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NGHIEN CclPU THANH LAP BAN PO PIA HINH BANG CONG NGHE UAV
Hoang Anh Thé“?", Nguyén Quang Khanh?
YTruwong Pai hoc Vinh,2Trieong Pai hoc Vii Han (Trung Qudc)
3Truong Pai hoc Mo-Dja Chat
Tom tit:

Hién nay cdng ngh¢ may bay khong nguoi lai (Unmanned Aerial Vehicles - UAV)
dang ngay cang dugc su dung nhiéu trong doi SOng, trong ca quan su va dan su Vi rat
nhiéu muc dich nhu thanh 14p ban do, gidm sat bién dong hay quay phim, chup anh... Noi
dung chinh cua bai bao la gisi thiéu cong ngh¢ UAV va quy trinh tng dung cdng ngh¢
UAV trong viéc thanh 1ap ban dd dia hinh, trén co s& d6 tién hanh sir dung may bay khong
ngudi lai Phantom 4 RTK dé bay chup va thanh 1ap ban d6 dia hinh phuc vu khao sét thi
cong tuyén duong dién 220KV Théi Binh - Thanh Nghi.

Tir khoa: May bay khong nguoi lai, UAV, Phantom 4 RTK, ban d dia hinh.
Abstract

Research make of topography map based on unmanned aerial vehicle (UAV)
technology

Hoang Anh Thé'?, Nguyén Quang Khanh?
Yvinh University,2Wuhan University (China),*Hanoi University of Mining and Geology

Currently, Unmanned Aerial Vehicles (UAV) technology is increasingly used in
daily life, in both military and civilian for many purposes such as making map, fluctuating
surveillance ( land, water, environment ...) or filming, taking pictures ... The main content
of the paper is to introduce UAV technology and UAV technology application process in
to make topography maps. On that basis, using Phantom 4 RTK unmanned aircraft to fly
and make topographic maps to construction of 220KV Thai Binh - Thanh Nghi electric
line.

Keywords: Unmanned Aerial Vehicles, UAV, Phantom 4 RTK, topographic map
1. PAT VAN PE

Ban dd dia hinh tir 1au da 1a tai liéu quan trong, dugc sir dung trong nhiéu linh vuc
nhu xdy dung cong trinh dan dung, giao thong, thuy loi, quy hoach... Vi thé cong tac thanh
lap ban do dia hinh luén dugc nhiéu té chirc va c& nhan quan tdm nghién ctu. Ban do dia
hinh c6 thé thanh Iap bang cac cong nghé: sa dung may toan dac, sir dung céng nghé
GNSS, cong nghé quét Laser mat dat, cong nghé bay quét LiDAR. Trong céc cong nghé
trén, cong nghé sir dung may toan dac dién tir va cong nghé GNSS cho két qua co do chinh
xéc cao (dudi 5cm [1]), tuy nhién gia thanh va thoi gian thuc hién twong d6i I6n néu pham
vi do v& rong. Cong nghé quét Laser mit dat cd thé cho do chinh xéac Ién toi 2mm néu
khoang cach tir tram may toi cong trinh khong qua xa [2], tuy nhién néu pham vi do v&
rong thi s& phai di chuyén nhiéu tram may, dan t6i 6 sai s6 khi két ndi giita cac tram may.
Cong nghé bay quét LIiDAR cho phép do v& nhitng vung rong I6n véi do chinh xac dam
bao yéu cau nhung chi phi thuc hién cong nghé nay lai kha cao, anh huong téi gia thanh
san pham. Vi vay, viéc nghién ctu tng dung nhitng cdng nghé méi dé san xuat nhiing san

* Téac gia lién hé: anhthe.dhv@gmail.com — DT: 0989382147
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phdm ban dd dia hinh c6 d6 chinh xac dam bao ma gia thanh thap ludn 1a van d& duoc cac
nha khoa hoc quan tam.

