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TOM TAT

Ngay nay véi su phat trién manh mé ctua khoa hoc cong nghé da gdp phan tich cuc
giai phdng stic lao dong cua con nguoi, gitp con nguoi tiét kiém vé thoi gian va dat
hiéu qua vé kinh t€. D€ thanh lap ban d6 dia hinh c6 rat nhiéu phuong phap va thiét
bi duwoc st dung, bao gom may toan dac dién tt, cac thiét bi LIDAR, hé théng dinh
vi vé tinh toan cau (GNSS), va mdy bay khong nguoi lai (UAV). Hién nay, cong nghé
UAV dang dwoc st dung rong rai, nhanh chéng va dat hiéu qua cao trong viéc thu
thap dit liéu thong qua chup anh thuee dia. Bai bao da trinh bay quy trinh cong nghé
thanh 14p ban d6 dia hinh ty 1é 16n st dung thiét bi UAV két hop véi GNSS-PPK.
Cac budc tién hanh d6i véi mot cong trinh thuc t€ da dwge mo ta va phan tich chi
tiét. San pham dat duoc la ddm may diém, mo hinh sd d6 cao ciing nhu ban d6 da
duoc bién tap. Két qua nghién cttu da duoc danh gia va thao luan dé lam sang to

quy trinh cong nghé va kha nang ap dung trong thuc tién.

Tw khéoa: Cong nghé UAV, may bay khong nguoi 1ai, GNSS, ban d6 dia hinh.

1. MO PAU

Cong nghé UAV (hay con duoc goi la Cong nghé may bay khong ngwoi 14i) dugc
tng dung trong nhiéu linh vuc khac nhau nhu: quan sy, giam sat moi truong, gidm sat
thién tai, ctu hg, xay dung, ndong nghiép thong minh, thanh 1ap cac dang ban d6 phuc
vu cho cadc muc dich khac nhau. Cong nghé chup anh bz?mg thiét bi UAV duoc phat trién
rat sém, vao nhitng ndm dau cua thé ky XX, dén nay cong nghé UAV dugc thiét ké gon
nhe, thao tac nhanh, chi phi thap, tinh linh dong cao, thich tng véi moi diéu kién dia
hinh [1].
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Trong linh vyce khao sat, do dac thanh lap ban d6 néi chung, ban d6 dia hinh
(BDDH) néi riéng, cong nghé UAV duoc stt dung rat hiéu qua nhu rit ngan thoi gian,
tang d¢ chinh xac cting nhu giam chi phi rat nhiéu. BDPH la tai liéu rat quan trong
khong thé thi€u, duoc st dung rong rai trong nhiéu linh viee nhuee xay dung cong trinh
dan dung, giao thong, thay loi, ban d6 quy hoach, ... Chinh vi vay, viéc thanh 1ap BDBH
luén duwgc nhiéu td chitc va ca nhan quan tam nghién ctu. D€ thanh 1ap BDDH c6 thé
stt dung nhiéu cong nghé khac nhau nhu: st dung may toan dac dién ti, cong nghé st
dung hé théng dinh vi vé tinh toan cau (GNSS), cong nghé quét Laser mat dat, cong nghé
bay quét LiDAR [2]. Hién nay cong nghé UAV duoc ting dung trong rat nhiéu linh vuc
quan sy, quan trac, gidm sat mdi trieong, thanh 1ap cac loai ban d6 (hién trang mo, ban
d6 dia hinh, dia chinh, quy hoach st dung dat, ban d6 quy hoach d6 thi, giao thong,
thuy 1oi,...) [3]. Cac ing dung hién nay hau hét sit dung camera va GNSS-RTK (do dong
thoi gian thuec) gan trén UAV d€ thanh 1ap ban d6. Tuy nhién, han ché 16n nhat cta
phuong phép nay 1a mat tin hiéu lién lac RTK trong qua trinh do. P& khic phuc nhugc
diém trén, bai b4o trinh bay quy trinh ting dung céng nghé UAV va GNSS-PPK (do dong
xt ly sau) dé thanh 1ap BDDH ma khong anh huong dén do chinh xac cuia BDPH can
thanh lap. D€ lam sang to phuwong phap da dé xudt, mot cong trinh thuc t&€ da dwoc ap
dung thuchién. Trong d6, cac thiét bi do dac nhu UAV, GNSS duoc sit dung dé thu thap
d@ liéu. Quy trinh tinh toan va xt ly s6 liéu duoc 4p dung dé€ dat duoc cac két qua theo
thiét ké. Ngoai phan mo dau, bd cuc cia bai bao bao gom: gidi thiéu vé thiét bj bay khong
nguoi lai UAV duoc skt dung, quy trinh cong nghé trong do vé thanh lap BDDH, cac két
qua dat duoc, va nhing két luan dang chu y.

