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Tém tit: Do dac thanh lap ban dd 1a mot trong nhitng nhi€ém vu quan trong hang dau,
duoc uu tién 1am nén tang cho cong tic quan 1y dat dai. Tuy nhién, ngudn dir liéu nay
dang con thiéu, chat lugng chua cao, chua cdp nhat kip thoi dap tng nhu cau thuc tién &
nhiéu dia phuong trén ca nude. Sy phat trién manh mé va mg dung rong rai cia cac thiét
bay khong ngudi 1ai (Unmaned Aerial Vehicles—UAVs) trong thanh 1ap ban d6 da dua
khoa hoc do dac 1én mot tam cao méi. Bai bao nay nghién ctru kha nang tng dung UAV
phan khuc chi phi thap dé thanh 1ap mot s6 loai ban do6 trong quan ly dat dai. Nghién ciru
thir nghiém trén mot s6 cong trinh do dac thanh 1ap ban db dia chinh, ban d6 dia hinh va
ban d6 hién trang st dung dat trén dia ban tinh Binh Dinh v&i nhidu phuong phap, ky
thuat khac nhau dé danh gia do chinh xac, mirc do phu hop va dua ra nhiing khuyén nghi
trong thuc té trién khai.

Tir khoéa: UAV chi phi thap; Thanh lap ban do; Tinh Binh Pinh.

1. Mé diu

Cong nghé may bay khong nguoi lai (Unmanned Aerial Vehicles—UAV) dugc hinh
thanh va bat dau phat trién vao nhimg nam dau thé ky XX. Nam 1916, chiéc may bay
khong nguoi 1ai dau tién duoc phat trién boi mot k¥ su ngudi Anh Archibald Montgomery
Low nhidm phyc vu cho muc dich quan su [1]. Tra1 qua mot thoi gian dai UAV cha yéu
dugc sir dung trong quan doi, dén nhimg nam cudi thé ky XX, cong nghé may bay khong
nguoi 1ai bat dau mo rong su dung trong nghién clru gidm sat moi trudng trai dat va tiép tuc
dugc st dung phd bién trong cac linh vic dan sy nhu gidm sat tai nguyén méi truong, nong
nghiép théng minh, xay dung, tric dia—ban d0, khao sat thu thap thong tin vé thién tai, khao
¢d hoc, kién trac, ciru ho, giai tri,... Ngay nay, v6i nhitng wu diém vuot trdi ma cong nghé
may bay khong nguoi lai mang 1a1 nhu thu nhan hinh anh véi d¢ phan giai si€u cao trong
thoi gian ngén, két qua xu ly gan nhu dap Ung theo thoi gian thyc, chi dong trong cong tac
bay chup, nho gon, chi phi thip, tinh linh dong cao trong cac diéu kién thoi tiét, d& dang
tiép can noi ¢ dia hinh phtc tap, ... d6 1a nhiing yéu t6 @¢ UAV dang thyc sy la cude cach
mang trong linh vuc khao sat, thu thap sb lidu va giam sat cac ddi tuong trén mat dat dac
biét 1a d6i véi linh vuce tric dia — ban dd va giam sat tai nguyén moi truong. Bén canh do,
su tich hop cta cong nghé dinh vi bang vé tinh din dudng toan cau—GNSS (Global
Navigation Satellite System) két nbi voi hé théng mang luéi dinh vi vé tinh lién tuc (CORS—
Continuosly Operation Reference Station) hoic két hop st dung bo kit PPK (Post—
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processed kinematic) trén thiét bi may bay khong nguoi 14i dd nang cao do chinh xac dén
& centimét (cm) va theo thoi gian thyc. Tir d6 co ban da dap tmg duoc cac yéu cau cua
cong tac tric dia—ban dd néi chung va do dac dia chinh néi riéng.

Trong linh vyc khao sat, do dac thanh 14p ban dd, chi phi luén 1a véan dé duogc quan tam
hang dau. Chinh vi vy ma thiét bi may bay khong ngudi 1ai chi phi thip véi nhiéu wu viét
ngdy cang duoc st dung rong rii va hiéu qua. Trén thé gidi, UAV chi phi thip da duoc st
dung dé thanh 1ap ban d6 dat voi do phan giai mat dat 1a 6,0 cm/pixel [2], quan trac theo ddi
su thay doi ctia con cat ven bién trén quy mo 16n [3]. Anh chup tir UAV véi d6 phan giai
cao thé hién mot cach chi tiét cac dbi tuong trén mat dét nén dugc st dung dé thanh 1ap ban
dd hién trang st dung dét, ban dd 16p phu thuc vat [4,5]. Nghién cuu ctuia Vaclav Safaf va
cac cong su da sir dung may bay khong nguoi lai két hop kiém tra d6i chig bang cong
nghé toan dac dién tr va GNSS dé thanh lap ban dd dia chinh cho cac khu vue c6 dang dia
hinh tir bang phang dén khu vyc mién nai ¢ 'Cong hoa Séc [6]. Ngoai ra, mot sd nghién ciru
con sir dung anh bay chup tir UAV dé chiét suat ty dong ranh gidi thira dat phuc vu cho
viéc xay dyng ban d6 dia chinh [7-9] va con 1a mot céng cu hd tro cho ban dd quy hoach sir
dung dat [10].

