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NGHIEN CU'U KHOA HOC

Ung dung cdng nghé 3D laser scanning trong viéc khao sat
lap binh do dia hinh
Application of 3D Laser scanning technology in creating topographical surveying

Hoang Hiép, Nguyén Anh Thu, D6 Tién Sy,
V6 Thi Loan, Nguyén Ngoc Tudng Vi,

VO Van Truong, Lé Nguyen Thanh Phudc,
Pham Thi Truéng An, Pang Minh Quang

TOM TAT:

Viéc ung dung cong nghé 3D Laser scanning trong nganh xay dung néi chung va khéo sit dia hinh ndi riéng, hién nay da tré nén
phd bién trén thé gisi. & Viét Nam, cong nghé 3D Laser scanning khong phi la qué xa la nhung viéc 4p dung né vao trong khao sat
x4y dung van con nhiéu vin d€ han ché nhu chi phi diu tu thiét bi 16n, phan mém x1 1y khd phic tap, ciing nhu yéu cdu nhan luc
¢6 trinh d¢ chuyén moén cao. Muc tiéu nghién ctiu nay tip trung vao ting dung cong nghé 3D Laser scanning trong viéc khéo sat 1ap
binh d6 dia hinh. Binh d¢ dia hinh sau d6 dugc xu ly trén cdc phdn mém phd bién hién nay, nhu Civil 3D, Virtual Surveyor, va
Cyclone 3DR. Bang sai s6 cao d¢ cac diém tif cac phdn mém st dung dugc phén tich va so sanh d€ dé xuft phdn mém t6i wu nhat
cho ra dugc két qué chinh xac nhit.

T khoa: 3D Laser scanning, BIM, Civil 3D, Virtual Surveyor, Cyclone 3DR, Topographic.

ABSTRACT:

Generally, the Laser scanning 3D technology applications in the construction industry in general and especially, in topographical
survey, are now becoming popular in the world. In Vietnam, Laser scanning 3D technology is not so new, however, using it in
construction surveying problems still meets some problems such as high price of equipment, processing software is too complicated,
managing and transferring the data require a high skilled labor. The aim of this research is to focus on the 3D Laser scanning in
topographical surveying. The topographical will be processed bt some popular applications such as: Civil 3D, Virtual Surveyor and
Cyclone 3DR. The deviation tables of point elevation from used software are analyzed and compared to propore the most optimized
software for the highest accuracy.

Keywords: 3D Laser scanning, BIM, Civil 3D, Virtual Surveyor, Cyclone 3DR, Topographic.

Nguyén Anh Thu, TS. P6 Tién Sy

Trung tdm Portcoast BIMLab, Cong Ty C6 Phin Tu Vén Thiét K& Cang Ky Thuét Bién - Portcoast
Khoa Ky Thuat Xay Dyng, Truong Dai Hoc Bich Khoa - Pai Hoc Quéc Gia Tp.HCM

Hoang Hiép, Nguyén Ngoc Tudng Vi, V6 Vian Truong, Lé Nguyén Thanh Phuéc

Trung tim Portcoast BIMLab, Cong Ty C6 Phén Tu Vén Thiét K& Cang Ky Thuét Bién - Portcoast
Vo Thi Loan

Trung tam Ky Thuat Séng Bién, Cong Ty C6 Phan Tu Vén Thiét K& Cang Ky Thuat Bién - Portcoast
Pham Thi Truong An, Ping Minh Quang

Khoa Ky Thuit Xay Dung, Trli(}ng Pai Hoc Bach Khoa - Pai Hoc Quéc Gia Tp.HCM

1. Gi6ithiéu Phuong phap hién tai tén kém kha nhiéu thai gian ciing nhu nhan luc,
TU trudc téi nay, viéc khao sat dia hinh hién trang ctia mét khu vuc  cac s6 liéu thu thap dugc la nhiing diém rai rac tir d6 1ap thanh binh dé
dugc thuc hién bang cac loai thiét bi nhu thdy binh, toan dac diént, v.v..  dang 2D. Hién nay, véi sy phat trién khoa hoc céng nghé trong linh vuc
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xay dung, ddc biét 1a cong nghé 3D laser scanning, viéc khao sat dia hinh
c6 thé dugc thuc hién mét cadch nhanh chéng, tiét kiém va chinh xac. S6
liéu thu thap dugc tir cac thiét bi 3D laser scanning la tap hgp dam may
diém (point cloud) véi vé s6 diém cé bao gém théng tin vé toa dé trong
moi trudng 3D.

