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TOM TAT:

Ngay nay, v6i su phat trién ctia khoa hoc cong nghé trong linh vic x4y dung, viéc thu thip di liéu ddm may diém (point cloud) théng qua
thiét bi 3D Laser Scanning dang ngay cang trd nén phé bién. Tai Viét Nam, cdng nghé 3D Laser Scanning ngay cang dugc biét dén va ting
dung vao cdc du 4n x4y dung. Cung vé6i sy phat trién nhanh chéng ctia m6 hinh thong tin céng trinh (BIM) trong thoi gian viia qua, 3D
Laser Scanning va BIM hoan toan cé thé phéi hgp dé ting dung xuyén sudt trong toan b vong doi du dn. Tuy nhién, viéc ting dung cong
nghé nay van con nhiéu khé khin trong viéc xti ly dii liéu tit cac hé thong phén cling va phdn mém khac nhau. Nghién ctiu sé tip trung
vao quy trinh két hgp dii liéu ddm méy diém trén mat dat (terrestrial laser scanning data) ti ba loai thiét bi khac nhau (Faro Focus S3504,
Leica RTC 360, Leica Station P50) va dii liéu ddm méy diém trén khong (aerial laser scanning data) thu dugc ti viéc két hgp thiét bi bay
khong ngudi ldi UAV Stormbee S20 va Faro Focus S350A. Quy trinh dé€ xuit dat dugc nhiing di liéu tich hgp c6 gid tri va ¢ thé dé xudt
stt dung trong cong tac khdo sat, thiét ké va kiém dinh cong trinh.

T khéa: 3D Laser Scanning, BIM, Scan to BIM, Point Cloud, Faro Focus $350-A, Leica RTC 360, Leica Station P50, Stormbee UAV 520

ABSTRACT:

With the development of technology in the construction industry, data collection using 3D Laser Scanning equipment is becoming
increasingly popular. In Vietnam, 3D Laser Scanning technology is gaining popularity and applied in construction projects. Along with
the rapid development of the Building Information Model (BIM) technology, 3D Laser Scanning technology and BIM can be combined
to mutually support through the life cycle of a project. However, the application of this technology still faces many challenges in data
integration from different hardware and software systems. In the research, we combined the terrestrial laser scanning data from 3 different
devices (Faro Focus S350A, Leica RTC 360, Leica Station P50) with aerial laser scanning data from UAV Stormbee S20 combined with
Faro Focus S350A. The proposed process is effective for achieving the valuable integrated data that can be applied in surveying, designing
and inspecting works.
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1. Gidithiéu

Trong nhiéu thap nién vita qua, cdng tac khao sat tai cac du an xay dung
thudng dugc thuc hién théng qua céc thiét bi do dac bao gém may thay
binh, may toan dac dién t&, may do GPS, v.v... Cac thiét bj cdng nghé nay
luén luén dugc nghién ciru nham cai tién dé chinh xac va hiéu qua hoat
dong.

Trong xu thé phat trién hién nay, céng nghé 3D Laser Scanning dugc
biét dén va ap dung trong céc cong viéc khdo sét, kiém dinh cac cong trinh
nham dan thay thé cho cac thiét bi néi trén véi do chinh xac cao. Thiét bj 3D

Laser Scanning c6 kha nang thu thap di liéu vé s6 cac dam may diém trong
khéng gian, cac dam may diém nay ghi lai chi tiét hinh dang bé mat ctia mét
vat thé trong khéng gian va méi mét diém dam may nay déu chira thong tin
toa do (XYZ) va cac thong sé mau.

