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Két hop cong nghé UAV, RTK va SES trong thanh 1ap ban d6 dia
hinh ty 1¢ 16n ving rimg ngdp min ven bién
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TOM TAT

Bai bao trinh bay vé su két hop giita cong nghé do anh st dung may bay khéng ngudi 14i UAV (Unmanned
Aerial Vehicle), cong nghé¢ dinh vi v¢ tinh thoi gian thuc RTK (Real Time Kinematic) va cong nghé do sau
SES (Survey Echo Sounder). Béi vi dé thanh 1ap ban db dia hinh ving rimg ngap mén cn nhiéu k¥ thuat
do két hop voi nhau. Thiét bi bay khong nguoi 1ai UAV phuc vu thu nhan dit lidu anh sé khu do. Cong nghé
do anh UAV phuc vu do v€ cac ddi tuong bé mat dia vat, xdy dung mo hinh s6 DSM. Cong nghé do dong
thoi gian thuc RTK do cac diém khéng ché anh va cac di twong nho khac (cbng, dia hinh dudi nude ao
néng...) véi 6 chinh xac cao. Cong nghé do sau hdi 4m SES dugc dung dé do dia hinh bé mat day bién.
Bai bao dua ra mét quy trinh céng ngh¢ nhiam két hop tét 3 phuong phéap UAV, RTK, SES nhim hoan
thanh muc dich thanh 1ap ban dd dia hinh ving rimg ngép min ven bién. Thyc nghiém cho ving Kim Son,
tinh Ninh Binh, Viét Nam.

Tir khéa: Do anh, UAV, dinh vi vé tinh, RTK, do sau hdi 4m, SES, rimg ngp min, ban db dia hinh

1. Pit van dé

Ving rimg ngép min ven bién 1a viing c6 dia hinh rong, kha biang phing, c6 ving nude, cy rimg ngap
man va ca khu nu6i tréng thiy san ven bo. Khi ¢6 yéu ciu thanh 14p ban db dia hinh phuc vu cong tac thiét
ké quy hoach, bao ton, bao vé rimg va dong thuc vat ven bién, cong tac do v& can két hgp nhiéu cong nghé
khac nhau vira dam bao thé hién dung, du cac yéu td dia hinh, dia vt va do chinh x4c theo yéu cau, vira
dam bao thoi gian tién do hoan thanh khao sat. Viéc két hop cac cong nghé do anh khong ngudi 1ai (UAV),
cong ngh¢ dinh vi vé tinh RTK-GNSS va cong ngh¢ do sau hdi am SES nhim tin dung uu diém, kha nang,
thé manh ddng thoi han ché nhirng nhugc diém, thé yéu cia mdi cong ngh¢ ndy. Su van hanh cua mdi cong
nghé thuorng 6 quy trinh riéng, dé dat duoc muc dich chung vay can co sy hlep ddng trong mot quy trinh
thong nhét. _Trong nghién clru nay s& tap trung phén tich vu nhuoc diém ciia mdi cong nghé, va xay dung
quy trinh két hop tdn dung vu thé ciia mdi cong nghé va sy hd trg qua lai v6i nhau cila cac cong nghé nay.
Thyc nghiém dwoc 4p dung xay dung ban do dia hinh ty 18 1/2000, v6i khoang cao déu 1m, pham vi rong
khoang 3000ha, thudc dia ban rimg ngép min ven bién Kim Son, Ninh Binh.

2. Phan tich wu nhwoc diém va xay dung quy trinh cong nghé
2.1. Cong nghé do anh UAV

Hién nay, cong nghé do anh véi tu liéu thu thap tir thiét bi bay khong ngudi 1ai UAV dang dugc phat
trién manh vi tinh co déng, nhanh chéng, ¢6 thé dap ung thanh lap ban d ty 18 16n vi tran bay dwoc ha thip
(tir vai chuc mét dén vai traim mét). Thiét bi bay khong ngudi 1ai UAV 1a rit da dang, nhidu don vi c6 thé
ty san xuét nhung turu chung thi chia thanh 2 loai chinh: loai canh ¢d dinh (fixed wing aicraft)va loai canh
quat nang bang dong co (multi rotor). M&i loai d&u c6 wu nhwgc diém riéng, c6 thé tom tit qua bang 1.

Bang 1. So sanh gitta 2 loai may bay khong nguoi lai (sensefly.com, 2018; dronedeploy.com, 2018)
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T cc chi s6 so sanh & bang 1, dé phuc vu do v€ ban db dia hinh & vung rung ngdp min ven bién, véi
pham vi rong, téc do gi6é 16n, kha ning bay, tinh an toan cao... nén dung loai may bay canh ¢ dinh.

