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TOM TAT: Bai bao c6 ndi dung trinh bay cong tac khao sat dia hinh sir dung anh may bay khong nguoi 1ai
(UAV) dé xay dung ban d6 2D va mo hinh hién trang 3D. Cong ngh¢ nay da dwoc st dung trong nhiéu linh
vuc phuc vu cudc sdng, tuy nhién & Viet Nam trong cong tac thiét ké quy hoach van chua dugc ung dung
pho bién. Cac kién truc su quy hoach van theo phucyng phap truyén thong 1a dua vao co so dir liéu ban do
nén 2D cong véi cac s6 lidu dau vao thu thap tir nhiéu ngudn khac nhau va véi yéu cau ciia Chu dau tu dé
phan tich, thiét ké quy hoach. Cac san phim dugc tao ra tir dau vao néu trén 1a cac ban v& thiét ké chi tiét
2D va mo hinh thiét ké 3D s& kho tranh khoi cac thiéu sot, han ché do d6 s& anh huong dén chit luong, gay
cham tién d6 do phai diéu chinh thiét ké. Cong tac thiét ké quy hoach tmg dung cac két qua 1a san pham tir
thiét bi UAV nhu ban d6 dia hinh 2D, binh db anh, mé hinh hién trang 3D, mo hinh s6 d6 cao (DEM), dir
liéu dam rnay diém (Point cloud) s& nang cao chit luorng thiét ké, quan ly quy hoach ngoai ra thém hudng
tiép can vé thiét ké xanh, bén viing, dap ung sy bién d6i khi hau va cac su ¢b vé thién tai.

TU KHOA: 2D, 3D, UAV, DEM, Point cloud.

ABSTRACTS: The article presents the topographic survey work using unmanned aerial vehicle (UAV)
images to build 2D maps and 3D current status models. This technology has been used in many areas of
life, but in Vietnam in planning design, it has not been widely applied. Planning architects still follow the
traditional method of relying on the 2D basemap database plus input data collected from various sources
and at the request of the Investor to analyze and design the plan. The products created from the above
inputs are 2D detailed design drawings and 3D design models. It will be difficult to avoid shortcomings
and limitations that will affect quality and slow progress due to design adjustments. The design and
application of the results from UAV equipment such as 2D topographic maps, image maps, 3D current
status models, digital elevation models (DEM), point cloud data, etc. will improve the quality of design and
planning management, in addition to adding an approach to green, sustainable design, responding to
climate change and natural disasters.
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1. DPAT VAN DE lugc lich sir cong nghé chup anh tir cac UAV da
duogc phat trién hon 60 nam qua, va duoc nghién ctru
va str dung ¢ nhiéu nudc trén thé gidi nhu: My, Nga,
Trung Qudc... Trong thoi gian dau UAV duoc sir
dung cho cac muc dich quan sy, qua nhiéu nam phat
trién cac UAV hién dai duoc st dung trong nhiéu
{mg dung quan trong nhiéu loai UAV dugc thiét ké
gon nhe, thao tac nhanh; khoi bay béng tay hodc cac
dung cu don gian thich tng véi moi diéu kién dia

