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Tém tit:

M6 hinh 3D cia vit thé la mét cong cu hitu dung cho cdc ky sw danh gia tinh trang hién
tai cua cong trinh. Cong nghé laser da giup cho viéc thu thap dir liéu day dac va chinh xac
trong thoi gian ngdn nham tdi tao mé hinh 3D ciia vit thé. Trong nghién ciru ndy, may quét 2D
don tia gia thanh ré Hokuyo UTM 30LX dvoc svr dung dé tdi tao mé hinh 3D cua doi twong la
mot can phong chirc nang nhé. Thudt todn dwoc phat trién bang ngén ngiv ldp trinh R dé tao ra
cdc dam may diém 3D tir dit liéu quét laser. May quét dwoc ngam trén mét khung nhém ddit biét
c6 dwong ray bang cao su nham giam rung dong va mét mé to diéu khién cé thé cai dat cdc
van toc di chuyén khdc nhau. Pé c¢é hinh dnh 3D day di ciia can phong, mdy quét phai dwoc
thiét lgp 4 lan quét tai cdc vi tri khdc nhau trong can phong nham thu dwoc hinh anh day di
bén trong phong. Hon thé nita, dé dam bdo d chinh xdc ciia dam may diém, mady quét di chuyén
& van téc on dinh theo chiéu doc dwong ray. Dt liéu tho cua can phong dwoc xir Iy qua thudt
todn dwoc viét bang ngén ngir ldp trinh R cho méi lan quét. Bang phan mém CloudCompare, 4
dam mdy diém dwoc ghép lai véi nhau thong qua nhitng déic diém cia doi twong. Tir d6, dam
may diém véi mat dé day dwoc thanh ldp givip cho ky swe ¢é thé nhin thdy tinh trang thuc cia
déi twong. Qud trinh tao dnh mdu gid ciia cdc doi twong co ban trong can phong dwoc tién
hanh @é tdi tao lai mé hinh 3D cua cdn phong sir dung phan mém Revit. Do dam may diém day
ddc nén yéu cau thoi gian xir Iy dai.

Tur khéa: 3D Model, point cloud, Hokuyo UTM 30LX

1. Pit van aé

Cung véi su phat trién caa x& hoi nhu cau
s6 hoa va luu trir théng tin cong trinh dé phuc
vu cho c6ng tac van hanh, duy tu, bao dudng
Vva quan 1y co s vat chat ha tang cang ting
cao. Vi su tién bo cua cac tng dung hién dai
nhu cau sé héa céc cong trinh hién hitu thanh
mé hinh 3D tryc quan dang tang 1én ting

ngay. Cac mo hinh 3D dugc Gtng dung cho
nhiéu linh vuc khac nhau nhu khao cd hoc, co
khi, khao sat, xay dung dan dung... Trong linh
vuc xay dung dan dung, cdng nghé quét laser
duogc tng dung trong xay dung mé hinh 3D
phuc vu cho cbng tac quan ly dir liéu BIM
(Building Information Modeling) va cac muc
dich khac. BIM 1a viét tat caa md hinh thong
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tin cong trinh dugc mé phong trén may tinh
phuc vu cac muc dich 1ap ké hoach, thiét ké,
xay dung va van hanh mot toa nha. BIM dugc
sir dung rong rai trong cac giai doan thiét ké
hoac xady dung cua vong doi toa nha nhung
hau nhu khong dugc sir dung trong giai doan
quan ly. Tuy nhién, véi su trg gidp cta may
quét laser miat dat (terrestrial laser scanners-
TLS) viéc xay dung nguodn thong tin dau vao
cho cac mé hinh BIM tré nén dé dang hon.
Cac m6 hinh 3D c6 thé duoc xay dung mot
cach nhanh chong tir dir liéu dam may diém.
Nhiéu nghién ctu dugc thyc hién va chang
minh dugc tinh hiru ich cua cdng tac xay dung
md hinh 3D cua ddi twong tir dir lieu quét
laser. Cu thé, Altunas va cong su tién hanh thu
dix liéu bang may quét laser va tich hop dix liéu
dé tao ra m6 hinh dam may diém 3D cua bao
tang Mevlana, Tho Nhi Ky (Altunas va cong
su, 2016). Bén canh do, cic san pham dugc
tao ra tir dit liéu quét laser c6 thé duoc sir dung
dé danh gia sirc khoe caa két cau bé tong théng
qua phuong phap phan tir hitu han. Viéc st
dung cac may quét TLS mang lai nhiéu thuan
loi trong viéc tao va hiéu chinh cdc mé hinh
dugc thanh 1ap bang phurong phap phan tir hiru
han (finite element method - FEM) do kha
nang thu thap d liéu nhanh chong vai d6
chinh x&c cao. Ttr do, cAc mo6 phong duoc thuc
hién dé xay dung mot md hinh hiéu qua, thuan
tién phuc vu cho cong tac danh gia hién trang
cua nhiéu loai ciu tric (Yang va cong su,
2014).