Mot viéc quan trong trong cong tac thiét ké bay chup la Iya chon d6 phan giai mat dét (GSD-Ground
Sampling Distance). Theo cac khuyén céo cua cic hiang DroneDeploy, Pix4D (dronedeploy.com, 2018;
pix4d.com, 2018), viéc chon d¢ phén giai mat dét phu thugc chinh vao yéu cau d¢ chinh xac mit phang va
d6 chinh x4c do cao ciia san phdm do v&, thong thuong duge lya chon theo cong thirc wdc tinh nhu sau:

{Mxy =(1+2)GSD ]
M, = (1 +3)GSD M
Trong do: M,y 12 sai s6 trung phuong mit phing;
My 1a sai sé trung phuong d6 cao;

Trén co so yéu ciu sai s6 do v&, theo cong thirc (1) ¢6 the udc tinh d phén giai mat dat.

Vi du: yéu cau do v& ban dd dia hinh ty 1& 1/2000, sai sb vi tri diém mat phang cho diém khéng ché anh
can dat 1a 0,Imm x 2000 = 20cm; ldy GSD=M,,/2=10cm; mit khac yéu cau thanh 1ap khoing cao déu la
1m, véi sai sé d6 cao cho diém khéng ché 1a M,=1/4 x 1m= 25cm, thi wéc tinh GSD=M,/3=25/3=8,3cm;
Vay dé thoa mén ca do chinh xdc mat béng va d6 cao, d@)ng thoi du phong d6 chinh xac dat duoc cén bay
chup & do phéan giai mat dat nho hon hodc bing 8cm.

Trén co s& GSD tinh duoc, két hop cac théng sb ctia may chup anh, d6 phu anh, pham vi bay chup, dia
hinh khu do, vi tri cit ha canh, thoi gian trong 1 ca bay... s€ tinh toan thlet ké céc chi tiéu k¥ thuat bay chup
nhu: d6 cao bay chup, sb dudng bay, sb anh (duong day chup anh), s6 ca bay. .. viéc tinh toan ndy c6 thé
tham khao theo tai liéu (Pix4D, 2018).

Cin lam céc thu tuc phap ly ve xin phép bay tai Cuc tac chlen Bo Quoc phong trude khi bay chup. Khi
bay chup can thiét k& vi tri diém khéng ché anh, danh dau méc va c6 thé lgi dung cac dia vat 1& nét d& lam
diém khéng ché anh, cac diém nay duogc truyén toa do va do cao theo cong nghé RTK-GNSS. Néu sir dung
méy bay c6 kha ning dinh vi tim chup biang RTK hoic PPK (Post Processing Kinematic) thi c6 thé lugc
b6 bét cac diém khong ché mat dét, rat hiru dung khi bay chup ¢ ving rimg, ving mit nuée kho khian bd
tri diém khéng ché anh.

Sau khi bay chup anh, tién hanh xtr Iy dit liéu khéi anh trong phong trén phian mém xu Iy nhu Pix4D,
Agisoft gdm: xay dung khéi anh, khai béo diém khéng ché binh sai, tao dam may diém, tao mé hinh s6 bé
mit, thanh 1ap binh d6 anh, béc tach xay dung m6 hinh s6 d6 cao. Két thuc cong doan nay co thé xuét binh
dd anh sang cdc may tinh ca nhan dé tién hanh s6 hoa dia vat, do cao cac diém dia hinh néu & ving quang
dang co thé duoc tin dung, ving 4n khuét, viing mit nuéc can xac dinh phai do bd sung ngoai nghiép bing
RTK-GNSS va do sdu hdi am.

2.2. Cong nghé dinh vi vé tinh RTK-GNSS

Cong ngh¢ dinh vi vé tinh RTK-GNSS co nhidu wu thé nhu: x4c dinh vi tri diém vi dd chinh xé4c cao
vé mat béng (lecm+1ppm) (novatel.com, 2018), do cao co thé dat sai s& gép d6i mat béng (Eric Gakstatter,
2014) ¢ 2-4cm. Viée do trén thyc dia khong phu thudc vao tam thong huéng ngang, chi cin thong hudng
1én bau troi, viée nay thich hop cho cong tac do trén dién rong. Nguyén ly cta cong nghé nay la co diém
tram tham chiéu ¢é dinh, thu tin hiéu vé tinh dong thoi véi cac diém tram di dong (anten do dia hinh, anten
do tam chup anh UAV, anten do sau hdi 4m), cung cép sb cai chinh vi tri ddng b tirc thdi qua bd phat song



