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Phan tich lua chon ché do dinh vi tim chup chinh xac cua may bay
khong ngudi 14i trong thanh 1ap ban d6 dia hinh ty 18 16n

Trin Trung Anh',*, Quach Manh Tu4n2
! Truong Dai hoc M6 - Dia chat o
2 Cong ty CP Thuong mai va Xdy dung QT Mién Bdc

TOM TAT

Hién nay su dung mdy bay khong ngudi lai ¢6 sir dung dinh vi tim chup bang cong ngh¢ GNSS chinh xac dan tré nén
phd bién trong thanh 1ap ban do dia hinh ty 1& 16n. Cong nghé nay gitp giam thiéu tién t6i loai bo diém khéng ché anh
mat dét, ting nang sudt ca vé ky thuat va thoi gian cong tac. Bai bdo nghién ctru phén tich 3 cong nghé dinh vi tm
chup phé bién 1a do dong thoi gian thuc (RTK) voi tram Cors, RTK véi tram co s¢ ddng bo ctia hang D-RTK2 va do
dong xur ly sau (PPK) dé 4ap dung trén thuc tién cho linh hoat va phl‘l hop. Doi tugng duge dung trong nghién ciru 1a
mdy bay chup anh khong nguoi lai DJI Phantom 4 RTK trén pham vi khong gian ¢ xa Thanh Van, TP Vinh Yén, tinh
Vinh Phic, Viét Nam. St dyng phuong phap nghién ctru cac déc tinh cua h¢ thong dinh vi c6 trén thiét bi, diéu kién
khong gian cua dbi tugng do v&, kha nang an toan vé s lidu bay chup ma lya chon phuong phap dinh vi phu hop. Két
qua cua nghién cru 1a mgt quy trinh cong nghé phén tich cac dit liéu d4u vao dé lya chon giai phap dinh vi tdim chup
cho phit hop va an toan s6 ligu cho thanh 1ap ban dd ty 1¢ 16n.

Tir khoa: Ban do dia hinh, do anh, GNSS, RTK, PPK, UAV

1. Pt van dé

Nhing loi ich khi tur liéu anh chup méy bay khéng nguoi lai c6 sir dung dinh vi tAm chup bang hé dinh
vi toan ciu GNSS trong do anh da dugc khfmg dinh (Michael Blake, 2020; Wingtra, 2020) nhu: Tinh an
toan cao vi khong can can bo k¥ thuat di do khéng ché anh mat dit ¢ nhimg ving khé khan, nguy hiém;
Tiét kiém thoi gian, ting ning sudt va hidu qua (¢ diu kién thuc té chi can vai diém dé kiém tra). C6 3
phuong phép dinh vi tdm chup anh ctia may bay khong nguoi 14i 1a: phuong phap dinh vi dong tic thoi vai
tram Cors GNSS (Network RTK), phuong phép dinh vi dong tirc thoi véi tram co sé déng bo D-RTK?2,
phuong phap dinh vi dong xir Iy sau PPK; M&i phuong phap déu ¢6 nhiing wu diém, nhugc diém khéac nhau,
dé dam bao yéu cau cho thanh 1ap ban db ty 1& 1on nén trong nghién ciru nay s& phan tich lwa chon ché do
dinh vi tm chup hop ly.

2. Phuwong phap nghién ciru

2.1. Khu vwc nghién ciru

Hinh 1. Khu vyc nghién citu xd Thanh Vin, TP Vi nh Yén (Nguon Google 2020).

* Tdc gia lién hé
Email: trantrunganh@humg.edu.vn



Viung nghién ctru 1a mot khu vuce ¢6 dia hinh trung du, pham vi khoang 200ha khu vuc xa Thanh Vén,
TP Vinh Yén, trung tdm ctia tinh Vinh Phic, Viét Nam (c6 vi tri khoang 21°20'44"N d6 vi Bic, 105°35'19"E
d6 kinh Bong). B9 cao trung binh ctia khu vuc nay vao khoang tir 30m dén 50m so v&i muc nudce bién, dia
hinh gdm mét phan dan cu va dét tréng, c6 viing mat nudc.