May quét laser trén mat dat (TLS) 1a mot
cdng cu quang hoc cho phép tao ra biéu dién
hinh hoc caa cac ddi teong bang cac ddm may
day dac va chinh xéc cua cac diém 3D. Thiét
bi c6 thé cung cap thong tin bd sung, chang
han nhu gia tri phan xa hoac mau sic. Mac du
chi phi cao, TLS ngay nay duoc sir dung dé
thuc hién nhiéu nhiém vu do cam bién cho

phép thu nhan dit liéu trong thoi gian ngan,
tinh trang hién tai cua ddi twong duoc khao sat
va thu duoc anh chup nhanh vé hinh dang cua
chiing. Hudong nghién ctu nay da duoc ap
dung rét nhiéu trong linh vyc di san van hoa
dé hd tro cac nghién ctru da nganh nhu giam
sat tinh trang cua cac toa nha lich sir va ciing
dé hd trg cac cdng trinh can duoc triing tu hoic
kiém tra phan tich cau tric (Luhmann va cong
su, 2020). M6 hinh 3D cho phép Iuu trir thong
tin dinh luong cua ddi tugng dé phuc vu cho
c4c phan tinh tiép theo. Kha ning c6 duoc goc
quét bao quat caa mot toa nha thay doi quan
niém truyén théng vé khao sét khi chi co di
liu caa mot s6 bd phan quan trong mot cach
roi rac. Hon nira, loi ich phét sinh tir kha nang
tich hgp théng tin hinh hoc va dit liéu cuong
d6 phan xa, dé tao ra cac md hinh 3D c6 két
CAU Ma Mau sac truc quan la rat 16n. Vi duy,
ching c6 thé hd trg viéc phan tich mot sb diéu
kién hu hong cua cong trinh xay dung, chang
han nhu sy suy giam do su hién dién cua do
am, d6i luu khong khi.... Bén canh d6, khong
bi giéi han ¢ c4c mat tién bén ngoai, TLS ciing
c6 thé duoc sir dung dé khao sat cac bo phan
bén trong cua toa nha. Vi du, dé danh gia thiét
hai sau dong dat cua cac tda nha (Jiao va cong
su, 2019). Mot s6 nghién ciu giéi thiéu cac
quy trinh béan tu dong méi dé tao ra md hinh
phan tr hitu han (FEM) tir dir liéu khao sat
bang méy quét laser cuia toan bo toa nha. Uu
diém vuot troi cua thiét bi quét laser mat dat
(TLS) la kha nang thu thap di liéu nhanh
chong vai do chinh xac cao, cong nghé nay
cling c6 thé giir cho tinh trang cua ddi tuong
khong bi pha huy do viéc thu thap dir liéu
duoc tién hanh tir xa. Phuong phéap nay duoc
wu tién str dung trong linh vuc khao c¢6 hoc
hoac khoi phuc hién trang cua cac cong trinh
Kién trdc c6 c6 tudi doi 1au nam. Tuy nhién gia
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thanh cao 12 mot van dé can can nhic cho céc
du &n c6 kinh phi thap va quy mé nho.