Point cloud thu thap dugc tu thiét bi 3D laser scanning sé dugc
chuyén vao cac phan mém thiét k& dé tién hanh lap binh dé khao st va
sau do sé dén budc thiét ké truc ti€p trén binh d6 3D viia lap. D liéu sé
c6 dung lugng kha 16n va con cé nhiing viing bi nhiéu ciing nhu cac diém
cua dia vat khac ngoai bé mat khao sat. D€ t6i uu héa thi viéc st dung cac
phan mém trung gian trudc khi dua dit liéu vao phan mém phuc vu thiét
ké la rat can thiét. Hién nay, c6 kha nhiéu phan mém thudc nhiéu hé sinh
thai khac nhau dé xtt ly point cloud va lap binh d6 3D. Trong s6 d6, cac
phan mém dugc danh gia cao c6 thé noéi dén bao gém Cyclone 3DR,
Geosystems va Virtual Surveyor. K&t qua xur ly tir cac phan mém ké trén
c6 thé truc tiép chuyén qua phan mém thiét ké nhu Civil 3D clia Autodesk
(phan mém phuc vu cho mé hinh BIM) chuyén vé thiét ké co s& ha tang.

Han ché I6n nhat khi thu thap di liéu bang cong nghé 3D laser
scanning chinh la nhitng bé mat dia hinh dudi nudc khé thé thu thap
dugc. Tuy nhién, viéc nay cé thé thuc hién dugc bang cach két hgp gitra
point cloud thu thap dugc trén mat dat va thiét bi siéu am dudi nuéc
thoéng qua cac phan mém nay. Hon nira, khi st dung lap binh d6 ciing c6
thé dé dang két hgp di liéu qua lai ctia cac thiét bi 3D laser scanning véi
nhau d@é tao ra dugc san phadm chinh xac va téi uu nhat.

Muc dich chinh ctia viéc nghién ctu la dua ra Igi ich cta ting dung
céng nghé 3D Laser scanning trong khao sat lap binh do. TU viéc gidi
thiéu cac phan mém xu ly dir liéu point cloud dé€ 1ap binh d6 va so sanh
cling nhu kiém tra sai s6 tuyét d6i cao d6 cla cac diém gilia cac phan
mém da gidi thiéu vai khao sat 1ap binh d6 théong thusng dé théng qua
do, néu lén dugc viéc sir dung cong nghé 3D Laser scanning trong khao
sat 1ap binh do vira tiét kiém dugc thai gian, chi phi, nhan luc khao sat va
vla cé d6 chinh xac cao.

2. Téng quan van dé nghién citu

Hién nay, trén thé gigi viéc dua lng dung céng nghé 3D Laser
scanning vao trong céng tac khao sat xay dung ciing dang rat dugc quan
tam, da c6 nhiéu bai nghién ctru vé viéc st dung point cloud lap binh dé
phuc vu mé hinh thong tin BIM. Nghién ctu cGia Grigoras va céng su
(2009), da két luan rang c6 thé 1ap binh d6 tir mé hinh point cloud véi
cong nghé 3D laser scanning. Shan Ji va cdng su (2009) da nghién ctu va
cho thay dugc nhimng nguyén ly, cach thic thuc hién, x |i dé tao ra binh
d6 bang cdng nghé 3D laser scanning. Nghién ctru ctia Halim Setan va
cdng sy (2014) da cho thay phuong phép lap 1én binh d6 bang viéc ting
dung 3D laser scanning vai ti 1& phan giai cao. Gan day nhat, nam 2018,
Jingdao Shang va cong su (2018) da tao nén quy trinh Scan-to-BIM trong
nghién ctu ctia minh, va huéng dan cach thic chuyén déi tir mé hinh
point cloud sang mé hinh BIM.