Cong nghé¢ UAV di du nhap vao Viét Nam tir nhitng nam dau cta thé ky 21 va di c6
nhiéu nghién ciru sir dung UAV dé khéo sat, thanh 1ap cac loai ban d6 chuyén dé sir dung
trong quan ly dat dai nhu: thanh 1ap ban d6 dia hinh dya trén viéc thu nhan dir liéu tir cac
cam bién quang hoc va quét laser gan trén UAV ddng thoi két hop kiém chimng, danh gia do
chinh x4c bang cong nghé GNSS [11,12]; sir _dung anh chup bang may anh sb pho thong lip
trén mdy bay khong nguoi lai M100-CT diéu khién bang séng Radio dua ra giai phap k¥
thuét loai trir ngudn sai s va quy trinh cong ngh¢ dé thanh 1ap ban do dia hinh va dia chinh
[13]; thanh 13p ban dd dat thd canh co thé dat 6 chinh xac mit bang 1,7 cm va do chinh
xac d6 cao 0,6 cm tai tinh Phi Tho [14]; ngoai ra UAV con cho théy kha nang trong Iinh
vuc khai thac khoang san, thanh 1ap ban dd cac khu vuc mo 16 thién va ude tinh trit lugng
[15,16]. Bac biét, Thong tu 07/2021/TT-BTNMT cua B6 TN&MT quy dinh vé thu nhan va
xtr 1y dir liéu anh sd tir thiét bi UAV [17] ¢6 hiéu luc tir ngay 16 thang 8 nam 2021 da tao ra
hanh lang phap 1y cu thé thuc day manh mé viéc ing dung UAV vao linh vuc tric dia—ban
do.

Trén dia ban tinh Binh Pinh c¢6 nhiéu du 4n da st dung cong nghé may bay khong
nguoi l4i dé khao sat dia hinh, do dac giai phong mat bang, 1ap quy hoach s dung dat dién
hinh nhu Dy an Khu d6 thi va du lich sinh thai Diém Van, xa Phuéc Thuan, huyén Tuy
Phudc; Khu cong nghiép, do thi va dich vu Becamex Binh Dinh, ... nhung rat it don vi tu
nhan hay co quan nha nuéc dau tu dé so hitu cong nghé¢ UAV. Nhom nghién ctu tai
Truong DPai hoc Quy Nhon da thuc hién nghién ctru ing dung cong nghé may bay khéng
nguoi 1ai (Phantom 4 RTK) trong do dac, thanh 1ap ban d6 ty 1¢ 16n phuc vu cong tac quan
ly dat dai [18]; tng dung UAV ldp ban d6 hién trang hé sinh thai phuc vu giam sat cac hé
sinh thai d¢i bo blen tai quan thé Hon Yén, tinh Phu Yén [19].

Vi su phat trién vuot bac ciia cong nghé UAV trong thoi gian qua trén thé gidi va tai
Viét Nam hira hen mé ra ky nguyén méi cua tric dia—ban do voi kha nang ung dung manh
mé cong nghé nay trong thanh 1ap cac loai ban d6 nganh quéan 1y dat dai voi do chinh cao,
tiét kiém duoc thoi gian va chi phi thanh 1ap. Bai bao chi tap trung nghién ciru sir dung may
bay khong nguoi lai—Phantom 4 RTK ciia hiang DJI thu thap dit liéu anh bay chup dé tha
nghiém trén mat s6 cong trinh do dac thanh 1ap ban dd dja chinh, ban d6 dia hinh va ban dd
hién trang sir dung dat trén dia ban tinh Binh Dinh v&i nhidu phuong phap, k¥ thuat khac
nhau nhdm danh gia d6 chinh xac, mirc 46 pht hop va dua ra nhitng khuyén nghi trong thuc
té trién khai.
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2. P6i twong va phwong phap nghién ciu

2.1. Poi trgng nghién ciru

Nghién ctru kha ning (mg dung cong nghé¢ UAV thanh 1ap mot sé loai ban dd chuyén
dé nhu ban d6 dia chinh, ban d6 hién trang su dung dat va ban do dia hinh tai mot s6 cong
trinh trén dia ban tinh Binh Dinh. Mdi loai ban d6 duoc thanh 14p déu dwoc nghién ctru,
tinh toan k¥ cac yéu cu k¥ thuat, phuong phép thanh 1ap dé dat do chinh xac va hiéu qua
cao nhit. Trén co s¢ két qua thanh 1ap cac loai ban do chuyén d&, danh gia do chinh xéac va
hi¢u qua thanh lap.

Thiét bi bay sir dung thir nghiém tai cac cong trinh nghién ciru 1 Phantom 4 RTK cta
hang DJI, ¢6 kich thudc cam bién CMOS 1 inch, d6 phan giai 20 megapixel, ng kinh FOV
84 °, tir dong ldy nét & 1 m — oo, kich thudc hinh anh t6i da 4864x3648 (4:3); 5472x3648
(3: 2). UAV Phantom 4 RTK Kkét hop véi tram di dong D-RTK 2 cé thé dugc sir dung nhu
mot tram Base dé cung cap dit liéu vi sai thoi gian thuc cho dé tao ra giai phap khao sat
chinh xé4c hodc c¢6 duoc toa do vi tri chinh xac. Bén canh thiét bi bay chup UAV, nghién
ctru con st dung thiét bi GNSS Trimble R4 va may toan dac dién t&r Topcon GTS-N230 dé
do kiém tra va do cac diém khdng ché anh.