radio hodc qua internet (chudn RTCM). C6 thé néi cong nghé dinh vi RTK-GNSS 14 ciu ndi, 1a cong cu hd
trg cho cong nghé do anh UAV va do sdu hdi am SES. Trong thanh 1ap ban dd dia hinh viing rimg ngip
man ven bién tthi cong ngh¢ dinh vi RTK-GNSS con ¢6 nhiém vu do bd sung dia hinh, dia vt ngoai nghiép
nhu cac d6i tuong: thong sb cAu, céng, dia vat nhé nhu cot dién nho, hd ga, cac dbi tuong bi thuc vat lép
nhu cao do bo, rach nudce, ranh nude, cac bién chi dan...

Dinh vi tAm chup
PPK, RTK
hosic Khong

Hinh 1. Céu ndi cta cong nghé RTK véi UAV va SES (ia-drone.com. 2018; what-when-how.com, 2018;
coastal.er.usgs.gov, 2016)

2.3. Cong nghé do siu héi am SES

Trong ving ring ngép méan ven bién, phin ngap dudi nude 1a kha 16n bao gdm la cac con séng, con kénh
dan ra bién, viing nuéc ven bo, cac luong lach ¢6 d6 sau tir vai mét dén vai chuc mét. Bé ghi nhan g1a tri
toa do va do cao day song, day bién can thiét phai dung cong nghé do sdu hdi 4m SES. Po siu hoi 4m
(Survey Echo Sounder) 12 mét loai sonar c6ng suét nhé, ding cho xac dinh d6 sdu ving nuéc. May do thue
hién b?mg cach phat xung siéu &m vao nudc va thu nhan tin hiéu phan xa tr ddy nudc, tir 46 xac dinh ra do
sau. Hién nay c6 2 loai may do sau hdi 4m: don tia (single beam echo shouder, phat tia don, do ting diém)
va da tia (multi beam echo shouder, phat chum tia, do chum dai diém vuéng géc v6i hudng di cia tau, goc
mé c6 thé 1én dén 150°, d6 rong dai tir 2-7 1an d6 sau). Ca 2 loai nay déu duoc img dung trén thyc tién, tuy
nhién loai do sau da tia ¢ hiéu qua khao st vuot troi vi mot dudng tau di chuyén do duge ca dai diém do,
khong phai chay qua nhiéu duong tau do.

Cong nghé do sau hdi 4m hién nay dudi su hd tro ctia cong nghé dinh vi vé tinh RTK-GNSS, cho vi tri
diém do c6 do chinh xéac cao (béng v&i dd chinh xac cta RTK vé mat béng), d6 chinh xac d¢ sau phu thudc
v4o ban than s liéu tri do sau (c6 thé dat dén 10cm), kha ning 6n dinh tw dong bu séng bién (gitt phuwong
théng ding cua tia, chum tia do sau, hodc do nghi€ém triéu tu dong) va phu thudc d6 chinh xac do cao cua
RTK dem lai... Thong thudng, aé du trir d6 chinh xac nén do dén khoang cao déu 1m la céc may do sau
hién nay hoan toan ¢ thé dap tmg tét. Nhimng may do siu va cac thlet bi phu trg thuong dugc lip dit trén
tau do c6 nguoi lai, gin day ciing c¢6 nhitng san pham nghién ctru vé tau do khong ngudi l4i nhd gon hon,
¢6 thé do ludn lach hep, O ving nudc nong, sat bo voi dia vat it bi can trd (béo, cay rirng ngap nudc) ... Co
thé tan dung c 2 loai ndy trong céng tac khao sat.



Viéc do sdu hdi 4m 1a hoan toan tw dong, mat do diém c6 thé dat rit cao (<1m/dlem) chi cin cha y ve
cach van hanh, dong bd vé hé toa d9, hé do cao giita phan dudi nude va trén bo. Didu nay duge giai quyét
tron ven nho sy hd trg ciia cong nghé do dinh vi vé tinh RTK-GNSS.

2.4. Quy trinh cong nghé
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Hinh 2. Quy trinh céng nghé két hop UAV, RTK, SES trong thanh Iap ban dd dia hinh

Thong qua quy trinh két hop cac cong nghé nhu trén, timg cong ngh¢ dong gop thé manh ctia minh trong
san pham ban d dia hinh & khu vyc rimg ngp mén ven blen nhu sau:

- Cong nghé do anh UAV: nén binh d6 anh truc quan, s6 hoa dia vét (nha cira, giao thong, ranh thuy hé,
dudng bo, khoanh thyc vat, cot dién co thé nhan biét trén anh...), khoanh cdc khu vuce trdng rimg, cung cip
d6 cao nhitng khu vuc quang déing khi d6 chinh xac tbt.