Véi su phat trién nhu vii bdo vé cong nghé va
tbc d6 xay dung nhanh nhu hién nay dit ra nhiing
yéu cau méi vé khao sat va quy hoach do thi hiéu
qua, chét lugng cao. Mot phuong phap khao sat 1ap
ban d6 méi dua trén cong ngh¢ UAV (Unmanned
Aerial Vehicle) dang phat trién manh mé va dugc sir
dung rong rai trong nhiéu linh vyc khac nhau. So
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hinh. Cac Gng dung tur dir liéu dugc do, chup tu
UAV hién dang 1a mdi quan tim hang dau cua cic
nha nghién ciru véi rat nhiéu vu diém so véi cac
ngudn dit lidu truyén théng. O Nudc ngoai cong
nghé UAV ciing c6 nhiéu nghién ctru & nhiéu linh
vuc, tuy nhién trong linh vyc khao sat quy hoach thi
céac nghién ctru méi chi dirng lai ¢ viéc thanh 1ap ban
d6 [9], [10], [...], [13] hay danh gia d6 chinh xé4c
[8], phép do anh chuyén dong [14]. C6 mot sb
nghién ctru ¢6 lién quan dén quy hoach d6 thi véi
n6i dung vé quy hoach sir dung dat d6 thi & Canada
[15], danh gi4 trién vong [17], nghién ciru img dung
do dac va 1ap ban d6 dia hinh bang chup anh hang
khong UAV [19], hay vé phap 1y va quyén riéng tu
[18]. Con ¢ Viét Nam, c¢6 rat nhiéu nghién ciru tmg
dung cong nghé UAV trong cac linh vyc cé lién
quan nhu, 14p ban d6 [1], [6], [7] l4p ban d6 3D [5],
[8], khao sat duong giao thong [4]... tuy nhién trong
linh vuc quy hoach c6 mot s6 nghién ciu vé tng
dung cong nghé ban d6 3D trong quy hoach db thi
st dung céc dit liéu 3D tir anh vién tham, LiDAR...
Str dung dir liéu anh chyp tir UAV trong viéc lap ban
dd ¢ wu diém 1a gia thanh thép, nhanh, tién dung,
do chinh xac cao (do d§ phan giai cua may chup anh
cao va UAV bay ¢ d6 cao thip). Do d6 véi cac uu
diém clia cong nghé nay tac gia tap trung nghién ciru
g dung anh may bay khong nguoi lai dé xay dung
ban d6 2D va mé hinh hién trang 3D phuc vy cong
tac thiét ké quy hoach dam bao do chinh xéc, tinh
thoi sy cua dir liéu 1a can thiét. Hién nay trén thé
gidi va & Viét Nam c6 rat nhiéu thiét bi bay khong
nguoi 1ai, tuy nhién mot sb thiét bi duoc sir dung
phd bién & Viét Nam 1a Phantom 4 RTK (PT4RTK)
day 1a mot may bay khong nguoi lai chup anh va lap
ban d0 thong minh c6 kha ning thyc hién chirc ning
1ap ban dd véi do chinh xac cao trong khuon kho bai
bao nay tac gia tién hanh nghién ciru sir dung may
bay PT4RTK d¢ thu thap dit licu.

2. THIET BI BAY VA QUY TRINH XU LY
DU LIEU
2.1. Thiét bi bay Phantom 4 RTK
2.1.1. Céu tao ciia PT4RTK va thong sé ky thudt

Cau tao cua hé théng thiét bi bay PT4RTK co
ban cling nhu cic hé thong thiét bi bay khac, gdbm
cac thanh phan chinh sau [20]:

a) Hé thong bay: than may bay, dau thu tin hiéu
vé tinh, céc loai cam bién

b) Thiét bj din dudng;

¢) May anh k¥ thuat sb;

d) Tram diéu kién mat dét;

e) Tram xu ly dit liéu.

Hinh 1. H¢ thong thiét bi bay PTARTK

Mot s6 dic diém ndi bat cua loai thiét bi bay nay la:

- Ung dung DJI GS RTK két hop véi tay cdm va
man hinh diéu khién cung cdp so dd bay da dang
nham giai quyét cac nhiém vu khao sat va tinh
hudng thu thap di liéu khac nhau. Cac ché do bay
dién hinh nhu: Ché do quan tric 2D, 3D, bay dinh
hudng dén cac diém lap sdn (Waypoint Flight), canh
bao va nhan thtc dia hinh,... va ching ta c6 thé
nhap file dinh dang KML/KMZ dé ti wu hoa quy
trinh lam viéc cia minh.

- Két hop v6i tram di dong D-RTK2, PTARTK
c6 thé duoc su dung nhu mét tram Rover dé cung
cap dir liéu vi sai thoi gian thuc cho flycam khao sat
khéc dé tao ra giai phap khao sat chinh x4c hodc co
duoc toa do vi tri chinh xac.

