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ABSTRACT

Post processing kinematic for unmanned aerial vehicle

The use of the coordinate center of images derived from UAV in the image processing and
naking maps may help to reduce the number of ground control pnfnr:s' {GCP) u.s'ed: and then
proceed to eliminate these GCPs, which help to increase the producuwry, the e_'_ﬁimen:q_v. ::{nd
the accuracy of the final map productions. This paper introduces the k_mfmauc positioning
based post-processing method (PPK) in the determination of the coorqu:e center of drone
images. The object used for this research is the DJI Phantom 4 RTK experimented at an a;j
of the Meo Vac, Ha Giang province, Vietam. The paper an:‘:ﬂyzfs the aanjvmhfgf;awd
cjfmdranrages of the PPK method in the positioning of the shooting center 01; .Mr r o
rechnical issues when using the combined Rinex data of global positioning satellite sy

' ite signal
with the open-source software RTKLIB, synchronous processing Df; }:ehi hf;:ﬁ:ec :ﬂ fm_
acquisition time and the shooting time to determine the coordinates of

The result of the study is a technical procedure for the deterrflina:;:::gg :}:pehg: ?usl;?;::;f’
center by using the kinematic positioning based past—proce;;;:g i de:mmimﬁm i
required accuracy, taking the advantages of the PPK method in

coordinate center of UAV images.

Keywords: Unmanned Aerial Vehicle,
Kinematic, Photogrammetry,

Drones, Post Processing Kinematic, Real Time

l. GIOI THIEU ‘ _ Sy
:_ .0 8. xdy dung mo hinh 3[:’...81.1‘;A dqu fi»nh Ch‘;‘? r "}ay ba)ﬁ
Trong linh vuc do dac ban do, » chinh xé4c cao thi can bo tri cac diém khoqg Fhe
Y  trén thuc dia vi mat nhiéu thon gian.
o4& han khi trien khai tren tht i S ST
S - eu n: € Cfl(_i ;1:1:5 ltiay c6 kha nang dinh "‘_ tan} chup gup giam thle;u UFP |
Nhimg nam gan day c6 nhieu thiet bl iip tang do chinh xdc, tang nang suat, hue! {
i0h tim chup s dung hé thong dinh vi
> . L A huon phﬁp Xéc din . . . *
itm 0 gian vB.obiin 6%, SEREREEIRRTK (Reul Tite Kinsnaic) B % 008
xul;"c E’fu laPl;-"]ch;g l: Pn?ocessing Kinematic). Mr._)l mot phucmgh ,f nEt (Michael Blake, 2020:
ri"ény Sgl::: (1) I(;Ssu so sanh uu nhuoC diém cua 2 phuong pap Ty
g. O bang

Wi e - it |
Ingtra, 2020). ik 4é phat huy nhing uu the cua phuong phip PPK trong il 1|

| T nhitng so sanh O Pang 1, dg anh, cing vai cde 101 khuyen nghi neén dung phl;lUITg |
dm,h vi tim chup cho UAS{ céung U[:J:Ekin, 2020), tién toi loai bo cdc nhuoc ‘_dugr.n;mn cg? lcﬁua i
E};’aig T::o}(d(uv:ajnngglﬁér? ?:%ru séatgg chung xdy dung quy rinh cOng nghe de xac dinh (oa o tm |
Chu[; bang phuong phap dinh vi PPK.
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KY YEU HOI THAO UNG DUNG GIS TOAN QUOC 2020

— KYYEUHOITHAO UNG DUNG G
Bang 1. So sanh RTK va PPK (Ngudn Michael Blake, 2020; Wingtra, 2020).
UAV_ﬂinh vi tdm chyp UAV dinh vitamchyp
theo phwong phép RTK theo phwong phép PPK

- Tinh an toan cao vi khong can doi di do - Tinh an toan cao vi khong can doi dido
khong ché anh mat dat & nhirng viing khé  khong ché anh mat dat & nhirng viing kh
khan, nguy hiém. khan, nguy hiém.

- Tiét kiém tho gian, bg nng sudt va - Tiét kiém thoi gian, ting nang suat v higy

hiéu qua do khong cin b tri diém khéng qua do khong can b trf diem khong ché ‘-’mh
ché anh mat dat. mét dat. Tham chi tiét kiém thoi “zan

- Cung cap toa do tirc thai cho tim chup  bi hon phuong phap RTK vi chuan bi ket né
anh. it hon.

