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TOM TAT: Hién nay, cac cong trinh nha cao tang sau mot thoi gian dua vao sir dung c6 xudt hién tinh
trang xuong cap. B¢ dam bao cho cong trinh vén hanh dugc an toan ngoai cac cong tac quan trac do lun,
do nghiéng thi cong tac khao sat hién trang bé mat bén ngoai cong trinh ciling can dugc quan tam déc biét.
Bai bao nay trinh by nghién ctru, tng dung phuong phép sir dung thiét bi bay khong ngudi lai UAV dé
khao sat hién trang cac mat ding cua toa nha. Dit liéu hinh anh thu dugc tir camera s€ mo6 ta dugc cac dau
hi€u xuong cap bén ngoai toa nha nhu cac vi tri tham ngam, bong rdp, nut...

TU KHOA: May bay khong nguoi 1ai, UAV, méat ding, khao sat hién trang.

ABSTRACT: Currently, high-rise buildings after a period of use have shown signs of deterioration. To
ensure the safe operation of the building, in addition to monitoring subsidence and tilt, special attention
should be paid to surveying the current state of the building's exterior surface.

This paper presents a study on the application of the method of using UAV drones to survey the current
status of building facades. Image data obtained from the camera will describe signs of deterioration on

the outside of the building such as seepage, blistering, cracking, etc.

KEYWORDS: Unmanned aerial vehicle, UAV, facade, construction survey.

1. GIOI THIEU

O nudc ta hién nay, tai nhitng thanh phd 16n cac
cong trinh nha cao ting di dua vao khai thac sir
dung trén 10 nam c6 sb luong tuong ddi 16n, véi
didu kién khi hau néng 4m, nhiét d6 bién dong 16n
theo mua din dén cic cong trinh c¢6 hién tugng
xuéng c?ip va xuét hién cac hién tugng lun, nut ciu
kién, bong choc thim rot tudng xay, mai. Pac biét
v6i bé miat bén ngoai cua cac tda nha khi chiu tac
dong truc tiép cua cac yéu té khi hau, thoi tiét thi
cac ddu hiéu xudng cép, hu hong nhu: nut, thim,
bong tréc 16p vita trat, 16p son... xdy ra nhanh hon.
Nhiéu cong trinh nha cao ting chi méi dua vao khai
théc stir dung dugc vai nam cic bé mat bén ngoai
ctia tba nha d xuat hién cac hién tuong xudng cap,
hu héng nhu trén. Viéc khao sat hién trang, kiém tra
truc quan mit ngodi tda nha nhim danh gia tinh
trang va tim ra cac nguyén nhan gay hu hong, cung
C'Qip céc hd so, tai liéu cho cong tac sura chira, bao tri
hiéu qua vdi chi phi phu hgp. Viéce stra chita, bao tri
cac mat ngoai cua toa nha gitip dam bao hoat dong
binh thuong cua hé thdng mat ngoai, cho phép né

thuc hién céc chitc nang ma né dugc xay dung va co
kha ning kéo dai tudi tho qua trinh st dung.

Hién nay, viéc khao sat danh gia hién trang cac
mat ngoai cua toa nha chu yéu duoc thuc hién béng
phuong phap truyén thong, cac cong nhan, k§y thuat
vién st dung thiét bi 1ong nang chuyén dung
gondola hodc diy du chuyén nghiép dé khao sat truc
tiép cac mat ngoai clia toa nha. Tuy nhién, phuong
phap nay ton kha nhiéu thoi gian, chi phi, khé tiép
can va nguy co mét an toan lao dong. Mot phuong
phap hiéu qua thay thé phuong 4n khao sét truyén
théng giup giam ca thoi gian va chi phi la st dung
may bay khéng ngudi 1ai (UAV). Véi sy hd tro clia
cong nghé nay, c6 thé quay va chup hoan toan céac
buic anh d6 nét cao (FHD) cua tit ca mit ngoai cua
toa nha. Phuong phép nay c6 thé phat hién ra cac hu
hong, khuyét tat khong thé nhin thdy biang mit
thuong tir mat dat, ch?mg han nhu: céc vét nit, cic
vét bong tréc 16p vita bao vé, bong tréc 16p son, cic
khu vuc thAm, mdc trén mit ngoai cac toa nha.

