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Png dung céng nghé thwc té ao ting cwong (Augmented Reality -
AR) vao viéc md phdong s6 hoéa 3D doi twong tir dir liéu dam may
diém (Point Cloud) va phép quang trac (Photogrammetry) - Trwéng
hop nghiém thu cau kién céng trwérng

Application of augmented reality for simulating 3D model from point cloud and photogrammetry — A study case
of construction site inspection

Nguyén Anh Thu, P06 Tién S§, Hoang Hiép,
Nguyén Pang Trudng Khanh, Huynh Pha Hai,
Ché& H6 Quang Pat, Nguyén Hiru Pai

TOM TAT:

Cong nghé 3D laser scanning va phép quang trac (Photogrammetry) da va dang dugc st dung rong rai trén toan thé gisi
trong cac nganh nghé khac nhau nhu kién tric, khao c6, xay dung va co khi. Tuy nhién, mé hinh dugc xay dung ra tu
cong nghé nay con nidng vé dung lugng cai dét, s6 lugng doi tugng ma thiét bi can phai xt li con qua 16n; gay hién tugng
ndéng may, qua tai, sap ngudn thiét bi di dong, diéu nay gay kho khén trong cong tac trinh bay véi déi tac, khach hang,
va cac bén lién quan. Nghién ctiu nay dugc thuc hién dya vao viéc ing dung t6 hgp cac phan mém t6i uu hoa, mo hinh
$6 3D ctia cac cdu kién cong trinh cong trinh thuc hién dugc ti di liéu 3D laser scanning va ky thuat quan trac anh, két
hgp véi cac tap tin thiét ké két ciu co s& v6i phan mém Unity. Trén co s& do, tao ra phan mém ting dung Thuc té do tang
cuong (Augmented Reality-AR) chay trén cac thiét bi di dong (I0S, Android), gitp viéc trai nghiém, tuong tac va hinh
dung dugc cac mo hinh s6 3D dé dang, tién lgi, va nhanh chéng hon.

Tu khéa: AR, Augmented Reality, 3D Laser scanning, Photogrammetry, Unity, Point cloud.

ABSTRACT:

3D Laser Scanning technology and Photogrammetry has been widely used around the world with a variety of different
fields and industries such as architecture, archeology, construction, and engineering. However, models are built from this
technology required abundant of processes memory and storage. This makes it difficult to present the work with partners,
customers, and involved unit due to overloading remote devices. This study was done based on using combination of
optimized software for 3D models, combined with the designed drawing or designed model and the foundation of Unity
program to build out Augmented Reality, installing it into the mobile device with operating system IOS or Android to let
the experience, interaction and imagining the 3D model more easier and more convenient.

Keywords: AR, Augmented Reality, 3D Laser scanning, Photogrammetry, Unity, Point cloud.
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1. Gigi thiéu

Cung véi xu hudng phét trién mé hinh théng tin céng trinh (Building In-
formation Modeling - BIM) cta thé gidi, Viét Nam da va dang cé nhiing
buéc tién nhat dinh trong linh vuc nay. Nhu cau sé héa cac du an xay
dung vai 3 chiéu thong tin (3D), tir khau thiét k& dén thi cdng va ca khau
quan li, bdo tri dang ngay cang duoc nhiéu su quan tam tir cac co quan, té
chtic va doanh nghiép. D& dap (ing dugc nhiing nhu cau &y thi can nhiéu
su ho trg chia cac thiét bi cling nhu cac phan mém tién tién. Mét trong s6
dy chinh la cong nghé 3D Laser Scanning va Photogrammetry, cing véi
céc thiét bi hién dai thi cong trinh hién hu dugc sé hoa lai vai do chinh
xac dén milimet (mm). D liéu sé hoa, sau d6 sé dugc st dung phuc vu
cho céng tac hoan céng, kiém dinh, luu trr va bao tén. Tiép dén, dé€ ngudi
dung cé thé dé dang hinh dung va tiép can véi cong trinh thuc té thi cong
nghé Thuc Té Ao Tang Cudng (Augmented Reality — AR) dugc phat trién
va ting dung. Day nhu moét chia khéa dé mang mét cong trinh da dugc s6
héa dén gan véi ngudi dung hon. Bén canh do, viéc xuat hién ngay mot
nhiéu cac cdng ty chuyén vé dich vu 3D Laser Scanning & Photogramme-
try, xdy dung tuong tac thai gian thuc véi moé hinh, lam cho moi truong
canh tranh trong nganh ngay mot khoc liét. Vi vay, két hgp thuc té do tang
cudng véi cac di liéu s6 hoda 3D la mot viéc can dugc chd trong, diéu nay
sé giuip gia tang Igi thé canh tranh so véi d6i tha.