-mﬁotﬂmehu &nhdﬁchfnhxﬁccao -Thletlﬁptramcasbdedhng,khﬁngchm
dugc gén truc ugp vao théng s6 anh chup. no6i vdi thiét bi bay.

- Khéng can phai thém budc xir 1y sau toa - Pang tin cay hon phuong phip RTK do

dé tam chup. khong phu thudc vao cuong do tin hiéu hoac
thong tin cai chinh GNSS trong thoi gian tic
thai. C6 thé chmhxéchonRTKviﬁmgi&
hop 161 giai di va vé trong xir 1y toa d6 tam
chup.
Pham“hoatdongxahcn,khﬁngcmﬁng
hudng giita tram co sé& va thiét bi bay.
Chophéphnhhoathonk]nbaycm&
khong can két néi thiét bi ngoai vi.

Nhuge diém - CﬁngngheUAlenhwtﬁmchuplh - Cong ngh¢ UAV dinh vi tam chup la méi
madi nén chua duoc chap nhan dé dang, nén chua dugc chap nhan dé dang, chua cé
chua c6 cdc quy dinh k¥ thuat. cdc quy dinh ky thuat.
-Yéucﬁuphmwthlétbluammw,dﬁng-Cﬁnthémthbigianxﬁlimﬁ_ﬁf e
bé va ket n6i thong sudt dé xir 1y s liu  sau khi bay chup.

thoi gian tirc thoi. Quy trinh dé mic 15i vé déng bd
_MatnhléuMgmnketmwikhmmo chleudothaydolcéctlame;gﬁ lﬁ

Phamuhoatdonghaykhoéngcéch bay chup lon.
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ONG PHAP NGHIEN CU'U
s 1 | |
| o VW nghién cim sir dyng phromg phép dinh vf thm chyp PPK
)] | :

Lo nghién curu 1a mot kKhu vire ¢6 dia hinh don ndi pham vi khoang 200ha kho v

V1 J - .« | . - |
\/ A Phl;l |)ﬁnp BAc cua tinh Ha (nﬂny. Viét Nam (¢dy vi trf khoang . /' 4 | 4B «
- I . : | f ' N
i MO 5550 00"E 46 kinh DOng). DO cao trung binh cia khu vie niy vio khoang i 115
p¥ .., 1 SO VOI MucC NUoC hiﬁl. dia hinh ¢6 ving thy trin thung lang ¢ Mo th trs
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2.2. Thu thap so ligu | ; b oo thé gich (Sally
- . - - . 6.8«; [hl p i IS
uol |41 cua D.ll chléﬂ'l ‘I‘.ﬂl : thyc Ngiiern

Thiét bi bay kr_\t‘mg ng
French. 2019) va th Vigt P’lam
ching 161 dung thiét by Dy Phanto
300

n Chiéf“ thl Phdﬂ lom. nen e ng | .
cu 3 u-ncu W Cud e rhuy 3 14 may C HBREY

thi hing Dji ¢t
m 4 RTK, st dung If

-anh thang

20)20) gom ki¢u cat ha
GN thonyg

" D,
co ban cua Dy Phantom 45RmTKm‘ dlju GNSS thu tn hicu duoc 4 be
jU”ﬁ }.’UIH 4 déﬂg CO, nang lBglst k‘Ch th?.e“i[; Bl,B‘z‘ (idllk‘] t'lfl.: 40 chinh 1k % jjﬂ‘
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i¢ém Meo Vac
T o b thue nghiém Meo Vi
Bang 2. Thong sO bay chup co han & khu tht

. Ca bay Cal Cn2 Ca 3 Can Cas
gfggiﬂ:l:fi bit dAu  4hd44'35.8 §ho3' 18,6  Shs7'08.6  6hl :'1.{:4.9. ~ 6hS6 _naz
Thoi gian két thue ISR'S40  5h19'09.2  6h117104 6h29'01.6  7h08'402
S8 ton d) thm phase 4289 4754 4208 1882 3759
e L A T M W
D) cao bay chup trung 200 200 200
binh (m) p—— e T - <
D§ phén giai mjit diit 5 : '
trung binh (cm) -
h toa d§ tim chyp anh