Viét Nam dang tling budc héi nhap, nén viéc str dung mo hinh BIM
cho nganh xay dung la rat can thiét va song song vai no, viéc ap dung
nhing quy trinh cling nhu céng nghé 3D laser scanning phuc vu mé hinh
BIM sé lam cho mo hinh cang hoan thién va dat dugc hiéu qua cao. Viéc
nghién ctu va ting dung cac phan mém cho céng nghé 3D laser scanning
s& ngay mét dua nganh khao sat [én mot budc tién mai phat trién hon.

3. Dirliéu, khu vuc thuc hién

D liéu dugc st dung trong bai nghién cuu:

e Point cloud thu dugc tir mdy Laser Faro Focus S350A. Sau khi qua
xt ly va gan toa d6 cho di liéu bang cac phan mém (Scene, Cyclone). Toa
d6 gan cho point cloud dugc xtr ly dua trén cac diém khéng ché da duoc
do dac va b6 tri ngoai cong trinh (GCPs).

¢ Cac diém do dung dé€ so sanh bang phuong phap trudc day thu
dugc tu RTK.

Khu vyc thuc hién: Rach Gia, Kién Giang.

4. Phuong phap nghién ciu
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Viéc ap dung cdng nghé 3D laser scanning dé san xuat ra dugc binh
d6 khéo sat cé do chinh xac cao thi yéu cau phan mém xu ly phai co
nhing tinh nang téi uu. Hién nay co rat nhiéu phan mém khac nhau cé
thé x{ ly point cloud nhung da s6 cadc phan mém déu cé chi phi dau tu
cao va kho kiém soat sai s6.

Nghién ctiu sau day dua trén viéc gidi thiéu so luge vé cac phan mém
xU ly dir liéu point cloud dé 1ap binh d6, tir d6 dua ra bang so sanh sai s6
cao do cac diém dé dé xuat phan mém téi uu nhat cho ra dugc két qua
chinh xac nhat.

4.1. Phan mém thiét ké Autodesk Civil 3D

Phan mém thiét ké Civil 3D co tinh nang chinh la thiét ké co s& ha
tang (thiét ké trac doc, trac ngang, nut giao, hé théng thoat nudc), ngoai
ra con c6 tinh nang lap binh d6 khdo sat tir point cloud (Nguon:
Autodesk)

Pinh dang ma phan mém Civil 3D ctia Autodesk hé tro dé dua dir liéu
Point cloud la *.rcs va *.rcp dugc xuat tir phan mém Recap cling cling
thudc hé sinh thai Autodesk. Thudng nhiting dinh dang Point cloud do
cac hang may quét Laser xuat ra kha da dang nhu *.e57, *.las va mot s
dinh dang khac nén khi dua dtliéu vao cac phan mém xr ly ciing dé dang
hon.

Vi la phan mém thiét ké co s& ha tang nén chiic nang hé trg lap binh
dé caa Civil 3D clng ¢é vai han ché:

— Noi suy cac Point cloud dia vat khéng thudc bé mat (nha clra, tham
thuc vat va céng trinh kién tric khac) theo phuang phép téng quat nén
kho kiém soat sai sé.

— Dit liéu chita hang ty diém nén dung lugng Ién.

4.2. Phan mém Virtual Surveyor

Phan mém Virtual Surveyor la phan mém manh vé khao sat, vai tinh
nang dién hinh nhu 1ap binh d6, tinh toan khéi lugng, phan tich mat
(Nguon: Virtual-surveyor).

Pinh dang ma phan mém Virtual Surveyor hé trg dé dua dt liéuPoint
cloud Ia *.las va *.laz c6 thé xuat truc ti€p tor may quét Laser hodc théng
qua phan mém trung gian.