Muc dich chinh cla nghién ctiu nay la tao lap dugc mét quy trinh co ban
dé xtt Ii dr lieu cudi ctia quy trinh 3D laser scanning & Photogrammetry.
G6p phan xay dung ra tng dung AR c6 thé phé bién duoc téi nhiéu déi
tugng, phuc vu céng tac nghiém thu cét thép ngoai cong trudng. T dé
sé tao déng luc cho cac dan vi ch dau tu, nha thau nghién cuu, phat trién
cdng nghé nay hon nia trong tuong lai.

2.Téng quan van dé nghién ciu

Gan day, Meiqing Fu va céng su (2018), da nghién ctiu vé viéc ting dung
c6ng nghé thuc té 3o tang cudng dé gidi quyét cac van dé ri ro trong tién
do cda dy an, tur d6 dua ra mét hudng di méi cho nganh cdng nghiép xay
dung. Tiép d6, Perez va cong su (2018) da cho mot két luan rang c6 thé
dung mo hinh 3D ti mé hinh point cloud.

Jingdao Shang va cong su (2018), da tao nén quy trinh Scan-to-BIM trong
nghién ctu “Real-Time 3D Reconstruction on Construction Site Using Vi-
sual SLAM and UAV”, néu |én cach thiic chuyén d@8i tir mé hinh Point Cloud
sang mo hinh BIM.

Julia Ratajczak va cong su (2019) da cho thay phuong phap xay dung
Ié&n mo hinh thuc té 4o tang cudng tai cong trinh théng qua moé hinh
BIM dugc goi la “AR4C”, gilip truy cap, ndm bat nhanh tinh hinh tai cong
trudng, lam tang hiéu suat giao ti€p va lam viéc ctia du an.

Nhimng tién bd va phat trién vé cong nghé da tao ra nhiing giai phép t6i
uu cho cong tac quan ly va giam sat cac du an xay dung. Bai nghién ctiu
nay dua ra phuong thuc hiéu qua dé két hgp mé hinh point cloud, pho-
togrammetry trong nén tang thuc t€ 3o tdng cudng dé tao ra nhiing Ung
dung hu ich cho nganh xay dung.

3. Phuong phap nghién ciu

3.1. Céng nghé thuc té 4o tang cudng (AR)

AR dugc hiéu la cong nghé thuc té do ting cudng, gidp cho ngudi trai
nghiém c6 thé nhin thady mét vat thé 4o 3 chiéu hién trong khéng gian
thuc tai. Thuc té do tdng cudng c6 su két hop gitta thé gidi thuc vai cac
mé hinh 3o, khdng phai dua nguai dung vao moi truong khong gian o
hoan toan giéng nhu VR (Vitual Reality - thuc té d0). AR hé trg cho ngudi
dung trdi nghiém cac tinh ndng tuong tdc nhu phoéng to, thu nho, xoay, di
chuyén tting cdu kién trong mé hinh 3o 3D chi bang viéc cham vao man
hinh thiét bi. Mé hinh AR dugc trai nghiém théng qua céc thiét bi di dong
nhuiphone, ipad (Hinh 1).

Céng nghé Augmented Reality (AR) da va dang cé nhiing buéc tién Ion.
Vi viéc nhiéu cong ty dau nganh céng nghé ddy manh dau tu nghién ciu
nhu Google vai Google Glasses, Microsoft vgi Hololens (Hinh 2), Apple va
Snap da giup cho cong nghé nay dén gan hon véi moi ngudsi. Co

thé ké dén cac iing dung clia AR trong cac nganh nhu: xay dung, kién tric
(gitp khach hang, nha thau c6 thé hinh dung tryc quan hon vé céng trinh

Hinh 2. Cong nghé Hololens (touchline3d.com)

cla ho; hé trg cho viéc ban hang, gidm sat ngoai cong trudng); Nganh
marketing, quang cao; Gido duc (tao ra cac phan mém phuc vu cho cong
tac giang day, dia li, toan hinh hoc); Y t&; Céng nghiép trd choi dién ta (vi
du nhu game PokemonGo, Lego AR).