2.3. Nguyén Iy co bin cua phwong phap dinh vi PPK xéc din L )
Nguyén 1y co ban cua phuong phdp dinh vi PPchho t%"im aqh trén l!'ueé l:lsbéty éll\ong
nguoi 14i ban chat 1a mot phép do tuong d6i cua hé tPong dlnhh vi todn cau ¢ GNS(S obal
Navigation Sattelite System), khi tram o s va anten trén UAV cung ttlu tin h:ﬁ;l NSS trong
cung 1 thoi gian. Vi toc do bay lic chup anh cia UAV thuong vao k_hoang 6:-8 ; nenhtap su?;
thu tin hiéu vé tinh cai dat trén UAV va tram co SO pbuc vu cho c?lnh vi tam chup t uong
SHz (tac 0.2s thu 1 lan tat ca cdc hé thong vé tinh ma dau lh}l ¢O kha nhng thu ph}r;GPS, Be.xdu.
Galileo. Glonass...) dé phuc vu ni suy toa do tam ﬁnl} chu}h J:.ﬁC hon ¢ tho d'lfl"n chyp anh.
Viéc xur ly tinh todn toa do gﬁm é}lh O phucng ph@p dinh vi dc?ng E’PK duoc tien hanh tmng
phong trén mdy tinh voi phan meém ma nguon mo RTKLIB & md dun RTKPOST (Tomop

Takasu and support, 2013).

ol CC hé thong GNSS

UAV

Phantom 4 RTK ‘m""

Khong chn két nol glira
diem co sova UAV

(n) Trén thye dia

Hinh 2. Phuong phép dinh vi tim chup PPK cho tim chyp anh (ngudn: Escadrone.com, 2020)
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» 4. Quy trinh cong ngh¢

COng tic chuan by

Anh chup

Pong bo thoi gian,
Khéng can két noi

— — —

Tép tn do GNSS cuia
tim phase anten (obs)

T¢p thong tin chup dnh
(timestamp)

Chuyén doi Rinex

Khong dat

PO chinh xdc cua

¥
1
o1 giai PPK I

Pat

E =

Khong dat

DO chinh xac tai

e Dung 1 diém hi¢u chinh- —

| -
J
|

ciac diem kiém tra

Hinh 3. Quy trinh cong ngh¢ sur dung dinh vi tam chup PPK trong do anh UAV

Trong quy trinh ¢ hinh 3 can chd y mot 5O budc sau:

3.2.1. Cong tdc chudn bi

Cong tic chudn bi 1a rat quan trong dé cong viéc duoc dién ra an toan, dam bao d¢ 1
chinh x4c cua thanh qua theo yéu cau. Trong budc nay can xac dinh pham vi ranh gisi bay
chup, thiét ké so bo bay chup nhu: udce tinh do cao bay chup (d6 phan giai anh chup), s6 ca

bay, s& anh (chun bi thiét bi luu trir), du tinh noi cat ha cdnh o  th |
bi thiét bi thu GNSS dé lam tram co s¢ va do cic diém

i |
: * 5Hz dé dp ung yéu cau giai toa d tim chup PPK. |

p?n sac, xin cap phép bay chup. Chuan
Kiém tra, Iuu ¥ cai dat tan so thu di liéu dat

3.2.2. Cdc cong viéc chii yéu trén thiét bj bay khong ngwov lai
dong an todn, hi¢u qua can chi y dén nhing |
dé van hanh tron tru. Thiet ke bay, chon vi tri l
_ Vi tién hanh theo phuong phép dinh vi ,'1

" Thiét bi bay khong nguoi ldi dé hoat :
Khuyen céo, hudng dan cai dat cua hang san xuat

cat ha cdnh phit hop, lap pin da sac day, lap thé nho... Vi tien hanh the DD S
: phu hop, 1ap p A0 két ndi thiét bi bay (diéu khién) vo1 tram €O SO ma chi can |

am chyp bﬁng PPK nén khong can

. ¢dc van deé vé thiét bi bay nhu

o087
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: , . L. R - \
dieu hudng bay dinh vi tim chup theo ‘kiéu GNSS tuyet 601.‘Chu y Ve cac dicu kigy thoy i
nhu dnh sdng, hudng gié, toc do gié dé dam bao c6 nhimg san ?ha@ aph_ f:hup ©0 chit lu.;,nel
cao. Tién hanh bay chup theo cic ca bay, két thiic 1 ca bay co the trut dir lidu chup g gy, bf)
an toan.

