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Cting véi sw phdt trién ctia hé thong dinh vi toan cdu, céng nghé Laser, cong
nghé Mobile Mapping dd dwoc phdt trién tir nhitng nam cudi thdp ky 80.
H¢ théng Mobile Mapping cho phép nguwoi ding do dworc cdc vt thé & cw ly
gan, tir dé do dworc nhiéu chi tiét ctia vdt thé véi d chinh xdc cao hon so
voi phwong phdp dnh vé tinh, dnh hang khéng, hay Lirdar ... Trong cdc logi
Mobile mapping, hé théng quét laser di dong mdt ddt - Mobile Laser system
(MLS) c6 nhiéu wu diém so véi cdc hé théng Mobile mapping khdc. Vi du
khéng giéng nhw phwong phdp do dnh truyén théng, quét laser la mét
phwong phdp do chi dong. N6 c6 thé hoat dong & diéu kién khéng cé dnh
sdng. O Viét Nam, MLS da bat ddu thu hiit dwoc sw quan tdm cua nhiéu
cong ty khdo sdt va cdc co quan chinh pht. Tuy nhién, hién nay chwa co hé
théng MLS nao dworc dwa vao st dung ciing nhw cdc kién thirc vé MLS con
han ché. Bai bdo nay trinh bay mot s6 khdi niém vé Mobile Laser System,
cting nhw mét s trng dung ctia né trong thuc té.

© 2017 Trwdong Pai hoc Mo - Pia chit. T4t ca cac quyén dwgc bao dam.

1. Mé& dau

tiét cta vat thé hon so v&i phwong phap anh vé
tinh hay anh hang khong, hay Lidar ... Hién nay,

Nhu ciu vé dit liéu khéng gian dang tang 1én
mot cdch nhanh chéng trong nhwng ndm gin day.
Cung vGi su phat trién ctia hé thong dinh vi toan
ciu, cong nghé Laser, cong nghé Mobile Mapping
da dwoc phat trién tir nhitng ndm cudi thip ky
80. Hé thong Mobile Mapping Systems (MMS) la
mot hé thong bao gbm cac thiét bi do dwoc dat
trén thiét bi di dong nhw 6 t6, xe tai, trén thuyén
hodc trén mot thiét bi bay khéng ngwoi 1ai (UAV).
Hé thong MMS cho phép nguwoi dung do dwoc cac
vat thé & cu ly gan, tir d6 thu nhin dwoc nhiéu chi

“Tdc gid lién hé
E-mail: nguyentruongxuan@humg.edu.vn

MMS da va dang tré thanh cong nghé chi dao
trong viéc thu thap dir liéu khong gian 3 chiéu &
nhiéu nwéc trén thé gidi.

2. Cac thanh phan cia MMS

Mot hé théng MMS bao gom phwong tién
mang thiét bi do, thiét bi dinh vi va cac thiét bi do
dir liéu 3D. Phuwong tién mang thiét bi do c6 thé la
phwong tién khac nhau nhw tau, 6 té hay thuyén
tuy thudc vao cac ing dung khac nhau. Thiét bi
dinh vi thong thudong bao gobm cac may thu GNSS
(théng thwong GPS hodc GLONASS dwoc si
dung) két hop véi hé thdng dinh vi quan tinh
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(INS/IMU). Sw két hop nay nham thu dworc vi tri
hay duwong di cda phwong tién trong qua trinh di
chuyén bang phwong phap tham chiéu truc tiép.
Co6 nhiéu loai thiét bi do dir liéu khong gian 3
chiéu c6 thé dwoc 1ap dit trong hé thng MMS. Vi
du, may quét laser/Lidar, camera Ky thuit s6
hodc thiét bi radar. Néu mét hé théng MMS st
dung may quét laser 1am thiét bi do chinh thi hé
thong nay con dworc goi la Mobile Laser Scanning
(MLS). Khong giéng nhw phwong phap do anh
truyén théng, quét laser la mot phwong phap do
cht dong. N6 c6 thé hoat dong & diéu kién khong
c6 anh sang. V&i hé thong MLS str dung phwong
tién dwong bd, thuat ngit vehicle-based laser
scanning (VLS) dwoc str dung. Trong thuc té, MLS

Hinh 1. Hé théng vé bdn do di dong (MDL
Dynascan S250) (Belton & West, 2013).
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con str dung may chup anh s6 két hop véi cong
nghé Laser d€ thu dwoc ddm may diém c6 mau
sac (Puente, 2012).