2.1.2. Théng sé ky thudt [21]

STT Noi dung | Théng sb

Thong s bay (cat ha canh thing dimg)

Trong lugng cét canh 1391g (trang thai cAt canh)

2 | D6 cao bay tbi da 600m

Téc d6 cat canh tdida | 6m/s (Ché do tu dong)

5m/s (Ché d¢ diéu khién tay)

4 |Téc do toi da: 50km/gid (P-mode)

58km/gid (A-mode)

Thoi gian bay Khoang 30 phut

Tén s6 2.400 GHz dén 2.483 GHz

Kha néng thu tin hi¢u v¢ tinh

GPS+BeiDoutGalileo
(Chau A)
GPS+GLONASS+Galileo
. (Khu vuc khac) .
Mo6-dun GNSS don tan d6 | Da tan so — Pa hé thong
nhay cao RTK GNSS:

GPSL1/L2
GLONASSLI1/L2
BeiDouB1/B2
GalileoE1/E5a

Ngang: 1.5 cm + 1 ppm

2 | Do chinh xac (RMS)

Doc: 1 cm + 1 ppm (RMS)

Théng s6 Gimbal

Gimbal: 3 truc

Cao do: —90° dén + 30°

W= 0

90°/s

Kiém soat tbc dd rung:
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STT Noi dung Théng s6
4 | Pham vi rung goc: +0,02°
Théng s6 hdng ngoai
1 Eg;llrri/ gti:cém bién chuéng 02m — 7m
2 |Ngang: 70°
3 |Doc: + 10° (Doc)
4 | Tan sb do: 10Hz
E |Chtc nang lap ban dd
Dap ung duoc yéu cdu cua
1 | Do chinh xac d0 chinh xac tiéu chuan
ASPRS
» [P0 phan gisi matadt | (0 6£é§méﬂi§‘el§ S i
(GSD) chup)
F | Théng sé bo didu khién
1 Eg:lni/ gti:cém bién chudéng 0.7m — 30m
Ngang: 60°
2 |FOV tién/lui 232;12277(;0
Trai va phai: 50°
G | Théng s ngudn
1 |Céng suét: 5870 mAh
2 | bién nang: 152V
3 |Loai pin: LiPo 4S
4 |Nang lugng: 89.2 Wh
5 | Khéi luong: 468 g
6 |Ngudn sac tbi da: 160 W
7 |Nhiét 36 sac: —10° to 40°C
H |Théng sé Camera
Jcamin b e
) FOV 84°; 8.8 mm /24 mm
2 | Ong kinh: Tuong duong 24 mm so vdi
kich c¢& phim 35 mm
2.8 -1/11
3 K}Vloéngg cich tu bat nét 1 m— oo
thap nhat:
4 | Video: 100-3200 (Tu dong)
100-6400 (Thu cong)
5 |Anh
100-3200(Ty dong)
100-12800(Thu cong)
Téc d6 man trap co: 8 — 1/2000s
Téc d6 man trap dién: 8 — 1/2000s
Kich thu6c anh 16n nhit | (4:3) 4864x3648
(3:2): 5472x3648
9 |Ché d6 ghi hinh: H.264 4K : 3840x2160 30P
10 | Dinh dang anh: JPG
11 | Dinh dang video: MOV
12 |18 o iy FATS? (32 GBY; exFAT
13 | Hd tro thé nhé: MicroSD
14 |Nhiét do hoat dong: 0° to 40°C

2.2. Nguyén ly co ban cia phwong phap do dnh
va quy trinh xir ly dir li€éu &nh UAV
2.2.1. Nguyén ly co bdan cvia phwong phdp do danh

Phuong phap do dac chup anh 1a mdt phuong
phap do gian tiép théng qua anh hodc cic ngudn
thong tin thu dugc cta ddi tuong do. Nhiém vu cua
phuong phap do anh 1a xac dinh trang thai hinh hoc
cua dbi tuong do bao gém: vi tri, hinh dang, kich
thudc va mbi quan hé tuong hd cua ddi twong do,
biéu dién cac ddi tuong do dudi dang binh d6 hodc
ban d6 2D hoic 3D.

2.2.2. Quy trinh x ly dit liéu dnh UAV

Sau khi két thiic bay chup ngoai thuc dia tién
hanh cac cong doan xir Iy dit li€éu anh UAV nhu sau:

1. Sao Iuu dit liéu anh thd tor may anh, dir liu
do GNSS tir tram Base va dir 1liéu GNSS/IMU tir
may thu trén may bay.

2. Tinh toan toa do tdm anh va cic nguyén to
dinh huong anh

3. Kiém tra danh gia két qua bay chup:

+ Piéu kién bay chup: toc d6 may bay, cip do
gid, thoi gian chup;

+ Do chom anh ra bién khu chyp hodc tiép bién
vo1 cac khu khéc;

+ D0 phu doc, 36 phi ngang ctia anh;

+ Chét luong anh chup: do rd nét hinh anh, do
tuong phan, diéu kién 4nh sang, bong nang, bong
may che khut;

+ Chat lugng clia cac diém khdng ché anh: chat
luong hinh anh ddu mdc, d6 phu anh tai cac vi tri
diém khéng ché anh, kiém tra.