Lgi thé clia viéc sit dung phan mém Virtual Suveyor dé€ lap binh dé
trudc khi dua vao phan mém thiét ké:

— Phuong phap néi suy va xéa nhiéu trén mé hinh Point cloud t6i uu.

— Xudt ra dugc binh d6 Iugi tam giac nén khi dua d liéu vao Civil 3D
hodc cac phan mém thiét ké khac sé giam dugc dung lugng dang ké

— C6 thé két hgp truc tiép di liéu do dugc khi khao sat dia hinh cla
cac may truyén théng khac.

4.3. Phan mém Cyclone 3DReshaper

Cyclone 3DR la mét ing dung dugc tich hgp trong hé théng Leica
Cyclone, vi rat nhiéu tinh nang néi troi dé xt ly dit liéu Point cloud nhu
1a 1ap binh d6 khao sat, tinh khéi lugng, phan tich mat, x6a nhiéu, trich
xuat bé mat, tao mat ludi chi tiét.(Nguén: Leica-geosystems)

Dinh dang hé trg dé€ dua dit liéu vao phan mém rat da dang, vi du
nhu *.e57, *las va *.Igs.

Tinh nang ndi bat trong 1ap binh d6 khao sat:

— Noi suy két hgp x6a nhiéu theo yéu cau clia ngusi dung mét cach
chinh xac.

— Thai gian dua d{ liéu cling nhu x{ ly Point cloud nhanh va xt ly
dugc dung lugng lén.

— Xuat ra dugc binh d6 lugi tam giac nén khi dua d liéu vao Civil 3D
hodc cac phan mém thiét ké khac sé gidm duoc dung luong dang ké.

— Két hop dugc cac tép diém véi nhiéu dinh dang khac nhau.

— XU ly Point cloud dé dung mé hinh, phan tich mat hay tinh khéi
lugng, phuc dung chi tiét mé hinh.

5. Phuong thuictién hanh va két qua nghién ciu

Cac budc tién hanh dé 1ap cong tac khao sat lap binh d6 ti cong nghé
3D laser scanning sé dugc giai thich sau day ting véi tiing phan mém.

Cac qui trinh thuc hién cé thé dugc tém gon trong luu d6 nhu Hinh1.



QUY TRINH THUC HIEN CONG TAC KHAO SAT DIA HINH BANG CONG NGHE LASER
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Cac phan mém nay c6 thé xuit truc tiép sang Autocad cling véi dif liéu

thong tin can thiét cho céng tic khao sat dia hinh

Hinh 1. Luu d6 quy trinh thuc hién cdng tac khao sét dia hinh béng cong nghé 3D laser scanning
*Ghi Chu':

— (¥) Phdn mém c6 ban quyén cda Céng Ty C6 Phdn Tu Vdn Thiét K€

Cdng Ky Thuat Bién - Portcoast.

— Tdt ca cdc dit liéu point cloud thu dugc st dung cho bai nghién ciu
nay dugc quét tirmdy quét Laser Faro Focus S350A va cdc diém do dugc dudi
nudc, cdc diém khdo sdt do ngodi thuc dia béing phuong phdp truyén théng
duoc cung cdp béi Trung tédm ky thudt Séng Bién, Céng Ty C6 Phan Tu Vdn
Thiét K& Cang Ky Thudt Bién — Portcoast.

5.1. Autodesk Civil 3D

Quy trinh d€ 13p binh d6 khao sat:

— St dung mdy quét Laser scan thu dugc di liéu sau khi x( ly la Point
cloud dinh dang *.e57.

— Tufile dinh dang *e.57 thong qua phan mém Recap Autodesk xuat
dugc dinh dang *.rcs hodc *.rcp .

— Dua dir liéu file *rcs hodc *.rcp vao Civil 3D va ndi suy tao bé mat
lugi tam giac, dudng ddng muc trong moi trudng 3D.