Viéc dung lai md hinh bé mit cong trinh
tir nhitg dam may diém nhan duoc tir dit lidu
maéy quét laser 1a mot vin d& nan giai, chua
duoc giai quyét triét dé do dir liéu thua thot,
chua hoan thién va bi nhiéu. Bén canh do, viéc
md hinh héa chinh xéac cac bé mat kin hoac
cac vat thé c6 hinh dang phuc tap chua dugc
giai quyét triét dé va van 1a mot van dé quan
trong trong cac hoat dong nghién cuau. TLS
duoc ¢ng dung trong viéc phan tich cau tric
cta mot toa nha hoanh trang doi hoi su phat
trién cia mot chudi céc thao tac duoc két ndi
v6i nhau nhim muc dich thu duoc dit liéu
chinh xac vé& cong trinh. Tir d6 c6 thé thay,
viéc tach d6i twong tir mé hinh 3D toan thé la
v cling can thiét va hd tro rat nhiéu cho cac
cong tac trén. Nhung néu thyuc hién thu cong
thi rat ton cong, t6n thoi gian va do chinh xac
khong cao. Do d6, can thiét phai c6 bién phap
tach dir liéu bang giai thuat. Tuy nhién, & Viét
Nam chua c6 nghién ctru cu thé nao cho giai
thuat nay. Vi thé, can thuc hién nghién cau
phuong phép tach dir ligu theo timg ddi tuong
tir dam may diém thu nhan bai may quét laser.

Bén canh nhting lgi ich cuaa viéc st dung
may quét laser mat dat van dé chi phi thiét bi
can duoc can nhic. May quét laser 3D van la
mét phuong phap dit tién va kho tiép can ddi
v6i mot s6 qudce gia. Do d6, nghién ctiiu nay
nham muc dich khong chi dua ra mét phuong
phap ré hon nhiéu ma con dam bao tinh chinh
xac cua dir liéu thu thap duoc. Tac gia thu
nghiém thu thap di liéu quét laser va dung mo
hinh 3D hién trang cua mot can phong dang
duoc st dung bang cach sir dung may quét
laser 2D, Hokuyo UTM 30LX. M4t md hinh
3D don gian cua can phong va tinh trang hién
tai cia n6 duoc tao ra tryc tiép tr dam may
diém duoc tao 1ap. Dit liéu thu thap caa phong

c6 thé duoc str dung cho nhu ciu danh gia hién
trang phong, théng ké tai san hoic kiém tra
cac dac tinh caa phong.

2. Thu thap dir liéu

2.1. Mé ta h¢ thong

Ky thuat quét laser dya trén sy truyén va
nhan tin hiéu cua cac xung &nh sang. Bing
cach xac dinh sy dich chuyén pha caa chum
tia laser, ki thuat quét laser c6 thé phét hién
thong tin khoang céach tir may quét dén bé mit
cua doi twong can thu nhan dit liéu dong thoi
ghi nhan lai gié tri phan xa. Huéng truyén cua
cac xung laser duoc thay d6i nhd su chuyén
dong cua cac lang kinh tir d6 ghi nhan mot tap
diém md ta bé miat cac ddi twong duoc goi la
dam may diém. Thong tin dam may diém, vé
co ban bao gém céc vi tri vat Iy caa bat ky bé
mat nao ma tia laser “nhin théy”, sau d6 co thé
duoc st dung dé phét hién théng tin quan
trong hitu ich vé mét cau tric bao gom do cao,
bé mat va bién dang... Trai nguoc véi phan
tich thong thuong cta anh chup, cc thuat toén
tuong ddi don gian ¢ thé duoc sir dung dé
thao tac dir liu dam may diém dé lay thong
tin hinh hoc cua dbi twong nhu da dé cap o
trén.

Dé thu thap dit liéu ddm may diém trong
nghién clru nay, mdt may quét laser don tia -
Hokuyo UTM 30LX véi bude song 905 nm,
d¢ phan giai goc 0,25 d va truong nhin 270
do da duoc st dung (Bang 1). May quét laser
nay co trong lwong nhe va cé thé d& dang gin
trén cac dang phang khac nhau dé thu duoc vat
thé & khoang céach tdi da 1a 30 m. Bang cach
kiém soat chuyén dong ciia may quét laser,
dam may diém 3D cua cac doi tugng muyc tiéu
¢6 thé duoc tao ra. Trong nghién ctru nay, thiét
bi laser duoc gén chdt trén mot khung nhém
dic biét bang bu 16ng (Hinh 1). Pong co dién
(dugc cung cip bsi Pin 12V) chuyén dong
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may quét cung voi khung. May quét duoc
cung cép ning lugng biang cach két ndi véi
may tinh x4ch tay bang két ndi USB.