2.2. Thu thdp sé liéu

Thiét bi bay khong ngudi lai ciia Dji chiém t6i 76,8% thi phén trén thé gioi (Sally French, 2019) va &
Viét Nam thi hang Dji ciing chiém thi phan 16n, nén trong thuc nghiém ching t6i dung thiét bi Dji Phantom
4 RTK. Cac thong sb co ban cia Dji Phantom 4RTK (Dji, 2020) gdm: kiéu cit ha canh thing dimg gbm 4
dong co, nang 1391g, kich thudc 350mm, ddu GNSS thu tin hiéu dugc 4 hé théng vé tinh GPS L1/L2,
GLONASS L1/L2, BeiDu B1/B2, Galileo E1/E2, dd chinh xac do dong tic thoi RTK dat sai sb trung
phuong d6 cao 1.5cm+1ppm, mat bing lem+1ppm. May chup anh Dji FC6310R véi kich thude mang nhan
anh 5472x3648=20 tridu diém anh, tiéu cy c6 dinh 9mm (twrong dwong 24mm so véi kich ¢& phim 35mm).
Khoang cach két ndi gitra diéu khién va may bay theo 1y thuyét 1én dén 7 km (trung binh du6i 5km) tuy
thudc dia hinh khu vuc.

Chung t6i sir dung 2 chiéc, bay & 2 d6 cao khac nhau, dit d4 cb géng két néi tram Cors (vngeonet, 2020)
nhung khéng thanh céng do truc tric v& tin hiéu va tai khoan ngudi ding, vay nén ching t6i da sir dung
phuong phap dinh vi tim chup bang RTK véi tram co s¢ clia hang D-RTK2 va phuong phap dinh vi dong
xtr ly sau PPK véi tram co sé ctia bén thtr ba 1a South Kolida dugc cai dit v6i tan suat thu tin higu SHz
(0.2s), thu tin higu tir 02h04°21.8” dén 02h45°26.8”(gid> GMT+0) dam bao phu trim va ddng bo thoi gian
v6i bay chup. Céc sb 1iéu thu thap vao ngay 05/6/2020 dugc trinh bay & bang 1.

Bang 1. Cdc thong tin co ban vé s6 liéu khu thuc nghiém Thanh Vin.

M Chiéucao | S6 |Tbc do lic Binh vi RTK | Pinh vi RTK [Dinh vi PPK. | Thoi gian cong téc cta
ba Y bay chup/d¢ | anh | bay chup Vi tram Cors véitram D- | SO tridotdm | UAV ngay 05/6/2020.
Y| phangigi [chup| (m/s) m DTK2 phase (GMT+0)
1 | 150m/4em | 220 6 Kh"‘(‘_l,‘fr l;jt N e 3669 | 02h20°51.67+02h33°05.6”
2 |100m/2.7cm | 403 5 Kho‘é%_lgst MO Khong 5075 | 02h18°29.27+02h35°24.4”

2.3. Phén tich wu nhwgc diém ciia cdc phuwong phdp dinh vi tdm chup

Ngoai nhitng uu Qiém chung trong do anh cua cac phwong phap dinh vi tim chup thi mdi phwong phép
con c6 nhiing dac diém sau day:

2.3.1. Phuong phdp dinh vi dong tirc thoi Network RTK tdm chup anh UAV voi tram Cors
Cac hé théng tram tham chiéu lién tuc thuong thu/phat dir li€u cai chinh GNSS véi tdn sé 1Hz tue 1a1
gidy c6 1 trj do dir liéu dugc truyén di qua mang internet (vngeonet, 2020) dén ciia may bay khéng nguoi

lai.

Uu diém:
- Cung c4p toa do tic thoi cho tdm chup anh.
- Tri do tdm chup anh do chinh xac cao duoc gin truc tiép vao théng sé anh chup.
- Khéng cén phai thém budc xtr 1y sau toa do tm chup.
- Khéng can dau tu tram co s& cho nguoi ding.

- Khoang cach hoat dong kha 16n (co thé 1én dén vai chuc km) tir tram Cors.

Nhuoc diém:

- Mét nhiéu thoi gian két ndi va khai tao.

- Cén phai c6 sim két ndi mang internet va mua dich vu cta bén cung cép h¢ thong tram Cors.

- Phy thudc vao mat do tram Cors va khong chi dong trong giai quyét su cb vé truyén dan.

- Tin hiéu cai chinh v&i tAn sut 1Hz cua hé thong tram Cors ciing v6i do tré ciia mang internet 3G/4G
chua déap ung dugc yéu ciu dinh vi chinh x4c cho UAV (t6¢c d6 bay chup thudng tir 5-7m/s).

