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MO PAU
1. Téng quan vé tinh hinh nghién cru

Ngay nay cong nghé may bay khong nguoi lai (UAV) stir dung rong rai trong
cong tac Trac dia-Ban d6, phuc vu cong tac do chi tiét thanh 1ap ban d6 dia hinh,
dia chinh. Phuong phap dinh vi dong xtr 1y sau dwa trén hé thdng vé tinh dan
duong toan cau (GNSS PPK) dugc ap dung phd bién dé xac dinh toa do tdm cua
anh chup. Vi phuong phap nay, thong thuong, mét tram co s (Base) vat 1y dat tai
mot diém méc khdng ché duoc lap dat dé thu dir liéu GNSS cung thoi diém Véi
UAV. S§ liéu thu dugc tir tram Base va UAV sau d6 dugc két hop, xur 1y bang
phan mém chuyén dung dé cho ra toa do tim chup caa cac anh UAV véi d6 chinh
xac cd centimet,

Trong nghién clru nay, chung t6i st dung cac tram Base ao thay cho Base vat
1y duwa trén hé théng mang lugi tram tham chiéu lién tuc Quéc gia (VNGEONET
CORS). Ban chat caa phuwong phap nay 13 dya trén cong nghé tram tham chiéu ao
(VRS) duoc cung cap boi VNGEONET CORS.

Muc tiéu ciia dé tai

- Pang gia duoc kha ning ¢ng dung thuc té cua phuong phap do GNSS tuong
d6i dong( PPK) sir dung tram tham chiéu ao (VRS)

2. Ni dung nghién ctru dé tai

- Gi6i thiéu chung vé GNSS va UAV

- Gi6i thiéu giai phap do GNSS tuong dbi dong(PPK) str dung tram tham
chiéu ao (VRS)

- Thuc nghiém sir dung céng nghé PPK VRS cho UAV bang phan mém
AIPOS



CHUONG 1: GIOI THIEU CHUNG VE GNSS VA UAV
1.1 Téng quan vé hé théng vé tinh dinh vi toan ciu (GNSS)

1.1.1 Khai niém
GNSS (Global Navigation Satellite Systems) la tén goi chung cho cac hé

théng dinh vi toan cau st dung vé tinh nhu: GPS (Hoa Ky), Hé théng dinh vi
GALILEO (Lién minh chau Au), GLONASS (Nga), Hé thdng dinh vi Bic Pau
(Trung Quéc) ... [11]
Mot s6 GNSS tiéu biéu:

- Hé théng GPS (Hoa Ky)

- Hé théng GLONASS (Nga)

- Hé théng GALILEO (Lién minh chau Au)

- Hé théng Bac Pau (Trung Qudc)

Ngoai ra con mot s6 hé thong dinh vi vé tinh khu varc:

- Hé thdng vé tinh tua thién dinh QZSS cuia Nhat Ban

- Hé thdng vé tinh dan duong khu vec An Do (IRNSS)

1.1.2 Ung dung ciia GNSS
GNSS duoc sir dung cho vo sd cac ung dung khac nhau. Ngay nay rat dé dang

nhan thy sy hién dién caa GNSS trong moi mit cua doi sdng. Két hop giira cong
nghé thong tin, hé théng ban do s6 va thiét bi dinh vi vé tinh da tao thanh mot hé
théng dan duong 1y tudong. Trong linh vuc hang khong, 100% cac may bay thuong
mai va quan su st dung hé théng dan duong tu dong bang GNSS.

Trong giao thong, hé thong giam sat ddn duong va diéu khién giao thong ciing
da khai thac tuyét d6i thé manh cua GNSS d3 tré thanh mot hop phan khong thé
thiéu trong cong nghiép 6 t6, chang han nhu hé thong dinh vi dan duong trong céc
thuong hiéu xe hoi ndi tiéng nhu Mercedes, BMW, Porsche, Maybach, Cadillac,
Audi, Roll Royce...



Trong nganh do dac ban d6, su xuat hién ciia GNSS da thay ddi hoan toan
phuong phap do dac truyén théng, khong phu thudc vao thoi tiét, khong bi gisi han
boi khoang cach, giam tbi da yéu cau vé nhan luc lao dong.