- Cong ngh¢ dinh vi vé tinh RTK-GNSS: hd trg do khong ché anh phyc vu xir Iy khéi anh UAV dé quy
chudn vé toa d6 va d cao, dinh vi diém do sdu, do chi tiét dia hinh ving cdy trén can, day ao nudi trong
thuy san (day béng phing), do cac dia vat nho (cot dién nho, dwong ddy ngim, chinh xac cac thong sé ciu,
cong...).

- Cong ngh¢ do séu hoi am: cung cép d6 sau dia hinh du6i nuéc cac khu vuc rung ngdp man, song..
trén co s& dong bd dinh vi vi tri diém theo RTK-GNSS. Thuyen do duoc thiét ké tuyén do theo céc luong
lach, va mat d6 duong do dam bao dg chinh xac ctia ban d6 dia hinh.

San phém cua 3 cong nghé nay cung cép cho cong tac bién tap, ndi suy déng muc dia hinh, bién tap ky
hiéu, dung khung ban dd, bang chip... d hoan thanh toan bo khéi lwong nhiém vu thanh 14p ban db dia
hinh cta khu do.

3. Thuc nghiém

Ving thyc nghiém quy trinh két hop céng nghé do UAV, RTK, SES dé thanh 1ap ban d6 dia hinh ty 18
1/2000, ddng mirc 1m thudc khu rimg ngip min ven bién huyén Kim Son, phia cuc nam cua tinh Ninh
Binh, dugc thuc hién ¢ phin dét bii ngang tir && Binh Minh 2 sang dé Binh Minh 3 (hién trang) dén phan
quai dé 14n bién dén dé Binh Minh 4 (du kién), trén dia ban xd Kim Péng, Kim Trung, Kim Hai va cac xi
du kién s& thanh 1ap méi ¢ khu vuc bai ngang. Trung tdm cua khu do du an ndm & 19°55'58"N do vi Béc,
106°03'43"E d¢ kinh Dong.

Phia Bong giap huyén Nghia Hung, tinh Nam Dinh qua song Day.



Phia Tay giap song Can, huyén Nga Son, tinh Thanh Hoéa.
Phia Béc giap cac x4 Kim Hai, Kim Trung, Kim Déng.
Phia Nam giap vinh Bic B, Bién Pong v6i chidu dai bo bién khoang 15km.
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Hinh 3. Khu vuc thuc nghiém (anh Google, 2017)

Ving du 4n c6 dia hinh bang phang, cao trinh trung binh thip sat mat bién, khu do chi yéu 1a khu vuc
nudi trong thity san, co ving vom cdy ngap mit va ring cdy ngap man ven bién. Ving trung tim khu do
ndm gifta d& Binh Minh 2 va dé Binh Minh 3 réng khoang 1530ha, duong x4 giao thong thun thién voi
mit dé bé tong 5-7m, cac duong ngang dén sinh bé tong va da cAp phbi, c6 cac lach song tiéu tir déng ra
bién, c6 bén xe Kim Poéng & phia Bic. Vung quai dé l4n bién phia Dbong Nam tir d€ Binh Minh 3 ra dén
song Pay rong khoang 300 ha cling ch yéu nuoi trong thuy san va dang dién ra san lap x4y dung mit bang.
Vung phia Nam va tdy Nam tir 4 Binh Minh 3 ra bién va gip cira song Can chu yéu la rimg cay ngdp min
ven bién, rong khoang 500 ha. Ngoai ra khu dy 4n con mo rong du kién dén dé Binh Minh 4 trong tuong
lai rong khoang 500 ha. Nhu vay khu do c6 tong dién tich khoang 2830ha, trong d6 phin do bing cong
nghé anh UAV phéi hop v6i RTK khoang 1830 ha, phin do sdu SES trén bién rong khoang 1000 ha.