Hién nay, cac dir liéu dam may diém thu thap dugc ti cac thiét bi 3D
Laser Scanning c6 rat nhiéu phan mém dé x{ ly. Cac giai phap phan mém
phai dat dugc cac muc tiéu bao gom téi uu héa thai gian xu ly, dat hiéu qua
cao cing nhu cho ra mét san pham chat lugng. Hé théng phan mém hién tai
bao gém phan mém Scene cta hang Faro, Cyclone clia hang Hexagon
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Geosystems, Beeflex clia hang Stormbee, POSPac clia hang Trimble. Tuy
nhién, hién tai di liéu tir cac phan mém trén dang dugc xt ly rdi rac va chua
thé thich hgp. Do d9, gidi phap dé cé thé két hgp cac dit liéu dam may diém
tr nhiéu thiét bi dén tir cac hang ké trén thanh mét mé hinh 3D 13 hét stic
can thiét.

Muc dich clia viéc thuc hién viéc nghién ctiu nay chinh la dua ra mot quy
trinh tich hgp dit liéu néi trén nhdm tao ra mé hinh téng thé cho céng trinh
trong cac cong tac khio sat, thiét ké, kiém dinh cong trinh. Mé hinh dat dugc
sé dugc tiép tuc xay dung mo hinh BIM phuc vuc cho céng tac quan ly céng
trinh xay dung mét cach hiéu qua.

2. Téng quan van dé nghién ciu

Trén thé gidi hién nay c6 rat nhiéu bai nghién ctu vé cong nghé 3D Laser
Scanning két hgp vai cac thiét bi bay khéng ngudi lai nhu:

Soonwook Kwon va cac cdng su (2017) da nghién ctiu va cho thay rang
nhiing Ung ctia viéc sir dung dir liéu cac diém dam may dugc tao ra tu thiét
bi 3D Laser Scanning két hgp véi dit liéu anh chup tir trén khéng, déng thoi
chiing minh kha ning két hop di lieu dam may diém bang cach hop nhat
dr liéu thu thap dugc.

Jan Saak va cong su (2019) cling da nghién cdu va cho thay viéc két hogp
3D Laser Scanning trén mat dat va chup anh tir can canh tir thiét bj bay
khéng ngudi lai dé tao ra dam may diém cé do phan giéi cao va mé hinh s8
do cao (DEM) cuia khu vuc dia hinh nui cao, phuong phdp nghién ctu nay
cting khdng dinh rang cé thé thanh 1ap ban d6 dia hinh & nhing khu vuc nui
cao hiém trd.

Satoshi Kubota va cac cdng su (2019) véi nhiing nghién ctiu ctia ho da
cho ra mot két luan la viéc sit dung di liéu trong khong gian ba chiéu bang
céach két hgp dir lieu dam may diém cua thiét bj 3D Laser Scanning trén mat
dat va may bay khéng ngudi lai dé chup anh dé hé trg cho cong viéc bao tri
dudng bo. Bén canh dé dit liéu ddm may diém cho cac déi tugng nay dugc
xay dung bang cac tam anh véi cong nghé SFM.

Gan day, cac hé théng may bay khong ngudi lai dang dugc st dung rong
rai trong nhiéu linh vuc nhu: quén sy, khdo sat dia hinh, ndéng nghiép, lam
nghiép, quan ly do thi, hé trg tim kiém ctru nan, dién anh va nhiéu linh vuc
khac. Bén canh d¢, linh vuc khao sat dia hinh da stir dung cong nghé anh
chup tir cac thiét bi bay khéng ngudi lai két hgp véi cac diém khéng ché mat
dat dé thanh 1ap céc loai ban d6 nhu ban d6 3D, binh d6 anh s6, mé hinh s
bé mat (DSM - Digital Surface Model) va tir cac ban d6 nay c6 thé bién tap,
xU Iy va cho ra ban d6 dia hinh tai khu vuc bay chup, tuy nhién phuong phap
nay cho do chinh xac khéng cao.

Viéc 4p dung cong nghé 3D Laser Scanning két hgp vai phuong phéap
chup anh tur thiét bi bay khéng ngudi lai dang ngay cang tré nén phé bién,
tuy nhién dé chinh xac cling nhu tinh hiéu qua ctia phuong phap nay can
kiém tra cling nhu gidm dinh dé dua ra danh gia chinh xac. Bén canh d6, mét
cédng nghé mdi ma nghién ctiu dé cap dén do chinh la viéc két hop dit liéu
dam may diém gitia thiét bi 3D Laser Scanning tai cac tram dat trén mat dat
vGi thiét bi 3D Laser Scanning dugc tich hop trén thiét bi bay khong ngudi
1ai Stormbee S20 trong khong gian vat ly dé cho ra mét mé hinh 3D chia vé
s6 cac dam may diém.

