Nghién cuu

NGHIEN CUU UNG DUNG CONG NGHE UAV/RTK
TRONG CONG TAC THANH LAP BAN PO PIA HINH
TY LE LON TAI KHU VUC PIA HINH PHUC TAP

L& Thi Thu Ha'?
'Treong Pai hoc Mo - Dia chét
2Nhém nghién ciru Cong nghé Pia tin hoc trong Khoa hoc Trai dat (GES),
Truong Pai hoc M6 - Dia chat
Tém tit
Ban do dia hinh dwoc sir dung rong rai trong linh vuc kinh té, dan s va ca quéc
phong. P chinh xdc ban do dia hinh mang ¥ nghia vé ca kj thudt lan kinh té khi vira
can cdn bang giita phuc vu nhu cau céng viéc va ngan sdch dau tw cho cong tdc do vé,
thanh ldp ban do. Mirc dé phure tap cua dia hinh, dia vat cua khu vuc do sé gdy anh
hieong 16n dén cong tac do vé ngoai nghiép néu sir dung phiong phdp do dac truyén
théng. Muc tiéu ciia bai bdo nay dé la xdy dung dwoc quy trinh ting dung céng nghé
bay khong nguoi lai co tich hop dinh vi GNSS dong (UAV/RTK) vao cong tac do vé
thanh lap ban dé dia hinh ty lé lon o cac khu vuc co dia hinh chénh cao phire tap va co
da dang dia vat. Cac van dé nay cang dwoc quan tam hon nita khi ma cac ban dé dia
hinh ty 1é 1/500 & Viét Nam & viing mién khdc nhau ciia ca nwée nhung ciing c6 chung
ddc diém 1o nam & khu vue dia hinh déi nii, phuee tap, co su thay déi 1ém vé chénh cao
dia hinh, co da dang cac loai dia vat ddc trung, cac ddc diém nay anh hwong lon dén
dé chinh xdc cia két qua mo hinh s6 dé cao thanh lap dwoc tw dir lieu bay chup UAV.
Tir khoa: Cong nghé UAV/RTK; GNSS; Ban do dia hinh ty 1& 16n.
Abstract
Research on the application of UAV/RTK technology for establishing large-scale
topographical maps in complex terrain area
Topographic maps are widely used in the economic, civil and defence fields.
Topographic map accuracy has technical and economic significance when balancing
work needs and investment budget for surveying and mapping work. The complexity
of the terrain and topography of the measurement area will significantly affect field
measurement work if traditional measurement methods are used. This article aims
to build a process for applying drone technology that integrates dynamic GNSS
positioning (UAV/RTK) into measuring and establishing large-scale topographic maps
in areas with complex high-altitude terrain. These issues are of even more concern
when the 1/500 scale topographic maps in Vietnam are in different regions of the
country but have the same characteristic of being located in complex, mountainous
terrain. Complex, with significant changes in terrain elevation, these characteristics
significantly affect the accuracy of the established digital elevation model.
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1. Mé dau

Cho dén nay, c6 nhiéu phuong phap
thanh 1ap ban d6 dia hinh (BDDH) ty 1¢
16n, tir cdc phuong phap truyén thong sir
dung ban dac, toan dac quang hoc, cac
phuong phép chup anh mat dat, anh hang
khong dén cac phuong phép toan dac
dién tir va dinh vi toan cau GNSS. Mai
phuong phap déu c¢6 wu nhuoc diém va
diéu kién ing dung riéng. Tuy nhién, gan
day phuong phap v6i nhiéu wu diém nodi
troi, may bay khong nguoi lai (UAV) da
va dang bat dau duoc ung dung rong rai
trong thanh 1ap ban do dia hinh ty 18 16n
trong cac khu vuc c6 dia hinh phuc tap
v&i tinh kha thi cao [1 - 7]