2.2. Quy trinh nghién curu

Quy trinh tong quat do dac thanh 1ap ban d6 bang cong nghé UAV véi 4 cong doan
chinh dugc xdy dung co ban dua trén quy trinh thanh 1ap cac loai ban d6 chuyén dé nganh
quan 1y dat dai nhu ban d6 dia chinh, ban do dia hinh, ban d6 hién trang sir dung dét va quy
trinh thu nhan, xt ly dir liéu anh tau bay khong nguoi 1ai trong Thong tu 07/2021/TT—
BTNMT ngay 30/06/2021 ctia B Tai nguyén va Méi truong.
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Hinh 1. Quy trinh téng quat thanh 1ap ban db bang céng nghé UAV.
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Giai doan 1: Cong tac chuén bi: Can clr vao loai ban dd can thanh lap, muc tiéu su
dung, dic diém dia hinh va yéu ciu do chinh xac ctia ban d dé Iya chon phuong phap bay
chup UAV, thiét bi UAV phu hop ciing nhu thiét ké tuyén bay, d6 cao bay dam bao d6 phu
tram cta anh, phuc vu khép anh nan chinh anh va d6 phéan giai mat dét.

Giai doan 2: Bay chup anh UAV: Tién hanh bay chup tu dong theo tuyén bay da thiét
ké dua trén cac phan mém chup anh UAV chuyén dung va can luu ¥ vé diéu kién thoi tiét
va anh sang dé diéu chinh cac thong sd vat 1y ciia anh dé thu duoc anh co chat luong t6t
nhat.

Giai doan 3: Xt 1y dit liéu bay chup: Pay la cong doan rat quan trong, sau khi khop
anh va nan anh can danh gia sai s6, kiém tra d6 chinh xac truéc khi tao dam may diém. Tuy
thudc vao loai ban dd can thanh 12p thi tuy chon xay dung dit licu mo hinh s6 bé mat-DSM,
mé hinh s d6 cao-DEM va binh dd anh truc giao. Ddi v6i ban d6 dia hinh DEM la yéu to
quan trong nhat.

Giai doan 4: Thanh lap ban dd chuyén dé: Dua trén noi dung cta ban dd chuyén d,
tién hanh vector hoa tir DEM hay binh d6 anh tryc giao va bién tap ban d6 theo quy dinh
tung loai.

2.3. Phuong phap nghién ciru

2.3.1. Phuong phap thu thap sé lidu, tai liu

Phuong phap dugc st dung dé thu thap céc tai liéu vé dia hinh, diéu kién ty nhién va
kinh té—xa hoi khu vuc bay chup dé xay dung phuong 4n bay chup t6t nhat. Thu thap cac
ban d6 chuyén dé ty 1¢ 16n da duoc thanh lap trude day bang cong ngh¢ toan dac dién tur
hodc cong nghé GNSS, céac hd so, trich luc thir dat Thu thép tai liéu v€ cac diém toa d¢ dia
chinh co s8, toa do GPS, cac diém dija chinh cap L 1I dé phuc vu xac dinh vi tri dat tram
Base dé bay chup. Céc van ban vé tinh hinh sir dung dét, tinh hinh bién dong dét dai va cac
van ban khéc cé lién quan phuc vu cho cong tac nghién ctu va xdy dung phuong an ky
thuat bay chup ciing nhu xtr 1y, thanh 1ap ban do.

2.3.2. Phuong phap diéu tra, khao sat thuc dia

Phuong phap nay dugc str dung dé xac dinh mot cach tong quan nhit vé dia hinh, cac
dia vat dic trung trén bé mat dit cta cic cong trinh thir nghiém. Kiém tra két qua giai doan
xac dinh hién trang st dung dat so v6i thuc té. Tién hanh xac dinh cac diém toa do dia
chinh da co6 hoac gﬁn khu vuc can thanh 1ap ban do tir d6 xac dinh vj tri dat tram Base va rai
diém khong ché mat dat va diém kiém tra mot cach hop 1y va bao quat dugc khu vuc bay
chup.

2.3.3. Phuong phép bay chup UAV

Quy trinh thiét ké bay chup bao gdm cac budc tinh toan xac dinh cac thong sb vé do
cao bay chup ciia UAV, d6 phu doc va phii ngang ctia anh bay chup, tinh toan s6 dudng
bay, wdc tinh tong sé anh can chup, tong dung lugng anh hay tinh toan tdc do chup va tong
thoi gian bay chup. Trong nghién ctru ndy nhoém tac gia da tham khao cong thire tinh todn
va giai tich mo ta thiét ké bay chup tir cong bd ciia Edgar Falkner, Dennis Morgan nim
2001 [20].