4. Bay bu, bay b6 sung: kiém tra két qua bay
chup tai thuc dia, tién hanh bay bu, bay bd sung néu
san pham chua dat yéu cau.

3. THANH LAP BAN PO TU DU LIEU UAV

3.1. Quy trinh 1ip bin dd va mé hinh hién trang
3D bang UAV

Dudi day 1a Quy trinh 14p ban d6 va mé hinh hién
trang 3D bang UAV truyén thong (khéng cé tich hop
cong nghé dinh vi, cac hé théng GPS/GNSS va hé
thdng din duong). Do d6 khi trién khai bay chup can
phai lap cac diém khéng ché anh ngoai nghiép
(GCP). Tuy nhién khi st dung thiét bi bay PT4RTK
da duoc tich hop cong nghé dinh vi, cac hé¢ théng
GPS/GNSS va hé théng dan duong dé xac dinh vi tri
chup anh va cac goc xoay véi do chinh xac cao, diéu
nay cho phép tham chiéu anh truc tiép ma khéng can
t6i cac diém GCP, ting dugc tién do cling nhu mang
lai hiéu qua vé kinh té. Tuy nhién néu c6 cac diém
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GCP thi nguoi ta s& wu tién sir dung cac diém nay dé
dam bao d9 tin cay khi chuyén toa d6 GPS vé hé toa
do dia phuong, viéc nay cling don gian hoa trong qua
trinh xt 1y dit li¢u va kiém tra toa do cac diém khéng

ché anh. Do d6 quy trinh thanh lap ban d6 2D va mo
hinh hi¢n trang 3D ciing can nghién ctru rng dung
duogc tat ca cac uu di€ém cuia thiét bi mang lai.

| Céng tic chuan bi |

. .

I Lam méc va do khéng ché anh l I Xin phép bay | Fhiét ké tuyén bay |

| Bay chup anh (tao DSM, binh dé anh va lap cic déi twong 3D bé mit) |

Xir 1§ khép anh

Tang day khéng ché anh

4

l Kiém tra dd chinh xic |

Khong dat

Pat

| Tao ¢dm may diém ]

y

M5 hinh sé bé mat (DSM), DEM va binh d6 anh |

X 1y dir ligu anh
chup nghiéng, tao

\

| N6i suy dudmg binh d6, s6 héa |

cic d6i tuong anh 3D
bé mat dia hinh

Bb sung céic diém
cao dd (néu can)

\>| Bién tip ban db |

!

| In, kiém tra, chinh sira, dong géi I

| In, kiém tra, chinh sira, dong géi l

Hinh 2. Quy trinh 1ip bin dd va mé hinh hién trang 3D bing UAV

3.2. Quy dinh k¥ thuat thiét ké va bay chup
tir UAV

Cong tac thiét ké bay chup co ban bao gdm tinh
toan do cao bay cua UAV, xac dinh d¢ phu doc va
d6 phii ngang cua anh, thiét ké va tinh toan s duong
bay, uéc tinh tong s6 anh can chup va téng dung
luong anh, tinh téc d6 chup va tong thoi gian bay.
Qua trinh thiét ké bay chup c6 thé dwoc thuc hién
trén mot sd phan mém nhu: Map Pilot, Pix4D
Capture, Mission Planner, Dronedeploy,.. Tuy
nhién khi sir dung thiét bi bay PT4RTK héng san
xuit di trang bi phin mém Dji Ground Control
Station chuyén dung dugc xdy dung dé thiét ké
tuyén bay tich hop v6i nén ban d6 Google map. Cac
tham s6 cho cong tac thiét ké bay chup duoc xac
dinh tuy thudc vao dién tich bay chyp va dé chinh
x4c clia san pham ban d0. Sau d6, ching dwoc nhap
vao phan mém Dji Ground Control Station.