Két thic qué trinh bay dir liu thu ve 1a tép cdc anh chup, tép tri do GNSS cyy g,
phase anten trén thiét bi bay, tép ghi thong tin chup anh 3_5“} th({‘ gian danh dau mg ¢y, choy
nhanh cia timg tam anh va 3 gid tri 9 léch tam e thoi gita tam phase anten v6i tim gy,
ciia mdy anh duoc do tinh tir bo cam bién quan tinh tic thot IMU.

3.2.3. Cdc cong viéc tai tram co'so

Viéc sir dung thiét bj thu GNSS cua bén thir 3 1am tram co s6 can chi ¥ nhu: do truyé,
toa do veé tram co s& (néu diém co so chua xdc dinh toa d6), bat ghi dir li¢u do tinh dong by
thoi gian voi thoi gian chup anh, chuyén doi dinh dang dir li¢u do ve dang Rinex, chuyen ¢
toa do tram co s& vé hé toa dd quoc t¢ WGS 84 ¢ dang kinh d9, vi d9, cao d9 tric dja. Truge
khi bay chup nén dinh dau mét so diém kjém tra va do truyén toa do dén cdc diém ndy d¢ lim
co so danh gia do chinh xac cua san phém cuol cung.
3.2.4.Dit liéu dung dé xie ly toa dp tam chup

Dit liéu dung dé xur 1y toa do tim chup bao gom: dir liéu thu tinh tir tram co s& (Rinex
va thong tin vé lich vé tinh), dir liéu do GNSS cua tim phase anten trén UAV, dit liéu vé thoi
gian m& ctra chop nhanh méy chup anh (thoi gian chup anh cua tirng tam anh) dong b véi di
liéu do do léch tim phase anten GNSS véi tim chup anh tir IMU tinh todn. Dé tinh ra toa d
cua tdm phase anten trén UAV, tic gia dung phan mém mai ngudn m¢ RTKLIB (Tomoji
Takasu and support, 2013); tinh todn ra tdm chup anh str dung céc cong thire (1,2,3) dudi diy
dudi su tro giup cua tép xu ly trén excel (Aerotas, 2018).

Tinh ty 1€ do léch thoi gian theo cong thic 1, hinh 2(b).

__ tehup anh—ti
dy e (1)
Liv1—ti

. Trong o, dt la 1y I¢ do léch thoi gian (%) giita thoi gian chup anh trong khodng hat
lan thu tin hiéu Ve 'rfnh lién tiép, tepyp ann la thoi gian chup anh (thoi gian mo ciea chop nidl
tinh theo dom Vi gidy trong tudn vé tinh), t; va t,,, la thoi gian 2 ldn thu tin hiéu vé tink lén
tiep co chira thoi gian chup anh (thuwong b&ng 0.2);

Toa do tam pha anten tai thoi diém chup anh duoc néi suy theo cong thirc 2, hinh 20k
Btamenss = By, X (1 —d,) + Btm X d,

Leamonss = Le; X (1 —d,) + Ly Xde 2)

Htﬁm GNSS — Htl* X (1 o dt) =+ Lti+1 X dt

Trong do, (Btﬁm GNSS» Ltﬁm GNSS» Htém GNS.S‘)T la toa do tam phage anten GNSS tai thot

diém chup d’fh df‘j%_fﬁi stfy, (Bti: Le,, Hti)""v& ‘ (Btm-Lri y )T la toa db tam pW
;a:;‘? GNSS o thoi diém thir i va i+] duwoc giai tir tri do GR;SS r::'c rié‘p theo phw'ngpw
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e
Toa d'é’ tim chup %"h dugc cai chinh d6 léch giira tim chup anh va tim phase anten
GNSS tai thoi diem chup anh theo cong thice (3), hinh 2(c).