Kich thugc diém anh hay d6 phéan giai khong gian ctia anh bay chup anh huong rat 1on
dén d6 chinh x4c va muc chi tiét cua ban do. Tuy thudc yéu cau d6 chinh x4c cua loai ban
d6 chuyén dé& ma thiét ké do cao bay chup phu hop véi thiét bi bay dé co dugce do phan giai
mat dat phi hop nhét. Vi du nhu trong thanh Iap ban do dia chinh dé dat duoc d6 phan giai
mat dat 1a 2,74 cm voi cac thong ) ky thuat cia thiét bi bay Phantom 4 RTK duoc ché tao
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c¢6 chiéu dai tiéu cy FR = 8,8 m, kich thudc cam bién 1a 1,0inch (13,2x8,8 mm) thi theo
cong thirc (1) tinh d6 cao bay chup bén dudi ta tinh duoc 1a 99,96 m.
H:1mW><GSD><FR (1
SSy, x100

Vé6i H 1a d6 cao bay duoc thiét ké cho UAV (m); GSD (Ground Sample Distance) 1a
d6 phan giai mat dat hay kich ¢ diém anh can chup (cm); imW (image width) 1a do rong
ctua anh chup tinh béng pixel; FR 1a d¢ dai tiéu cy cua may anh; SSw 1a chiéu rong cua cam
bién thu nhan anh cia may anh bay chup.

Dbi véi cac cong trinh thir nghiém, thiét ké tuyén bay UAV dugc thuc hién theo
nguyén tic phai pha kin khu bay, dam bao do chinh xac va tiét kiém kinh phi nhét. Trén co
so ranh gioi khu bay, do phan giai mat dat cua anh, d6 phii doc va do phu ngang ciia anh
thuong dugc xac dinh lan luot 1a 80% va 70%. Bén canh dé viéc thiét ké tuyén bay cling
can dam bao do phu trim ra khoi ranh gidi khu bay chup va sé dudng bay chup 14 it nhat.

Cubi cung la xac dinh thoi diém can bay chup, xem du bao thoi tiét, chuan bi va kiém
tra chi tiét thiét bi bay chup. Kiém tra tinh hop 1y cta ké hoach bay chup, kiém tra cac
thong ) may anh, d phu trum, kiém tra ché d6 khir méo anh. Trién khai va thiét 1ap tram
Base, dam bao su két ndi v6i Rover gén trén Phantom 4 RTK hodc tin hiéu két nbi voi tram
CORS trong khu vyc. Sau do tién hanh bay chup tu dong theo ké hoach da 1ap, khi chuyp
can cin ctr diéu kién thuc té vé thoi tiét (nhat 13 téc do gid) va anh sang dé tuy chinh cac
thong s6 vat 1y cta anh nhu tde do chup, khéu do va do nhay sang phu hop dam bao anh co
chit lugng tot.

2.3.4. Phuong phép xur ly anh bay chup tor UAV

Hién nay trén thé gidi c6 nhiéu phan mém xir Iy anh UAV nhu Trimble Business
Center, Inpho UASMaster, Pix4D Mapper Pro, Bentley Context Capture, Agisoft
Metashape (PhotoScan), Drone Mapper, ... va & Viét Nam mot s6 phan mém chuyén xir 1y
anh UAV phd bién 1a Trimble Business Center va Inpho UASMaster cua hang Trimble —
My; Agisoft Metashape (PhotoScan) cua hang Agisoft LLC — Lién Bang Nga va Pix4D
Mapper Pro — Thuy Sy. Trong nghién ctru ngay nhom tac gia su dung phan mém Agisoft
Metashape phién ban 1.7.2. Tinh nang chinh cta phan mém nay bao gom: Thiét 1ap hé toa
d6 cho anh bay chup, Tao mé hinh s6 bé& mit DSM, tao binh d6 anh truc giao, tao mo hinh
s6 do cao DEM, ...

Trinh tu xt 1y anh UAV nhu sau: Nhip anh vao phan mém (Import Images) => Sip
xép anh chup (4lign Images) => Tao dam may diém (Build Dense Cloud) => Tao mé hinh
3D (Build Mesh) => Xay dung dit lidu tily chon theo yéu cau thanh lap ban d6: mé hinh sb
dd cao/mo hinh s6 bé mat/binh dd anh truc giao (Build DEM/DSM/Orthomosaic) => Xuét
két qua dit liéu tiy chon (Export DEM/DSM/Orthomosaic).

2.3.5. Phuong phap bién tap ban d6 chuyén dé

Sau khi anh bay chup UAV di dugc xir Iy bang phin mém Agisoft Metashape
(PhotoScan) dit liéu s& chuyén d6i vé hé toa d6 chuin Qudc gia—VN2000 dé tién hanh cong
tac s6 hoa, bién tdp ban d0 chuyén dé. Nhom nghién ciru dd st dung phin mém
Microstation SE, Famis, Microstation V8i, gCadas dé sb hoa va bién tap ban dd dia chinh,
ban dd hién trang st dung dat. Su dung Kkét hop thém véi cac ph?m mém ArcGIS phién ban
10.8, Global Mapper phién ban 21 dé bién tap ban do dia hinh. Cac ban d6 hién hanh duoc
bién tap theo cac quy pham hi¢n hanh dugc Nha nudc ban hanh [21-23,17].
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3. Két qué nghién ctru va thio ludn
3.1. Khdi quat cdac cong trinh thir nghiém
3.1.1. Khu quy hoach déan cu Phu Gia, xa Cat Tuong, huyén Phu Cat, tinh Binh Pinh

Khu vuce 13p quy hoach chi tiét khu dan cu ti 18 1/500 c6 dién tich 9,66 ha nim doc phia
Bic duong PH20 (TL635 cii), thudc thon Phu Gia, xa Cat Tuong, huyén Phu Cat. bé thuc
hién dy 4n can cap nhét, chinh 1y ban dd dija chinh phuc vu xay dung phuong an thu hoi dat,
ciing nhu khi thyc hién bdi thuong, hd tro va tai dinh cu. Véi dic diém vé thuan loi vé dia
hinh dia vat thong thoang (chu yéu 1a dat trong lta) nén phuong phap bay chup UAV dugc
lwa chon va trién khai dé thanh 1ap ban trich do dia chinh cho khu vyc nay.