Bang 1: Pdc diém may quét laser HOKUYO

UTM 30LX
Ngudn 12VDC+10%
Buéc song A=905nm
Khoing cich quét 0.1m dén 30m

Khoéng cach 0.1 dén 10m:
+30mm, tr 10m dén 30m:
+50mm

0.25° (360°/1,440 diém)

Do chinh xac

D6 phan gidi goc quét
25msec/scan
3709 (c6 cab kem theo)

TAn suit quét
Trong lugng

Motor
speed

controller

Hinh 1: May quét HOKUYO UTM 30LX dwot
gan trén khung nhdm va di chuyén nho sic kéo
ciia déng co truyén qua day truyén dong
2.2. Thu thdp di ligu

‘ W ;

Hinh 2: Hinh anh can phong chirc nang dwoc
si dung trong nghién cuzu

(a) (b)
Hinh 3: Thu thdp diz liéu bang phan mém Urg

Benri Plus. (a) giao dién phan mém khi dang
thu déz liéu va (b) hinh dnh diz liéu thé bao gom

(1 I
(@) (b)

Hinh 4: Hién th; truc quan diz liéu quét tai
m¢t tram a) Hinh anh cuong dé va b) Hinh
anh pham vi.

Nham tao diéu kién thuan loi cho cong tac
thu thap dix liéu tAc gia chon dbi tugng nghién
cau la mot phong chirc nang truc thugc bo
moén Dia Tin Hoc, Khoa Ky Thuat Xay dung,
truong dai hoc Bach Khoa-bHQG TP.HCM.
Bén trong cin phong chira nhiéu do dac va ban
ghé (Hinh 2). Véi dic thi caa may quét laser
2D, tac gia thiét ké 4 lan quét doc lap tuong
ung Vai vi tri cua 4 mat tuong cua can phong
nham dam bao c6 duoc day dii dam may diém
cua ca phong. B vai mdi lan quét, dong co
dugc dit véi toe d6 khong d6i bang 20 mm/s
va may quét laser duoc dat dé di chuyén theo
huéng thang dung véi truong quan sat 1a 270
d6. May quét duoc két ndi vai may tinh xéach
tay va dir liéu duoc thu thap bang cach chay
chuong trinh Urg Benri Plus (Hinh 3a). Trén
giao dién, phan mau xanh la cdy minh hoa gia
tri trong khoang cach tir vat thé dén tram,
trong khi phan mau hong biéu thi cuong do
phan xa ctia xung laser. Hinh anh cuong d6 va
pham vi quét duoc tao 1ap tai hién truong bang
mot chuong trinh duoc phéat trién trén ngdn
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ngit R dé Kiém tra so bo thong tin thu nhan
(Hinh 4). Két qua thi nghiém ghi nhan duoc
thong tin dit liéu tho cua 4 bé mat can phong.
Dit liéu tho dugc thu thap rat kho dé xir Iy truc
tiép. MGi dong quét dugc ma hoa riéng va
chura thong tin khoang cach quét va cuong do
phan xa cta timg diém quét (Hinh 3b).