3.2.1. Thiét ké dj cao bay chup cho UAV

Vi kich ¢& ctia cam bién thu nhan anh trong may
anh trang bi kém thiét bi bay 1a c¢b dinh, do d6 do

phan giai diém anh (kich thudc cua pixel) bj chi phdi
b@'i dd cao bay chuyp. Kich c& dién} anh anh ‘huc"m,g
dén d6 chinh xac cua cac san pham ban do. Méi
quan hé gifre} d6 cao bay chup va do phan giai diém
anh dugc thé hién trong cong thirc dudi day:

H ={.GSD.1000/S (m) (1)

Trong do:

f 1a chidu dai tiéu cy 6ng kinh may chup anh
(mm);

S 1a kich thu6c diém anh (um);

GSD la do phéan giai mat dat cta anh (m).

Dbi vc’ri’ yéu cau do phan giai mat dé} cua anh
chup tur thiet bi bay khong ngudi 14i c6 thé udce tinh
theo cong thuc (2)

GSD <Mp/ 10 *k 2)

Trong d6: Mp = (0.2mm*Myq)/ V2

Maa: Mau s6 ty 1& ban db can lap.

k: hé s6 suy giam d¢ chinh xac, (thyc té thuong
chon k=2).
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D6i véi cong tac quy hoach trong xdy dung
thuong sir dung 2 loai ty 1¢ ban dd 1a 1/2000 va
1/500 thi dya vao céng thirc 2 lan luot ta co:

GSDis000 < (0.2 x 2000)/ 10%2% V2 = 14.1 cm

GSDyjs00 < (0.2 x 500)/ 10%2%V2 =3.5 cm
3.2.2. Tinh téng so dwong bay ciia UAV
Tong s6 duong bay cua UAV phu thudc vao do
phu ngang giira hai dai bay ké nhau va dugc tinh
theo cong thirc [11]:
WPr

n= 100 3)
ma.WSS.(100 —q%)

Trong do:

n: s6 dai bay;

Wer: d6 rong khu vuc bay chup, don vi m;

ma: mau sd ty 1€ anh;

Wss: chiéu rong cua Sensor, don vi m;

q%: d6 phu ngang.

Vi du: Khu do c6 kich ¢ 1a 168 m dai X 156 m
rong; d6 phu ngang cua anh 1a 65%; Wss ciia may
anh 13 4.72 mm; m, 1a 19.000, téng s6 duong bay la
5 duong bay (lam tron).

3.2.3. Ti hiét ké tuyén bay phuc vu thanh Igp binh
do danh, cac mé hinh so va mé hinh hién trang 3D

Dua vao cong thuc (1), cong thic (3) va cac
thong sb cua may anh, s& tinh dugc cac thong sb
ky thuat cua ca bay ding v&i cac gid tri trén phan
mém thiét ké va diéu khién bay chup. Tuy nhién véi
phan mém di kém theo thiét bi bay PT4RTK thi viéc
thiét ké nay rit don gian, sau khi khoanh vung dién
tich khu do trén nén ban d6 Goole map va do
cao bay chup tir cong thirc (1), phdm mém sé& ty
dong tinh toan t6i wu tuyén bay va dua ra cac thong
s6 can thiét.

Luu y d6i voi cong tac bay chup dé lap mo hinh
hién trang 3D thi can thiét ké tuyén bay riéng voi
tham s6 goc nghiéng ctia camera dé bo sung cac anh
chup nghiéng.

3.3. Mot s6 quy dinh vé san phim va d¢ chinh xac
trong xir ly dir liéu [2, 3]
3.3.1. Quy dinh vé d@é chinh xdc

Sai s6 trung phuong vi tri mat phang va do cao
clia cac diém khong ché anh ngoai nghiép sau binh
sai khdi ting day phai bao dam vé mit phing khong
vuot qua 0,2 mm tinh theo ty 1€ ban dd, vé do cao
khong vugt qua 1/4 khoang cao déu co ban.