Muc ti€u ctia nghién ciru nay la danh gia viéce
st dung may bay khong nguoi 1ai (UAV) nhu mot

584



cong cu truc quan dé kiém tra cac biéu hién xudng
cép, hu hong trén mit ngoai cia cac toa nha cao
tang thong qua bay chup, thu thap hinh anh trén
khong, xur ly dit liéu va phan tich truc quan.

2. HE THONG MAY BAY KHONG NGUOI
LAI UAV VA UNG DUNG TRONG KHAO
SAT MAT NGOAI TOA NHA

O Viét Nam ciing nhu trén thé gidi cac thiét bi
bay khong nguoi 1ai (UAV) dang rat phat trién va
dugc ng dung trong nhiéu linh vyc. Thuat ngi
UAV dé cap dén mot loai may bay dugc diéu
khién tir xa hodc tu dong bé“mg cach sur dung toa do
dugc xéc dinh trudce, day 12 mot cong nghé mdi
dugc biét dén vé6i vai tro ciia no trong céc tmg
dung quan sy. Gan déy, ca & Viét Nam va cac qubc
gia trén thé gidi, viéc sir dung cac phuong tién trén
khong nay trong cac ung dung din sy ngady cang
trd nén phd bién, trong cac linh vuc nhu néng
nghiép, 1am nghiép, khao c¢b hoc, kién tric va xay
dung, khao sat [2].

UAV 1a viét tit cia Unmanned Aerial Vehicle,
c6 nghia 1a thiét bi bay khong nguoi 14i hodc may
bay khong nguoi 1ai, 1a t€n goi chi chung cho cac
loai may bay ma khong c¢é phi cong & budng lai va
dugc diéu khién tir xa tir trung tdm. Loai may bay
nay dugc dung dé phuc vu cho muc dich trinh
tham quan sy hodc dan su. Loai to hop may bay
nay c6 kha nang ty dong hoa cao, khong doi hoi
nhitng trang thiét bi hang khéng dic chung, gia
thanh khai thac st dung va bao tri hé thong tiét
kiém va kinh té.

Céu tao hé théng chup anh hang khong ky
thuat s6 bang may bay khong nguoi lai (UAV)
gdm 4 thanh phan chinh: Hé théng méy bay; My
anh k¥ thuét sb; Tram diéu khién mat dat; va Tram
xir ly anh tao mé hinh s6 mat dat [3].

- o

My pay

TRAM iEU N

TRAM KU LY ANH LAV

Hinh 1: H¢ thong UAV
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Hé théng may bay bao gdm: Than may bay,
dau thu GPS, cam bién tdc do gid, cam bién do
cao, cam bién ap suét, cam bién can béng va b thu
phat tin hi€u. Ngoai ra trén mdy bay con mang theo
01 pin dung dé cung cip ngudn dién cho toan bd
céc thiét bi trén méy bay.

Méy anh ky thuat sé: Thong thuong cic may
anh sir dung dé chup anh mat dit bang UAV 1a cac
loai may anh k¥ thuat s6 ¢6 kich thudc nhé gon, c6
tiéu cu c¢d dinh va kha ning lay nét tw dong.

Tram diéu khién mat dat: Mdi hé théng may
bay UAV déu phai dugc diéu khién bing tram diéu
khién mat dat. CAu tao cta tram diéu khién mat dat
bao gém 2 bd phan chinh: Thit nhdt, may tinh bang
hodc dién thoai thong minh dugc cai dat phén mém
lap trinh bay va didu khién bay. Day 1a cac phan
mém chuyén dung dé thiét ké bay, diéu khién bay
va co thé 1ap ké hoach vi tri huéng cit canh, ha
canh tai thuc dia. Thir hai, B§ diéu khién c6 thiét b
thu phat tin hi¢u dung dé két ndi may tinh bang véi
may bay.

Tram xir Iy anh UAV tao md hinh s6 mat dat:
Tram xir Iy anh bao gdm may tinh tram Workstations
¢6 cau hinh manh duoc cai dat phﬁn mém chuyén xu
ly anh may bay dé tao mé hinh sé mat dat. Pac diém
chung ciia cac phan mém xu 1y nay 14 tir cac bic
anh s6 duoc chup ti UAV véi do phu tir 70 - 90%,
sau khi xtr 1y s& tao ra mé hinh dam may diém
(Point Cloud), mé hinh s6 bé mat (DSM), mé hinh
s6 d6 cao (DEM) va anh truc giao (Orthomosaic).