Két hgp dugc point cloud tu thiét bi 3D laser scanning (Hinh 2) va dir

lieu thu thap dudi nuéc hay cé thé két hop véi bat ky véi cac diém do
dugc bang phuang phép théng thudng khac. Hinh 3 thé hién binh dé
clia dudng dong muc dugc két hgp bai point cloud trén mat dat va dudi
nuéc.

5.2. Virtual surveyor

Quy trinh 1ap binh dé:

— St dung thiét bi 3D laser scanning thu dugc dir liéu sau khi xt ly la
point cloud dinh dang *.las hoac *.laz.

— Dua di liéu tryc ti€p vao phan mém va tao binh dé ti point cloud,
ti€p tuc x& ly nhimng vi tri point c6 dia vat hay nhiéu dé binh d6 dugc
chinh xac nhat.

— Xudt ra dinh dang can dé dua d(i liéu vao phan mém thiét ké khac.
Binh d6 dugc xuat ra ti Virtual Surveyor la binh d6 dang lugi tam giac
trong mai trudng 3D, Hinh 4 thé hién dudng dong muc trén b va Hinh
5 thé hién dudng déng muc cla su két hop point cloud trén b va diém
dugc do & dudi nudc bang may hoi am.

Hinh 2. Binh d6 dutng dong mic tif point cloud (Rach Gid-Kién Giang) bang phan mém Civil 3D

Hinh 3. Binh d6 dudng dong miic tir point cloud két hgp point do dudi nudc (Rach Gid-Kién
Giang) bdng phan mém Civil 3D

Ayirtual

H|nh4 Binh do duong dong mic tu pomt cIoud (Rach Gid-Kién Giang) bang phan mém Virtual Surveyor
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Bang 1. Bang téng hop chi tiét toa d6 tling diém gilia cic phan mém
z

STT
X Y Z Zys Z 3D | 3DReshaper divs dicivit [ dvecwi | dussor | doiiksor
L 562615.3 1106900 1.65 | 1.6376 | 1.6448 1.6389 0.0124 | 0.0052 | 0.0111 | 0.0072 | 1.6264 | 1.6337
2 562650.5 1106912 1.6 1.5890 | 1.6053 1.5883 0.0110 | 0.0053 | 0.0117 | 0.0163 1.5773 1.5936
3 562527.4 1106910 | 1.65 | 1.6465 | 1.6443 1.6453 0.0035 | 0.0057 | 0.0047 | 0.0022 | 1.6418 | 1.6396
4 562578.6 1106899 | 1.71 | 1.7054 | 1.6972 1.6982 0.0046 | 00128 | 0.0118 | 0.0082 | 1.6936 | 1.6854
5 562571.9 1106904 1.63 | 1.6381 | 1.6439 1.6603 0.0081 | 0.0139 | 0.0303 | 0.0058 | 1.6078 | 1.6136
/\ 6 562612.8 1106909 1.67 1.6472 | 1.6546 1.6485 0.0228 | 0.0154 | 0.0215 | 0.0074 | 1.6257 | 1.6331
! ~— 7 562720.4 1106970 | 1.66 | 1.6694 | 1.6758 1.6769 0.0094 | 0.0158 | 0.0169 | 0.0064 | 1.6525 | 1.6589
4 /\:\ 8 562553.5 1106896 1.65 | 1.6885 | 1.6667 1.6738 0.0385 | 0.0167 | 0.0238 | 0.0218 | 1.6648 | 1.6429
S L 4 9 562698.3 1106947 1.61 1.6255 | 1.6268 1.6323 0.0155 | 0.0168 | 0.0223 | 0.0013 | 1.6032 | 1.6045
y /" ’\‘“ 10 562625 1106903 | 1.68 | 1.6626 | 1.6631 1.6578 0.0174 | 0.0169 | 0.0222 | 0.0005 [ 1.6405 | 1.6409
'v\ = u 562697.6 1106984 1.6 1.6071 | 1.6182 1.6160 0.0071 | 0.0182 | 0.0160 | 0.0111 | 1.5911 | 1.6022
4‘ B\ ® 12 562713.2 1106981 1.6 1.6191 1.6210 1.6240 0.0191 | 0.0210 | 0.0240 | 0.0019 | 1.5951 1.5970
?u rve 0 I_ 13 562547.7 1106903 171 1.6884 | 1.6878 1.6869 0.0216 | 0.0222 | 0.0231 | 0.0006 | 1.6653 1.6647
y 4 562705.8 1106995 1.63 | 1.6565 | 1.6059 1.6368 0.0265 | 0.0241 | 0.0068 | 0.0506 | 1.6497 | 1.5991