3.2. Cong nghé 3D Laser scanning
La tén goi chung cho mot loat céc thiét bi co chic nang ghi nhan lai bé
mat clia d&i tugng bang cach st dung tia laser, cac tia nay sé ghi nhan lai
cac théng tin vé hinh dang, mau sac, cling nhu toa d6 cda doi tugng dugc
yéu cau thyc hién. Dt liéu thu thap sau qua trinh nay sé dugc dua vao may
tinh d@é thuc hién qua trinh tao dung mé hinh ba chiéu ky thuat s6, goi la
mé hinh dam may diém (point cloud) nhu Hinh 3. Céng nghé nay dugc
nghién ctiu vao nhitng ndm ntta cudi thé ki XX, dugc gidi thiéu trusc cong
chiing vao nhiing nam 1960, dén nay da c6 nhiing budc tién nhat dinh.

Céng nghé 3D laser scanning dugc st dung trong nhiéu linh vuc, ¢ thé

ké dén mot s6 linh vuc nhu sau:

. Kién trdc va xay dung: Phuc vu cong tac khao sat va xay dung tai liéu
s6 héa vé hién trang cong trinh. Kiém tra théng s6 cu kién céng
trinh( kich thudc, khoang céch) gitia thuc té thi cdng vai hé so thiét
ké. Kiém soat va tinh toan dugc khéi lugng dao dép. Kiém dinh chat
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lugng céng trinh xay dung. Quan trac chuyén vi céng trinh.

«  Tusla, nang cap cac cong trinh cdng nghiép, chuyén d&i muc dich
st dung ctia cong trinh quéc phong, cdng nghiép. S6 hoa va quan li
cac thiét bi trong céng trinh cdng nghiép.

. Khéo c8: Trung tu, phuc dung, luu gitt, bdo dudng cac bao vat, cong
trinh c6. Xay dung g s& dir liéu vé cac di san, bdo vat mét cach truc
quan, sinh déng nhat. Phuc vu cho nganh du lich, si hoc, dao tao.

. Cong tac an ninh, hinh su: M6 phdng lai hién truong vu tai nan, vu
an, phuc vu cho viéc phan tich, danh gia, két luan hién trudng vu an,
dugc thu lai bai thiét bi 3D laser scanning.

. Céng nghé gidi tri: Tao cac mé hinh 3D s6 hda cac cong trinh néi
tiéng dé dua vao trong cac chuong trinh trd choi.

3.3 Phép quang tric (Photogrammetry)

La thuat ngl mo ta viéc thu thap cac thudc tinh hinh hoc clia cac déi

tugng tur cac hinh anh chup. Phép quang trac dugc ra ddi vao gil thé ki

XIX, 6 lich st 1au doi gidng nhu thuat nhiép anh hién dai. Ngudi dung cé

thé st dung cac loai may anh ki thuat s6 dé thu thap cac hinh anh xung

quanh vat thé, sau d6 tap hap cac hinh anh nay sé duogc xtr ly bai cac phan
mém chuyén biét tao ra md hinh s6 3D cla vat thé dugc chup trudc do.

Hién nay c6 2 ki thuat thu thap hinh anh dé la:Thu thap hinh anh tu trén

cao thong qua thiét bj bay khong ngudi lai

(UAV), hodc may bay truc thang (phép quan trac bau trai) (Hinh 4) va thu

thap hinh anh tir khoang cach gan (phép quan trac can canh) (Hinh 5).

Hinh 3. M6 hinh point cloud ctia ban bé tong c6t thép
(dugc thu thap bang thiét bi 3D laser Leica RTC 360).
Photographs

Hinh 4. Phép quang trac bau troi (SPAR 3D)

Phép quang trac dugc ap dung trong nhiéu linh vuc nhu xay dung, khado
6, khao sat dia hinh, khi tugng hoc, codng nghé san xuét phim anh (cac
nhan vat c6 thé dugc mé phong hoan toan chan that bang cong nghé
nay, tr dé phuc vu cho céng tac quay phim, dung hau ki).