Céc thiét bi bay dwoc ung dung nhiéu trong
cong tac khao sat, xay dung nhu: Trimble UX,
Inspire, Phantom...

Hé thong bay chup st dung thiét bi bay khong
ngudi 13i UAV rét hitu ich cho muc dich khao sat
truc quan cac bé mit ngoai ciia toa nha cao tng.
Bay chup st dung thiét bi bay khong ngudi lai
UAV cho phép dich chuyén nhanh hon va tinh linh
hoat cao hon trong chuyén bay, c6 hiéu qué trong
vi€c thu thap hinh anh ngang ¢ cac khu vuc mo
rong trung binh, tiép can duogc cac bé mat tda nha
¢6 chidu cao 16n.

Dic diém cua cong nghé chup anh hang khong
bang UAV la bay chup theo ting dai bay, do d6 rét
phit hop dé tmg dung trong cong tac khao sat dia
hinh cac cong trinh dang tuyén nhu cic tuyén
dudng giao thong. Viéc két hop phuong phép do
truyén thong véi phuong phap bay chup s& dem lai
hiéu quéa va d chinh xéac cao. Viéc st dung cong
ngh¢ nay s& cho ta san pham 1a mé hinh s do cao,
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binh d6 anh mot cach nhanh choéng va truc quan,
gitip cho nguoi thiét ké chon dwoc cac phuong an
tuyén t6i uu, phit hop cho cong tac giai phong mit
bang va budc 1ap dé xut du an.

Pé c6 thé timg dung cong nghé chup anh hang
khong b?mg UAV vao céc du 4n can do chinh xac
va muc do chi tiét cao nhu thiét ké k¥ thuat thi can
phai tiép tuc nghién ctru, danh gia d6 chinh xac ctia
két qua bay chup ciing nhu hoan thién phuong
phap xtr ly anh dé nang cao d6 chinh xéc, dic biét
trong cac dia hinh cé thuc phu l6n va khu vuc
d6ng dan cu. Ngoai ra, can nghién ctru va dua ra
quy trinh s6 hoa ban d6 3D tir mé hinh ddm may
diém va binh dd anh tryc giao dé cé san pham phu
hop vdi quy trinh, quy pham hién hanh.

3. QUY TRINH THUC HIEN VA KET QUA
PAT PUQC

Cong tac chuén bi bao gém xac dinh vi tri va
pham vi can bay chup, kiém tra ving cdm bay, tiép
dén 1a kiém tra cac didu kién thoi tiét c6 phu hop
cho cong tac bay chup hay khong. Viéc kiém tra
diéu kién thoi tiét va vung cam bay dugc thuc hién
boi phan mém UAV Forecast dugc cung cap mién
phi, chay trén hé diéu hanh iOS hoic Android.
Tiép dén 1a thiét ké tuyén bay bang phin mém
chuyén dung va tién hanh bay chup anh.

Khi cac diéu kién dé tién hanh thu tuc bay dam
bao, tiép dén 1a thiét ké tuyén bay bang phdn mém
chuyén dung va tién hanh bay chup anh.

Vi kich ¢& cua cam bién thu nhén anh trong
méy anh 1a c6 dinh, do d6 d¢ phéan giai diém anh
(kich thudc cua pixel) bi chi phdi boi d6 cao va
ban kinh bay chup dén vat thé can quan sat. Khi d6
kich ¢& diém anh s& anh huong dén do chinh xac
ctia ban dd hién trang. Mbi quan hé gitra d6 cao
bay chup va ban kinh bay chup dén vét thé dugc
thé hién theo cong thirc sau [4]:

Hpc- (imWxGSDxFL) / (SSwx100) BC (1)

Véi Hpe 1a d§ cao bay duogc thiét ké cho
Flycam (m); GSD (Ground Sample Distance) la
kich ¢& diém anh can chup (cm); imW (image
width) 14 d6 rong cua anh chup tinh bang pixel; FL
(focal length) 1a do dai tiéu cu cia may anh; SSw
(sensor width) 13 chiéu rong cua cam bién thu nhan
anh cia may anh.