3. Phuong phap nghién ctiu

Hién nay, c6 nhiéu thuong hiéu, nhiéu dong thiét bi 3D Laser Scanning
V@i nhitng chiic ndng cing nhu uu diém va nhugc diém khac nhau. Tuy theo
muc dich va dic diém cla cong trinh ma lua chon thiét bj 3D Laser Scanning
phu hgp.

Sau do, quy trinh can thuc hién nham tich hgp cac dit liéu ti cac thiét bi
khéac nhau dugc thuc hién va dé xuat nhu Hinh 1.

3.1 Cacthiétbi 3D Laser Scanning dugc sir dung trong nghién ciu

3.1.1 Thiétbi3D Laser Scanning FARO Focus S350-A

Thiét bj 3D Laser Scanning Faro Focus S350-A (Hinh 2) Ia thiét bj dugc
thiét ké co kich thudc nho, trong lugng nhe vao khoang 4,2 kg va pham vi
quét md@ rong véi tam quét xa lén dén 350m vai do chinh xac vé khoang cach
I&én t6i + Tmm, trong 1 gidy thiét bi nay thu thap dugc vao khoang 1 triéu
diém dam may va thiét bi nay c6 thé Iam viéc trong méi trudng khic nghiét,
nai lam viéc hep, khu vuc bui bdm hodc 4m uét hodc dnh sang mat trdi truc
ti€p. Trén thiét bi dugc tich hgp may thu GPS va Glonass cho phép dinh vi vi
tri (FARO, 2019).

Dac biét, thiét bi nay cho phép tich hop trén thiét bi bay khéng nguai lai
Stormbee 520 nham quét nhiing khu vuc réng I6n (Stormbee, 2018).
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QUY TRINH KET HQP DU LIEU DAM MAY DIEM CUA CAC THIET BI
QUET 3D LASER SCANNING
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Hinh 1. Lutu @ quy trinh két hop diliéu dam méy diém cda cac thigt bi 3D Laser Scanning

*GhiChu:

— (¥) Phdn mém cé ban quyén caa Céng Ty C6 Phdn Tu Vdn Thiét K& Cang
Ky Thudt Bién - Portcoast.

— Tdt ca cdc diliéu thu dugc strdung cho bdi nghién ciu nay dugc thu thdp
tor thiét bi 3D Laser Faro Focus S350A, Laser Leica RTC 360, Laser Leica P50 va
thiét bi bay khéng ngudi Idi Stormbee 520 va cdc diém khdo sdt do ngoai thuc
dia bdng cdc logi mdy nhu mdy toan dac dién td, mdy do GPS dugc cung cdp
béi Trung tam ky thudt Séng Bién, Céng Ty C6 Phan Tu Vdn Thiét K& Cang Ky
Thudt Bién.

Hinh 2. Lutu @0 quy trinh két hop d liéu dam may diém cda cac thigt b 3 Laser Scanning

3.1.2 Thiét bi 3D Laser Scanning LEICA RTC 360

Thiét bi 3D Laser Scanning Leica RTC 360 (Hinh 3) la thiét bi dugc thiét
c6 trong lugng khodng 5.35 kg, pham vi quét mad réng khoang 130 m véi do
chinh xéac vé khoang céach la 1.0 mm + 10 ppm, trong 1 gidy thiét bj nay thu
thap dugc vao khoédng 2 triéu diém dam may va thiét bi nay cé thé lam viéc
trong moi méi trudng nhu méi trudng cé anh sang mat trdi truc tiép. (Leica,
2017).

