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Mé dau

Tw nhixng ndm 2000, ban dé khéng gian
ba chiéu (3D) da duwoc thanh lap bang viéc
st dung ban db hai chiéu (2D) phu trén nén
mo hinh s d6 cao (DEM), cac dbi twong dia
vat 1a ky hiéu mé hinh 3D c6 gan anh chup
bé mat dbi twong. V&i cach lam nhu vay,
mat rat nhidu thoi gian, cong strc dé ra mot
hinh &nh gan giébng nhu thyc té.

Hién nay, viéc sir dung cac thiét bi bay
khéng ngudi lai d& bay chup anh phuc vu
thanh lap ban d 2D da va dang dwoc (ng
dung dat hiéu qua cao & Viét Nam. Cac thiét
bi bay khéng nguwoi lai (Unmaned Arial
Vehicle - UAV) véi dac tinh gon nhe, duwoc
tich hop thiét bj dinh vi vé tinh GPS, may
anh sb do phan giai cao cé thé chup anh &
nhiéu goc dd; déng thoi két hop voi cac
phdn mém co thuat toan x& ly &nh SfM
(Structure-from-Motion) tw déng tinh toan dé
phuc héi lai mé hinh 3D cua tat ca cac dbi
twong trén mat dat, tr dé co6 thé thanh lap
ban d6 3D mét cach tw déng, gidm thiéu
thoi gian xay dwng mé hinh 3D cac dbi
twong dia vat.

1. Thiét ké bay chup anh thanh 1ap ban
dé 3D

Trong quy trinh cong nghé thanh 1ap ban
dd 3D bang UAV, coéng doan thiét k& bay
chup d&c biét quan trong, yéu cau phai dam
bdo cac yéu t6 vé dd pha, dd cao bay,
hwéng bay, géc chup duoc tbi wu dbi voi
chirc nang x& ly anh tw déng cta phan
mém.

Cong tac thiét ké bay chup co ban 14 tinh
toan céac théng sbé vé do cao bay, dd phu
doc, d6 phd ngang cta anh, d6 phan giai
anh, sb dwong bay, tdc do chup anh va téng
thdi gian bay. Cac tham sé nay phu thudc
vao yéu cau vé do chinh xac, dién tich khu
do va dang dia hinh.

1.1. Thiét ké dé cao bay

D6 chinh xac clta ban db bj chi phéi bdi
dd phan gidi mat dat Ground Sampling
Distance (GSD), chinh la khodng canh gitra
tam cda 2 diém anh (pixel) lién ké nhau trén
mat dét.

Chiéu cao bay chup c6 thé dwoc tinh
toan dwa trén chiéu dai tiéu cw ciia may anh
(mm), kich thuwéc cdm bién may anh (mm)
va do rong tAm anh (pixels).
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Sw = Chiéu réng cam bién &nh [mm]
Fr = Chidu dai tiéu cu [mm]
H = D9 cao bay chup [m]

Dw = Chiéu réng dnh phu trén bé mét dat
(footprint width) [m]
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Mébi quan hé gitra do cao bay chup va do
phan giai anh dwoc thé hién trong cong
thire dwéi day:

H = (imW*GSD*FR)/(Sw*100) (1)

Trong do6: H la dé cao bay chup dwoc
thiét k& (m); GSD 1a kich thuwéc cha diém
anh hay d6 phan giai mat dat (cm); imW 1a
do rong cuia tAm anh duoc tinh bang pixels;
Fr la d6 dai thwc clua tiéu cy may anh; Sw
la chiéu réng ctia cdm bién may anh.

Vi du: Bé tinh toan do cao bay cho anh
do phan giadi 5cm/pixel, str dung may anh co
dé dai tiéu cuw thwe la 5mm va kich thwéc
cla cdm bién may anh la 6.17mm, d6 rong
tdm anh 1a 4000 pixels. Ap dung céng thirc
(1) cho két qua dd cao bay chup 1a 162 m.

1.2. Tinh toén téc dé chup &nh

Téc d6 chup dé dat dwoc do6 pha doc
theo thiét k& phu thudc vao téc do bay cla
UAV, do phan gidi mat dat (m) va kich thuwéc
anh (pixels).