Vi du: Néu kich ¢& diém anh thiét ké cho cong
trinh 1a 1 cm. Flycam st dung may anh CMOS c6
FL 1a 8,8 mm, imW la 5472 pixel, SSw 1a 13,2 mm.
B¢ cao bay cua Flycam tinh dugc khi bay chup 1a
36,48 m.a

Trong qua trinh bay chup, sir dung phan mém
UAV Forecast dé lua chon sao cho khi chup anh,
vat thé luén luén nam trong tdm ctia bic anh va
dugc thé hién qua cong thire sau:

H
ooge = arctanx | — 2
g (R) @)

May bay khong nguoi 1ai s€ bay chup anh theo
mot tuyén da b tri sin. Giita cdc tim anh ké nhau
trén mot tuyén c6 d6 phu 1én nhau va duoc goi 1a
d6 phu doc, ky hi¢u 1a p, don vi tinh 1a % cua kich
thudc tim anh:

P =17x100% 3)

Trong do:

I - kich thude tm anh;
I, - kich thuéc caa phén phu theo hudng dai bay.
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Hinh 2: Dj phii ngang, doc ciia cdc tém dnh

Dién tich chdng 1én nhau cta hai tim anh ké
nhau trong cung mdt duong bay dugc goi 1a dién
tich phu doc (overlap).

Dién tich chdng phu gitta hai loat tim anh
trong hai dai bay lién ké nhau duoc goi 1a dién tich
phu bén (sizelap).

Thong thuong ngudi ta quy dinh d6 phu doc la
60% dén 70% va do phu ngang khoang 30%.
Trong trudng hop cu thé tiy theo yéu ciu sir dung
anh, cac d6 phu nay c6 thé thay déi, nhung khong
nho hon céc gia tri trén.

Sau khi c6 két qua bay chup, sb liéu bay chup
bao gdm anh sé va toa do cac diém khdng ché anh
dugc dua vao phian mém xir ly anh Agisoft
Metashape Professional (64 bit) hoic cic phan
mém xt 1y anh ¢6 chirc nang twong tu dé ghép anh
va tao mo hinh sé mat dat. Bé c¢6 duoge két qua tdt
hon con sir dung mot s6 phan mém xur ly anh ky
thuét s6 khac nhu: Global Mapper, Photoshop...

Déi véi cac cong tac khao sat 1ap mé hinh 3D
sau khi bay chup va xir ly sé liéu anh bang phan
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mém chuyén dung, san pham cé dugc 1a mé hinh
dam may diém, mo hinh s6 bé mat, mé hinh s6 do
cao va binh d6 anh truc giao. Tuy nhién, ddi vdi
cong tac khao sat 1ap ban vé hién trang cac bé mat
ngoai cua toa nha thi san phim cua can quan tim 1a
binh d anh truc giao.

Sau khi c6 anh truc giao mat ngoai cua tda nha
s& tién hanh s6 héa va 1ap ban v& hién trang timg
bé mat cia tda nha. Ban v& hién trang duoc s6 héa
dua trén anh HD do méy anh ky thuat s§ gin trén
UAV sé& bao gdm cac ndi dung: Puong bao ngoai
cung cac cadc mat, cac chi tiét kién tric: cira s, ban
cong, lan can, mai, tudng va cac yéu té trang tri
nhu vom, cot, hé két cdu chin ning, hay cac vét
liéu khac (kinh, kim loai, gém, d4, gb). Mtrc do chi

Tuyén tap bao cao Hoi nghi Khoa hoc can bé tré lan thir XVII

tiét ciia ban v& hién trang tuy thudc vao muc dich
cong tac 1ap ban v€ hién trang va hoan toan dap
tmg dugc dua trén anh HD do may anh ky thuat sé
gin trén UAV chup dugc.

Yéu cau xur ly anh doi hoi phai sir dung may
tinh chuyén dung, cdu hinh va d6 hoa cao dé
render céc tAm anh lai, tao thanh mé hinh.