E
111320

Btém inh — Btﬁm GNSS 2

S (3)

111320 x cos(Byp)
Hiam anh = Heam onss — U

Ltﬂm inh — Ltﬁm GNSS +

Trong db, (Beam anns Ltam anhs Heam ann)" 10 toa d6 tdm anh tai thoi diém chup anh,
(E,N,U Y'la do léch theo 3 chiéu giira tdm phase anten GNSS va tam anh tai thoi diém chup
anh dwoc do tinh tw bo do qudn tinh IMU, B,y, la vi tuyén trung binh cua khu do.

Tam Phase Anten GNSS @

(Toa dé giai tir PPK) Tam Phase Anten GNSS

Tuyén bay UAV (Toa di giai vir PPK)

thisi gian

hi F., Pellegrinelli A. 2020) il

A .
Hinh 4. Tinh todn toa do tam chup anh (Nguon: Taddia Y., Stecc

3. 7 ¢ ly do anh | .
2.5. Cong tdc i lyf . duoc tién hanh trén phin mém Agisoft Metashape 1.5 (Agisoft
LLC, 2018); Sau khi nhap < bude (3.2.4: Hinh 4), luu y ve khai bao (io f.fl:unh xac tién nghiém
Chup tuong Ung d'U’OC glai tu Lhul nhﬁ[; cic diém khong ché mat dat ..de Elém_ga do chinh xac. it
Cua tam chuyp giai duoc. C? .el'én két, binh sal khoi anh & budc nay can kiém soat d6 chinh i
ic budc xt “(’r"" mﬁ;adiggrﬁllxéy duné mb hinh s;‘; ? n:l?t, tao anh tryc giao... Tly theo yéu ”
Xac, xa am : , Texture.
caﬁ’;a?sg;ﬂ;% i1 o6 thé tao thém md hinh 3D Mes

9589
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- \
3.2.6. Kiém sodt do chinh xdc

Qud trinh d4nh gid dé chinh xdc cua phuong phdp dinh vi PPK cho tam chyp g
dugc tién hanh & 3 cong doan. Thu nhat: dédnh gid chat luong cua toa d tim phyge anllén
GNSS trén UAV théng qua qud trinh tinh todn PPK; thir hai: danh gia chat luong binp Sﬂikh[z
anh stir dung toa do tim chup xéc dinh tr phuong phap P PK; cu6i cung: dinh gi4 do chinh x4,
trén co so do 1éch toa do cua céc diém kiém tra do bang anh va do trén thyc dia.

Pénh gi4 chat luong cia toa do tim phase anten GNSS trén UAV dua trén ket qua tfgh
todn PPK, thong thuong dua vao chi so ratio (lay gid tri >1.0) va loi giai Fixed duge chip
nhan, ciing c6 thé tham khao thém vé sai so trung phuong cua toa do tim phase anten GNSS
duoc tra vé. Thyc chat so luogng tri do tim phase anten GNSS (0.2s/tam phase) 1a rat lon so v
toa do tam chup anh, nén chi can chu vé do chinh xdc cua cic tam phase anten tham gia tye
tiép vao ndi suy toa do tim chup anh (Hinh 4b).

Viéc danh gia chat luong binh sai khhéi anh su dung toa do tam chup tu phuong phép
PPK c6 thé tham khao bdo cdo khoa hoc (Tran Trung Aqh va nnlg, 2019), thﬁgg qua viéc dinh
gid cd thé loai bo nhirng toa do tm chup ¢ do tin cdy thap dé khoi anh dat chat luong cao,

Panh gid d6 chinh xéc trén co so cdc diém kiém tra c6 thé tham khao bai bdo (Julifn
Tomastik and etal, 2019), day chinh Ia cach danh gia thanh qua cudi cung cua san pham do
anh, két qua can dat theo yéu cau cua muc dich sir dung san pham do anh (nhu yéu cau v si
sO trung phuong mit phang, sai so trung phuong do cao).