Céc nghién ciru trude day cho thay
rang thanh 14p cac diém khéng ché anh
(GCP) 1a cong tac mat nhiéu thoi gian va
cong sirc nhat khi sir dung cong nghé UAV.
Hon thé nita, d6i v6i BPPH ty 1& 1/500
cho khu vuc dia hinh phuc tap, cong tac
thanh 1ap diém khdng ché anh trong bay
chup UAV chiém dung nhiéu thoi gian
cong stc lao dong va kho khan cho nguoi
thuc hién do phai bd tri ting day mét s6
luong khong nho cac diém GCP ¢ do cao
khéc nhau dé dat duoc do chinh xac ca vé
vi tri toa d0 mat béng va do cao cua ban
dd can thanh 1ap theo yéu cau [8 - 12]. Bé
giam thiéu t6i da s6 luong diém GCP, viéc
tich hop cong nghé dinh vi GNSS ddng
vao cong nghé bay khong nguoi 1ai da
danh ddu mot bude ngoat méi cua cong
ngh¢ nay [7, 12, 13, 16].

Tuy nhién c6 mot s6 van dé thuc té
san xuat dang quan tim khi img dung cong
ngh¢ nay nhu: Khi str dung UAV/RTK thi
¢6 can hay khong can diém khéng ché anh
mat dat; Cac diém khong ché nay néu can

Nghién ciru

thiét thi s6 lwong nhu thé nao 1a phi hop;
Vi tri cac diém khéng ché nay duoc b tri
& vi tri nao dé dat duge yéu cu do chinh
Xac khéng ché ca mat bﬁng va do cao;
Tram base cho UAV/RTK nén dat & vi tri
nao dé c6 chat luvong diém toa d6 tim anh
1a tét nhat [7, 11, 14, 15].

Céc van dé nay cang dugc quan tim
hon nira khi ma cac BbDBH ty 1¢ 1/500
& Viét Nam tuy nim & ving mién khac
nhau cua cd nudc nhung cung cé chung
dac diém 1a c6 vi tri & khu vyc dia hinh
ddi nui, phirc tap, c6 su thay doi 16n vé
chénh cao dia hinh, cé da dang cac loai
dia vat dac trung, cic dic diém nay anh
hudng 16n dén do chinh x4c cua ban d6
thanh 1ap dugc. Chinh vi vay, viéc nghién
ctru ing dung cong ngh¢ bay khong nguoi
lai c6 tich hgp dinh vi GNSS dong (UAV/
RTK) vdo cong tac do v& thanh 1ap ban db
dia hinh ty 1€ 16n tai khu vuc c6 dia hinh
phuec tap, co da dang céc loai dia vat dac
trung 1a thuc su can thiét xuét phat tir nhu
cau thuec tién.

2. Pic diém khu bay do thuc
nghiém, thiét bj va phin mém si dung

2.1. Khdi qudt ddc diém khu bay do
thwc nghiém

Pia diém thuc nghiém duogc lua
chon la xa Bdo Ha - huyén Béo Yén -
tinh Lao Cai, nim céch trung tim thanh
phd Lao Cai khoang 60 km vé phia Dong
Nam (Hinh 1). Xa B4o Ha - huyén Bao
Yén - tinh Lao Cai 1a khu vuc sinh song
chu yéu cua ngudi dan toc Day, dia hinh
x4 Bao Ha c¢6 dang doi nui hep, déc va
gd ghé. Muc dich cia cong tac thanh lap
ban d6 dia hinh ty 18 1/500 nham phuc
vu cong tac lap quy hoach giao thong
nong thon. Khu vyc thanh 1ap ban do
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dia hinh ty 1€ 1/500 ¢6 dién tich la 70
ha. Khu vuc do dac thanh 1dp ban do
c6 day du cac yéu td dia hinh, dia vat,
cac bo dai an toan, ranh thoat nudc, tuy
nhién khu vuc nay cd su chénh léch cao
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do dia hinh tai khu vuc kha 16n. Nhu
vay, khu vuc dugc chon thanh lap ban
dd dia hinh ty 1& 1/500 c6 dia hinh phirc
tap, dac trung, dam bao muc ti€u cua
nghién ctlru nay.