Thuat toan t6i thi€u hoa Levenberg-Marquardt dugc st dung phd bién
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Hinh 5. Phép quang trac cén canh (hackaday)

trong phép quan trac anh.

4. Phuong thuc tié€n hanh

Chu trinh co ban dé xay dung mét ing dung AR tur dir liéu quét 3D laser
két hgp vai Photogrammetry dugc dé xuat nhu Hinh 6.

M6 hinh s6 3D dugc tao ra sau qua trinh x{ li bdng cac phan mém chuyén
biét thi cho ra mot s lugng ludi (mesh), mét ludi, tap hop diém rat16n (véi
con s8 lén t&i hang triéu dén hang chuc triéu luai). Trong khi d6, cac ting

Xir I md hinh
D ligu thu thap dwoctir3D \ i iy igu () trong Unity
laser ing & > hinh > App AR
photogrammetry Mesh Thém tinh ning

Hinh 6. Luu d6 xdy dung (ing dung AR tlf di liéu Laser Scanning va Photogrammetry

Quy trinh xdy dung App Augmented Reality
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Hinh 7. Luu d6 quy trinh xdy dung (ing dung AR

dung AR dugc dugc tao ra, hau hét dugc chay baéi cac thiét bi di dong, cé
kha nang xt Ii dugc gidi han chi trong mét khoang nhat dinh. Qua thuc
nghiém thi cac thiét bi chi chay 6n dinh khi s6 lugng lugi (mesh) trong mé
hinh 1a duéi 50,000; vi thé, viéc t6i uu mo hinh la hét stic quan trong, n6
la chia khéa dé xay dung mét ing dung AR (thuc té 3o tdng cudng) thanh
céng. Bai nghién ctu c6 dé cap i phuong phap xu li van dé néu trong
hinh 6 va cac budc st dung phan mém, quy trinh chi tiét dé xay dung ting
dung AR trong luu dé & hinh 7.



Ghichu:

- Phdn mém néu ra trong luu d6 (Hinh 7) dugc hé trg bdi Cong ty C6 Phan
Tu van Thiét K& Cang Ky Thuat Bién - Portcoast.

- Dt liéu Point Cloud st dung cho bai viét nay dugc quét tir may quét
Laser Leica RTC360.

Qua do, nhom nghién cru dé xuat qua trinh s6 hoa 3D mot déi tugng
thuc dugc tién hanh nhu sau:

- St dung may quét 3D laser d€ quét ddi tuang, gilr liéu quét sau dé dugc
xt ly bang phan mém chuyén dung (Scene, Cyclone). Két qua thu dugc la
céc tap tin dirliéu diém dam may chia cac théng sé vé toa do va mau sic.
- St dung may &nh véi nhiéu goéc chup va nhiéu vi tri chup khac nhau dé
thu thap toan bo hinh anh ctia d6i tugng thuc. Cac anh nay, sau dé dugc
dua vao cac phan mém xt ly anh (Reality capture), két qua thu dugc cla
qua trinh nay 1a mét mé hinh 3D s6 ctia d6i tugng dudi dang ludi cac diém
toa d6 véi mau sac thuc.

- Quéa trinh két hgp dit liéu gitta phép quan trac anh va dit liéu point cloud:
dir liéu point cloud sau khi x{ ly dugc nhap truc tiép vao mé hinh 3D s6
c6 dugc tir phép quan trac anh théng qua phan mém Reality Capture.
Cac diém Point cloud két hgp véi cac diém mét lugi cia mé hinh 3D s6
tir Photogrammetry, sau do ti€p tuc dugc t6i uu va dugc tao ludi lai moét
lan nira. Két qua thu dugc la mé hinh s6 3D cla déi tugng thuc véi mat
dé lusi phan ti day dac véi muic dé chinh xac vé toa dé va kich thudc cla
cac mat ludi rat cao.

Tuy nhién, v6i mat doé lugi day dac, moé hinh nay c6 dung luong rat 16n,
rat khoé dé hién thj va thao tac trén cac thiét bi dién tir cdm tay nhu (smart
phone, tablet). Do dé, van dé t8i uu hoa dirliéu sé dugc dé ra va tién hanh.
Luc nay, dit liéu mo hinh 3D s6 két xudt tir phan mém Reality capture sé
dugc dua vao phan mém Unity va 3DCoat dé t6i uu mét lan nita. Két qua
thu dugc Ia mét mo hinh ¢é dung lugng nhe hon rat nhiéu mé hinh ban
dau, c6 thé dua lén cac thiét bi dién tur di déng, déng thdi van gilt nguyén
d6 chinh xac vé kich thudc, d6 chi tiét ctia cau kién va chat lugng mau.