- Khéng chi dong c6 s6 liéu do gbe dé 1am minh chung vi lién quan dén don vi cung cép dich vu Cors.



- C6 thé gip su cb khi x4c dinh toa do tuc thoi (thuong gap).

i ciic hé théng GNSS

UAV  “Telaps—

Phantom 4RTK ] e
50 cai chinh RTK
qua mang internet
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Hinh 2. Phurong phdp dinh vi tdm chup cho UAV bing Network RTK (nguén: Escadrone.com, 2020).
2.3.2. Phurong phdp dinh vi dong tikc thoi RTK tam chup danh UAV véi tram co s¢ dong bg D-RTK2
Dinh vi tdm chuyp theo phuong phap RTK véi tram co s dong bd D-RTK2 ctia hing cling v6i may bay

Phantom 4RTK 13 mot giai phap chu dong, céc tin hiéu cai chinh nhanh chéng dugc gii tirc thoi dén thiét
bi bay va tinh toan ngay tai thoi diém chup anh.

wmism  cic b théng GNSS

UAV

Phantom 4RTK ’ﬁ- T

Sé cai chinh RTK
qua tin hiéu noi bo

Hinh 3. Phurong phdp dinh vi tam chup cho UAV bang RTK véi tram co s¢ dong b D-RTK2 (nguon:
Escadrone.com, 2020).

Uu diém:

- Cung cip toa do tuc thoi cho tdm chup anh.

- Tri do tdm chup anh dd chinh xac cao duoc gin truc tiép vao théng sé anh chup.

- Chu dong trong dinh vi tdm chup.

- Khéng cén phai thém bude xir 1y sau toa do tam chup.

- C6 thé hd tro bay chup véi su tham gia ciia mo hinh s6 bé& mit (do cao bay dugc thay déi linh hoat theo
nén do cao b& mat dia hinh).

Nhuoc diém:

- Mét nhiéu thoi gian két néi va khéi tao.

- Phai d4u tu tram co s& ddng bd hang (thém chi phi).

- Pham vi hoat déng hay khoang cach khéng dai (vai km), cin thong huéng gitva tram diéu khién va thiét
bi bay dén dén anh huéng cua dia hinh dén kha nang cung cép tin hiéu cai chinh tirc thoi toa d6 tam chup.

- Khéng luu lai s liéu do gbc dé 1am minh chimg,

- Co thé gap su ¢6 khi xac dinh toa do tirc thoi.



2.3.3. Phuong phdp dinh vi dong xiwe Iy sau tam chup anh PPK

Giai phéap dinh vi PPK cho phép st dung thiét bi lam tram co s& ciia hang tha 3, luu y khi cai dat tin
suat thu tin hiéu can dat ti thidu 5Hz (0.2s mot tri do) dé dam bao do chinh x4c noi suy tdm chup anh.
Phuong phép PPK cdn mét qua trinh tién xir Iy trong phong dé xéac dinh toa d¢ tim chup. TAm chup anh
dugc ghi nhan lic chup anh ¢6 do chinh xac thap, cin thay thé trong qua trinh xir Iy trén phin mém do anh
sau khi ¢6 tam chup dugc giai bing PPK.

Tép do GNSS
Tép thai gian
chyp anh -

—i céc hé thong GNSS t6p Rinex

Khong cén két nbi giira
diém co so va UAV

(a) Trén thire dia Xir Iy PPK

(b) Trong phong

Hinh 4. Phurong phap dinh vi tam chup cho UAV bang PPK (ngudn: Escadrone.com, 2020).

Uu diém:

- Tiét kiém thoi gian chuén bi vi qué trinh két ndi it hon.

- Thiét 1ap tram co s¢ dé dang, khong can két ndi véi thiét bi bay.

- Pang tin cdy hon phuong phap RTK do khong phu thudc vao cuong do tin hiéu hodc thong tin cai
chinh GNSS trong thoi gian tuc thoi. C6 thé chinh xac hon RTK vi ding két hop 10i giai di va vé trong xur
ly toa do tdm chup.

- Pham vi hoat dong xa hon, khéng cin théng huéng giita tram co s& va thiét bj bay.

- Cho phép linh hoat hon khi bay chup do khéng can két ndi thiét bi ngoai vi.

- Luu lai s6 lidu gbc dé lam minh chimg.

Nhuoc diém:

- Cén thém thoi gian xt 1y toa d6 tam chup sau khi bay chup.