Hinh 1: Khu vuc thuc nghiém xd Bdao Ha - huyén Bdo Yén - tinh Lao Cai

Gi6i han khu vuc nghién ctru theo
ranh giéi mau do, phia Tdy gin Song
Hong, phia Pong Nam gan cho Bao Ha
c¢6 quoc 16 279 di qua. Khu vue nay cé dia
hinh phtre tap dic trung ctia khu vie mién
nui cua tinh Lao Cai.

2.2. Thiét bi va phan mém sir dung

Mot sb thiét bi tric dia da duoc su
dung trong qua trinh do dac thuc nghiém
bao gém:

+ Mady thu GNSS Trimble R8s su
dung trong thanh 1ap ludi dudng chuyén
cép 1;

+ Mady thuy binh dién tdr DL502 c6
do chinh xac do chénh cao 1mm/km;

+ May toan dac dién ti Topcon ES
105 phuc vu do toa d§, do cao cho cac
diém khong ché anh va diém kiém tra;
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+ Mady bay khong nguoi lai DJI
Phantom 4 RTK thu nh4n anh mat dat
(Hinh 2);

+ Mady thu GNSS Comnav GNSS
T300 lam tram base cho thiét bi bay;

+ Phan mém binh sai GPS, binh sao
d6 cao, bién tap két qua;

+ Phan mém xir ly anh Agisoft
Metashapes.

+ Phan mém Topo - Hsmo st dung
trong v& ban do dia hinh sb 3D.

Cac thiét bi déu dugc kiém dinh vé
tinh nang Ung dung va cic sai sd trudc
khi str dung.

DJI Phantom 4 RTK c6 thé bay chup
linh hoat trong dién tich nhd, cd kha nang
thu thap dir liéu tric dac chinh xac [7, 15].

Tap chi Khoa hoc Tai nguyén va Moi truong - So 51 - nam 2024



F
/I\

{1y

Nghién ciru

Hinh 2: Mday DJI Phantom 4 RTK

3. Két qua thye nghiém

3.1. Quy trinh thanh lgp ban do dia hinh ty Ié 1/500

Lua choq khu vyc thye nghiém,
thiét bi thuc nghiém

Thanh 1ap mdc khéng ché
(mdc khong che anh va moc kiém tra)

Bay chup thu nhan anh

Xur ly anh, danh gia d6 chinh xac,
thanh 1ap cac mo hinh va anh tryc giao

Xuat dit liéu gdbm cac mo hinh va
bao cdo anh truc giao

Bién tap ban d6 tir anh tryc giao va
mo6 hinh sO bé mat

Hinh 3: Quy trinh thanh ldp bdn do dia hinh ty 1é¢ 1/500 tai xd Bdo Ha,
huyén Bdo Yén, tinh Lao Cai bang cong nghé UAV/RTK

3.2. Bay chup va thu nhdn dnh

3.2.1. Thiét ké ké hoach bay chup
UAV

Thiét bj bay khong ngudi lai UAV/
RTK Phantom 4 RTK sir dung diéu khién
¢4 man hinh lién. Phin mém diéu khién
bay DJI GS RTK ban quyén duoc tich

hop trong diéu khién. Viéc thiét ké bay
chup dugc thuc hién trén phﬁn mém nay.
Céc thong sd vé chiéu cao bay chup, do
phu trum anh, hudng dai bay va cac thong
s6 khéc can duoc lua chon boi nguoi diéu
khién. Cac thong sé vé téc do bay chup,
khoang cach dai bay, sé anh can chup
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phan mém sé& ty dong tinh todn. Dién tich - 15 phut. Nén can thuc hién bay chup &
khu do twong ddi 16n, dung lugng pinmay nhiéu ca bay. Do phu tram anh 1a 75 %

bay chi dap tng dugc thoi gian bay tur 12

theo ca chiéu doc va chiéu ngang (Hinh 4).