—————
D

D = Chiéu réng anh phu trén bé méat dat [m]
od = D6 ph gitra 2 tAm &nh trén cung tuyén
bay [m]

x = Khoang cach gitra hai tdm anh trén cung
tuyén bay [m]

v = Téc db bay [m/s]

t = Thoi gian chup giita 2 tdm anh (image
rate) [s]

Cé thé tinh theo céng thirc:
t = (imW*GSD/100)*(1-P%)/v
Trong d6: t = Téc d6 chup anh (s).

(2)

imW = dé rong blrc anh (pixels).

GSD = D6 phan giai mat dat.

P%= % d6 pht gilra 2 tam anh trén cung
tuyén bay.

Vi du dé chup v&i do pha 75% va do
phan giai 5cm, chieu rong tam anh la 4000
pixels va toc d6 cua UAV la 30Km/h
=8.33m/s , dwa trén cong thirc (2), thoi gian
chup gilra 2 tam anh la 6s.

1.3. Tinh téng sé dwong bay

Téng sb dwdng bay ctia UAV la théng sb
rat quan trong dé wéc tinh thoi gian bay
chup cla ca bay, tor do tinh duwoc sb lwong
Pin phai s&r dung cho toan bé khu bay.

Téng sé dwong bay phu thudc vao dd
phl ngang ctia &nh va cé thé tinh theo cong
thire:

N = Aw / [M*SSh*((100 - Q%) /100)]
Trong d6: N = s6 tuyén bay

3)

Aw = D0 réng clia vung can bay chup

'SSh (Sensor height) = chiéu dai clia cdm
bién anh

Q = D6 phu ngang cltia tAm anh (%)

M = Mau sb ty 1& anh (chiéu dai tiéu
cw/dé cao bay chup = FR/H)

1.4. Lwa chon dé hinh bay chup anh
(hwong va géc bay chup anh)

Viéc Iya chon dd hinh bay chup anh
thanh [ap ban d6 3D phu thudc vao dang dia
hinh va cau trac déi twong trén bé mat dja
hinh (nha cao tang, nha thap lién ke, mat dé
thwc pha ...).

+ Db hinh bay dang ludi kép

Khu vwe dd thi nhiéu nha lién ké doi hai
do hinh bay dang Iu’c')’i’ ké,p, cac tuyen bgy
vudng goc voi nhau dé tat ca cac mat tien
cla vat thé déu nhin thay trén hinh anh
(Bbng, Tay, Nam, Bac). Géc chup anh nam
trong khodng 10° dén 35°, d6 phu gitra cac

24 TAP CHi KHOA HOC PO DAC VA BAN PO SO 31-3/2017



Nghién ctiu - Ung dung

tam anh co thé 1&n dén 80% gitra cac tdm
anh.
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Hinh 1: Géc chup &nh va dé hinh bay dang
lwoi kép
+ D6 hinh bay dang vong

Vi nhirtng déi twong cé chiéu cao lon
nhw chung cw, cot dién, thap truyén hinh...
D6 hinh bay nén lwa chon theo huéng bay
vong quanh dbi twong véi géc chup 45°, tap
trung vé huwéng dbi twong va méat dat. Bay
nhiéu lan quanh dbi twong, tang dan chiéu
cao va giam goc chup, cac anh chup voi do
phu 90% & cung d6 cao bay, pht 60% gilra
cac tAm anh chup & dd cao khac nhau.
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Hinh 2: D6 hinh bay dang vong

2. Thyc nghiém bay chup anh bang
UAV thanh 13p ban dé 3D

2.1. Thwe nghiém dé hinh bay vong
* Pham vi va théng sbé bay thwc nghiém:

- Khu vyc thyc nghiém the nhat 1a khu
doé thi méi Bac An Khanh, huyén Hoai Blrc,
thanh phé Ha Noéi. Khu vuc nay duwoc lwa
chon vi ¢c6 tda nha cao tang Splendora phu
hop vé&i dd hinh bay vong dé tai tao mé hinh
3D nhv muc 2.4 da dé cap. Théng sb bay
duoc Iya chon nhw sau: Bay 2 chuyén voi 2
dd cao bay 140m va 110m so v&i mat dia
hinh twong (ng v&i d6 phan gidi anh
6cm/pixel va 5cm/pixel; d6 phu gilra cac
anh trén cung do cao bay la 80% va khac do

cao bay ciing la 60%; Géc chup & d6 cao

bay 110m la 45° va 30° & d6 cao bay 140m.
Thiét bi bay st dung |a may bay canh bang
Swinglet-CAM, cé gédn may anh phd théng
Canon IXUS 127HS, théng sb k§ thuat chi
tiét cha thiét bj bay tham khao tai website
cua hang sensefly: www.sensefly.com.