MLS la giai phap httu hiéu cho viéc do dac
mot vung rong 16n, diéu ma khong thé lam véi do
laser tinh (TLS) nhung lai doi héi d chinh xac va
chi tiét cao (diéu nay khong thé lam véi Airborne
Laser Scanning - ALS). Hé théng quét dong 2D
(Line 2D laser scanners) va hé thong quét 3D (3D
laser scanner) déu c6 thé dwoc str dung lam thiét
bi do cho MLS. Diém khac biét gitra hai hé théng
nay la: Hé thong 2D laser do 2 gia tri gom khoang
cach gitra may do va vat thé do va goc ngang hoac
goc thang ding cla tia laser. Trong khi d6, 3D
laser dong thoi do ca goc ngang va goc ding.
Hinh 1 thé hién vi du cia MLS st dung 2D MDL
Dynascan S250, trong d6 A la thiét bi thu nhan tin
hiéu Hé thoéng dinh vi vé tinh toan ciu (GNSS
recievers), B la thiét bi quét laser (Laser
scanner), C thé hién Hé théng dan dwong quan
tinh/B6 do quan tinh (INS/IMU).

San pham cda MLS 13 ddm may diém tham
chiéu 3D cda khu vue quét, dwoc thé hién dwdi
cac gia tri x, y, z (kinh d0, vi d6, cao dd) va mirc
nang lwong phan hoéi. Trong treong hop MLS st
dung kém véi camera ki thuit s6, chung ta c6 thé
6 cac gia tri vé mau sic (Red, Green, Blue) cta
diém do bang cach két hop dam may diém dir
liéu véi anh s6.

3. Mat dé diém va dwong mau quét

Mit do diém ctia mot ddm may diém dwoc
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(b) ()

Hinh 2. D liéu ddm mdy diém véi

(a) toa do x, y, z; (b) toa do x, y, z va gid tri phdn xq; (c) toa d x, y, z, cdc tri phdnxava r, g, b.
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(a)

(b)

Hinh 3. Anh truc quan ddm mdy diém qua phén mém Leica Cyclone (a) cdy, (b) nha va 6 to.

MMS

Stop-and-go mode

MIMS

On-the-fly mode

Hinh 4. M6 hinh hoat dong cua MLS (Chan, 2011).

dinh nghia la s6 lwong diém trén mot don vi dién
tich. M4t d6 diém phu thudc vao cac yéu to sau:
(1) T6c @6 di chuyén cua xe, (2) khoang cach may
quét t&i cdc muc tiéu, (3) ciu hinh cia may quét,
va (4) s6 lwgng cia may quét trong hé thdng. Néu
mudn c6 mat do diém cao thi xe phai chay vai toc
d6 cham va ngworc lai. Twong tw nhw vy, néu cac
vat thé & xa may quét thi mit do diém sé thip.
Yéu t6 (3) va (4) dwoc c6 dinh bdi nha san xuét.
Mit do diém ctia dam may diém ciing c6 thé xem
nhw 1a mirc chi tiét do dwoc cia khu vuee do.
Scan-line patterns cia mét dam may diém
chi c6 d6i véi hé thdng quét dong 2D. Véi moi hé
thdng MLS ta c6 thé c6 mot scan line patters khac
nhau. Vi du véi MDL S250, hé thong st dung dau
quét laser dwgc dat vudng goc voi xe. Trén ly
thuyét véi hé théng nay c6 nhwoc diém 1a khéng
do dwoc nhitng vat thé nam gitra hai dwdng quét.
Trong khi véi MDL Dynascan M250 X-plane, hé
théng ndy stt dung dong thoi 2 may quét (mdi
may quét dwgc dat nghiéng 45 do so voi xe), voi

ciu hinh nay, cac vat thé c6 bé mit bé so voi
hwdng nhin ciia may quét sé khong bi bo qua.