Ké tir nam 1916, khi chiéc may bay khong ngudi lai dau tién do Archibald
Montgometry Low, nha thiét ké ngudi Anh, ché tao thanh céng, cho dén nay céng nghé
thiét bi bay khong ngudi 1ai (Unmanned Aerial Vehicles - UAV) va cac ky thuat xir Iy anh
chup da c6 nhitng budc phat trién vuot bac. Véi uu diém gia thanh thip, do chinh xac cao,
tiét kiém thoi gian thi cdng, hd tro do v& nhitng khu vuc khé tiép can truc tiép, cung cap
san pham da dang (ban dd s bé mit, ban d6 truc anh, ban d6 3D, video 3D) nén cong nghé
UAV ngay cang duoc nhiéu don vi lva chon dé trién khai cong viéc. Hién nay UAV duoc
g dung trong rat nhiéu linh vuc nhu 1am nghiép (phan loai rimg, wdc tinh sinh khéi,...),
quan ly viing ven bién (ban do rng ngap man, quy hoach nudi trong thuy hai san,...), quan
tric bién dong (0 nhidm moi truong, x6i mon sat 1o dat, bién dong sir dung dit...) [3], thanh
lap ban d6 ving mo [4], thanh 1ap ban dd dia hinh dic biét 1a cac cong trinh dang tuyen
nhu duong giao thdng, tuyén duong dién [5]. Tuy nhién, trong cong nghé UAV, véi moi
thiét bi bay, voi mdi quy trinh bay va mdi phan mem xur 1y anh khac nhau s cho chung ta
nhitng két qua c6 d6 chinh xac khac nhau. V&i mdi nghién ctu s& cung cip thém mot cai
nhin m&i vé viéc ang dung céc thiét bi bay vao cong tac thanh lap ban d6 dia hinh. Vi vay,
ching t6i tién hanh nghién ctu str dung may bay Phantom 4 RTK dé do dac thanh lap ban
d6 dia hinh cong trinh tuyén duong day 220KV Théi Binh - Thanh Nghi.

Trong bai bdo nay, chiing t6i trinh bay tong quan vé thiét bi UAV, quy trinh cdng
nghé UAV trong do v& thann lap ban do6 dia hinh va két qua thanh 1ap ban do dia hinh ti 1€
1/2000 phuc vu khao sat tuyén duong day 220KV Thai Binh - Thanh Nghi bang céng nghé
UAV.

2. DU LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Co sé ly luan
2.1.1. Gigi thiéu chung vé cdng nghé mdy bay khéng nguroi 1ai UAV

Cong ngh¢ may bay khong ngudi 1ai UAV (Unmanned Aerial Vehicles) dugc hiéu
1a nguoi dieu khién khong truc tiep ngoi trén thiet bi ma thdng qua song radio hodc phan
meém [ap trinh tir trude dé dieu khien may bay bay theo quy dao mong muon. UAV dugc
rat nhiéu to chac trong nudc va ngoai nudc nghién ctu, tng dung nhi¢u trong quan su
cling nhu dan suy.

CAu tao chung cua hé thong chup anh bang UAV bao gom 4 phan chinh: Hé thong

may bay; M4y danh ky thudt sé; Tram diéu khién mar dat; Tram xi Iy anh tgo mé hinh s6
(Hinh 1).
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May bay May anh Tram diéu khién Tram xu ly anh

Hinh 1. Thiét bj bay chup khéng ngwoi 1ai Phantom 4 RTK



Hé thang may bay 1a mot hé théng phic tap bao gdm nhiéu thanh phan nhu: bo
phan truyén dan di liéu (két ndi véi tram diéu khién mat dat), bo phan dinh vi, bd phan can
biang, hé théng dong co,... May bay khong ngudi lai ¢d nhiéu hinh dang va kich ¢& khéc
nhau, tly thuéc vao cau tao canh bay ma nguoi ta thuong chia thanh 2 loai 1a may bay
canh ¢ dinh (Fixed Wing) va may bay canh quay (Rotary Wing). Phantom 4 RTK thudc
loai may bay cénh quay, bao gém 4 canh quay & 4 gdc, trang bi hé théng dinh vi GNSS
cuing bo thu RTK cho phép dat d6 chinh xac vj tri dén cm.

May anh kj thudt sé st dung trén UAV thuong 1a cac loai may anh nho gon, sir
dung tiéu cu ¢ dinh va c6 kha nang 1iy nét ty dong. Phantom 4 RTK str dung méy anh véi
cam bién CMOS 17, @6 phan giai 20 Mps, tiéu cu 6ng kinh 2.8 — 11, trudng 6ng kinh 84°,
c6 kha ning nhan biét duoc céc vat thé 2.74 cm & d6 cao bay chup 100m.

Tram diéu khién mar dat 1a hé thong bao gom may tinh bang (hogc dién thoai) dugc
cai dat phé}n mém lap trinh bay va di¢u khién bay cung véi bo dieu khién thu phat tin hiéu
dung dé ket noi may bay va may tinh bang (hoac dién thoai).