3. Xit Iy dit ligu

3.1. Tao Iip ddm may diém tir div liéu quét

Sau khi két thiic qua trinh thu thap dix liéu,
tép dix liéu thé (*.ubh) chara thdng tin pham vi,
cuong do, thoi gian quét. Tép * ubh c6 cau
trdc phic tap voi su két hop cua cac dinh dang
s6 va bang chir cai (Hinh 3b). Do @6, dit liéu
pham vi va cuong d6 dugc tach thanh tép van
ban dé truy cap di liéu theo timg diém quét.
Sau d6, dit liéu pham vi duoc st dung dé tao
ra toa 6 3D cua tat ca cac diém quét bang
cach hiéu chinh gié tri g6c quét va téc do di
chuyén cua may quét. Dua trén mat phang
queét, h¢ toa do may quét laser dugc coi la hé
toa do bén tay phai. Cu thé, truc X song song
V6i thanh trugt va huéng vao huéng chuyén
dong; truc Z vubng goc voi mat phang quét.
Chiéu duong cta né triing véi trong luc va quy
tac ban tay phai xac dinh truc Y (Tran va cong
su, 2021). Do d6, toa do cua cac diém trong
dam may diém c6 thé duoc tinh bang cong
thirc (1). Bang cach nay, cac diém quét khong
trang nhau, vi tri caa cac diém quét co thé
duogc xac dinh théng qua gia tri hang va cot
trong d6 hang 1a sé caa dong quét va cot 1a s6
cua diém quét. Sau d6, bon dam may diém 3D
tuong ang voi bn tram duoc xur 1y dé loai trir
di liéu nhiéu va khéng can thiét. Cubi cung,
chung duoc hop nhit véi nhau bang phan
mém ma ngudn ma Cloudcompare. Hai dam
may lién ké s& dugc két hop thong qua 4 cap
diém tring ¢ ca hai dam may. Tir bo toa do
cua 4 cap diém trung bo théng sé chuyén doi

cua mo hinh Affine trong khdng gian dugc xac
dinh bao gébm thdng s dich chuyén ngang (T,
Ty, T2), thong sé ty Ié trén ba truc (S, Sy, S) va
3 goc xoay trén ba truc (&, &, ). Sau do, cac
thong s6 md hinh chuyén d6i nay duoc ap
dung dé quy dbi toa do cua hai dam may vé
mét toa do thdng nhat (cong thire 2). Qué trinh
nay s& duoc tién hanh tuan ty cho dén dam
may diém cudi cung dugc chuyén ddi hé toa
d6. Két qua 1a dam may diém day du cua cin
phong duoc tao lap.

x=r.sin0

y=v.t 1)

z=r.cos 0
Trong do: r: pham vi quét

v: tc @6 di chuyén cua may quét

0: goc quét

t: thoi gian quét
X T, S, X
y |=|T, [4]S, |[R(@.60,0).| Y| 2
z T S z

2 2
Trong do:
X,y,Z: toa d6 3D gbc cua dam may diém
X', y',z": toa 6 3D sau chuyén doi
Tx, Ty, T2: thong s6 dich chuyén ngang
Sx, Sy, Sz : thdng sb ty 1é trén ba truc
R(&, &, ): Ma tran xoay trén ba truc
3.2. Tgo hinh @anh mau gid phuc vu cho
cdng tac sé hoa truc tiép
Nhiéu déi twong xuat hién bén trong khu
vuc muc tiéu trong qué trinh thu thap di liéu
tao nén cac diém dir lieu nhiéu. Do do, céc
diém nhiéu duoc loai trir mot cach thu cong dé
dam bao cho qua trinh xu ly tiép theo. Bén
canh d6, dam may diém dugc hién thi véi mau
tuong ung voi gia tri cuong do phan xa cua
diém quét gay kho khan cho nguoi s dung

TAP CHI KHOA HOC PO PAC VA BAN PO SO 51-3/2022 51



Nghién ciu - Ung dung

trong viéc phan biét duong nét caa dbi tuong.
Téc gia dé xuét giai phéap tao 1ap t6 hop mau
gia cua dam mdy diém nham hd tro nguoi
ding phan biét cac ddi twong riéng biét mot
cach triuc quan hon. Dya trén dic diém cua cin
phong chic ning bao gdm céc bé mit thang
dung cua twdng va nam ngang cta mat ban,
cac diém nhidu nam phia ngoai s& tao thanh
mot goc Xién so vai cac mit phang co ban nay.
Do d6, nham hd tro truc quan cho cong tac sé
héa hinh anh cta cin phong nhom tac gia dé
XUt tao ra anh t6 hop mau gia caa dam may
diém dua trén gi4 tri caa vector phap tuyén cua
cac diém quét.