4. Cac ché dg hoat dong ctia hé thong quét
laser di dong mat dit - MLS

4.1. Ché do “Stop and Go”

Ché do nay chi phu hop véi MLS st dung hé
thong quét 3D laser. Trong ché do nay, xe sé
dirng tai nhitng diém khac nhau trén dwong va
quét, sau d6 dirng quét va di chuyén dén diém
quét tiép theo. (' ché d6 nay, phian mém chi st
dung dir liéu tir may thu GPS dé tinh toan toa do
diém trong ddm may diém (khong can dir liéu tir
INS/IMU). Dit liéu thu dworc sé bao gom mét loat
cac ddm may diém tham chiéu. Néu c6 13i trong
cac phép do GPS, nguoi dung cin thuc hién qua
trinh “registration” dé khép cac ddm may diém
v&i nhau théng qua st dung diém khong ché mit
dat. Ché do nay giong nhuw thwc hién mét loat
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phép do laser tinh TLS. N6 ¢6 wu diém la cé
d6 chinh xac cao (twong tw TLS) nhuwng trong
thoi gian ngan hon.

4.2. Ché d6 “On the Fly”

Ché do th 2 la ché d6 “on the fly”. Ché do6
nay ctia MLS twong tw véi ché dé6 do cia ALS.
Trong ché do nay, xe sé di chuyén doc theo tuyén
dwong ma khong dirng lai tai bat cir diém nao. Do
d6 mdi diém thudc dam may diém dwoc xac dinh
trong hé toa d6 riéng ctia nd. Sau khi két thic qua
trinh quét, tit cd diém sé dwoc chuyén vé chung
mot hé toa dd bang cich sir dung phin mém vai
phuong trinh va tham s8 riéng cho mdi MLS.
Trong thuc té, hiu hét cac dw an MLS dwoc thuc
hién & ché do “on the fly” bédi tinh tién dung cta
no.

5. M6 hinh toan hoc

Cac cdm bién quan tinh trén iPhone 6 Plus
véi h Nhw da gigi thiéu & trén, div liéu thu dwoc
tr may quét (gia tri khoang cach va goc) va dir
liéu do tir may thu GPS v&i hé thong dinh vi quan
tinh INS/IMU dworc két hop véi nhau dé chuyén
tat ca cac diém do vé chung mot hé toa do. Mo
hinh toan hoc cia MLS trong “on-fly-mode” thé
hién qua cong thirc (1):

-

+ Miyy * AMyyy

X
Y
Z

AX
+ (AY
AZ

(p + Ap) *sin(6 + AB) X,
*{AM*T* 0 — Y } @9
(p + Ap) *co6(6 + A9) Z,

Trong do:

-x, y, z: toa do cic diém chi tiét (latitude,
longitude and elevation); X, Y, Z: toa do tam quét
INS/IMU (c6 thé tinh todn dwa trén so liéu do
GPS va sy twong tac gitra tam quét INS/IMU va
tAm quét GPS); AX, AY, AZ: sai s6 cua X, Y, Z; Mimy
va AMiwy: ma tran chuyén déi tir IMU dén hé toa
do thuc va sy nham lan gitra IMU va GPS; T: ma
tran quay cua may quét laser véi IMU va do léch
gitta IMU va hé théng quét laser; AM: goc léch
gitra tam quét IMU va tam quét laser; p and 6: gia
tri do tir thiét bi quét laser (khodng cach do p va
goc ma hoa 0); Ap va 46: do 1éch tri do (dp dod
léch khoang cach do va do léch géc ma hoa 46);
Xa YaZa: DO 1éch gitra bd quét laser véi tam quét