S6 chénh giita toa do, d6 cao ting day va toa do,
d6 cao do ngoai nghiép cua cac diém kiém tra khong

vuot qua 0,4 mm trén ban dd vé mit phang va 1/2
khoang cao déu duong binh d6 co ban vé dd cao.
3.3.2. Sin phim dim m3y diém

Pinh dang file *.1as, thong tin thudc tinh cua
dam may diém ngoai toa do, do cao can phai co
thong s6 mau sic ciia mdi diém tuong tmg. Do chinh
xac ciia dam may diém tuong (mg voi d6 chinh xac
ctia ban do can thanh lap, vé mit phang nhé hon 01
GSD, vé d0 cao nho hon 02 GSD.

3.3.3. San phim mé hinh s6 DSM

Dinh dang file m6 hinh s6 DSM chtta théng tin
vé toa d0, do cao cua cac dia vat, thuc vat... trong
khu vuc bay chup. P96 chinh xéc vé dd cao nhod hon
02*GSD. Mo hinh s6 d6 cao duogc cét chom khung
khu vye do 0,1mm & ty 1€ ban dd va khong duoc co
dit liéu tréng bén trong khu vuc do.

3.3.4. Sin phim binh dé inh, s6 héa cic dbi twgng
trén dnh va bién tdp bdn do

Dinh dang file *.Tiff, binh d6 anh phai c6 mau
sdc tyr nhién hai hoa khong qua sang hodc qua tdi,
khong bi 16a, khong c6 may mu. Do chinh xac vé
toa do nho hon 01GSD. Binh d6 anh phai cit chom
lcm ra ngoai khung manh ban do; truong hop binh
d6 anh khong kin manh ban d6 thi phai cit chom
Icm ngoai bién khu do.

Sau qua trinh xir 1y anh, binh d6 anh duoc dung
dé s hoa cac ddi tuong trén anh phuc vu cong tac
bién tap va thanh lap ban d6 2D theo cic quy dinh
hién hanh. Trén co s& dé dam bao sai s6 nhan dang
vi tri diém nho nhat trén binh dd anh nén dat ¢ kich
thudc diém anh nho hon 0.1mm * Mg (4). Do d6
v6i binh db anh phuc vu cong tac s6 hoa lap ban dd
thiét ké quy hoach 1/2000 va 1/500 thi nén xuat dit
liéu binh dd anh véi d6 phén giai duoc xuat két qua
sao cho ¢6 thé phuc vu s6 hoa nhé hon hoac béng
v6i gia tri twong ng ban dd 1/2000 1a 0.lmm
#2000=20cm va ban d6 1/500 1a 0.1mm*500=5cm.

Ngoai ra binh d6 anh dugc dung dé kiém tra va
d6i soat thyc dia, kiém dém trong cong tic giai
phong mit bang sau nay. Cac kién tric su dua vao
binh d6 anh va ban d6 2D tién hanh dinh vi ciing
nhu thiét ké quy hoach cac cong trinh.

3.3.5. Sin phim DEM, dwong binh dj va cic yéu
t0 dia vit 3D

Sai 6 tiép bién giita cac manh DEM khéc phan
khu bay quét khong dugc vuot qua 1.5 1an sai s6 cho
phép ciia DEM cubi cling.

Sai s6 cho phép ctia DEM cubi cting khong dugce
vuot qud so voi quy dinh theo bang 1 tuong ung véi
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céc khoang cao déu duong binh do co ban va ty 18
ban do.

Bang 1. Sai s6 cho phép ciia DEM (m)

Khoéng cao déu duong Ty ¢ bén db
binh d§ co ban 1:500 | 1:1.000 | 1:2.000
0,5m 0,12 0,12 0,12
1,0m 0,2 0,2 0,2
2,5m 0,7 0,7

Déi v6i khu vue an khuét va dac biét kho khan
céc sai s6 trén dugc phép ting 1én 1.5 lan.

D¢ chinh xac cua DEM duoc danh gia thong qua
cac diém do kiém tra & thuc dia. Sai s6 trung phuong
vé do cao cua tap hop diém kiém tra giita d¢ cao do
s0 v&i do cao ndi suy tr DEM khong dugc vuot qua
sai s6 cho phép ctia DEM cubi cting. Sai s6 giéi han
khong duoc vuot qua 2 1an sai s6 trung phuong. Cac
sai léch cua céc tri do kiém tra khong duoc vugt qua
sai s6 gidi han, ) lugng cac tri do co gia tri nam
trong khoang (70%-100%) sai s6 giéi han khong
duoc vuot qua 10%.