Vecto phap tuyén cua tat ca cac diém
duoc xac dinh thdng qua phan tich thanh phan
chinh ctia mot nhom cac diém lién ké vai diém
duoc xem xét. Gia trj riéng nho nhat thu nhan
duoc 13 vecto phap tuyén cia diém dang xét.
Dé thuc hién cong tac nay viéc udc luong mit
phang cuc b duoc dai dién boi diém dang xét
va cac diém 1an can 1a can thiét. Cu thé tap k
diém gan nhit duoc xac dinh cho mdi diém
trong ddm may theo phuong phap nguai lang
giéng gan nhat. Mot mat phang cuc bo duoc
xéc dinh véi trong tam 13 diém dang xét. Tiép
theo, phuong phap phan tich thanh phan chinh
duoc 4p dung cho tap diém vira xac dinh bao
gom ca diém dang xét. Vector phap tuyén
duoc xac dinh 1 vector tri riéng nho nhat cua
tap diém va duoc dinh huéng bang phuong
phap minimum panning tree (Hinh 5). Phuong
phap nay cb ging dinh huéng lai tat ca cac
vecto thong thuong cua mot dam may theo
huéng théng nhat. N6 bat dau tr mot diém
ngiu nhién sau d6 truyén huéng binh thuong
tir diém 1an can nay sang diém lan can khac.

Sau khi c¢6 dugc gié tri vector phap tuyén
ctiia dam may diém, anh t6 hop mau gia theo
HSV duoc tao lap. T6 hop mau HSV bao gdm
3 thanh phan chinh 14 hue, d6 bio hoa va do

sang. Trong d6 gia tri hue duoc quy doi tir do
I6n cuia goc nghiéng cua vector phap tuyén so
V6i mat phang cuc bo cua diém dang xét
(Bang 2).

(a) (b) (c) (d)

e U e ®h o . o
LN 2 . e . LN ]
o ®0 e * e ®0 o '. o: . .. -:.\o '.

L]
L) L)
o, T " . ., o

Hinh 5: Quy trinh xdc dinh vector phap tuyén
tai mot diém quét. (a) xdc dinh diém muc
tiéu, (b) xdc dinh tdp diém 1an cgn trong ban
kinh do tim, (c) xac dinh 3 vector theo
phirong phdp phan tich thanh phan chinh, (d)
vector phap tuyén duoc xdc dinh 12 gié tri
vector tri riéng nho nhat
Bang 2: Bang quy doi mau hue tir gia tri goc
cua vector phap tuyén firong g

. Ma Géc(@)
‘ﬁ
Mau vang 60-120
Mau xanh la 120-180
Cyan 180-240
Mau xanh da troi 240-300
Mau d6 tuoi 300-360

3.3. Dung md hinh 3D cua cin phong

Trong quan ly dam may diém néi chung
va vé lai mé hinh noi riéng, viéc phan nhém
cac diém quét 1a viéc can thiét. Két qua tao to
hop mau gia s& hd tro rat nhiéu cho viéc thuc
hién cong tac s hoa ddi twong boi vi khong
thé phac thao md hinh trong mot khéi 16n hoac
cac dam may diém xép chong 1én nhau véi
phan mém Revit. Bén canh d6, dinh dang tép
ciing can duoc thay d6i vi sir dung nhiéu phan
mém khac nhau cho cac hoat dong khac nhau.
Do @6, tap dir liéu duoc Iuu dudi dang tép
" txt". Sau do, can st dung Autodesk Recap
lam phan mém trung gian dé chuyén di thanh
dinh dang ".rcp". Dit liéu dugc nhap vao Revit
Architecture dé xay dung lai md hinh 3D cua
can phong.
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4. Két qua

Mot chuong trinh duoc phat trién trén
ngdn ngir R dé tao 1ap dam may diém cua céc
tram quét doc 1ap theo giai thuat dé xuat. Két
qua tao lap dam may diém cung cap cai nhin
truc quan vé cac déi tugng duoc ghi nhan. Tir
hinh anh hién thi tryc quan cho thay c6 thé dé
dang phan biét cac ddi tuong bén trong cin
phong nhu ban, ghé, trdng, man hinh may
tinh.... Tuy nhién, Btrc tudng khong thé duoc
quan sat day du vi cac vat thé che phu nd. Céc
véach ngan giita cac ban 1am viéc bi bién dang
nhe. Do truong quét 16n dugc thiét lap (270
d6) c6 nhiéu diém nhidu xuat hién. Do do, cac
diém nhiéu nay duogc loai trir mot cach tha
cbng trén (tng dung Cloudcompare (Hinh 6a).