3.1.2. Céc bdi boi séng Lai Giang phudng Hoai Huong, thi xd Hoai Nhon, tinh Binh Dinh

Céap nhat thanh 1ap ban dd hién trang 1a nhiém vu bt budc theo chu ky kiém ké dit dai.
Thuyc hién nhiém vu kiém ké dit dai va thanh 18p ban dd hién trang nam 2019, phuong Hoai
Huong, thi xa Hoai Nhon c6 mot sb6 khu vuc dat dai bién dong thuong xuyén do tac dong
boi dong chay ctia song Lai Giang d6 1 bai cat Truong Gao va 2 con Thanh Xuan. Bai cat
Trudong Gao, thuoc Thon Phu An, c¢é dién tich tich khoang 2,5 ha. Con Thanh Xuan: bao
gém Thanh Xuan 1 ¢6 dién tich khoang 7,8 ha va Thanh Xuan 2 c¢6 dién tich khoang 9,5 ha.
pé cap nhat bién dong st dung dat do dong chay tai cac khu vuc nay, viéc do dac theo
phuong phap truyén thong 1a tn kém va gip nhiéu khé khan. Chinh vi véy, sir dung thiét bi
UAV céap nhat bién dong sir dung dét cho cac khu vuc nay 1a giai phap rat hiéu qua, v6i do
chinh xé4c cao, tiét kiém thoi gian va kinh phi.

3.1.3. Dy an Dién gi6 Phuong Mai 1, xa Cat Chanh, huyén Phu Cat, tinh Binh Pinh

Nha may phong dién Phuong Mai 1 gém c6 11 t6 may, cong suat 26,4 MW, duoc xay
dung trén dién tich 140 ha, tong muc dau tu 1.076 ty dong. Pén nay da tap két thiét bi tai
cong truong va lap dat 2/4 dot caa 11 try tuabin. Dy 4n dau tu xdy dung Nha may phong
dién Phuong Mai 1 1a mét trong hai Dy 4n ning luong dién gi6 trong diém cia tinh Binh
Dinh. Véi yéu cau thanh l4p ban d6 dia hinh ti 1& 1/2000 phuc vu quy hoach ciing nhu tinh
toan chi phi xay dung va hoan cong cia dy an. Can cir vao dic diém dia hinh va yéu cau do
chinh xac, phuong phap bay chup UA\\/ dugc lya chon déap tmg rat tot cac yéu cau dit ra.

Kon Tum Quang Ngéi

% o] SN &

Hinh 2. So d6 vi tri cic cong trinh thir nghiém.
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3.2. Két qud thir nghiém do dac thanh ldp ban trich do dia chinh

3.2.1. Két qua bay chup anh

Vi muyc tiéu thanh 14p ban trich do dia chinh phuc vu cong tac boi thuong, hd trg va
tai dinh cu cho du an quy hoach, yéu cdu d6 chinh x4c dit ra & mac do cao nhat. Do d6 do
cao bay chup duoc thiét ké 1a 80,0 m dé dat do phan giai mat dat 12 2,2 cm va do phu trum
ngang va doc khi bay chup déu 1a 80%. Két qua bay chup dugc 242 anh vdi cac thong sb
vat 1y ctia anh 1a tc do chup 1/500, tidu cu F = 5,6, ISO=320 trong diéu kién anh sang tot.
Qua trinh bay chup c6 rai diém khong ché tai cac mbc quy hoach, tram Base dit tai diém
dia chinh c6 trong khu vuc nghién ctru. Viée do kiém tra cac diém moc quy hoach dugc
thuc hién cung thoi gian bay chup bing cong nghé GNSS.

3.2.2. Két qua xur 1y anh va bién tip ban d6

Nghién ciru sir dung phan mém Agisoft Metashape dé xtr Iy anh sau bay chup. Két qua
xtr Iy cho thay sai s6 tAm anh rat thap véi tong sai s6 1a 8,9 mm thé hién tai hinh 3 (a); tién
hanh kiém tra toa d6 diém dia chinh va diém mdc quy hoach két qua thé hién & hinh 3 (b)
chi 1éch cao nhit 4,0 mm; bén canh d6 nghién ctru con st dung may toan dac dién tir dé do
kiém tra ngau nhién mot s6 thira d4t nhu hinh 3 (c). Nhu két qua kiém tra & trén vé toa do
diém dia chinh, dlem mdc quy hoach va thira do kiém tra 1a rat t6t, do vy anh UAV xu ly
dat két qua dé sb hoa, bién tap ban dd dia chinh. Thuc hién sé hoa cac dbi tuong trén nén
anh tryc giao va bién tdp manh ban dd dia chinh khu vuc quy hoach nhu hinh 3 (d). Ngoai
ra nghién ctru con tham chiéu so sanh véi ban do dia chinh dang dugc sir dung dé danh gia
d0 chinh xac.