Tram xi ly anh 1a cac may tinh c¢6 cau hinh manh dugc cai dat phan mém xir ly anh
chup tir may bay dé tao mé hinh sé mat dat. Cac nghién ctu chi ra rang viéc lwa chon phan
mém va thuat toan SfM (Structure-from-Motion) xir Iy anh c6 anh huong rét I6n dén do
chinh xac ban db thanh lap bang cong nghé¢ UAV [2]. Hién nay c6 rat nhiéu phan mém
thuong mai va phan mém mién  phi dung dé xir ly anh chup tor UAV, nguoi xur Iy anh phai
tim hiéu céc thong tin chi tiét vé& anh chup, thiét bi bay dé lya chon phan mém va thuat toan
xir Iy phi hop nhat.

2.1.2. Quy trinh thanh Idp ban dé dia hinh bang cong nghé UAV

Nhan du &n, chuan bj

Y
Lap lugi khdng ché anh mat dat

Y
Bay chup

Y
Xt ly sb liéu anh

Y

Kiém tra, bo sung

Y
Bién v& ban d0 |<

Hinh 2. Sor dé quy trinh thanh ldp bdn do bang cong nghé UAV
‘ Quy trinh thanh l1ap ban d6 dia hinh bang cdng ngh¢ UAV dugc thuc hién theo so
d6 nhu Hinh 2. San pham cua quy trinh nay la ban do so bé mat dia hinh, md hinh 3D bé
mat dia hinh, ban d6 anh truc giao,...



2.2. Phuwong phap nghién ciu
Bai bao sir dung mot s phuong phap nghién ciru sau:

- Phwong phap nghién ciu Iy thuyét: Tong hop cac thong tu nghi dinh, quy pham
thanh lap ban do dia hinh da ban hanh. Céc quy dinh, quy pham ve st dung cac thiet bi bay
va cdng nghé thanh Iap ban do bang céc thiét bi bay.

- Phirong phdp nghién ciru thiee dia: Khao sat, do dac tai khu vic xay dung tuyén
duong dién 220KV Théi Binh — Thanh Nghi c6 diém dau tai tinh Ha Nam (di qua huyén
Thanh Liém, huyén Binh Luc, huyén Ly Nhén) va diém cudi thudc tinh Thai Binh (huyén
Hung Ha) véi tong chiéu dai 59km. Nghién ctu cac thong tin lién quan dén khu vuc do
nhu: vi tri dia 1i, diéu kién tu nhién, hién trang sir dung dat, lich sir nghién ctu tai khu virc
d6... Thuc hién cac cong tac bay chup ngoai thuc dia dé Iy s6 liéu thanh Iap ban dd.

- Phwong phap siur dung cong nghé: Sir dung cong nghé UAV bang may Phantom 4
RTK, dung phan mém xu ly s6 liéu anh bay chup Agisoft Metashape.

3. THANH LAP BAN PO PIA HINH 1/2000 TUYEN PUONG BIEN 220KV THAI
BINH — THANH NGHI BANG CONG NGHE UAV

3.1. Khao sat khu vuc bay chup va lap lwéi khdng ché anh

Trudc khi tién hanh bay chup phai khao sat hién trang cua khu vuc do vé, tir d6 dua
ra phuong an thi cong hop ly. Khu vuc ching toi tién hanh thyuc hién bay chup la khu vuc
xay duy kién xay dung tuyén dudng dién 200KV Thai Binh — Thanh Nghi. Tuyén khao sat
c6 diém dau tai tai huyén Thanh Liém (tinh Ha Nam) va diém cudi tai huyén Hung Hoa
(tinh Théi Binh) voi tong chiéu dai 1a 59km. Dia hinh khu vuc bang phang, cha yéu la
ddng ruodng, it cdng trinh xay dung.

D¢ xdy dung ban do dia hinh can phai c6 s6 ligu diém khdng ché Nha nuéc. Qua
khao sat, ching toi s dung 4 diém toa do - d6 cao Nha nudc, bao gom cac diem 129459,
128461, 129451 ¢ tinh Ha Nam va diém 129430 ¢ tinh Thai Binh.

Toan tuyén duoc bé tri 7 diém khdng ché anh (Hinh 3). Biém khdng ché anh dugc
danh dau bang cac marker hoic 1a cac dia vat rd nét trén thuc dia. Cong tac do nbi khdng
ché anh duoc tién hanh bang cong nghé RTK, sir dung cac diém gbc 1a cac diém toa do va
do6 cao Nha nudc.