(a) (b)

(©) (d)

Hinh 6: Qua trinh hop nhdt da lidu 4 tram

quét déc 1ap thanh 1 tap dir liéu thé hién

phong chizc nang hoan chinh. (a) Dir li¢u
nhiéu dwoc logi bé (viing bén trong hinh chiz
nhdt mau cam), (b) chon 4 cép diém ndi giira
hai dam may lién Ké, (c) hai dam mdy lién ké
dwoc hop nhat, va (d) dé liéu dam mdy hoan

chinh thé hién hinh anh phong chize nang
1
| g e

¥

(@)

(b) (c)
Hinh 7: Qua trinh tgo ldp mé hinh 3D cua
can phong. (a) Gid tri vector phap tuyén cua
ddam may diém, (b) anh té hop mau gid cua
cdc doi tiwong va (c) md hinh 3D duroc tao
ldp bang phan mém Revit

Quaé trinh lién két dir liéu gitta cac tram
duogc thuc hién tuan ty gitra hai tram lién ké.
Bén cap diém tring nhau giira hai dam may
dugc xac dinh dé tinh toan thong s6 cua mo
hinh chuyén déi Affine (Hinh 6b). Sau do, toa
d6 moi cia dam may diém duoc tinh toan lai
theo cong thirc 2. Bon dam may diém doc 1ap
dugc két ndi tao nén hinh anh truc quan bén
trong can phong (Hinh 6). Két qua thu duoc
dam may diém day dac bao gom 1,7 ty diém
quét don 1é. Khoang céch giita cac diém quét
dugc udce tinh 1a 3 mm.

Vi mat do diém day dac cua dam may
diém hinh anh c4c chi tiét bén trong duoc hién
thi rd nét. Tuy nhién, do anh hién thi tir gia trj
cudng do phan xa cta diém quét nén sé& gy ra
mot s nham 1an trong cong tac nhan dién cac
d6i tuong trong qua trinh sd héa. Do d6, qua
trinh tinh toan vector phap tuyén va t6 hop
mau HSV can duoc tién hanh. Nhu d3 dé cap
trudc d6 tap 6 diém lan can diém dang xét
dugc xac dinh theo phuong phép nguoi lang
giéng gan nhat. Mit phing cuc bd duoc tao lap
tir tap 7 diém quét (bao gdm diém dang xét).
Vector phap tuyén duoc xac dinh 1a trj riéng
nho nhét cta tap dir liéu nay (Hinh 7a). Dya
trén bang phan mau theo gia tri gdc cua vector
phap tuyén hinh anh t6 hgp mau cia cac dbi
tuong khac nhau dugc tao 1ap. Nho do, tac gia
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c¢6 thé d& dang nhan ra timg d6 vat bén trong
phong (Hinh 7b). Cudi cung, dit liéu dam may
dugc to hop mau dugc chuyén ddi dinh dang
dé c6 thé hién thi trong phan mém Revit. Cac
bd phan co ban cia can phong duge sb hoa.
Céc vat thé trén ban véi hinh dang phtrc tap
nhu co c4o, mo hinh cau thép khéng duoc sb
hoa vi ching khong phai 13 tai san can duoc
thng ké va quan 1y (Hinh 7c).
5. Két luén