* Két qua tinh toan xt ly anh va xay dwng
mo hinh 3D:

Két qua mé hinh 3D dwoc tao ra kha chi
tiét, thé hién rd clu trac, hinh dang cda toa
nha, minh chirng thé hién & chtr SPLENDO-
RA trén néc tda nha, khoang cach gitra cac
chir chi 10cm, chiéu réng nét chir 30cm,
chiéu réng ch 1m, chiéu cao 3m, két qua
mé hinh van thé hién rat chi tiét. (Xem hinh
3)

- Khu vire thye nghiém thir hai la nha Bat
giac-Chua Lang. Thiét bi bay dwoc st dung
la Phantom 2 vision+ cua hang DJI. Day la
loai UAV ¢& nho, 4 canh, |én thang, chi can
khoang 2m? théng thoang dé cét ha canh.
Nha Bat giac-Chua Lang la cong trinh van
hoa lich st, cé cau truc phirc tap v&i nhiéu
chi tiét nhé va cong udn lwon. Ap dung @6
hinh bay dang vong, v&i 3 vong bay, mdi
vong bay cao cach nhau 2m dé dam bao do
phu day gilra cac vong bay, géc bay thay déi
tr 10° dén 45° tly theo chiéu cao bay.

Két quéa mé hinh 3D dwoc tao ra rat chi
tiét, thé hién ré cau trac, hinh dang cda nha
Bat giac - Chua Lang v&i nhiéu chi tiet
dwdong cong phire tap. (Xem hinh 4)

2.2. Thir nghiém dé hinh bay dang
lwéi kép

* Pham vi va théng s6 bay thyc nghiém:

Vi tri khu thwc nghiém cé nhiéu nha lién
ké thap tang, cay to rai rac thudc xa Vat Lai,
huyén Ba Vi, thanh phé Ha Noi. Khu vuc
nay cé ciu truc phu hop véi phwong an
thwe nghiém bay chup anh dang Lwéi kép
nhw dé cap tai muc 2.4. Truwdc khi bay chup,
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Hinh 4: M6 hinh 3D
nha Bat giac-Chua Lang

tién hanh rai tiéu do 4 diém GPS (3 diém
lam khéng ché anh mét dat nam & 3 géc khu
do, 1 diém kiém tra nam chinh gitra khu do).
Thiét bi bay chup ciing 1a thiét bi bay khéng
ngudi lai canh bang Swinglet-CAM, db hinh
bay dwoc thiét ké v&i cac théng sé nhu sau:
Bay & 2 d6 cao khac nhau 140m va 80m so
v@i mat dia hinh, twong ng v&i d0 phan
gidi anh 6cm/pixel va 3cm/pixel; 2 d6 cao
bay theo 2 hwéng vubng goéc v&i nhau, goc
chup 0° d6 phu doc va ngang gitra cac anh
la 80%; dién tich phd khoang 0,7km?; téng
s6 anh 384 anh.

* Két qua tinh toan xt ly anh va xay dwng

mo hinh 3D:

Qua trinh tinh toan thwc hién theo trinh
t cac bwdc nhw sau: (i) Dwa trén théng sb
dinh hwéng ngoai va toa dd tam anh gan
dung, phan mém tw dong sap xép anh (align
image) tim kiém cac diém “khéa” (key point
features hoac tie points) trén cac anh. (ii)
Qua trinh ty ddng xt& ly tam giac anh khdng
gian AAT (Automatic Aerial Triangulation)
tinh toan vj tri chinh xac, cac tham sé dinh
hwéng cla anh gbc dua trén 03 diém GPS
mat dat va co s& di lieu diém & buwdc trén
va thwe hién binh sai khéi anh BBA (Bundle
Block Adjustment) theo phwong phap sbé
binh phwong nhd nhéat (Least squares
method). (iii) Bwéc tiép, 1a qua trinh tao dam
may diém 3D (3D point cloud) va tai cau tric
md hinh 3D (building mesh) dwoc tién hanh
dé xay dung mé hinh sé bé mat (DSM) va
binh d& anh trwc giao (TrueOrthophoto).