3.2. Phan chia khu bay va lén phwong an bay

Dé phu hop vai thoi luong pin bay chup cia may bay va dam bao khoang céch tdi
da tir tram diéu khién dén thiét bi bay khéng qua 1.2km, ching t6i chia tuyén duong dién
220KV Thai Binh - Thanh Nghi (59km) thanh 35 khu bay, mdi khu bay c6 4 dai bay va co
chiéu dai 1,7km theo huéng tuyén dién, d6 phii doc va phu ngang cia anh chup giira khu
bay va cac tuyén bay 12 80%. Dua theo dia hinh khu bay da khao sat tir truéc va kha niang
bay chup caa may bay Phantom 4 RTK chdng tdi thiét ké do cao bay la 180m.

Vi tirng khu bay, phwong 4n bay chup anh dia hinh duoc thyc hién bang phuong
phap bay véi dinh vi tdm anh thoi gian thuyc RTK (Hinh 4).



Tuyén khao sat 55km

Hinh 4. So d6 phwong dn bay RTK
3.3. Thyec hién cong tac bay chup anh

Trong luc bay chup phai thiét 1ap tram co s& CORS. Tram co s¢ duoc thiét lap
ngay trén cac diém méc Dia chinh co so 1a 129451 tai HA Nam va 129430 tai Thai Binh.
S6 lieu vé tinh GPS dugc thu phat lién tyc trong qua trinh bay. Tai mdi thoi diém bay, s6
liéu toa &6 méc va sb cai chinh toa do, do cao duoc truyen truc tlep dén may bay thdng qua
mang 3G/4G va duoc bo diéu khién thiét bi bay truyén tai tryc tiép 1én may bay. Mdi mot
ar]h chup thi toa d6 tdm anh da dwoc hiéu chinh truc tiép toa d6 VN2000, hé d6 cao Hon
dau.

Sir dung hé théng bay chup anh Phantom 4 RTK két ndi véi tram co s CORS théng
qua mang internet 3G/4G dé nhan toa d6 chinh xac cho mdi tim anh chup. May bay c6
trong luong 1.39kg, thoi gian bay téi da 1a 30 phat. Thoi gian bay chup anh 1 tir 15/7/2019
dén 25/7/2019 véi 101 1an bay chup, tong sé anh chup 1a 9505 tam (Hinh 5).



Hinh 5. Anh chup khu viec khdo séat
3.4. Xir ly s6 liéu anh bay chup

Ban chat cua cong doan nay la tang day khdng ché anh noi nghiép tu dong voi dau
vao la dit ligu anh s6, cac nguyén tham sé dinh hudng so bd thu dugc trong qua trinh chup
anh, cac tham s vat ly caa may chup, cac két qua do ndi khdng ché anh ngoai nghiép.

Téng sé 35 khu bay dugc xir ly bang phan mém Agisoft Metashape trong 12
Project, trung binh 3 khu bay/1project (Hinh 6). Anh bay chup *.JPG kém theo toa d6 tam
anh *MRK va théng s camera *.BIN 1a dir liéu dau vao dé dua vao phan mém xu ly anh,
sau khi kiém tra céc sai s tm anh, dit liéu dugc dua vao xay dung md hinh anh bang cong
cu Aline. Thong sé dinh huéng trong va dinh huéng ngodi cua tirng tim anh nhu: f, cx, ¢y,
b1, b2, ki, k2, k3, Ka, p1, P2, ps, p4 dugc t6i uu hoa va xac dinh thong qua cac anh chup thuc
the.
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Hinh 6. X Iy anh bang phan mém Agisoft Metashape

Dau ra caa qué trinh 12 md hinh sé bé mit - DSM (Hinh 7) va anh truc giao thuc
(true-orthophotomosaic - Hinh 8) trong do tat ca cac diem anh dugc hien thi nho phép
chiéu thang 'g6c, md hinh 3D doc tuyén (c6 thé xuat ra video dang sb - Hinh 9). Dé nhan
duoc cac diém do cao mat dat va noi suy binh do, mot md hinh sb d6 cao mat dat duogc tao
ra bang cach chon loc tir DSM cac diém mat dat.



Hinh 7. M6 hinh sé bé mgat DSM

Hinh 9. Video mé hinh 3D tuyén

3.5. Bién tap ban dé sé

Trén nén binh d6 truc anh da co, tién hanh giai doan cac ddi twong ban dd bang
phan mém Microstasion. Dung b ky hiéu sé ty 1& 1: 2000 dé bién tap ban do. Cong tac
giai doan ndi nghiép gilp giai doan 100% céc thong tin vé hinh thé cua cac ddi twong. Cac
thong tin thudc tinh caa d6i tugng duoc giai doan han ché. Cac ddi twong khong thé giai
doan duoc noi nghiép (tén dia danh, tinh chat dudng x4, cac thong tin khac...) duoc danh
dau dé di diéu tra ngoai nghiép.