Camera Locations

(a)

XY esrors
Estimated camera locatons are marked wth a back g0t
wacar

X esror (mm) | ¥ error (mm) 2 ervar (mem) | XY ervor (mm} | Total error (mm)
am96 52 o8 wone

Hinh 3. Két qua xt Iy, bién tap ban do dia chinh.

3.2.3. Két qua danh gia do chinh xéac

~ Nghién ctru da tién hanh danh gid d§ chinh xéc ctia két qua xir Iy dnh bay chup UAV
de thanh 1ap ban trich dow dia chinh tai’ khu vuc thtr r}ghiém dua trén sai sc} trung phuong
(RMSE) theo toa do 5 diém khong ché dat tai cac moc quy hoach va sai so trung phuong
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theo toa do 20 dinh thira dat. Dit liéu sir dung dé danh gia va so sanh 1a ban d6 dia chinh
khu vyc thtr nghiém va toa do cac mbc quy hoach khu dan cu Phu Gia, xa Cat Tuong,
huyén Phu Cat do So Tai nguyén va Méi truong tinh Binh Dinh cung cap.

Danh gia d6 chinh xé4c 1a cong tic rat quan trong chimg minh két qua thanh lap ban
trich do dia chinh khu vyc thir nghiém tir anh bay chup UAV c6 ¥ nghi khoa hoc va c6 thé
sir dung trong thuc té. Nghién ciru nay da sir dung cong thirc (2) tinh sai s6 trung phuong
(RMSE) [20] nhu sau:

2
RMSE = E—;E2 = in_lef €= Vbandd - Vihue nghiém (2)
0 -

Trong d6 RMSE 1 sai s trung phuong; n 14 tong s diém kiém tra; Vban db 1a toa do
x hodc y cua mbc quy hoach, dinh thtra dat trén ban d6; Vthuc nghiém la toa d0 x hodc y
cia cac diém khéng ché, dinh thira dat da sb hoa tir anh UAV. Két qua duoc thé hién &
bang 1 va 2.

Bang 1. Danh gia sai sb theo cac diém khéng ché mat dat.

Toa d9 mbc QH Toa d¢ diém KC

STT e(X) e(Y)
X(m) Y(m) X(m) Y(m)

1 590470.384 1546552.291 590470.364 1546552.277 0.020 0.014

2 590456.774 1546524.213 590456.793 1546524.201 —-0.019 0.012
3 590574.520 1546522.355 590574.511 1546522.370 0.009 -0.015
4 590821.540 1545647.320 590821.557 1545647.322 -0.017 -0.002
5 590817.770 1546541.040 590817.781 1546541.058 —0.011 -0.018
Sai s6 trung phuong (RMSE) 0.016 0.013

Bang 2. Panh gia sai sb theo cac dinh thira dit.
] Toa dé dinh thira dit — Thue
STT Toa d¢ dinh thira dat — BPDC nghiém e(X) e(Y)
X(m) Y(m) X(m) Y(m)

1 590484.890 1546493.130 590484.834 1546493.095 0.056 0.035
2 590487.560 1546495.390 590487.631 1546495.451 -0.071 -0.061
3 590504.310 1546535.020 590504.324 1546535.037 -0.014 -0.017
4 590492.440 1546483.180 590492.472 1546483.134 —-0.032 0.046
5 590517.010 1546532.050 590517.040 1546532.088 -0.030 —-0.038
6 590500.630 1546479.460 590500.673 1546479.445 —0.043 0.015
7 590526.820 1546527.300 590526.971 1546527.368 -0.151 —-0.068
8 590531.590 1546494.080 590531.586 1546494.070 0.004 0.010
9 590509.470 1546461.820 590509.547 1546461.805 —-0.077 0.015
10 590533.960 1546492.170 590533.961 1546492.202 -0.001 -0.032
11 590556.040 1546484.240 590556.043 1546484.298 —-0.003 —0.058
12 590717.880 1546602.930 590717.856 1546602.991 0.024 —-0.061
13 590698.620 1546567.870 590698.746 1546567.894 -0.126 —-0.024
14 590691.640 1546615.500 590691.372 1546615.500 0.268 0.000
15 590669.550 1546575.280 590669.714 1546575.365 -0.164 —-0.085
16 590701.570 1546668.810 590701.595 1546668.960 —-0.025 —0.150
17 590686.980 1546619.030 590686.920 1546619.011 0.060 0.019
18 590640.700 1546597.260 590640.726 1546597.149 -0.026 0.111
19 590610.450 1546612.870 590610.544 1546612.928 —0.094 —0.058
20 590706.030 1546388.140 590706.011 1546388.023 0.019 0.117
Sai sb trung phuong (RMSE) 0.092 0.064
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Tur két qua thyc nghiém danh gia d chinh xac mat b?mg theo toa do cta 5 diém khéng
ché mat dat tuong ddi cao. Sai sb theo toa dd X dat 1,6 cm va toa d0 Y dat 1,3 cm. Ddi véi
Kkét qua sai s6 toa do theo vi tri 20 dinh thira d4t so v&i ban dd dia chinh dat 9,2 cm theo truc
X va 6,4cm theo truc Y. Nhu vay sau khi tién hanh so sanh va danh gia sai s6, co thé thay
duogc két qua thanh 1ap ban trich do dia chinh bang phuong phép st dung anh chup tir UAV
dam bao dap ung theo diing quy pham thanh 1ap ban d6 dia chinh [22] ddi véi ty 18 ban dd
1:1000.