2. THIET BI BAY VA PHUONG PHAP NGHIEN CUU
2.1. Thiét bi bay Phantom 4 RTK

Ciu tao ctia hé thdng thiét bi bay khong nguoi 1ai Phantom 4 RTK co ban cling
giong nhw cac hé thong thiét bi bay khéng nguoi lai khac, gom 4 phan chinh [4]:
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Thiét bi bay May anh Thiét bi diéu khién Tram x@ ly anh
Hinh 1. Hé thdng thiét bi bay khong nguoi lai Phantom 4 RTK [4]

Thiét bi bay khong nguoi 1ai gom nhiéu thanh phan nhu: khung may, hé thong
dong co, canh quat, bo diéu khién chuyén bay, hé thong dinh vi, by phan can béng, bd
phan cam bién, bd phan truyén dit liéu,... May bay UAV cd nhiéu hinh dang, kich thudc
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khac nhau, tity thudc vao cdu tao canh quat ma phan thanh loai mdy bay canh c¢6 dinh
va may bay canh quay. Thiét bi may bay khong nguoi lai Phantom 4 RTK thudc loai may
bay khong nguoi lai canh quay, bao gom 4 canh quay ¢ 4 gdoc va hé thong dinh vi GNSS-
RTK ¢6 d0 chinh xac dén cm [5].

Mady dnh kij thudt s61a bo phan duwoc gan truee tiép trén hé thdng thiét bi bay dung
d€ ghi, chup anh cac d6i twgng, la loai may anh nho gon, stv dung tiéu cu ¢d dinh va lay
nét tw dong. D6i voi Phantom 4 RTK st dung mdy anh véi cam bién CMOS 1 inch, d
phan giai 20 megapixel, 6ng kinh FOV 840, c6 kha nang nhan biét cac vat thé kich thudc
nho bay ¢ do cao 100m [6].

Thiét bi diéu khién la mot hé thong trén mdt dat cho phép nguoi van hanh theo
doi, diéu khién va quan ly cac phuong tién khong nguoi 14i trong qua trinh hoat déng.
Thiét bi diéu khién gdm may tinh bang hoac dién thoai di ddng dwoc cai dat phan mém
lap trinh bay va diéu khién ch€ d6 bay vo6i bo diéu khién thu phat tin hiéu két ndi may
bay v6i mdy tinh bang hodc dién thoai. Trong nghién cttu nay, thiét bi diéu khién duoc
stt dung la by diéu khién cua Phantom 4 RTK c¢6 tich hgp man hinh 5,5 inch.

Tram xir ly anh 1a hé thong bao gom phan cting va phan mém duoc st dung dé
xtr ly dit liéu hinh anh thu duwoc tir cdc may bay khong nguwoi 1di. Cac tram xt ly anh
gom may tinh cdu hinh cao dwgc cai dat phan mém chuyén dung dé€ xtr ly anh phuc vu
cho cac muc dich khac nhau. Hién nay c6 rat nhiéu phan mém dung dé x& ly anh chup
ttr thiét bi bay UAV khéac nhau nén khi xt ly anh chup doi hoi nguoi xit ly phai chon lya
phan mém xt 1y phut hop voi thiét bi bay cling nhu yéu cau dit ra.