Vé do chinh xac, trén khu vuwc thuc
nghiém hoan toan dat yéu cau dd chinh xac
cla ban dd 1/1.000 khi sai sb toa dd, dd cao
tai diém kiém tra déu dat <0,15m. (Xem
hinh 5, 6)

* Bién tap ban dé 3D:
Dwa trén két qua tinh toan x( ly anh, tién

hanh cac budc tiép theo nhu: xay dwng nén
dia hinh 3D gébm mé hinh s dé cao va anh

(b)

Hinh 3: (a) Vi tri twong dbi cta énh trong khéng gian 3D
(b) M6 hinh 3D toa nha Splendora
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Hinh 6: M6 hinh 3D duoc thanh lap bang
cbng nghé xtr ly anh UAV

tric giao; vector hoa cac Iop dir liéu Giao
théng, Thuy hé, Phi bé mat, Bién gi6i dia
gi¢i, diéu tra bd sung thong tin ngoai
nghiép, va trinh bay ban d6 3D. Viéc trinh
bay ban d6 3D thanh lap bang cong nghé
UAV thuén lgi hon so v&i cac phwong phap
truyén thdng vi hau hét cac déi twong dia
vat da dwoc ty dong tai tao thanh mé hinh
3D, do do khong phai str dung cac ky hiéu
mo hinh 3D, chi s&r dung cac ky hiéu Icon
dang hinh anh (*.png) dé hé tro cong tac
doan doc ban db. (Xem hinh 7, 8)

4. Két luan kién nghi

Viéc rng dung cbng nghe bay chup anh
bang UAV, két hop v&i phan mém xi ly anh
str dung cac thuat toan SfM cho phép tao ra
san pham ban dé 3D cé mlrc dd chi tiét cao,
thé hién trung thuwc cac déi twong trén bé
mat dia hinh. Bwéc dot pha chinh & day la
khoéng phai str dung cac ky hiéu mé hinh 3D

Hinh 8: Ban dé 3D khu vurc xa Vat Lai,
huyén Ba Vi, thanh phé Ha Noi

dé thé hién ndi dung ban d6 nhw cong nghé
truyén thong va co thé thuc hién voi khu
vire dia hinh phirc tap, con nguwoi kho tiep
can.

Qua trinh xt& ly &nh va tai tao mé hinh 3D
dwoc thye hién ty ddng nén thdi gian tao ra
san phadm nhanh va han ché céac sai sét do
con nguoi.

Tuy nhién, céng nghé UAV ciing con mot
s6 han ché nhét dinh. Vé do chinh xac kém
hon so véi cong nghé do dac truc tiép bang
may toan dac dién t&r, may quét Laser mat
dat, dac biét & nhirng khu vwe c6 nwdc mat,
rieng ram, cat khdé. Dya trén cac két qua
nghién clru gan day, do chinh xac cltia cong
nghé UAV thwong dat sai s6 mat phang
khoang 1-2 pixel, sai s6 d6 cao khoang 2-3
pixel, ngoai ra con phu thudc vao phan mém
X Iy anh.

Hinh 5: M6 hinh sé bé mé&t DSM va &nh truc giao Orthophoto
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Hinh 7: (a) Céc ki hiéu dang anh Icon. (b) Ky hiéu chua trong Ban dé 3D

So v6&i céng nghé quét Laser méat dat,
céng nghé UAV c6 han ché vé kha nang thu
thap sb liéu bén trong dbi twong. Vi vay, can
tiép tuc nghién clru cac giai phap két hop dé
tao ra san pham ban dd 3D mé&i c6 do chi
tiét cao hon va hoan thién hon.Q
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Summary

3D mapping with unmanned aerial vehicle
Vu Phan Long, Vu Van Chat, Defence Mapping Agency of Viet Nam
Nguyen Vu Giang, Space Technology Institute - Vietham Academy of Science and

Technology

Since the 2000s, 3D maps have been created by using 2D maps covering on the DEM.
Objects on the terrain are 3D symbols which attached with realistic images. By doing so, it
takes a lot of time and effort to come up with a seen similar with the fact.

Currently, the use of unmanned aerial vehicles (UAV) for 2D mapping have been applied

effectively in Viet Nam. UAV with lightweight characteristic and combined the GPS, high-
resolution digital cameras can capture images in many angles; Along with the image pro-
cessing softwares has the Structure-from motion (SfM) algorithm to restore automatically
the actual models of all objects on the ground. Consequently, it is possible to create 3D
maps automatically, to reduce the time buildding 3D models of objects.O
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