- Quy trinh d& méc 16i vé ddng bo hé quy chiéu do thay dbi cac tram co so & nhiing khu bay chup I6n.

2.4. Xiy dung quy trinh cong nghé

Trong quy trinh ¢ hinh 5 thi thao tac tai thuc dia khi xac dinh toa do tdm chup ctia phuong phap dinh vi
dong thoi gian thue RTK ¢6 yéu cau cao hon PPK vi cin dam bao két ndi thong sudt, con phuong phap
dinh vi dong xur Iy sau PPK khong ¢ yéu ciu gi nhiéu. Phan xt ly trong phong thi phuong phip RTK
khéng phai can thiép thém, con phuong phap PPK thi cac cong doan xir ly kha dai dong, phirc tap. Van dé
& day 12 kiém so4t d6 chinh x4c, phuong phap RTK c6 thé thong bao ngay trong qué trinh bay chup thi tim
chup dat do chinh xéc dinh vi nhu thé nao, 16i giai Fixed hay Float; Con phuong phap PPK thi khong thong
béo ngay, chi c6 thé kiém soat do chinh xac sau khi xir ly, con d¢ chinh xac tam chup liic bay kha thap chi
dat d¢ chinh xac dinh vi tuyét déi.

Trong nghién ctru nay, ching toi kiém soat do chinh xac théng qua sai s ctia cac 10i giai dinh vi nhu
trong bang:

Bang 2. Kiém sodt dj chinh xdc

Céc budc Pinh vi RTK Binh vi PPK

Kiém tra két ndi thong sudt tir tram co s& véi didu
khién va may bay, cac kiém tra phuc vu an toan
bay, thiét ké bay, x4c dinh toa d6 diém co s
Trong qua Kiém soat do chinh xac dinh vi tAm chup Khoéng kiém soat do chinh xac dinh vi

Trudce khi
bay chup

Cac kiém tra phuc vu an toan bay, thiét
ke bay, xéac dinh toa d§ di€ém co s&




Céc budc Pinh vi RTK

Dinh vi PPK

sai khéi anh Sai sO trung phuong toa do tdm chup.

trinh bay Fixed/Float, kiém sodt an toan bay chup. tam chup, kiém soat an toan bay chup.
chup
Két qua bay | Kiém tra chét lugng anh, danh gié sai s0 dinh vi | Kiém tra chat lugng anh, danh gi4 sai
chup tadm chup s0 dinh vi tdm chup
Tién xu ly N . Xir ly sau PPK: 10i giai Fixed/Float,
do anh Khong can xéc dinh thém dénh gid sai sb dinh vi tim phase anten
Lién két binh

Sai s6 trung phuong toa d6 tam chup.

Do léch tai cac diém khéng ché mat dat
(Julian Tomastik and etal,2019)

Két qua ciia
do anh

Do léch tai cac diém khéng ché mat dat
(Julian Tomastik and etal,2019)

S
— | A
: | Dong bé thoi gian,
2
|
. |
Dong bo thoi gian, |

Két néi lién tuc Dong bg thai gian, Tép i do GNSS cuia
| Két noi lién tuc .
| tam phase anten (obs)

Anh chup
Y

Tép thong tin chup anh
(timestamp)

Chuyén déi Rinex

Khong dat

Do chinh xac cua
loi giai PPK

Khong dat
{RTK Pat
:................)
A |
Anh va xu ly |
|
|
Khong dat . A ra o
PPK - Dung 1 diém hiéu chinh
c——— Két thic,
‘Két ndi RTK Do chinh xéc tai chuyén bude xir 1y
—-———>

cic diem kiem tra tiép theo

Pat-

Hinh 5. Quy trinh cong nghé do anh UAV véi dinh vi tdm chup RTK/PPK
Sai s6 trung phuong trung binh duoc tinh theo cong thirc (1):

__ Y1  RMSEZ
RMSE, = /”T‘ (wéii=1+n) (1)

Trong d6: ¢ 1a chiéu X, chidu ¥, chiéu Z cia toa d6 tam chup; RMSEy; 1a sai s6 trung phuong cua tdm
chup theo chidu t thu i; 2 1a s6 anh chup (sb tam chup dugc dinh vi);

Ngoadi ra c6 thé danh gia sai so trung phuong toa do tim chup dugc dinh vi bang RTK va PPK theo cong
thirc (2):

T(trrx—tprPK)?