2.2. Quy trinh thanh 14p BDPH bang cong nghé UAV va GNSS-PPK

Quy trinh thanh 1ap ban d6 néi chung, thanh 1ap BDDH ndi riéng bang cong
nghé UAV va GNSS-PPK gém bon giai doan chinh dwoc thiét k€ dya trén quy trinh
thanh 1ap ban d6 (hinh 2) va quy trinh thu nhan, xt ly di liéu anh bang cong nghé bay
khong ngwoi 14i theo Thong twe 07/2021/TT-BTNMT ngay 30/06/2021 ctia Bo Tai nguyeén
va Moi treong [7] (nay 1a B Nong nghiép va Mdi trieong) (hinh 3).
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Nhéan nhiém vy, thiét ké ky thudt va dy toan kinh té

CONG TAC CHUAN BI

Xay dung mdc va do khéng ché ngoai nghiép

Lap ké hoach va thiét ké tuyén bay

Po GNSS-PPK taitram ¢b dinh

Bay chup anh UAV tu dong

Nhap anh, xi Iy khép anh va nén anh

BAY PO NGOAI NGHIEP <

XU LY DU LIEU BAY PO

Tao dam may diém

Xay dyng dir liéu tiy chon: DSM/DEM/ORTHOMOSIC

Bién tap ban db

THANH LAP BAN PO /

Kiém tra va chinh stra ban d6

Dong goi, nghiém thu sén phim

Hinh 2. So &6 quy trinh thanh 1ap ban d6 bang c6ng nghé UAV va GNSS-PPK

Quy trinh ¢ hinh 2 dwgc phéan thanh bén giai doan dua trén muc tiéu va phuong
phép trién khai. Giai doan dau tién la cac cong tac chuan bi truede khi ra do dac thuc t€' ¢
hién treong. Giai doan nay bao gom viéc nhan nhiém vy, thiét ké ky thuat ciing nhu lap
ké&hoach chi tiét nham tao kich ban chi tiét cho cac giai doan tiép theo. Giai doan thit hai
la bay do ngoai nghiép lién quan tdi cac cong tac thyee hién truc ti€p 6 thuc dia. Giai doan
nay bao gom hai cong viéc song song la do GNSS-PPK tai tram cd dinh va bay chup anh
te dong voi UAV Phantom 4 RTK. Pay la giai doan quan trong vi né anh huwdng truec
tiép dén chat lwong ctia dit liéu thu thap duoc dan dén quyét dinh do chinh xac ctia san
pham. Hai giai doan cudi la xtt ly dit liéu bay do va thanh lap ban d6. Cac giai doan nay
dwgc thuc hién trong phong tai tram x ly anh véi cac phan mén chuyén dung dé toa ra
cac san pham theo yéu cau. Chi tiét cac giai doan dwoc trinh bay tai cac muc 3.1 va 3.2

ti€p theo ap dung cho mot cong trinh thuec t€.
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Hinh 3. So &6 quy trinh thu nhan, xt ly di liéu anh bang cong nghé UAV va GNSS-PPK

Hinh 3 thé hién chi tiét cac budc ctia quy trinh thu nhéan, xt ly d@ liéu anh b?ng
cong nghé UAV va GNSS-PPK. Trong d6 bao gom cac phan mém st dung nhu Agisoft,
Civil 3D, CHC Geomatics Office 2 hay Global Mapper da dwgc chi 10 trong titng budc.
San phdm ctia quy trinh nay 1a ban d6 s6 bé mat dia hinh, m6 hinh 3D bé mat dia hinh,
ban d6 anh truc giao va ban d6 bién tap theo quy dinh cho ting loai.