3. KET QUA, THAO LUAN

, Tam phase
anten GNSS

®Tam anh

—t—t ; : |

Om 250 m S500m 750m 1250 m

= SRS = e —

Hinh 5. Tam phase anten GNSS va tim anh ¢ viung thuc nghi¢ém Meo Vac
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Bang 3. Thong so6 bay chup co ban ¢ khu thuc nghiém Méo Vac
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—— 108 bay

Cal

R \ Ca2 Ca3l Cad Ca5  Tong
Thong SO
§6 toa do tam phase anten GNSS 4289 4754 4208 3882 3759 20892
PPK Fixed 4283 4751 4207 3858 3705 20804
PPK Float 6 3 1 24 54 8%
Ratio nho nhat 0 I 1 1 1
Ratio 16n nhat 999.9 59.8 72.4 682 5574
SSTP nho nhat (m) 0.005 0005 0006 0000  0.000
SSTP 16n nhit (m) 0.010 0.008 0009 0332  0.087
SSTP trung binh (m) 0.005 0.005 0.006 0.006 0.005
So anh chup (toa d6 tAm chup) 267 296 262 242 213 1280

Ket qua thuc nghiém bay chup anh bang Dji Phantom 4RTK khu vuc Méo Vac, Ha
Giang, Viét Nam duoc trinh bay trong bang 3. Nhan thay rang v6i 5 ca bay, tri do tim phase
anten GNSS 1a 20892, s0 16i giai Fixed 20804 chiem 99.58% cho db tin cay cao. sb tri do c6
loi giai Float 12 88 chi chiém 0.42% trong d6 c6 mét so tri do bat thuong & ca 4 va ca 5 (c6 sai
s0 trung phuong 16n) khong anh huéng dén ket qua tinh toén toa do tim chup. Vi s6 luong toa
d6 tam chup 12 1280 (chiém 6.13%) chi ding 1280*2=2560 tri do tim phase anten GNSS dé
noi suy (chiém 12.25% cua téng so tri do tim phase anten). Vi céc thong so giai PPK nhu vay
thi cho ket qua toa d6 tam chup mang tinh tin cay cao, v61 do chinh xac trung binh dat duoc ¢&
0.005m.

4. KET LUAN, KIEN NGHI

Xéc dinh toa do tim chup anh bang phuong phap dinh vi GNSS xir Iy sau PPK cho d
tin cay cao vi tri do PPK cua tim phase anten GNSS trén UAV chiém s6 luong lon (0.2s/tr
do), phan 16 12 16i giai Fixed trong khi s0 toa d6 tam chup can tinh chiém so luong khong
nhiéu (chiém khoang 6%). Céc thong s tinh t_oén PPK t?uqc k]im soat chat ché (chi sb rato,
loi giai Fixed, sai sb trung phuong sau khi giai PPK). Cac uu thé cua cong nghé do anh ¢6 sir
dung dinh vi tam chup bang PPK duoc phat Puy t?l da; nhu: ‘han fhe dl:ﬁll khéng t{hé mat dat
6 thé dung tram co s cua bén tha 3 mﬁ'FhODE can {0ng b‘):kho'ilg can kE{ nol giua tram Co
56 va UAV, cong tic bay thuc dia don gian nhanh chong, khong bi han ché boi duong truyen
dén tin higu gitra tram co s& cung thiet bi diéu kiuen va may bay khong ngudi 14i, pham vi hoat
dong duoc xa hon dic biét & cic vang dia hinh khong thuan loi cho viée truyen dan, 6 liéu |
tram co so duoc luu lai 1am minh chung ro rang... Viéc xay dung qu?' trinh Ch?[ ché (Hinh 2) 1

L 1 dung dinh vi bing PPK 12 khong xdc dinh &
Han ché cua phuong phdp bay ‘fh“l? Lold _ ng } khong xac dinh urc
thoi toa d6 tAm chuppngay & thuc dia, ¢ thoi diem chup anh mot cach chinh xac; Nén khi bay
chup c6 sir dung mo hinh sb bé mat dé phuc vu bay theo ding dia hinh & nhimg ving chénh
cao 16n. dic thy khong nén ding ma ldc nay phai dung phuong phip RTK vai tram co sé cua
hang dé dc‘";ng b6, dam bao tinh an toan €ao.
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Lot cam on

Tac gid xin chin thanh cam on B6 mén Do anh va Viéen tham, lfhoa Tric dja - Bin
va Quan ly Dt dai. Truomg Pai hoc Mo - Dja chét da tao dieu kién ve thoi glan, cung cf d&
lidu cho nghién ciru nay. Tac gia ciing xin chan thanh cam on Cong ty CP Xay dunpta'
Thuong mai QT Mién Bic da cung cﬁp ho tro s liéu thye nghiém cho nghién ciy nay, 8
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