RMSE(RTK—PPK)t = n )

Trong d6: trrx 14 toa d6 x4c dinh bing phuong phéap dinh vi RTK: trpx 13 toa d6 x4c dinh bing phuong
phép dinh vi PPK;

3. Két qua va thio luin

Két qua thuc nghiém bay chup anh bang Dji Phantom 4RTK khu vuc xa Thanh Vén, TP Vinh Yén, tinh



Vinh Phiic, Viét Nam dugc trinh bay trong bang 3 va hinh 6. Chung t6i thuc nghiém & cting khu vuc, bay
béang 2 may bay ¢ 2 d§ cao khac nhau, may bay s6 1.d6 cao bay 150m c6 dinh vi RTK tam chyp véi tram
co s& ddng bo cua hang va giai ca PPK, mdy bay s62 do cao bay 100m chi dinh vi tim chup bang xir ly
sau PPK. Qua trinh xur ly sau PPK bang phan mém ma nguén md RTKLIB (Tomoji Takasu and support,
2013). Xir ly lién két khéi anh bing phdn mém Agisoft Metashape (Agisoft LLC, 2018). Panh gia do chinh
xac lién két binh sai khéi anh dé loc bo cac toa do tm chup c6 sai s6 16n c6 thé tham khao cach kiém dinh
thdng ké dugc cong bd (Tran Trung Anh, 2019).

Bang 3. Két qua phdn tich dj chinh xdc cua dinh vi tam chup khu thuc nghiém xa Thanh Vin

Théng s6 May bay sb 1 (H=150m) May bay sb 2 (H=100m)
Pinh vi RTK véi tram | Két ndi kho khin, kl}(”)ng on dinh, | Két ndi kho khan, k}}éng 6n dinh, khong
Cors khong cho két qua. cho két qua.
RMSEy = 0.010m;
Binh vi RTK véi tram RMSE, = 0.010m; Khong str dung
co s¢ dong b D-RTK2 RMSE, = 0.020m |
Loi giai Fixed 220; Loi giai Float 0,
RMSEy = 0.002m; RMSEy = 0.002m;
Dinh vi PPK v¢i tram RMSE, = 0.003m; RMSE, = 0.003m;
co s¢ South RMSE, = 0.007m RMSE, = 0.007m
Loi giai Fixed 3668; Loi giai Float 1;| Loi giai Fixed 5073; Loi giai Float 2;
Sai s6 gitta tAm chup RMSE rr—ppi)y = 0.030m
dinh vi theo RTK va RMSE(RTK—PPK)Y =0.033m Khong déanh gia
PPK RMSE(RTK—PPK) = 0.008m
RMSE, = 0.001m;
RMSEy, = 0.002m; st dung RTK;
o vz <. | RMSE, = 0.006m RMSEy = 0.003m;
Lien ket Zgﬁl sai khoi ‘ RMSE, = 0.002m; st dung PPK;
RMSEy = 0.002m; RMSE, = 0.004m
RMSE, = 0.002m; st dung PPK;
RMSE, = 0.003m

a. Tam chup H=150m (RTK, PPK) b. Tim chup H=100m (PPK)

Hinh 6. Tam chup anh cua khu thuc nghiém xda Thanh Van.
Nhan thay rang: khi dinh vi RTK véi tram Cors khong chii dong trong bay chup din dén khong dat duoc
thanh qua (ngoai cac nhugc diém khi phan tich & trén); Dinh vi RTK véi tram co s¢ ddng bd ciia hang D-
RTK2 trong khu vuc khong 16n, thong thoang thi kha 6n dinh cho két qua tot; Dinh vi tdm chup bang PPK



cho két qua do chinh xéc rét tét & ca 2 may bay. Tuy nhién d6 chinh x4c dinh vi bing xir ly sau PPK tbt
hon khoang 1.5 dén 2 1in so véi RTK & may bay sé 1 voi do léch tm dinh vi trung binh khoang 5cm vé
mit bang, 1em vé d6 cao (luu ¥ phai quy vé ciing hé quy chiéu). Lién két khdi anh bing phdn mém Agisoft
Metashape ctia ca 3 dif liéu diéu dat 6t cho thanh lap ban db ty 16 1on, nhung nhan thdy ring sir dung tim
chup béng PPK cho két qua tét hon vé do cao. D6 phan tan sai sé trung phurong vi tri tim chup sau binh sai
khéi anh duorc trinh bay trong Hinh 7 va Hinh 8.