INS/IMU trong khung INS/IMU.
bay la phwong trinh chuyén toa d6 cta cac
diém tir hé toa d6 ctia né vé hé toa do chung (hé
toa do thwc nao dd). Phwong trinh nay cé thé chia
ra lam nhiéu phan.
(p + Ap) * sin(0 + AB)
0 bao gbm cac gia
(p+ Ap) xc6(6 + AH)
tri do tir may quét (khoang cach p and géc ma
héa 6) va sai s6 ciia nd Ap va A6, tir d6 tinh toan
ra vi tri cia diém trong hé toa d6 cia n6. Phan
tiép theo la khoang dd léch cta diém trung tim
may quét vGi vi tri trung tAm cua thiét bi do quan
tinh INS/IMU. Két hgp véi ma trin quay T, ta sé
thu duoc vi tri ctia diém trong hé toa do véi goc
toa do la tAm cuda thiét bi do quan tinh.
Tiép theo, toa d6 vira tinh toan dwoc sé dwoc
chuyén tiép sang hé toa dé chung (hé toa do

X AX
thuc). (|Y |+ |AY]) 1a d6 1éch gitta diém trung
Z AZ

tam cta INS/IMU vé&i hé toa do thuwce. (Mypyy *
AM;my) 12 ma trdn quay chuyén toa do tir hé toa
d6 INS/IMU vé hé toa d6 thuec.

X1 [AX
Gia tri (|Y|+[AY] va (Myvy * AMyvy)
zl 1Az

twong rng véi qua trinh “dang ky dnh” con phan
con lai twong rng véi qua trinh “hiéu chuin”.

6. Mot sd rng dung cta MLS

Nho d6 chinh xac cao (tir cm dén mm),
phwong phap do laser mat dat dwoc Gng dung
trong rat nhiéu linh vuc doi séng cia con nguoi
nhw: xdy dung mo hinh 3 chiéu ctia thanh phg,
quan ly thanh pho, quin sw, lam nghiép, ndng
nghiép, dia chat, robét, quan ly di san van hoa, va
nhiéu linh vuc khac. Dwéi day sé chi gidi thiéu chi
tiét vé mot s6 rng dung cu thé.

6.1. Ung dung ciia céng nghé do laser tinh

- Ung dung trong viéc dao ham: Bé dam bao
an toan hay quan ly chat lwgng cua viéc dao ham,
ta cin thu thap cac théng tin vé dia ky thut. tuy
nhién trong khong gian chat hep va diéu kién
thi€u anh sang viéc thu thip thong tin 1a khong
dé. V&i nhitng dic diém ctia minh, cdng nghé do
laser mat dat c6 thé dwoc st dung trong viéc nay.

Vao nam 2006 Lemy va cac cdng sw da st
dung cong nghé nay dé thu thip dir liéu vé
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Hinh 5. Thu thdp di liéu trong hdm bdng céng
nghé do laser tinh (Wang et al, 2014).

Hinh 6. Nhdn dang dwong ray xe ltra tir div liéu
ddm mdy diém (Oude Elberink et al, 2013).

Hinh 7. Di¥ liéu thu thdp bdng cong nghé do laser déng trén dwing cao toc.

bé mit dao trong him. Bang viéc thuc hién do &
cac khoang thoi gian khac nhau, dir liéu vé sw
thay ddi cia bé mit dao trong hdm dwegc tinh
toan. Nghién ctru nay cling cho thiy viéc st dung
cong nghé laser mat dat rat phu hop cho viéc thu
thap dir liéu cin thiét cho viéc dao ham. Vi duy,
cong nghé do laser c6 thé hoat déng tét trong
diéu kién thiéu sang. Ngoai viéc tiét kiém dwoc
thoi gian, cong nghé laser con rat phu hop khi
can thu thip thong tin & nhirng viing khé tiép cin
va khong 6n dinh (khong an toan) bang cach thu
thap & mot diém cach xa ving can thu thip.

- U'ng dung trong viéc bao tri, quan ly chait
lwong dwong ham: Sau khi hdm dwoc dwoc dao
hoic x4y xong, thong thudng viéc quan trac bién
dang sé duoc thue hién théng qua viéc thiét 1ap

nhiéu diém khéng ché rai rac quanh ham. Vi do
chinh xac cao ctia cac hé thdng do ngay nay, cong
nghé do laser tinh c6 thé dwoc st dung trong viéc
nay. V&i cong nghé do laser, ta khong cin thiét
lap diém khong ché. Tir do ta c6 thé quan tric
bién dang ngay sau khi coéng trinh dwgc hoan
thanh ma khong cin doi thiét 1ap diém khéng
ché.