Hinh 4: Ca bay dwoc thiét ké trén Google Earth

3.2.2. Bay chup thuc dia

Do chénh 1€ch cao d§ dia hinh tai
khu vuc do thue nghiém kha 16n nén dé
dam bao d6 chinh xdc thanh 1ap ban d6
dia hinh ty 1¢ 1/500 do cao bay chup cua
may bay dugc thiét ké & mirc 100 m (diém
xuat phéat bay chup phai dam bao dia vat
xung quanh quang dang, tranh va dap khi
cit canh hay ha canh). Chon thoi diém
bay chup vao lic troi ning dé tang cuong
dd phan xa anh sang tir mat dat.

Qua trinh bay chup, tdim anh dugc
dinh vi theo phuong thic do GNSS dong
xtr Iy sau (PPK) v6i muc dich nham dé dat
dugc do chich xéac theo yéu cau khi thanh
1ap ban do dia hinh ty 1& 1/500. May do
GNSS hai tan s6 ComNav T300 duoc sit
dung lam may base va dugc dit vao diém
moc dudng chuyén cdp 1 da thanh lap.
Chiéu cao ang ten duogc do 2 lan doc lap,
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ly gi4 tri trung binh. Két qua bay chup
thuc dia nhan duogc trong Bang 1 dudi day.

Bing 1. Két qud bay chup thwe nghiém si
dung mdy bay DJI Phantom 4 RTK

oA A N N e

cg(l)nlf:y S6 ca | S6 anh Dqgli);ian 2::
ba chu .

(m) YL | (em) | (phit)
100 4 618 27 | 275

3.3. Xwr ly dir li¢u anh thanh lap cdc
moé hinh va anh truc giao

3.3.1. Thanh Idp mé hinh s6 bé mdt
(DSM)

Toa d6 tam chup cua anh sau khi loai
bo cdc vi tri ¢6 sai s6 16n va binh sai khéi
anh c6 sai s6 16n nhat 12 cm. Trén DSM
nhimg ving gan ranh gidi ngoai cua ca
bay thuong c6 sai sé 16n. Khi do v& can
bay rong hon ranh gidi can thiét dé giam
thiéu sy anh huéng nay.
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Nhap toa d6 cac diém khéng ché anh
va tién hanh nan anh theo cac GCPs. Tién
hanh binh sai khéi anh sau khi nin anh
va thanh 13p cac mo6 hinh DSM véi céac
truong hop nhu sau:

- Khong sir dung diém khdng ché
anh: PPK

- St dung anh bay chup UAV/RTK
két hop véi diém khdng ché anh véi cac
truong hop:

+ Chi st dung 01 diém GCP: PPK +
01 GCP

+ Sir dung 02 diém GCP: PPK +
02 GCP

Nghién ciru

+ Str dung 03 diém GCP: PPK +
03 GCP

3.3.2. Banh gia do chinh xac DSM

Khi sir dung UAV/RTK khong dung
diém khéng ché anh nao thi sai s6 vi tri
diém trén mo hinh DSM 1a vai chuc cm.
Nhung néu chi ding 01 diém khéng ché
anh mit dat thi sai s6 nay dugc giam dang
ké va khi ding 02 diém khéng ché anh
mit dat thi sai s vi tri diém trén DSM 1a
10 cm dam bao yéu cdu cua ban dd dia
hinh ty 1& 1/500. Khi sb diém khdng ché
anh mat dat tang 1én 03 diém thi sai s6 nay
c6 cai thién nhung khong déng ké.