4. THUC NGHIEM BAY CHUP BANG UAV
THANH LAP BAN VE HIEN TRANG MAT
NGOAI TOA NHA

Trong khuén khé ctia nghién ciru nay ching toi
st dung hé théng méay bay khong nguoi 1ai UAV
Phantom 4 RTK ciia hiang DJI dé thuc hién cong
tac khao sat mat ngoai ciia toa nha cao tang.

Miy Bay Miy anh Tram dien khién May tinh xir I anh
;! 1 .
SRR = s

Hinh 3: Hé thong UAV Phantom 4 RTK

Bang 1: Thong s6 k§y thuit Phantom 4 RTK [5]

U May bay:

o Kich thude: duong chéo ca canh 689 mm

o Trong lugng: 1388 g ca pin

e Van téc bay: 70 km/h

® D§ cao bay tdi da: 6.000 m so véi muc nude bién
e Ché 6 GPS: GPS/GLONASS

o Sai s6 GPS: Mt bing: £1,5 m, d6 cao: £0,5 m

U May anh:

e Cam bién: Sony 1” CMOS, Effective pixels: 20 M
o Goc rong: 84°

o Tiéu cu: 8,8 mm/24 mm

o Kich thudc anh tbi da: 5472 x 3078 pixel

® D¢ phan giai: 20 Megapixel

o Khiu do: /2,8 - f/11

Céc cong trinh dugc nhém tac gia lya chon bay
chuyp bao gém: toan bd mat ngoai Tru sd toa nha A
(da bay chup thang 6/2019) va mat ngoai phia nam
toa nha Al (bay chup thang 6/2025). Viéc bay
chup cac toa nha can duoc sy cap phép, chap thuan
cia Ban quan ly tdoa nha va tai nhitng khu vuc
khong cam bay. Do vdy, nhém tac gia mdi chi bay
chup thyc nghi€m & cac cong trinh trén.

Cong tac bay chup mat ngoai phia nam toa nha
A1 quy trinh thyc hién nhu sau:

- Thiét ké bay: Can ct vao kich thudc, chiéu
cao cua mat ngoai tda nha Al, tién hanh thiét két
tuyén bay, chidu cao bay chup va khoang cach tam
anh dén mit bay chup tuong déi nhu sau:

+ Tuyén bay chup (tuyén bay thing dung tir
dudi 1én trén va tir trén xudng dudi): 6 tuyén, trong
d6 2 tuyén ngoai ciing ¢ tim tuyén tring v&i mét
ngoai cua mat dung.

+ Chiéu cao bay chup: 115 m (cao hon mit
ding khao sat 8 m).

+ Khoang cach tdm anh (tdm may anh) dén mit
dang khao sat: 25 m.

- Bay chup thuc dia: Lua chon thoi diém co
anh sang tot (budi chiéu) vao cac ngay co toc do
gi6 nho tién hanh bay chup theo cic thong sb thiét
ké bay. Pi véi UAV DII Phantom 4 RTK viéc
bay chup mit thing ding cin st dung Tram diéu
khién dé diéu khién va chup anh thu cong. Hién
nay, cic UAV thay thé Phantom 4 RTK nhu DJI
Matrice 30 Series viéc bay va chup co thé duoc
thuc hién hoan toan ty dong.

- Xir ly anh: Sau khi bay chup tién hanh xir ly
anh va nin anh va ghép anh tao anh tryc giao toa
bd bé mat bay chup bang phin mém Agisoft
Metashape Professional.
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- S6 hoa, 1ap ban v& hién trang: Sau khi bay
chup va xir Iy anh dugc cac tim anh truc giao cia
mit ngoai toa nha tién hanh sb hoa 1ap cic mat dimg
hién trang, xac dinh chinh xéc vi tri cac khuyét tat,
hu hong dwa trén anh FHD chup dugc va tién hanh
s6 hoa cac hu hong nay 1én ban v& mit dung.