- Bén canh qua trinh x{ li va t6i uu héa mé hinh sé 3D nhu trén, nhém
nghién ctru con thuc hién xay dung 02 mé hinh: mét la, mé hinh As-built
(dung hinh theo m6 hinh cdu kién Pointcloud thu thap dugc) thong qua
phan mém As-built for Revit; hai la, mé hinh Revit (la ban vé thiét ké két
cdu co sd).

- Cudi cung, tat ca cdc mo hinh s6 dugc xay dung trong cac buéc trén déu
dugc chuyén vao phan mém Unity, théng qua nén tadng Ar Foundation thi
Ung dung AR dugc tao thanh. Ung dung sau d6 sé dugc cai dat vao dién
thoai théng minh (Iphone, Ipad, hodc dién thoai hé diéu hanh Android).

5. K&t qua nghién ciu

D liéu Poincloud “Tam bén bé tong c6t thép” dung trong nghién cdu
dugc cung cdp bdi cong trudng clia cdng ty Portcoast (Hinh 8). Tap hop
dam may diém 3D vé tdm ban trén dugc thu lai bdng may Leica RTC360
(Hinh 9).

Sau khi thuc hién quy trinh nhu da néu 8 muc 4 (phuong thic tién hanh).
Nhém nghién ctiu da xay dung dugc ting dung AR véi giao dién (Hinh 10).
Khi phan mém ty déng do dugc mat phéng ao trong khéng gian, ngusi
dung cé thé dinh vi duoc truc toa d& cia mé hinh AR bang cach cham
vao bat ki diém nao trén mat phang do nay. M6 hinh AR dugc thuc hién
bang phuaong phap Photogrammetry dugc thé hién & hinh 11, 12 va 13
vGi nhiing cdu kién lan lugt 1a cot thép, bé tong I6p ngoai va bé tong da
dugc dé day du.

M®& hinh As-Built dugc xay dung tU Point Cloud, hién thi (mau xanh lam)
so sanh vé&i mo hinh 3D Laser Scanning da qua x( li bang phan mém Real-
ity Capture (Hinh 14).

Hinh 15 thé hién mé hinh thép theo thiét ké, cac I6p thép dugc hién thi
riéng bang cac mau sac khac nhau. M6 hinh AR nay dugc st dung dé
nghiém thu lap dat thép ngoai cong trudng.

Ung dung AR, ma nhém nghién ctu xay dung ra c6 céc tinh ning nhu:

AINERREEEELrIny

Hinh 9. Thiét bi quét Leica RTC 360 (Phuc vu cho viéc thu thap dliéu PointCloud)

Hinh 10. Giao dién cdia App trong qua trinh trdc mét phang

dinh vi va tinh chinh toa d6 vat thé 3D trong khéng gian thuc, chup man
hinh, khéi dong lai Uing dung...

6. Kétluan

Qua nghién ctu thi da xu li dugc van dé téi uu hda cho mé hinh xuat tir
cong nghé PointCloud va Photogrammetry (mot trong nhiing chia khoa
dé phat trién thanh céng Ung dung AR). Ap dung céng nghé AR vao xay
dung gilp gia tang tinh truc quan cda cho cac moé hinh céng trinh, cau
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Hinh 15. M@ hinh AR c6t thép Revit (theo ban vé thiét ké)
kién phuc tap. Tiét kiém thai gian nghiém thu cét thép, gidm mot phan
thai gian thi céng, gitip mang mét cong trinh da dugc sé héa 3D dén gan
vdi hién thuc, ddy manh sy phat trién cho nganh céng nghiép xay dung
hon.
Loi cam on

Nhém thuc hién dé tai gui 16i cdm on dén TS. Nguyén Anh Thu, TS. D6 Tién
Sy, TS. Hoang Hiép, Trung tam PortCoast BIMLab, Céng ty C8 phan Tu van
Thiét ké Cang - Ky thuat bién (PortCoast) vi sy hd trg va huéng dan trong
subt qua trinh nghién ctu.
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