3.1.3 Thiétbi 3D Laser Scanning LEICA P50

Thiét bj 3D Laser Scanning Leica P50 (Hinh 4) la thiét bj cé thiét ké chac



chan, trong lugng nang vao khoang 12,25 kg va pham vi quét ma réng vai
tam xa lén dén > 1 km, d6i vai dé chinh xac vé khoang céach la 3 mm +
10ppm, ddi vGi tam quét 120 m véi do chinh xac khoang cach 1a 1.2 mm +
10ppm, trong 1 gidy thiét bi nay thu thap dugc vao khoang 1 triéu diém dam
may. Trong thiét bi nay bao gém cac chiic nang cho phép ngudi dung nhap
hé toa d6 vi tri clia cdng trinh tir & mo hinh dédm may diém sé c6 toa dé va
cao d9, phuc vuc cho cac cong tac khao sat dia hinh (Leica, 2017).

3.1.4 Thiétbi khéng nguilai STORMBEE tich hop thiét bi 3D Laser
Scanning FARO Focus S350-A

Stormbee la mét thiét bay khéng ngudi lai khéng giéng vai cac thiét bi
bay khac chi mang tinh chat chup anh, ma thiét bi nay dugc tich hogp 3D
Laser Scanning Faro Focus S350-A nhdm quét lai cac vat thé trong khéng
gian, Stormbee UAV S20 (Hinh 5) cho phép chung ta thu dugc di liéu chinh
xac va dang tin cay nh& céng nghé LIDAR da sir dung tia Laser dé thu nhan
dir liéu hinh hoc clia cac vat thé, cac dir liéu dé dugc goi la cac diém dam
may va mbi mot diém nay déu c6 toa do (X, Y va Z). Tu nhiing kha ndng cong
nghé vugt troi, thiét bi Stormbee UAV 520 dugc ap dung cho nhiéu linh vuc
nhu @é kiém tra co s& ha tdng cda cac cong trinh xay dung (STORMBEE,
2018).

Hinh 5. Thiét bj STORMBEE UAV S20 tich hgp thiét bj 3D Laser Scanning FARO Focus
$350-A

3.2 Quy trinh xrly dirliéu dam may diém

Sau khi nhap d liéu vao cac phan mém, tién hanh xd ly x6a nhiéu cac
dé6i tugng khéng can thiét trong mé hinh dam may diém. Quy trinh x{ ly dir
liéu dam may diém tu cac thiét bi 3D Laser Scanning dugc trinh bay nhu sau:

3.2.1 Phan mém SCENE cia hang FARO

S dung thiét bi 3D Laser Scanning Faro Focus S350-A va thu thap d
liéu tai hién trudng, tién hanh dua dir liéu vao phan mém Scene (Hinh 6) va
tién hanh x{ ly.

3.2.2 Phan mém CYCLONE ctia hang HEXAGON GEOSYSTEMS

S dung thiét bi 3D Laser Scanning Leica RTC 360 va thu thap dit liéu tai
hién trudng, ti€n hanh nhap di liéu thu dugc vao phan mém Cyclone va xu
ly dirliéu (Hinh 7).
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Hinh 7. X(r1y dir liéu tirthiét bj RTC 360 trén phan mém CYCLONE

Strdung thiét bi 3D Laser Scanning Leica P50 va thu thap dit liéu tai hién
trudng, ti€n hanh dua d liéu thu dugc vao phan mém Cyclone va xu ly (Hinh
8), trong qué trinh tién hanh thu thap di liéu thuc dia thiét bi nay cho nhap
céac hé toa dd truc tiép trén may, khi d6 dit lieu dam may diém sau khi thu
dugc sé co hé toa dé va cao d6 chuan thuan tién cho céng tac xu ly noi
nghiép.

3.2.3 Phan mém POSPas ctia hang TRIMBLE

Sau khi thuc hién céng tac bay va thu thap di liéu bang thiét bj bay
khong ngudi lai Stormbee S20, tién hanh nhap d liéu ti cac nguén trén
thiét bi Faro Focus $S350-A va cac dit liéu trén hé théng may bay vao phan
mém POSPac (Hinh 9) dé x ly.