Piém kiém tra thuc dia DEM duge do bﬁng
phuong phap truyén thdng hodc céng nghé do
GNSS tinh, k¥ thuat do GNSS dong véi do cao tram
gbc (Base) duoc ldy tir diém thudc ludi do vé& cip 2
tro 1én.

Sau khi ¢6 san phim dam may diém va DSM
tiép tuc bd sung cac diém cao d6 dia vat tai nhitng
vi tri nhiéu thuc phu sau d6 st dung phan mém
chuyén dung dé noi suy duong binh d9, cac diém do
cao va tién hanh bién tap ban do.

Luu ¥ khi bd sung cac diém do cao va cac diém
1én dam may diém thi can chdm vao cac diém dudi
mat dat, khong chdm Ién cac diém dja vat, hay cay
(16p thuc pht) nhu vay s& lam DEM sai, dan dén
duong binh d6 ndi suy ra ciling s€ khong dung.

4. KET QUA NGHIEN CUU
4.1. Gi6i thi¢u cong trinh va tién hanh thyc nghiém

Khu nghi dudng Ninh Hai thudc xa Vinh Hai,
huyén Ninh Hai, tinh Ninh Thuan c6 dién tich gﬁn
10ha, khu vuc nghién ctru c6 dia hinh phuec tap nam
ngay canh mép bién va chan Nti Chua, dia hinh ddc,
chu yéu la da tang, nhiéu vi tr cay ¢6i moc um tim.
Khu vuc ¢6 duong giao thong la tinh 16 702 di qua.

Theo yéu cau ctia don vi tu van thiét ké, can di
lidu dé c6 thiét ké quy hoach khu nghi dudng cao
cip, voi yéu cau khong duc pha san nén, bao ton
hién trang cay xanh va dia hinh ty nhién. Nhom tac
gia da dé xuét giai phap dung cong nghé hién dai

nhu UAV, GNSS RTK két hop véi toan dac dién tir
dé khao sat va san phdm c6 thé cung cp cho cac nha
thiét ké 1a: Binh dd anh, ban d6 duong dong muc,
ban d6 2D, m6 hinh 3D...

Dua vao hién trang dia hinh, tinh hinh thoi tiét
tai khu do, tién hanh lap ké hoach bay chup, xin
phép bay, x4c dinh ving cim bay va thiét ké tuyén
bay bang phan mém kém theo thiét bi. Str dung thiét
bi bay PT4 RTK vdi thong sb k¥ thuat tai muc 2.1.2
cling voi tram Base kém theo may phuc vu dinh vi
toa do tam chup. B6 tri thém cac diém khéng ché
anh dé kiém tra va thu thap di liéu.

Hinh 3. Piém khong ché anh tai khu do

Hinh 4. Po noi khong ché anh va do kiém tra
cac diém dia hinh

Quaé trinh bay chup dugc tinh toan véi do cao
bay chup 100m so véi vi tri dimg diéu khién cit ha
canh (luu ¥ khi chon vi tri cit ha canh can phai x4c
dinh d6 thong thoang dé thu tin hiéu vé tinh, khoang
cach diéu khién tir vi tri ding dén mép bién xa nhat
cuia ca bay khoang dudi Skm. Péi v6i khu vuc dia
hinh phtrc tap, do cao 16n can lya chon khoang cach
nay nhé hon 5km dé dam bao diéu khién va theo di
dugc UAV), @6 phu doc va ngang déu trén 80%.

Sau khi bay chup UAV, dit li€u anh dugc xur Iy
bang phin mém Agisoft Metashape (PhotoScan),
céc dir liéu s& chuyén d6i vé hé toa do chuan Qudc
gia—VN2000 dé tién hanh cong tac sb hoa, bién tap
ban d6 dia hinh phuc vu cong tac thiét ké quy hoach
xay dung.
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Déi véi khu vuc thuc phu day tién hanh do bd
sung bang may toan dac két hop voi do GNSS RTK.
4.2. Két qua thir nghiém do dac thanh 1ap ban do
2D, m6 hinh hién trang 3D

Hinh 10. Thiét ké quy hoach trén point cloud

8 g Hinh 11. Thiét ké mé hinh 3D cong trinh
Hinh 7. Ban d 2D trén ban do hién trang 3D