3.3. Két qua thir nghiém hién chinh ban do hién trang s dung dat

Két qua bay chup UAV Phantom 4 RTK + CORS cac khu vyc can hién chinh ban d6
hién trang sir dung dat nim 2019 phuong Hoai Huong, thi xd Hoai Nhon: Bii cat Trudng
An: 178 anh, d6 cao bay chup 100 m, GSD 2,74 cm; Con Thanh Xuan 1: 293 anh, do cao
bay chup 100 m, GSD 2,74 cm; Con Thanh Xuén 2: 180 anh, d cao bay chup 100m, GSD
2,74 cm.

Hinh 4. Két qua hién chinh hién trang con Thanh Xuén 1 va Thanh Xuan 2.

Tién hanh xir 1y anh va cap nhat hién trang bién dong sir dung dat méi va cap nhat s6
liu bién dong méi vao co so dir liéu kiém ké. DSi v6i cong tac hién chinh ban d6 hién
trang sir dung dét cdp xd & nhimg khu vyc khé khan nhu trén bang cong nghé UAV 1a hét
suc phu hop, thém vao d6 1a mac d6 chinh xac cao va rat thich hop véi ti 1€ ctia ban dd hién
trang.

3.4. Thuc nghiém do dac thanh lap ban do dia hinh

Thanh 1ap ban dd dia hinh ty 1€ 1:2000 dy an Dién gi6 Phuong Mai 1, thon Phu Hau,
xa Cat Chanh, huyén Phu Cat, tinh Binh Pinh. Déi voi cong trinh thir nghiém nay nghién
cuu da st dung ky thudt bay chup do dong xt 1y sau PPK (Post—Processed Kinematic): bay
chup két hop rai tiéu khéng ché mit dat, sau d6 do GNSS RTK céc tiéu khong ché mat dat
dé xir Iy sau. Xay dung thiét ké k¥ thuat bay cho khu vuc bay chup phii tram 186 ha cho
140 ha cua Dién gi6 Phuong Mai 1. B¢ cao bay chup 200 m, GSD 5,6 cm, d6 phu ngang
80%, do phu doc 1a 70%. Rai 12 ti€u khéng ché mit dat, bao dam 1,5ha c6 mot diém khong
ché. Két qua bay chup cho khu do thu dugc 770 anh bay chup, sir dung thiét bi GNSS
Trimble R4 do toa dd céc tiéu diém khéng ché mat dat theo hé toa d6 VN2000.

Tiép theo sir dung phan mém ArcGIS 10.8 dé ndi suy duong binh d6 véi khoang cao
déu 1a Im cho khu vyc nghién ciru tir dit liéu DEM da xir 1y duoc (hinh 5a). S6 hoa cac d6i
tuong dia vat, cong trinh xdy dung va cac yéu td nén giao thong, thily hé, ... va bién tip ban
d6 dia hinh theo diing quy pham dua trén t6 hop két qua xay dung dudng binh do va sd hoa
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dia hinh dia vat, tién hanh bién tap cic yéu t6 khac dé hoan thién ban d6 dia hinh ti 1
1:2000 cho khu dién gié Phuong Mai 1 (hinh 5b—-5d).

Hinh 5. Két qua thanh 14p ban dd dia hinh Dy 4n Dién gi6 Phwong Mai 1.

3.5. Pdnh gid kha nang g dung UAV chi phi thdp thanh ldp ban do chuyén dé

Véi uu diém vé d6 phéan giai siéu cao (centimet—cm), sai s6 tam anh rat nho, viéc st
dung cong ngh¢ UAV duoc xem rat phu hop dé thanh lap ban dd dia chinh & khu vuc ¢6
mirc d6 khé khan thip, nhat 1a ddi v6i dat nong nghiép ¢ cdy hang nam. Déi véi khu dan
cu va cac khu vyc c6 mirc d6 kho khan cao hon, can két hop véi cac phuwong phép khac nhur
GNSSS hay toan dac dién tir && mang lai két qua tot nhat.

Trong cong tac thanh 1ap ban d6 hién trang sir dung dét thi theo quy dinh hién hanh,
duoc phép st dung anh vién tham do phan giai cao 2,5m dé cap nhat hién chinh bién dong.
Vi do phan giai centimet (2,74 cm & dd cao bay 100m) cia anh UAV thi viéc st dung
UAV dé hién chinh ban dd hién trang 1a giai phap hiru hi€u vdi do chinh xac va chi tiét cao.
Truong hop can cap nhat & quy md 16n hon c6 thé thiét ké k¥ thuat bay vdi GSD 16n nhat
trén dong Phantom 4 RTK 1a 13,0 cm thi van dam bao yéu cau do chinh x4c ¢ mirc rét cao.