n N & N " P . )7 . e P T . M 2 15
Hmh 5 Bmh dO duang dong miic tir p0|nt (lOUd ket hap pOInt dO dUUl nuéc (Ra(h G|a_K|en G|ang) bang phan 562595.9 | 1106906 | 1.74 | 1.7145 | 1.7148 | 1.7368 | 0.0255 [ 0.0252 | 0.0032 | 0.0003 | 1.7113 | 1.7116
I’y V IS 16 562596.6 1106899 1.69 | 1.6746 | 1.6614 16719 0.0154 | 0.0286 | 0.0181 | 0.0132 | 1.6566 | 1.6433
mem Irtua urveyor v 562729.3 1106972 | 1.65 | 1.6769 | 1.6806 16772 0.0269 | 0.0306 | 0.0272 | 0.0038 | 1.6497 | 1.6534
5‘3‘ CVCIone 3DR 18 562606.8 1106905 1.57 | 1.5484 | 1.5392 1.5585 0.0216 | 0.0308 | 0.0115 | 0.0092 | 1.5369 | 1.5277
Quy trinh 13p binh d6 ctia phan mém Cyclone 3DR cling tuong tu nhu 19 | 5627509 | 1106989 | 1.68 | 1.7005 | 17143 | 17032 | 0.0205 | 0.0343 | 00232 | 0.0138 | 16773 | 16011
Virtual surveyor. 20 562538.2 1106911 1.57 1.5825 | 1.6066 1.5991 0.0125 | 0.0366 | 0.0291 | 0.0241 | 1.5534 | 1.5775
5 y . . . ~ 1A . 5 B 2t 562557.8 1106906 1.61 | 1.6036 | 1.6520 1.6068 0.0065 | 0.0420 | 0.0032 | 0.0484 | 1.6004 | 1.6488

. - Su dung’ thl?t b!\,3D Iaser Scannlng thu dUGC du Ileu sau khl Xu Iy Ia 2 562552.3 1106910 | 1.53 | 1.5367 | 1.5776 1.5622 0.0067 | 0.0476 | 0.0322 | 0.0409 | 1.5045 | 1.5454

point cloud véi mot s6 dlnh dang nhu *.e57, *.Ias,*.lgs. 23 | s62619.9 | 1106907 | 1.52 | 15534 | 1.5684 | 15586 | 0.0334 | 0.0484 | 0.0386 | 0.0150 | 15148 | 1.5298
— Bua d liéutryc tiép tép vao phan mém va tao binh d6 tu point Bang 2. Bang so sanh chi tiét sai s6 trung binh gitta cdc phan mém
cloud, ti€p tuc x{r ly ndi suy nhirng vi tri point cé dia vat hay xéa nhiéu aé Cilap Virkial $ yelose 313
binh d6 dugc chinh xac nhat. -
pg ) . N ' ~ A N a 2 . ~ s Civil 3D - Q0135 00108
— Xuat ra dinh dang can dé dua dir liéuvao phan mém thiét ké khac Vil S YIEE 50053
Inh da a ) 2 m t € yor 0.0135 - 0.0083
hodc link tryc ti€p. Binh d6 dugc xuat ra ti Cyclone 3DR la binh d6 dang Cyelone 3D 0.0108 0.0083 )

o . . N N . e R 0.0
ludi tam gidc hodc cadc dudng dong muc trong moi trudng 3D. G Hinh 6, XYER] 0018 B
binh d6 dugc tao ra ti point cloud va & Hinh 7 la su két hgp cda cac point
cloud va cac diém tir may héi am. Nhan xét:

5.4. Sosanh chénh léch cao d6 ciia binh d6 lap dugc khi khao sat — TUBang 1 va Bang 2 c6 thé thdy trung binh sai s6 cao dé cac diém
x e p e . > < <z ~ X , . N N . . . N . N 2 . N
bang thiét bi 3D laser scanning va may trac dia thong thudng clia cac phan mém véi nhau hay gilia céc phan mém va khdo sat truyén
Khi st dung thiét bi 3D laser scanning dé lap binh dé khao sat do théng déu ndm trong khoang tir 0.01m dén 0.03m.
chinh xac cba may so v&i khao sat bang may théng thudng dugc danh — Ca ba phan mém (Civil 3D, Virtual Surveyor, Cyclone 3DR) déu t&i

gia dua trén viéc so sanh cao d6 cac diém gilra cac phan mém xur ly.

Xét 23 diém co vi tri tuong déi bang phang tng vdi Hinh 8. Cac gia tri
chi tiét to dé cho ting phan mém trong nghién ciu dugc thé hién 6 Bang
1 va chi tiét sai s6 trung binh vé cac gia trj cao do gilta cac phuong phap
cling nhu phan mém dugc thé hién & Bang 2, trong dé:

uu trong viéc lap binh dé khao sét tir dit liéu point cloud.

Zx Cao d0 khao sat bang phuong phap thong thudng
Zys Cao do xuat ti phan mém Virtual Surveyor

Zc Cao do xuat tir phan mém Civil 3D

Z3or Cao d6 xuat tir phan mém Cyclone 3DR

divs Gia tri tuyét déi chénh léch cao do gilra Zx va Zvs
dkcp Gia tri tuyét d6i chénh léch cao do gilra Zcva Zcso
dk3or Gia trj tuyét déi chénh léch cao d6 gilta Z«va Zspr
vs30m Gia tri tuyét d6i chénh léch cao do gitia Zvs va Zsor

dvs-cap Gia trj tuyét déi chénh léch cao d6 gilta Zvs va Zcsp
depaor  Gid tri tuyét d6i chénh léch cao do gilta Zcsp va Zsor Hinh 7. Binh % dudng déng mic tir point cloud két hgp diém do dudi nudc (Rach Gid-Kién

Giang) bang phan mém Cyclone 3DR

o B

Hinh 6. Binh d6 duong ddng miic tir point cloud (Rach Gid-Kién Giang) bang phan mém : Vo i
3DReshaper Hinh 8. Vi tri nhitng
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6. Kétluan

Nghién ctiu cho thay khi 4p dung cac phan mém daé xu ly dit liéu
point cloud Iap binh d6 khao sat thi d chinh xac cao va thai gian xt ly
nhanh, ngoai ra khi st dung cdng nghé 3D laser scanning thi thoi gian
khao sat ngoai cong trudng sé dugc rat ngan lai mang lai hiéu qua cao
trong khao sat. Viéc sirdung cong nghé 3D laser scanning trong khao sat
dang tra thanh mét gidi phap t6i uu va hgp ly mang lai budc tién mai
cho nganh xay dung.
L&i cam on: D liéu, thiét bi phuc vu cho nghién ctu nay dugc tai trg ti
c6ng ty ¢6 phan tu van thiét k€ Cang-Ky thuat Bién (Portcoast). Nhém
nghién ctdu xin gui I6i cdm on chan thanh dén quy céng ty, bd mén Thi
céng va Quan ly xay dung (Pai hoc Bach Khoa - Pai Hoc Quéc Gia
TP.HCM), va céc ky su tham gia thuc hién dy én da ho trg dé hoan thanh
nghién ctru nay.
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