Tién hanh té chirc diéu tra ngoai nghiép bo sung cac tinh chat con thiéu trén ban do
nhu: tén co quan cdng so, vi tri mot s6 cot dién cao thé, vi tri cac cot km duong, tén cau,
tinh chat cau cong, tinh chét rai mit dudng nhwa, duong bé tong ..

Str dung cac phan mém chuyén dung nhu MicroStation, IRASC, GlobalMapper,
AutoCAD 2004 dé bién tap ban d6. Ban dd s6 sau khi hoan thanh s& chira day du noi dung
thdng tin va duoc chuan hoa vé ky hiéu ap dung dé biéu thi, vé mau sic cua ting ky hiéu,
vé phan 16p, vé tuong quan vi tri, vé mirc d6 wu tién,... (Hinh 10).

Hinh 10. M4t phan két qud cua ban d@é dia hinh 1/2000
3.6. Panh gia két qua thuc hién

- Sai s6 mat phang I6n nhat myy,=0,009m tai diém C2, sai s6 cho phép 0,15mm x
2000 (ty 16 ban dd) = 0,3m (dat yéu ciu).

_ - Sai 6 d cao lon nhat my=0,028m tai diém C3, sai s6 cho phép 1/5 x 2m (khoang
cao déu duong binh d6 co ban) = 0,4m (dat yéu cau).

- Ban d6 thé hién day du cac noi dung dia hinh, dan cu, giao thong, thuy he, thuc
vat, dan cu va cac cong trinh xay dung. Pham vi ding véi yéu cau tir tim tuyén vé mdi bén
100m va khoanh bao cac tram bién ap 2 dau tuyén. Binh do anh dam bao du d6 phan giai
va mau séc dé doan nhan hinh anh trén mat dat, tiép khop giira céc khoi chinh xéc. Video
3D thé hién dugc hinh anh khéng gian 3 chiéu giéng véi khung canh thyc dia dong thoi thé
hién rd cac duong tim tuyén, dudng ranh giéi va cac diém goc G.

4. KET LUAN
~ Tu két qua cua viéc tng dung cong nghé UAV trong thanh 1ap ban d6 dia hinh
tuyén duong dién 220KV Théi Binh — Thanh Nghi, ching tdi rut ra két luan nhu sau:
1. Tir nhiing nghién ctru da cong b trude day va tir két qua cua thuc nghiém trong
bai bdo nay mét lan nira cho thay d6 chinh xac cta ban d6 dia hinh duogc thanh 1ap bang



cong nghé UAV la hoan toan dat yéu cau cua cac quy pham Nha nuéc dd ban hanh. Bén
canh do, vai tinh tu dong cao, hé théng may moc gon nhe, ¢6 thé do duoc nhitng noi con
ngudi kho tiép can tryc tiép,... nén viéc tng dung cong nghé UAV trong cong tac thanh lap
ban d6 dia hinh giGp ching ta tiét kiém thai gian, chi phi, mang lai hiéu qua kinh té cao.

2. Cong ngh¢ UAV rat pha hop khi bay chup phuc vu khdo sat do v& nhitng cong
trinh dang tuyén nhu tuyén duong giao thdng, tuyén duong dién... vi dic diém cua cong
ngh¢ nay la bay theo tung dai bay.

3. San pham cua cdng nghg rat da dang bao gdm md hinh s6 do cao, binh do truc
anh, ban do so, mc} hinh 3D, videp 3D véi do chinh x&c va truc quan rat cao, ho trog tot cho
cac cong doan thiép theo nhu thiét ke, quan ly.

4. Cong nghé UAV ciing c6 mot vai han ché nhu: khi thiét ké phuong an bay phai
lwu y cac ving caAm bay; trudc khi bay chup phai xin phép bay & cac co quan chirc nang;
pin cua UAV chi dung dugc trong khodng tir 20-30 phut; khong thé bay chup trong diéu
ki¢n thoi tiét mua gio, viéc xtr ly anh chup tir UAV can phai c6 ky thuat t6t va nam viing
phan mém,... Néu khac phuc dugc nhitng han ché nay, UAV sé& la cong nghé rat tét trong
cong tac do Vé thanh 1ap ban d6 dia hinh.
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