Badng 2. D¢ chinh xdc cia DSM

Trutneh PPK | PPK+ | PPK+2GCP | PPK + 3GCP
ghop (cm) | GCP (cm) (cm) (cm)
RMSE, | 51 47 3,7 4,0
Sai sb trung | RMSE, | 45 42 2,5 2,3
phuong | RMSE | 68 | 63 45 46
RMSE, | 343 73 4,7 3,7
Sai obvitf |_AX_| 63 4.6 7.6 7.8
d?‘;;fkvi;ml AY | 14 43 31 39
trelleé Ifhét AXY | 64 6.3 8.2 8.7
yeu AH | -547| -142 5.9 )

Sai s6 trung phuong ctia mé hinh
theo mit bang tuong dbi nho dat ¢& cm.
Nguoc lai véi thanh phén toa d0 mat
bang thi do cao ciia cic mo hinh sd bé
mit lai sai s6 16n, truong hop PPK sai
s6 trung phuong trung binh cia DSM
la RMSE,, = 34,3 cm, vi tri diém yéu
nhat trén mo hinh nay c6 sai sb 1a -54,7
cm, ddi thiéu theo qui pham khong thé
sir dung cac mo hinh nay dé thanh lap
ban d6 dia hinh ty 1 16n & 1/500. Sai s6
nay duogc cai thién 75 % khi st dung 1
diém khéng ché anh (PPK+1GCP), véi
sai s6 trung phuong trung binh ciia DSM

va sai sb vi tri diém yéu nhét cia nd 1an
lugt 1a 7,3 cm va -14,2 cm. Khi st dung
02 diém GCP sai s6 chi con 4,7 cm tinh
trung binh cho toan mé hinh DSM va vi
tri diém yéu nhét sai s6 -5,9 cm. Sai s6
RMSE, = 3,7 cm va dH = -5,2 cm khi st
dung 03 diém GCP, so vdi truong hop
str dung 02 diém GCP thi sai s6 duoc cai
thién khong déng ké.

Tir d6 cho thdy dé dat do chinh xac
yéu cau ctia ban do dia hinh ty 1& 1/500
ddi véi khu vue ¢6 dia hinh phtc tap, thi
can ti thiéu 02 diém khong ché anh mit
dat (GCP).
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3.4. Cdc két qua di liéu DSM va
anh truc giao khu vuc thuc nghi¢m

San pham thu nhian duoc sau qua
trinh xir ly anh mat dat bao gém mo hinh
s6 bé mit va anh truc giao khu vuc nghién

(@)

clru. Viéc xudt cac moé hinh va anh truc
giao dugc thuc hién mdt cach nhanh
chéng trén phan mém Agisoft Metashape.
bay la dir liéu phuc vu cong tac bién tap
ban d6 dia hinh.

(b)

Hinh 5: Sin pham thanh lgp tiv anh UAV/RTK:
a. Anh trwc giao; b. Mo hinh so bé mat DSM

3.5. Bién tip ban dé dia hinh tiv anh
trwee giao va mé hinh sé bé mét DSM

Str dung két qua anh truc giao va mo
hinh DSM tur truong hop (PPK + 02 GCP)
dé thanh 14ap ban do dia hinh khu vuc thue
nghiém. T san pham anh truc giao c6
dugc sau xu ly anh UAV nguoi dung cd
thé sb hoa dia vat trén bé mat khu do tir
cac phan mém khac nhau nhu: Autocad,
Microstation, Mapinfor, ArcGIS, QGIS.
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Tuy nhién, & cac ban do ty 18 16n nhw 1/500
chi1 yéu diing Autocad va phin mém phu tro
Topo - Hsmo. Trudc khi s hoa can phai nin
anh theo dung vi tri toa do dua vao cac diém
biét trudc trén anh. Hodc sir dung phan
mém Global Mapper dé covert anh sang
dinh dang (JPG). Viéc dua anh truc giao vao
dang vi tri trén hé toa d cuia Autocad don
gian hon khi file dau ra ctia Global mapper
cho biét toa do thuc cta 2 diém: Trai trén,
phai dudi cia tm anh.
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L E-2°%
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Hinh 6: Sé héa dia vit trén mé hinh DSM
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DAVAL N 9 Ry