Cong tac bay chup thuc nghi€m tai mat ngoai
phia nam toa nha A1 dat dugc:

Sau khi tién hanh s hoa xong hién trang cac
mat dung, cac khuyét tat, hu hong cua toa nha tién
hanh dung may toan dac dién t& do dac kiém tra
xéc suat cac diém dic trung. Két qua nhu sau:

Hinh 4: Xur ly anh bay chup tai toa nha tru so toa nha A

Hinh 5: X ly anh bay chup tai toa nha Al

Bang 2: Két qua kiém tra kich thwéc mit dimg

STT Noi dung kiém tra Pon vi do K‘ctlr‘et;“:g; do bg'\(lfzhngil;rr&Tc})(gT Chénh léch
1 | Khoang cach ngang tai chan cong trinh m 25.578 25.585 0,007
2 | Khoang cach ngang tai dinh cong trinh m 24.923 24.935 0,012
3 |Khoang cach dimg (chiéu cao cong trinh) bén tréi m 102.415 102.405 -0,010
4 | Khoang cach dimg (chidu cao cong trinh) bén phai m 107.355 107.345 0,010

Sai léch vé kich thudc sau khi s héa tir anh bay
chup UAV va do bang may toan dién tir dao dong tir
7 mm dén 12 mm. Vi gia tri sai 1éch nhu vay cho
thdy viéc khao sat bang bay chup UAV hoan toan ¢
thé g dung tt cho cong tac khao sat hién trang
mdt ngoai cla cac tda nha phuc vu cho céc cong tac
hoan cong, cai tao, stta chita cong trinh.

Vé két qua khio sat cac hu hong, khuyét tat
trén mat ngoai cua toda nha, cong tac thuc nghiém
dat duoc nhu sau:

- S6 lugng vét nut quan sat dwoc bang anh
UAV: 12 vét nut, chiéu dai cac vét nut dao dong tur
0,3mdén 1,2 m

- Mot s0 vét tham, moc tai vi tri vét nit trén mai.
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Do toa nha A1 méi dua vao su dung duoc dudi
10 nam, chat lugng thi cong tuong dbi tét nén khi
bay chup khao sat hién trang mdi chi phat hién
duoc cac khuyét tat nhu trén.

Déi véi cong tac bay chup thuc nghiém toan bo
mat ngoai Tru s& toa nha A (da bay chup thang
6/2019) céc kich thude hinh hoc do dugc tir anh bay
chup c6 d9 sai léch so voi phuong phép do dac béng
méy toan dac dién tir 1a nho tir 3 mm dén 9 mm.

=
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Tét ca cac kich thude, cac hu héng trén mat
ngoai cua toa nha déu duoc sé héa trén ban vé& hién
trang toan bg bé mat ngoai hoac thanh 1ap cac mat
hién trang theo timg tang va thé hién chi tiét cac
khuyét tat (néu cd) ciia bé mat ngoai theo timg
tang. Ngoai cac dir liéu khao sat dugc bang bay
chup UAV ¢6 thé két hop vdi cac s6 liéu didu tra
vé thdm dot tir bén trong cac can hd cua toa nha
cung cdp cho ddy du dir liéu cho cong tac lap
phuong 4n cai tao stra chita néu can.
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Hinh 7: Bin vé hi¢n trang tang dp mdi va hinh dnh thé hién cdc vét nit, thim

5. KET LUAN

Viéc khao sat hién trang mat ngoai cac tdoa nha
thyc hién bang phuong phép bay chup UAV mang
lai an toan cho con ngudi, hiéu qua vé tién d6 va
chi phi thay thé cdc phuong phéap truyén thong.
Phuong phap khao sat hién trang bing bay chup
UAV c6 thé phét hién cac hu hong, xudng cap ctia
cong trinh khong thé nhin thiy bing mét thudng tir
mat dét, chéng han nhu: thdm dot, bong trdc, ndm
mbc, cac vét nut. ..

P06 chinh xac téng thé vé kich thude hinh hoc
cua ban v€& hién trang mat ngoai toa nha dugc )
héa tir anh chup bang phuong phap bay chup UAV
dam bao do chinh xéac c6 thé dap ung duoc cho cac
cong tac hoan cong, cai tao, sira chita cong trinh.

Trong qué trinh xir 1y anh thuc nghiém, mot sb
vi tri anh ¢6 hién tuong bi méo, 1éch cuc bd. Céan
tién hanh thuc nghiém bay chup thém mot s6 cong
trinh khac va dua ra quy trinh bay chup, xt ly anh
t6i wu nhat dé han ché nhing khiém khuyét cua két
qua khao sat.
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