Bang 2. Panh gia d¢ chinh xac
ciac diém kiém tra so sanh tir ban do 2D véi
cac diem do bang toan dac

TT D‘e':'r;“em AX(m) | AY(m) | AXY(m) | AH(m)

1 2D-KT1 0.008 0.010 0.013 0.060

2 | 2D-KT14 | -0.010 0.004 0.011 0.011

3 | 2D-KT16 | -0.008 | -0.006 0.010 0.017

4 | 2D-KT25 | 0.009 0.004 0.010 0.023

5 | 2D-KT41 | -0.003 | -0.003 0.004 0.046

6 m 0.098 0.177

Hinh 8. M6 hinh hién trang 3D
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Bang 3. Panh gia d¢ chinh xac cac

diém ki€ém tra so sanh tir mo hinh 3D véi
cac diém do bang toan dac

TT Dié':‘r;‘iém AX(m) | AY(m) | AXY(m) | AH(m)
1 | 3DKT6 | 0.012 | -0.005 | 0.013 | 0.021
2 3D-KT11 0.023 0.011 0.025 0.055
3 | 3D-KTI6 | -0.006 | 0.012 | 0.013 | 0.034
4 | 3D-KT33 | 0.018 | 0.004 | 0.018 | 0.018
5 | 3D-KT50 | 0.025 | -0.017 | 0.030 | 0.057
6 m 0.142 | 0.192

- Péi voi cong tac thiét ké quy hoach vé cap
thoat nudc, luu vyc thoat nude, d6 cao cong trinh,
huéng dong chay,... mo hinh hién trang 3D dua dén
céi nhin tong quan, tir 46 cac nha kién trac giai quyét
cac bai toan nay mot cach tdi wu nhat, dap tng sy
bién d6i khi hau va cac sw ¢b vé thién tai tranh dugc
cac nham 13n nhu 1 sy dung ban dd 2D.

- DAdi v6i cong tac thiét ké canh quan, san pham binh
d6 anh, mo hinh hién trang 3D mang nhiéu thong tin
cac nha thiét ké dé tan dung cac canh quan hién co
tiép can vé thiét ké xanh, bén ving va luu giit duoc

Trong d6 cac dai luong m, AX, AY va AH dugc
tinh theo cac cong thuc:

A} , i=n R
m= \[; s K=K A=(Apn) ~ Aoy »
i=i

e 4
Ay =By +Ay @)

Trong do:

m 14 sai sb trung phuong cia toa do va do cao; n l1a
téng sb diém kiém tra; Aop, 3p 1 toa @0 X hodc Y va
d6 cao H cua diém kiém tra trén ban db 2D hay mo
hinh 3D; Auien truome 12 toa @0 X hodc Y va do cao H
ctia diém kiém tra trén hién trudng; Theo thong tu
50 68/2015/TT-BTNMT thi sai s trung phuong xac
dinh toa d6 cua diém khong qua £ 0,3 mm theo ty 18
ban d6 va vé do cao khong vuot qua 1/3 khoang cao
déu duodng binh do co ban can thanh lap va ¢ day
v6i ban db ty 18 1/500 khoang cao déu 1m lan luot
ta c6 my,=0,15m va mu=0,33m. So sanh véi két qua
kiém tra tai bang 2 va bang 3 thi két qua thanh lap
ban d6 2D va mé hinh 3D déu dat yéu cau.

5. KET LUAN

- Sir dung thiét bi bay PT4RTK dé lap ban dd
2D, mo6 hinh hién trang 3D phuc vu cong tac thiét
ké quy hoach xay dung dam bao do chinh xac theo
yéu cau. Cong tac trién khai ngoai nghiép nhanh,
dép tmg tién do ciia Chu dau tu.

- P6i v6i khu vuc ¢6 thuc phit day can két hop
v6i phuong phap khao sat truyén thong (toan dac,
RTK) dé bd sung cac diém chi tiét.

- Céc san pham nhu: dam may diém, binh d6
anh, ban do dia hinh 2D, ban d6 dudng dong muc,
mo hinh hién trang 3D hoan toan dap tng yéu cau
thiét ké quy hoach, cac nha thiét ké co cai nhin téng
quan trong cong tac thiét ké khi st dung cac san
pham nay.

canh quan ty nhi€n nhi€u nhat c6 the.
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