Vai cong nghé GNSS, nguoi s dung c¢6 dugc thong tin vi tri hién tai, hudng di
chuyén, d6 cao hién thoi. Ca nhan ciing d& dang mang theo loai may thu GNSS
nho ciing c6 thé lap ghép cung dién thoai di dong dé biét duoc vi tri minh dang
dtng hay c6 thé theo ddi ca do cao khi leo nui.

Céc (ing dung trén bién bao gom do v& ban d6, cong cu dan duong hang hai trén
bién 1y tudng va cong tac tim kiém, ciru ho ngoai khoi xa ciing s& c6 hiéu qua hon
nhd duoc nang cao do chinh xé4c viéc dan huéng duong di.

Ung dung chii yéu caa GNSS trong tham hiém khong gian bao gdm viéc dinh vi
va dinh hudng bay cua cac phuong tién khong gian khac c6 mang theo nhitng may
thu phat dja 1y hodc tric dia.

Trong linh vuc nghién ctu dia dong, GNSS thuc hién cac vai tro: quan trac
chuyén dich mang va phan tich bién dang trén pham vi toan cau va cac chau lyc,
quan tric va phan tich chuyén dich vo Trai dat trén pham vi khu vuc, theo ddi
chuyén dich va bién dong trén pham vi cuc bo.

Cac ung dung cho quan doi bao gom dan hudng hang khong, hang hai va trén
bo. Ngoai ra, cac vé tinh caia GNSS con mang theo cac bo thu phat dé kham pha va
hién thi cac vu nd hat nhan.

Mot tng dung nita ciia GNSS chinh 1a viéc quan 1y tha hoang da bang cach gan
1én chiing nhiing con chip da tich hop GNSS. Tat ca hoat dong cua ching s& duoc
kiém soat chat ché. Viét Nam ciling dang tién hanh thtr nghiém dé ap dung vao viéc
quan 1y dan séu dau do & mién Tay...

Tai Viét Nam, GNSS tur 1au d3 duoc tng dung cho cac cong viéc Kiém lam, ciu
nan. Tuy nhién cac hé théng méi chi ding & mtrc d6 thu nhan thong tin vé kinh d9,
vi d6 va cao d6, chua trién khai (ng dung trong linh vuc thiét bi dan duong vi chua
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duoc tich hop ban d6 s6 Viét Nam. Thoi gian gan day, viéc tao 1ap ban do sé da c6
két qua va trén thi truong xuét hién mot sé thiét bi dan duong danh cho 6t6 trong
giai doan vira tham do vira hoan thién san pham.

1.1.3 Céu tric chung caa mjt h¢ thong GNSS
Hé thong GNSS bao gom 3 bd phan cau thanh [11], d6 la:

- Doan khong gian (Space Segment)

- Poan diéu khién (Control Segment)

- Poan str dung (Use Segment)

1.1.3.1qBoan khong gian
bac diem:

Gom céac vé tinh hoat dong bang nang luong mit troi, bay trén quy dao. Tuy
theo hé thdng vé tinh ma doan khong gian ctia cac hé thong nay c6 nhimg dic diém
khac nhau vé sb luong, hinh dang quy dao, chu ki, trong lugng, d6 cao bay cua vé
tinh.

Nhiém vu:

Ghi nhan va luu trir cac thong tin truyén di tir phan diéu khién.

Thay d6i quy dao bay cua vé tinh theo sy diéu khién caa phan diéu khién.

Chuyén tiép thong tin dén ngudi dung.
1.1.3.2 Dogn diéu khién
Pac diém:

Poan diéu khién bao gdm cac tram diéu khién trung tm va cac tram theo dai.

Céc tram theo ddi lién tuc thu tin hiéu vé tinh, Xt 1i tin hiéu so bo va truyén vé
tram trung tam.

Tram diéu khién trung tdm xtr li tin hiéu tir cac tram theo ddi, sau do6 lai
truyén dit liéu da dugc xtr 1i trd lai cac tram theo ddi va cudi cung chuyén dén vé
tinh.

Nhiém vu:



Poan diéu khién co vai tro rat quan trong vi n6 vira diéu khién, theo ddi, quan
sat cac vé tinh, lién tuc cap nhat cac thong tin dao hang va chinh xac hoéa cac thong
tin d6. Thong qua doan diéu khién, chung ta c6 toa do chinh xac cta cac vé tinh
dugc cung cap thong qua lich vé tinh,

Poan diéu khién c6 chirc niang diéu khién doan khong gian, cap nhat cac thong tin

cta doan khong gian, xtr 1y dit liéu sau d6 chuyén 1én doan khéng gian,

1.1.3.3 Doan sur dung
Pac diém:

Poan sir dung bao gom tat ca cidc mdy thu GPS, nhiéu nhom sir dung Véi
nhiéu ching loai may thu khac nhau.

