m, vét lin banh xe khéng dugce vugt qua S0mm; Cac vung sinh lin khong
duoc qua 0,5% dién tich mat duong... Yé&u cau vé thoi gian khic phuc nhitng hu hai nay
dao dong tir 5 dén 14 ngdy tiy thudc theo mia [13]. Hau hét cac yéu cau ki thuat ndy quan
tam chu yéu dén bé rong ctia cac hu hong trén mit dudng bo, trong khi d6, chat lwong hinh
anh tir UAV c6 thé dap umg t6t duoc cac yéu cau nay.

Qua qué trinh thuc nghiém bang UAV, phan tich két qua nhan duogc cho thiy, do
phan giai khong gian ciia anh sé chup duoc tir UAV, & do cao bay chup 30m thi d6 phan
giai khong gian dat dugc 1,35cm (Bang 2) nén trén anh tryc giao hoan toan cé thé quan sat
nhitng hu hong rat nho (vét sut, 16 hong...) trén mit dudng tuyén Qudc 16 6; ngoai ra, chiéu
dai, chiéu rong va do sau cua nhirng hu hong nay duoc xac dinh d& dang trén md hinh sé
bé mat va mo hinh sé d6 cao.
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Bdng 2. Trich két qua danh gid dé chinh xac tir cAc san pham cia qua trinh giam sat
chdt lwong mét dwong tuyén Quéc 16 6 bang UAV trén phan mém Pix4D mapper

Project

Processed

Camera Model Name(s)

Average Ground Sampling Distance (GSD)

Area Covered

QL6

2018-01-07 21:44:26

FC300C_3.6_4000x3000 (RGB)

1.35¢cm/0.53 in

0.015 km?/ 1.5207 ha / 0.01 sq. mi. / 3.7597 acres

So sanh céc gia tri nay véi két qua do truc tiép tai mat dudng, nhan thiy rang, kich
thudc cac hu hong nay c6 do sai léch vé mit phang dao dong tir 1,4cm — 3,0cm va do sai
léch vé d6 sau dao dong tir 2,0cm — 3,5cm (Bang 3).

Bdng 3. Sé liéu do kich thude hw hong trén mét duwong bo tir UAV VGi ngodi thuee dia

Dir liéu tir UAV Dir li¢u do truc tiép tai mit duong
Vi tri Kich thuéc xac dinh trén ) Kich thuée iéc dinh
- ‘héng ADSM va DIEM Hinh anh trich xuat . tr.g'c tiel?A Hinh anh fhl}p
Chiéu dai x Chiéu rong tir dnh trye giao Chiéu dai x Chiéu rong truc tiép
x P§ sdu (cm) x P§ sdu (cm)
Km23+308
(Phai 736 x 238 x 2,2 750 x 250 x 4,5
duong)
Km23+416
(Gitra 18 x27,5% 3,3 20 x 30 x 6,8
duong)
Km23+428
(Phai 1197 x 26,6 x 1,8 1200 x 28 x 3,8
duong)
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Km23+470
(Phai 1275x39,5%x4,1
duong)

130 x 42 x 6,7

4. Kétluan

Nhitng hu hong trén mat duong trai nhya luén tiém tang, an hoa tai nan giao thong,
de doa tryc tiép dén cac phuong tién va tinh mang nguoi tham gia giao thong. Do vay,
cong tac kiém tra, giam sat chat luong mat duong bo nham phat hién sém céc hu hong
hoic céc du hiéu nguy hiém dé cé giai phap khic phuc, sira chira khong chi khoi phuc kha
ning khai thac ciing nhu kéo dai tudi tho cua dudng ma con gidp giam thiéu chi phi stra
chira khi nhitng hu hong nady tré nén nghiém trong. D liéu hinh anh tir UAV cho d6 phéan
giai khdng gian cao, thoi gian bay chup ngin, pham vi khao sat rong, chi dong vé thoi
gian. Két qua cua nghién ctu nay khang dinh thiét bi UAV c6 kha ning tng dung hiéu qua
trong giam sat chat luong mat duong bo nham phét hién kip thoi nhirg hu hong ciing nhu
nhirng dau hiéu nguy hiém trén mat duong bo trai nhya.

% Tuyén bé vé quyén loi: Tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

% Loi cdm on: Tac gid xin chan thanh cdm on Céng fi May trdc dia Thé Kiéu (66 Phé Chuia
Lang — Ha Néi) da hé tro thiét bj dé tac gid thuc hién nghién ciu nay.
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