3. KET QUA NGHIEN CUU
3.1. Khai quat cac hoat dong v6i mot cong trinh thuc te
3.1.1. Cong tac chuan bi

Dé€ thuee hién mot cong trinh cu thé, cong viéc can thuwc hién bao gom: Nhan ranh
gidi du 4n, khao sat cac diéu kién vé dia hinh, dia vat, khi twong lién quan dén cong tac
bay chup va xtt ly di liéu UAV. Cong trinh dugc lya chon trinh bay 1a &6 an diéu chinh
quy hoach chi tiét xay dung ty 1€ 1/500 thudc duw an dau tw phat trién do thi. Lua chon
khu vuc noi cat va ha canh UAV dam bao an toan, tranh cac khu vic c6 chudng ngai vat
hang khong chiéu cao 16n anh hudng dén viéc cdt va ha canh cia may bay Phantom 4
RTK.
3.1.2. Thiét ké bay chup

Pay la ndi dung rat quan trong gitp cho cong tac bay chup dat két qua tot, duing
theo quy dinh. D€ lam duwoc diéu d6 can phai kiém tra thoi tiét va cac khu vic cdm bay
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6 lién quan dén du an hay khong [8]. Cac thong tin kiém tra dwgc minh hoa nhw ¢ hinh
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Hinh 4. Kiém tra cac thong tin lién quan dén ké hoach bay

Trén co so ranh gidi khu bay, d phan giai mat dat ctia anh, d6 phu doc va do
pht ngang ctia anh, hudng bay, cac thong s6 chup anh cua mdy anh, cac thong s6 ky
thuat cia UAV, tién hanh x4c dinh d6 cao bay va cac tuyén bay cu thé cho tirng phan
khu bay. Cac thong s thiét ké sé duoc cai dat 1én thiét bi diéu khién bay nhuw hién thi ¢
hinh 5. Trong d6, d6 cao bay la 100 m, tdc d6 bay la 7.9 m/s va hudng bay duoc thiét ké
la gan v6i huwdng Béc - Nam dua trén hinh dang thuee t& ctia cdng trinh.,
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Hinh 5. Thao tac cai dat cac thong s6 bay chup trén thiét bi diéu khién bay
3.1.3. T6 chtrc bay chup va do GNSS-PPK
a. Do GNSS-PPK tai tram cd' dinh
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Phuong phap do GNSS duoc ap dung la PPK
(bay chup hau xtt ly) nén tram mat dét c6 thé st dung
bat ky may GNSS 2 tan s6 nao dét tai mdc chuan cong
trinh va kich hoat ché& @0 thu dir liéu GNSS tinh trudce
khi tién hanh bay UAV. M4y thu GNSS 2 tan s6 thu
tin hiéu 1 gidy trong sudt qua trinh bay chup, cu thé
trong nghién cttu nay dung may GNSS 2 tan s6 CHC
i73 lam tram c¢6 dinh. Mdy thu GNSS dwgc bat trude
khi bay 5 phtit va tat may thu GNSS sau khi UAV ha
canh 5 phut. Chiéu cao dng-ten mdy thu GNSS tai  Hinh 6. Tram tinh GNSS-PPK do
tram c8 dinh dwoc do bang thudc thép c6 chinh xac  lién tuc trong qua trinh bay chup
dén mm.

b. Bay chup anh UAV

Truede khi bay phai thuc hién kiém tra tinh trang hoat dong ctia UAV, 1dp canh
quay, kiém tra pin va cac két n6i, mdy chup anh, thé nhd, GNSS, thiét bi diéu khién mat
dat va cac thiét bj khac kem theo phai hoat dong va dam bao tin hiéu.

Thuc hién bay chup anh theo dting muc dich, dung khu vuyc; trong sut qua trinh
bay chup phai giam sat hoat ddng cua UAV va céc thiét bi. Truong hop diéu kién thoi
tiet khong dam bao hodc mot trong cac thiét bi cd lién quan dén thu nhan di liéu khi
bay chup hoat dong khong 6n dinh phai dirng bay va diéu khién UAV vé vi tri xuat phat.

c. Xtz Iy di ligu UAV sau bay do: Anh chup cting véi dit liéu GNSS-PPK sau khi do
duoc chuyén qua tram xtt ly d€ tinh toan binh sai. Binh sai tam anh duoc thyc hién véi
phan mém CHC Geomatics Office 2. Két qua cua binh sai tdm anh 1a bang toa d6 tam
anh bao gom: tén anh, toa d6 B, L cua anh, d¢ cao bay chup so véi mat dat va cac sai sd
dat dugc cuia anh. Giao dién va két qua binh sai dwoc minh hoa nhw ¢ hinh 7.