3.2.4 Phan mém BEEFLEX cia hang STORMBEE

Tu dir liéu da x ly t phan mém POSPac, ti€én hanh nhap di liéu thu
dugc vao phan mém Beeflex nhu Hinh 10 dé chon ving di liéu da quét xuat
d{r liéu nay ra dinh dang 3D Point Cloud (Hinh 10).
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 Hinho. X(r1y dirliéu tir thiét bi STORMBEE UAV S20 trén phan mém POSPac
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Hinh 10. X1y i ligu tir thiét bi STORMBEE trén phan mém BEEFLEX
Két qua da dugc xt ly tir dit liéu chia thiét bi bay Stormbee 520 dugc nhap
vao phan mém CYCLONE (Hinh 11).

3.3 Quy trinh két hop dirliéu dam may diém tir cac thiét bi 3D Laser
Scanning

TU cac dir lieu dam may diém da dugc phan tich va xd ly dua trén cac
phan mém dén tur cac hang néu trén, tién hanh xuat cac di liéu dam may
diém nay vé chung mét dinh dang tap tin la (*.E57).

Sau qua trinh nghién ctiu, phan mém Cyclone clia hang Leica la phan
mém c6 thé két hop dir liéu tir cdc ngudn thiét bi va téi uu hoda di liéu va cho
ra san pham tét nhat. Bén canh d6 phan mém nay cho phép xuit ra cac dinh
dang trong hé sinh thai ctia Autodesk.

Dudi day la két qua két hop dir lieu dam may diém tur cac thiét bi 3D
Laser Faro Focus S350-A, Leica RTC 360, Leica P50, Stormbee UAV S20 (Hinh
12 va Hinh 13) va méi diém dam may trén mé hinh déu c6 toa do, cao d6 va
thong s6 me

Lice?

Hinh 11. Két qua di liéu 3D tirthiét bi STORMBEE UAV S20
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Hinh 13. Kt qué két hop dit liéu dém may diém tir cac thiét bi theo thang mau

4. Kétluan

Trong nghién ctu nay, dit liéu dam may diém dugc ap dung cho cong
trinh xdy dung da dugc thu thap bang cach s dung thiét bi 3D Laser
Scanning tai cac tram trén mat dat két hgp véi thu thap dir liéu trén khong
tu cac thiét bi UAV nham dam bao thu thap day da thong tin di liéu cda
coéng trinh. Bén canh d6 di liéu thu dugc tir cac ngudn thiét bi la hang ty
diém dam may va méi diém dam may nay déu chia thong tin toa dé (X,Y,2)
va cac théng s vé mau sic. D6 chinh xac ctia cong nghé 3D Laser Scanning
hién nay la rat tét. Do chinh xac ctia di liéu thu thap dugc doc 1ap ciing nhu
di liéu tich hgp sé dugc ti€p tuc nghién ctu sau hon.

Quy trinh xt ly dt liéu bén trén da chiing minh dugc tinh kha thi ctia viéc
tich hgp di liéu tir nhiéu nguén khac nhau. Diéu nay cang thuic day cho viéc
ting dung 3D Laser Scanning trong linh vuc xdy dung. Viéc Uing dung cong
nghé 3D Laser Scanning trong cac cong tac khao sat, thiét k&, kiém dinh
cong trinh va tng dung clia né trong viéc xdy dung mo hinh BIM phuc vuc
cho cong tac quan ly xay dung la moét dinh hudng kha thi va hiéu qua trong
tuong lai.

L&i cam on: Dt liéu, thiét bi phuc vu cho nghién ctu nay dugc tai trg tu
céng ty c8 phan tuvan thiét ké Cang-Ky thuat Bién (Portcoast). Nhém nghién
clru xin g i I6i cdm on tran thanh dén quy cong ty, bd moén Thi cong va Quan
ly xay dung (Pai hoc Bach Khoa TPHCM), va céac ky su tham gia thuc hién dy
an da hé trg dé hoan thanh nghién cdu nay.
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