May bay canh cb dinh eBee
May chup anh SenseFly 18MP
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® -3m  Phin mém xur Iy Agrisoft;
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Hinh 4. Céc thong s6 chinh ciia cong nghé do anh UAV khu thuc nghi¢m



Cong nghé do RTK-GNSS khu thuc nghiém duoc tién hanh nham dff)ng bo toa do, do cao cac diém
khéng ché anh, do b6 sung dia hinh (d4y ao, dia vt nho, thong sé ciu, cdng...), ddng bo dinh vi cho két
qua do sdu. Qua trinh do RTK-GNSS str dung 3 t6 do ding may do cta cac hing Comnav, Kolida, SQ-
GNSS, khi do déu kiém tra méc trude, trong, va sau mot ngay do, két qua déu cho d6 chinh xéc tbt tir 3-
Scm.

e 3

Hinh 5. Cong tac do RTK-GNSS khé'rlg ché anh va do b sung dia hinh

Cong nghé do sau hdi 4m ving cira séng, cira bién, rimg ngap man dién ra trén thuyén do voi may do
sau don tia ODOM Hydrotrac ¢6 dinh vi RTK GPS, mat 4§ duong do dat 20m-40m/diém duong. Viéc dinh
vi RTK cho tirng diém do gitip cho cong tac tinh toan gia tri diém do ca vé mit bing va d6 cao dat d6 chinh
xac cao, ma khong phu thudc vao su 1é€n xuéng rat nhanh thuy triéu & khu vuc ctra bién. Han ché t6i thiéu
su anh hudng cua gio, song bién, sy dap dénh cua thuyén do.

Sau khi xtr ly dit liu, cac san phém cua 3 cong nghé dugc tap hop thanh mdt khéi théng nhét, bién tap
dung theo ky hiéu ban dd, phan manh, danh ky hi¢u manh, so dd bang chép trén nén db hoa AutoCad dé
phuc vu cong tac thiét ké quy hoach, Iuu trit va in 4n. San phém dap ing tdt vé d6 chinh xac, thoi gian, tién
do, nang suat.

Hinh 6. Ban dd dja hinh toan bo khu thuc nghiém rirng ngdp man ven bién Kim Son, Ninh Binh

4. Két luan

Sy két hop 3 cong nghé: cong nghé do anh UAV, cong ngh¢ do RTK-GNSS, cong nghé do sau h?)i 4m
SES trong thanh 1ap ban d6 dia hinh ty 1¢ 16n khu vyc rimg ngdp man ven bién dap tmg tot yéu cau vé chat
luong, tién d va nang suat khi tan dung uu theé cua moi cong nghé nay. Cong nghé do anh UAV cung cap
binh do éqh phuc vu s0 hoa dia vat, cong pghé RTK-GNSS phuc vu do khong ché anh, do bo sung dia hinh,
dinh vi diém do sdu, cong nghé do sau hoi 4m SES cung cap tri do dugi nudc trong ving rung ngip man,
song, kénh ven bién.



Cong tac trién khai trén thuce dia cép c6 su higp déng chat ché trong quy trinh cong nghé, dic biét cong
nghé do RTK-GNNN la su két ndi, dong bd thong nhat hé toa dd do cao cho cong nghé do anh UAV va
cong nghé do sau SES.

Viéc udc tinh d6 phan giai mat dat khi thiét ké bay chup anh UAV cin xéac dinh rd theo tiéu chi d6 chinh
xéc ban do cn dat, viéc do bd sung RTK ciling cin cin ¢l vao yéu clu do chinh xéc do cao cac dbi tuong
ma coéng nghé do anh khoé do v& chinh x4c. Cong nghé do sau ciing can thiét ké cac duong do sau dam bao
mat d6 phu hop véi ty 18 ban db cin thanh 1ap (1-2cm trén ty 16 ban dd phai c6 1 duong do su).

Cong tac bién tap ban dd céq chuan hoa cac san pham do v& tir 3 cong nghé di sir dung sao cho dam bao
ding quy dinh cta quy pham vé trinh bay ban do.
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ABSTRACT

Using UAV Technology Integrating RTK and SES for Topographic

Mapping of the Mangroves Forest Areas

Tran Trung Anh" Duong The Anh?, Pham Viet Kien?, Le Nhu Ngoc?
! Hanoi University of Mining and Geology
2 Vietnam Maritime safety — North

This paper presents a combination of three technologies, UAV photogrammetry, Real Time Kinematic
GNSS, and Survey Echo Sounder (SES), for topographic mapping at coastal areas of mangrove forests.
This is because the topographic mapping requires combinations of several technologies. UAV is used to
derive digital images, which are then processed futher to obtain surface objects and generate DSM.
Whereas, Real Time Kinematic GNSS is used to determine coordinations of control points and special
features i.e. culverts and shallow water topography with high accuracy and SES is used to measure depths
of seafloor topography. The paper also proposes a technological flow which integrates advantages of the
three technologies for topographic mapping at coastal areas of mangrove forests. Experiment was
conducted for the Kim Son area, Ninh Binh province, Vietnam.

Keywords: Photogrammetry, UAV, RTK, GNSS, SES, mangroves forest, topographic maps.