6.2. Ung dung ciia céng nghé do laser dong

- U'ng dung trong viéc bao tri dwdng ray tau
héa: Trong viéc van hanh tau hoa, tinh trang cda
dwong ray tau héa rit quan trong, né can duoc
thwong xuyén kiém tra. Thong thwong viéc nay
thwong rat ton kém va cin nhiéu thiét bi chuyén
dung cho tirng phan cua dwong ray. Thay vao dé
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Oude Elberink va cac cong sy da thtr nghiém viéc
str dung cong nghé do laser dong trong viéc quan
trac bién dang ctia dwong ray xe ltra mot cach tw
dong. Két qua cta nghién ciu nay rit co tiém
nang va dang tiép tuc dwgc phat trién. Hinh minh
hoa viéc tw dong nhan dang dwong ray xe ltra tir
dit liéu ddm may diém.

- Cac wng dung lién quan dén duong giao
thong: Véi du liéu thue dwoc tir MLS nhw Hinh 7,
ta c6 thé sir dung vao mot s6 rng dung lién quan
dén duong giao thong nhw sau:

+ Quan tric chit lwgng dwong méi xay (xem
c6 dat tiéu chuin dé ra hay khong).

+ Quan ly chat lwong dwong theo thoi gian,
tim kiém 0 ga, vét nit trén dwong. Tir d6 1én ké
hoach bao tri.

+ Quan ly két cdu bé m3t dwong nham dam
bdo dwong khong cd viing nwdc sau mura, tim ra
nhitng chd c6 kha niang dong nuwdéc khi mura, tir 46
1én ké hoic stra chira.

+ Lap mo hinh s6 3 chiéu xung quanh dwong,
tlr d6 lam tai liéu cho cac nha quy hoach tham
khao cho viéc m& rong dwong hay mé dwong
ma&i sau nay.

7.Kétluan

MLS da ché thanh cong nghé chd dao trong
viéc thu thap dit liéu khong gian 3 chiéu, dwoc st
dung trong nhiéu &rng dung & nhiéu nwéc. Khong
giéng nhw phwong phap do vé truyén théng, quét
laser 1a mot phwong phap do chu déng, no co thé
hoat dong & diéu kién khéng c6 anh sang. Véi
tinh chit nay, MLS phu hop véi diéu kién giao
thong & nuwéc ta vi ta c6 thé dwoc str dung do vao
ban dém do ban ngay giao thong rit déng duic
nén kKhong thuan loi cho thi cong. Ttr dé tac gia
tin rang cong nghé nay sém sé& déng vai tro quan

trong trong nhiéu &ng dung yéu cau st dung dir
liéu 3D & Viét Nam.
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ABSTRACT

Mobile Laser Mapping and Applications

Xuan Truong Nguyen 1%, Dung Mai Thi Nguyen !, Chuyen Trung Tran 1, Huong Mai Tran 1,
Van Hai Thi Tran !, Ly Phuong Tran1,

1 Faculty of Information Technology, Hanoi University of Mining and Geology, Vietnam

The demand for accurate spatial data has been increasing rapidly in recent years. Thanks to
GNSS (Global Navigation Satellite System), laser scanning, imaging and information technologies,
mobile mapping technology has rapidly developed since late 1980s. A mobile mapping system
(MMS) allows us to observe 3D measurements of objects at close range from a vehicle, hence
revealing more details of objects than traditional satellite mapping or surveying such as airborne
LiDAR. Among different type of MMS, mobile Laser system (MLS) has many advantages in compare
with others. For example, unlike traditional photogrammetry, laser scanning is an active imaging
method which can be used at the condition of no light without any effect to the measurements. In
Vietnam, from authors’ knowledge, MLS has begun getting attention from survey companies and
government. However, recently, there is no MLS is deployed and knowledge about MLS is still
limited. This paper introduces about mobile laser scanning, as well as some potential applications
of it in real life.
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