Vé thanh 1ap ban d6 dia hinh thi d6 phan giai siéu cao hién thi rd nét dia hinh, dia vat
trén mat dat két hop phwong thirc bay chup 3D, céng nghé dam may diém mang lai nhiéu
tuy chon dap ung cac muc dich khac nhau. V&i kha nang tach loc cac 16p dia vét bé mait,
gitip xay dyng mo hinh sé do cao DEM véi d phu hop cao nhat, gitip ndi suy tot nhat
duong binh d6 dé thanh 1ap ban db dia hinh.

Vé mat hiéu qua kinh t&: v6i mirc d6 dau tu cac loai thiét bi UAV chi phi thap tir 50—
150 triéu déng voi cac cau hinh UAV-PPK va UAV-RTK chi twong duong mot bd may
toan dac dién tir tim trung d6 chinh xac 5-7” hodc mot bd GNSS RTK gia thap. Tuy nhién
hiéu qua vé thoi gian thanh 1ap cing véi hiéu qua kinh té 1a rat 16n, hon nhiéu lan so vai do
dac truyén thong. Chinh vi véy, sir dung cong nghé UAV trong do dac thanh lap ban d6 1a
xu thé tat yéu.
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Bén canh d6 ciing con ton tai mot sd kho khin anh huong dén kha ning ap dung rong
rdi cong ngh¢ nay vao thanh 1ap ban d6 nhu: nhimng ving c6 thuc phi 16n che khuét, trong
khu dan cu két cau xay dung nhu mai hién, hang rao, ban cong, ... gy khé khan trong viéc
giai doan ranh gi6i thira dit. Hanh lang phép 1y quy dinh vé sir dung anh chyp tr may bay
khong nguoi 1ai UAV trong cong tac thanh lap ban d6 chuyén dé phuc vu cong tac quan Iy
dat dai con so khai va chua mang tinh toan dién. Viéc bay chup anh néu khong duoc quan
ly t6t thi s& tiém an nhiéu rui ro, gdy mat an toan. Cac may chup anh st dung trén thiét bi
bay UAV chua c6 tinh chuyén dung cao nén kha nang khai thac anh chup dugc s€ c6 mét
s6 han ché, nhat 13 trong nhiing Gmg dung can do chinh xéc cao.

4. Két luan

Nghién ctru dic diém nodi dung, yéu ciu do chinh xac cua cac loai ban dd chuyén dé
clng voi quy trinh thu nhan dit liéu anh tir may bay khong nguoi l4i da dé xuit duoc quy
trinh téng quat thanh 1ap ban d6 chuyén dé nganh quan ly dat dai bang cong nghé UAV, 1a
co SO trién khai va ung dung cong nghé nay dé trién khai chi tiét cho ting loai ban d6 cu
the.

Két qua nghién ctru thir nghiém tng dung UAV phan khiic chi phi thap tai cac cong
trinh trén dia ban tinh Binh Dinh thanh 18p ban dd dia chinh, ban do hién trang va ban do
dia hinh dap ung yéu cau d6 chinh xac, hiéu qua kinh té va tiét kiém thoi gian thi cong.
Mtc d6 rat thich hop st dung cap nhat ban dd hién trang, thanh 1ap ban d¢ dia chinh khu
vuc dat nong nghiép, khu vuc c6 diéu kiéu kién dia hinh théng thoang va thanh 1ap ban do
dia hinh. Véi viéc st dung cac phuong phap bay chup UAV khac nhau, két hop vai nhiéu
thiét bi truyén thong trong kiém tra ddi chimg va do diém khdng ché mat dat da hd tro va
khang dinh kha nang ing dung ctia cong nghé nay trong do dac thanh lap ban do.

Hiéu qua kinh té mang lai khi ing dung UAV chi phi thap trong thanh 1ap céc loai ban
dd chuyén dé nganh quan Iy dét dai 1a rat 16n <o thé tiét kiém 50-70% chi phi so véi cac
phuong phép truyen thong, tinh linh dong va tiét kiém thoi gian thi cong lam tang thém kha
ning ung dung thiét thyc ciia cong nghé nay. Tuy nhién khi trién khai s& khong tranh khoi
nhitng khé khan nhu an toan bay chup, diéu kién thoi tiét x4u, khu vuc cam, ... Do d6, giai
phap dit ra 1a can phai két hop voi nhidu phuong phéap khéc nhau.
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Research for the applicability of low-cost unmanned aerial
vehicles in survey mapping: cases study in Binh Dinh province
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Abstract: Surveying and mapping is one of the most important tasks, are prioritized as the
foundation for land management. However, this data source is still lacking, low quality,
and it has not been updated in time to deal with practical demand in many localities across
the country. The boom development and extensive application of Unmaned Aerial
Vehicles (UAVs) in mapping has brought surveying science to a new range of vision. This
paper studies the applicability of low—cost UAV section to establish certain types of maps
in land management. Experimental research on a number of surveying works to establish
cadastral map, topographic map and current land use map in Binh Dinh province with
many different methods and techniques to assess accuracy, relevance and make
recommendations in practice.

Keyword: Low-cost UAV; Mapping; Binh Dinh province.
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