A B | C D E F G
100_0199 13.8761990800 109.2667730590 132.91320 0.00470 0.00900 0.00340
100_0199_ 13.8763801230 109.2667408890 132.98710 0.00520 0.01000  0.00380
100_0199_ 13.8765372070 109.2667132910 132.78780 0.00470 0.00890 0.00350
100_0199_ 13.8766934560 109.2666840640 132.50090 0.00510 0.00980 0.00380
100_0199_ 13.8768521760 109.2666538480 132.56310 0.00490 0.00910 (0.00360
100 0199 13.8770082730 109.2666253820 132.66870 (0.00500 0.00990 (0.00380
100 0199 13.8771677500 109.2665044920 132.84830 (0.00460 0.00910 (0.00340
100_0199_ 13.8773263320 109.2665652920 132.95810 0.00500 0.00910  0.00370
9 100_0199_ 13.8774850110 109.2665363470 132.91200 0.00430 0.00910 0.00360
10 100_0199_ 13.8776423380 109.2665078060 132.88090 0.00490 0.00910 0.00360
11 100_0199_13.8778011370 109.2664770560 133.18140 0.00510 0.00980 0.00390
12 100_0199_ 13.8779610320 109.2664470130 133.54980 0.00490 0.00910 0.00360

0 N o nbwe -

(a) (b)
Hinh 7. Binh sai tam anh bf”ang phan mém chuyén dung, (a) giao dién, (b) toa d) tam anh

Nghién cttu nay da st dung phuwong phap xay dung mo hinh s6 d6 cao (DEM),
anh truc giao, ddm may diém bing phan mém Agisoft. Két qua duoc minh hoa nhu &
hinh 8.
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Hinh 8. Xt 1y anh tao md hinh DEM béng phan mém Agisoft
3.2. Thanh 1ap BDDH tit 4nh va mé hinh s6 d6 cao
3.2.1. Bién tap BDDH tir anh

Sau khi xtt ly anh trye giao vé dung hé VN-2000 theo kinh tuyén truc dia phuong
cua d6 an. Tién hanh bién tap BDDH trén nén anh thong qua cong tac s6 héa BDDH.
Truéc khi bién tap BDDH tir anh UAV chting ta can tién hanh do cac mau cta cac vat
kién triic ngoai thuc dia. Vi day la khu d6 thi da hoan thién co so ha tang nén kich thuéc
cac vat kién trac, ha tang can phai thé hién rd va chinh xac.

Sau khi ra soat co ban cac dia vat va dia hinh trén du an chuing ta tién hanh s6
hda ban d6 tir anh UAYV, in nhép ban s6 hda dé€ d6i chiéu ngoai thuc dia kem theo may
RTK c6 ap mdc cong trinh dé tién hanh bd sung cac dia vat con thiéu, theo mot hé cao
toa d6 chuan cua dy an cling nhu ap dung theo dia phuong.

3.2.2. Xay dung 16p d6 cao tir mo hinh s6 d6 cao (DEM)

Sau khi xay dung duoc DEM trén Agisoft ta tién hanh chay binh d6 duong dong
mtrc 0,5m d€ danh gia so by dia hinh va chon diém dic trung dia hinh d€ 1ay dé cao
bang phan mém Global Mapper (hinh 9).

e Dueew A L Senh G Hen

A\MEjRi®ad ey s WMeOLaAsARLZARAIRT 18
T WP Y PP PR B LR
YR MIASC AR AR SR I 2 Ll s um T

DE & A 'Y

@g global mapper

Online sources
Configuration
Load default data

Training

Hinh 9. Phan mém xay dung mo hinh s6 d6 cao va két qua dat dwgc
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3.2.3. Tao binh d6 va hoan thién ban d6