Hinh 7: Pwong dong mirc dia hinh dwoc thanh Igp tic mé hinh DSM
(Mdnh 7 trong Hinh 8)

Tir md hinh DSM nay c6 thé chiét
xuat diém do cao trén dia hinh v&i mat
do diém tuy y nguoi sir dung. C6 thé v&
diém truc tiép trén phan mém AGISOFT
r0i export hodc ciing ¢6 thé mo DSM trén
phan mém ArcGIS, phét sinh diém theo
mat d6 diém mong mudn (random points)

sau d6 export diém.

Sau khi s6 héa duoc dia hinh va dia
vat tir san pham cua anh bay chup UAV/
RTK cong tac bién tdp ban dd duoc thue
hién nhu quy dinh hién hanh. Ban d6 dia
hinh khu vuc nghién ctru dugc thé hién

trén Hinh 8.

Hinh 8: Bin dé dia hinh khu viee nghién citu dwoc thanh lp tiv div liéu bay chup UAV
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4. Két qua va thao luin

Két qua BPPH ty 1& 1/500 nhéan
duoc thuc hién theo ding quy trinh da
duoc nghién cuu, dé xuét va thuc nghiém
dé kiém chung. Qua trinh thuc nghiém
duoc thuc hién tai khu vuc tai xa Bao Ha
- huyén Bdo Yén - tinh Lao Cai, la khu
vue ¢ cac yéu to dia hinh phc tap, c6 do
chénh cao 16n, cé da dang nhiéu loai dia
vat dac trung tai Viét Nam. Trén dién tich
thuc nghiém 1a 70 ha, v6i 10 diém khéng
ché anh mat dit duoc thanh 1ap trén bé
mat khu vuc thyc nghiém, str dung thiét bi
bay khong nguoi lai DJI Phantom 4 RTK.
Két qua cho thay viéc tich hop GNSS véi
phuong phap st dung (PPK + 02 GCP)
c6 thé dam bao yéu cau do chinh xac can
thiét khi thanh 1ap ban d6 dia hinh ty 1¢
16m tai khu vuc ¢d dia hinh phuc tap, co
dd chénh cao 16n trong khu vuce do vé.

5. Két luan

Ung dung cong nghé bay khong
nguoi 1ai co tich hgp RTK trong cong tac
do vé dia hinh ty 1¢ 1/500 tai xa Bao Ha
- huyén Bdo Yén - tinh Lao Cai dap Gng
duoc yéu cAu d0 chinh xéc theo tiéu chuin
k¥ thuat vé cong tac do v€ hién trang phuc
vu cong tac quy hoach, giam thoi gian va
cong stc lao dong.

Quy trinh da thanh l&p phu hop véi
cong tac do v& thanh l4p ban dd dia hinh
ty 1€ 1/500 tai xa Bao Ha - huyén Bao Yén
- tinh Lao Cai vé ca kinh té va k¥ thuat.
Dé dat do chinh x4c thanh 1ap ban d6 dia
hinh ty 1€ 1/500 tai xa Bdo Ha - huyén
Bao Yén - tinh Lao Cai can tudn thu theo
quy trinh di dé xudt néu trén. Trong d6
viéc tinh toan chiéu cao bay chup va vi tri
cat canh cho UAV quyét dinh dén an toan
cho thiét bi bay chup, dam bao d6 chinh
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xéc cuia ban d6 dia hinh ty 18 16n.

Véi khu vuce can thanh 1ap ban do ¢
ty 1€ 1/500 co dién tich 70 ha, can sir dung
it nhat 02 diém khdng ché anh mat dat dé
dat dugc dd chinh xéac cho viéc thanh lap
ban d6 dia hinh ty 1& 1/500 theo yéu cau
bang phuong phap tich hop anh bay chup
UAV/RTK.
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