Trong nghién ctru nay, may quét laser 2D
Hokuyo UTM 30LX di dugc sir dung dé quan
sat vat thé bén trong phong chirc ning. Dé nim
bat thong tin day du cta cin phong, thi nghiém
da duoc thiét 1ap tai 4 tram. Két qua la, dam
may diém déy da véi mat do day dac duoc tao
ra. Nhin chung, ddm may diém co thé hién thi
10 rang chi tiét va su sap xép tong thé cua cin
phong. Vi tri ctia d6 dac trong phong va ngoai
thuc té co sy khac biét nho. Nhitng khéc biét
nay khong anh huong dén do chinh xac cua
kich thuéc dd vat trong phong. Vi cac bic
tuong c6 nhicu diém dic trung, may quét phai
dugc thiét 1ap & nhiéu tram dé thu dugc hinh
anh tot nhat va dam may diém trong khi cong
nghé may quét laser mat dat (TLS) c6 thé thyc
hién cong viéc nay chi trong mot lan quét.
Maic du md hinh 3D trong nghién cru nay cé
thé minh hoa dy du mat bén ctia phong chirc
nang, nhung no6 khong thé thu dugc bé mit
tran va bé mat san do goc dat ciia mit phang
quét, dan dén kho danh gia hién trang cua cac
két cau nay. Nhiéu van dé lién quan dén sy
bién dang cuia hinh anh nhu mot s hinh dnh
an, diém ma, ... Ching 13 van dé co ban ctia k¥
thuat quét laser. Trong tuong lai, chung t61 s€
diéu chinh phuong phap thu thap dit lidu va
quy trinh xtr 1y dir liéu dé c6 thé mang lai két
qua chinh x&c hon. Trong nghién ctru nay, voi
mét do diém day dac, mo hinh dam may dugc

tao lap voi kich thude thuc té, khoang cach
giita cac diém dugc ude tinh 1a 3 mm nén dam
bao do chinh xac cho qué trinh s6 hoa. Viée
tao 1ap anh t6 hop mau gia tir gia tri vector
phap tuyén hd tro rat nhidu trong cong tac sd
hoa truc tiép cac dbi tuong. Tuy mot s6 dit lidu
san va tran van chua duoc ghi nhan nhung két
qua ctia nghién ctru cho thay tiém ning cua
viéc sir dung may quét 2D trong cong tac thu
thap va quan ly tai san cua cac cong trinh dan
dung nh6.O

Loi cam on: Tac gia chan thanh cam on
nhém sinh vién Nguyén Quéc Gia Béo,
Nguyén Thai Khiém, Nguyén Puc Nhi va
Tran Vi Kim Son di hd tro nhiét tinh trong
qué trinh thu thap dir liéu cho nghién ctru. Tac
gia chan thanh cam on su hd trg tir Trudng
DBHBK, PHQG-HCM cho nghién ciru nay.
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Summary

Generating 3D model from point cloud collected by laser scanner Hokuyo UTM 30LX: case
study is a room of a civil structure

Phan Thi Anh Thu, Ho Chi Minh City University Of Technology-VNU

3D model of objects has become a useful tool for engineers to assess the current status of
the structure. LIDAR technology has the advantage of gathering dense and accurate data in a
short time for 3D model generation. In this study, the 2D line laser scanner Hokuyo UTM 30LX,
which is cheaper than a 3D scanner, is used to generate a 3D point cloud model of a small
function room. Using a 2D laser scanner makes the cost much lower than the others. The
algorithm is developed by the R programming language to generate a 3D point cloud from laser
scan data. The laser scanner is attached to a special aluminum frame equipped with a rubber
railway to reduce vibration and a programmable speed motor. In order to get a full image of the
room, the scanner has to be set up 4 times in different positions to cover the full scan sight.
Moreover, the precise point cloud requires constant speed during data collecting and the scanner
moves along the track in vertical direction. Raw data is processed through a script written in R
language to produce the point cloud for each scan. By using the Cloud Compare application, 4
point-clouds are combined to make a full image of the structure based on the structural
characteristic of each point cloud so that we can find common points between each point cloud.
As a result, a 3D point cloud is generated allowing engineers to visualize the 3D image of the
room, hologram in specific. Then, the point cloud is colorized and has been performed to
reconstruct the 3D model of the room using Revit software. However, the dense point cloud
requires a significant amount of time to process.O

Key words: 3D Model, point cloud, Hokuyo UTM 30LX
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