Cudi cung la phun diém, tao ludi tam giac va bién tap ban d6 dwgc thye hién véi
phan mén NCTSurvey. Ban d6 s6 ty 1é 1/500 v6i khoang cach duong binh d6 0,5 m sau
khi hoan thanh chtta day du cac thong tin, cac ky hiéu duoc chuan héa nhu minh hoa &

hinh 10.
—T 5080 GHEP MANH %E

[ ge

sfi

HHLE

=

Hinh 10. Hinh anh mot phan caa to BDDH ty 1€ 1/500 véi khoang cao déu 0,5 m dat duoc
3.3. Danh gia két qua thuc hién

Véi nhitng tinh nang wu viét ctia cong nghé UAV nhu d6 phan giai cao, sai sO
nho, tng dung duoc nhéu diéu kién khac nhau, ddc biét két hop véi nhiéu phan mém
chuyén dung d€ stt ly thi viéc st dung cong nghé UAV duoc xem la giai phap hitu hiéu
trong cong tac thanh 1ap ban d6 noéi chung, BDDH ndi riéng.

Phuong phap st dung GNSS-PPK c6 vu diém la khong can két ndi tram mat dat
va UAV. Thay vao d¢, ca tram mat dat va UAV déu ghi dit liéu va hau x& ly tai tram xu
ly anh d€ dat duoc toa d§ cua tam anh voi do chinh xac cao.

San pham cudi cung ctia cdng nghé UAV dé thanh 1ap BDDH da thé hién day du
cac ndi dung theo yéu cau vé cac yéu t6 dia hinh, dan cu, giao thong, cac cong trinh ¢ 6
trén d6 déu duoc thé hién mot cach chi tiét trén ban d6 thanh 1ap. Binh d6 anh chup dam
bao do phan giai, mitc d6 chinh xac, mau sdc dé giai doan anh trén bé mat dia hinh c6
muttc d0 twong thich va do chinh x4c,...

4. KET LUAN

Trong nghién ctru nay, quy trinh cong nghé thanh 1ap BDDH bang cong nghé
UAYV va GNSS-PPK da duoc trinh bay thong qua mot du an chi tiét cu thé. San pham
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dat duoc da dam bao dugc yéu cau vé do chinh xac phuc vu cho cong viéc thuc té san
suat.

Cong nghé UAV khong chi st dung dé€ thanh 1dp BDDH ¢ d¢ chinh xac cao tuy
nhién trong qua trinh do, tram thu tinh GNSS-PPK can duoc bd tri ¢ vi tri quang dang
dé€ dam bao viéc thu tin hiéu t6t nhat. Co rat nhiéu phan mém xw ly cho tram x ly anh,
do d6 viéc lya chon phan mém phit hop véi kha nang ctia don vi la can duoc can nhac
xem xét nghiém tuc.

Trong cac nghién ctu tiép theo, viéc dinh lwong dd chinh xac cuia san phdm dat
duoc, ap dung cac phan mém khac nhau trén cung tram xw ly d€ so sanh két qua dat
duoc gitta cac phan mém nén dugc xem xét thyee hién.
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ABSTRACT

Nowadays, the strong development of science and technology has significantly
contributed to liberating human labor, helping people save time and achieve
economic efficiency. To create topographic maps, many methods and devices are
applied, including electronic total stations, LiDAR devices, global navigation
satellite systems (GNSS), and unmanned aerial vehicles (UAV). Currently, UAV
technology is widely used, as it is fast and highly effective in collecting data through
field photography. The article presented the technological process of creating large-
scale topographic maps using UAV equipment combined with GNSS-PPK. The
steps for a real project have been described and analyzed in detail. The resulting
products are point clouds, digital elevation models, and topographic maps. The
research results have been evaluated and discussed to clarify the technological

process and the possibility of practical application.

Keywords: UAV technology, drones, GNSS, topographic map.
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