@ smm

© 6.4mm
© 48mm
0 32mm
© 16mm
° omm

© -16mm
© -32mm
© -48mm
@ -64mm
@ -8mm

X 7000

(a) Tam chup dinh vi bang RTK (b) Tdm chup dinh vi bing PPK

Hinh 7. Sai s6 trung phwong tém chup dnh & dé cao bay chup 150m.

@17m
@ 1.36cm
O 1.02em
© 0.68cm
© 0.34cm
© 0cm

© -0.34cm
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Hinh 8. Sai s8 trung phwong tdm chup dnh & dé cao bay chup 100m sir dung dinh vi PPK.

4. Két luan

Dinh vi tim chup cho cong nghé do anh khong nguoi lai UAV dem lai lgi ich rat 16n vi d6 chinh xac
cao, khong phai bb tri cac diém khéng ché anh mat dét (chi cin sé luong rat it diém kiém tra) cho nén tiét
kiém thoi gian va cong stic ¢ thuc dia. Két qua phan tich uu diém, nhugc diém cta 3 phuong phap dinh vi
gdm dinh vi RTK véi tram Cors, dinh vi RTK véi tram co s¢ ddng bd D-RTK2 va dinh vi dong xu 1y sau
PPK cuing véi phén tich vé& do chinh xac dat duoc thi tiy tinh hinh thuc tién ma chon phuong phap nao cho
tdt. Trong diéu kién nuéc ta hién nay cac hé théng tram Cors chua duogc phé quat, dich vu chua dugc sir
dung rong rai cung voi tAn sudt thu/phat tin hiéu chi la 1Hz kém do tré nén chua dap ung duoc cho dinh vi
tam chup cho UAV. Binh vi tm chup bang phwong phap do déng tuc thoi RTK véi tram co s& déng bo
D-RTK?2 trong khu vuc khong Ion & ving thuc nghiém, diéu kién thong thoang gitta tram diéu khién va
thiét bi bay cho két qua tt, dap tmg dugc yéu cau thanh 1ap ban dd ty 1¢ 16n, tuy thao tac tai thyc dia mat
nhiéu thoi gian hon nhung nhan duge thanh qua tim chup do chinh xac cao gén luén trong tirmg tdm anh



chup giup cho qua trinh xir ly trong phong dugc don gian hon. Phuong phéap dinh vi dong xur ly sau PPK
tam chup cho két qua do chinh xac t6t hon c4, s6 liéu an toan, khong phu thudc vao su két néi thong suét
trong qua trinh bay, tuy qua trinh xtr ly trong phong dé ra san pham tdm chup khé dai dong, phurc tap, néu
sO luong ca bay nhiéu, s6 lugng anh 16n thi ¢ thé dan dén sai sot. Tuy nhién dé c6 tinh an toan va chu dong
cao c6 thé két hop ca 2 phuong phap RTK véi tram co s& clia hing D-RTK2 va dinh vi xir Iy sau PPK v&i
tram co s& cia hang thir 3. Viée xdy dung quy trinh céng nghé chit ch& & hinh 5 gitup cho nguoi ding ndm
duoc va linh hoat chit dong trong sir dung bién phap dinh vi tim chup phu hop véi diéu kién thiét bi, con
ngudi ciia co sé san xuét.
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Analyzing to choice of the drone's precise positioning center image
point positions for large-scale topographic mapping

Tran Trung Anh', Quach Manh Tuan?
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ABSTRACT

Nowadays, the use of drones using precise GNSS position of images center is becoming more popular in large-scale
topographic mapping. This pager introduces to minimize progressively eliminate the ground control point, increasing
both technical productivity and working time. The research paper analyzes 3 methods: real-time kinematic (RTK) with
Cors, RTK with synchronous base station of D-RTK2 and post-processing kinematic (PPK) to applied in practice for
flexibility and compliance. The case study is the DJI Phantom 4 RTK drone in Thanh Van commune, Vinh Yen city,
Vinh Phuc province, Vietnam. Using the method of studying the characteristics of the positioning system on the device,
the spatial condition of the object to be drawn, the ability to secure the flying data and to choose the appropriate GNSS
positioning method. The result of the study is a technological wolkflow of analyzing input data to select suitable and
secure images center position of UAV solutions for the large-scale topographic mapping.

Keywords: photogrammetry, RTK, PPK, UAV, drone, mapping.