May thu 1a phan cing quan trong trong doan sir dung. Nho cac tién bo ki
thuat trong linh vuc dién tor, vién thong va k¥ thuat thong tin tin hiéu s, cac may
thu ngay mot hoan thién. Mét s6 hang ché tao con cho ra cac may thu da h¢, co thé
ddng thoi thu tin hiéu tir cac vé tinh GPS, vé tinh GLONASS va vé tinh GALILEO,
VV....

Nhiém vu:

Cac may thu hoat dong dé thu tin hiéu vé tinh phuc vu cho cac muc dich khac
nhau nhu dan dudng trén bién, trén dat lién, va phuc vu cho cong tac do dac &
nhiéu noi trén thé gioi.

1.1.4 Cach thiec hoat ddng cia hé thong GNSS

Cac vé tinh cia GNSS bay vong quanh trai dat hai lan trong mot ngay theo mot
quy dao rat chinh xac va phat tin hiéu c6 thong tin xudng trai dat.

Cac may thu GNSS nhan thong tin ndy va bing cac phép tinh luong giac, may
thu c6 thé tinh duoc vi tri ciia ngudi dung va hién thi 1én ban do dién tr ciia may
tinh. May thu GNSS phai bat duoc véi tin hiéu caa it nhat ba vé tinh dé tinh ra vi

tri hai chiéu (kinh d6 va vi d6) va dé theo ddi dugc chuyén dong. Voi bén hay



nhiéu hon sb vé tinh trong tim nhin thi may thu c6 thé tinh dwoc vj tri ba chiéu
(kinh @9, vi o va do cao).

Mot khi vi tri nguoi dung da tinh dugc thi may thu GPS cé thé tinh cac thong
tin khéac, nhu toc do, huodng Chuyén dong, bam sat di chuyén, khoang hanh trinh,
quing cach toi diém dén, thoi gian mat troi moc, mit troi 13n va nhiéu tha khac
nira. [11]

1.1.5 Cac loai tri do str dung trong cong nghé GNSS

1.1.5.1 Trido khoang cach gia theo ma
Trong phuong phap do khoang cach 1 chiéu, can st dung 2 dong hd, mot & tram

phat (vé tinh) va mot ¢ tram thu (may thu) dé xac dinh At.

V6i At =T, — T°, trong d6 T° va T, 1a thoi diém vé tinh phat tin hiéu va may thu

nhan tin hiéu.

Do su khong dong bo cua dong ho vé tinh va dong hé may thu cho nén khoang
cach do duoc ludn chira sai $6 ddng hd do, sai s6 nay co thé kha 16n (phu thudc vao
su khong dong bo gitra dong ho vé tinh va dong hé may thu), chinh vi thé nguoi ta

goi khoang cach do dugc 1a khoang cach gia (Pseudorange).

Khoang cach gia theo ma tir vé tinh j dén may thu i c6 thé biéu dién bang cong

thire sau (1):

R() = pl(0) + .8 —c.81() + 2T+ 1) 4 .. o
Trong do:
j - ) . ., o
R;(t) - tri do khoang céach gia theo ma (lay tir t¢p thong tin tri
do).

pi (t) - khoang cach hinh hoc gitra v¢ tinh j véi may thu i;
O; - sai sb déng ho may thu j;
8- sai s6 dong ho vé tinh i;
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40,3TEC
f2

- sai s6 do anh hudng cua tang dién ly;

Tij — sai s6 do anh huéng cua tang ddi luu;
c — van tdc truyén song anh sang trong moi trudng chan khong,
c = 299792458m/s;
v6i pl(t) = c.(ti—th) = c.At
t, t 1a thoi diém vé tinh phat tin hidu va may thu nhén tin hiéu
trong hé théng gior GPS.

Pé xac dinh khoang cach gia theo tin hiéu code chiing ta phai so sanh tin hiéu
code tur vé tinh phat di va tin hiéu code do may thu nhan duoc. Vi khoang cach gia
duoc xéac dinh 1 chiéu nén khong thé so sanh hai tin hiéu code d6. Do vay may thu
sé tao ra 1 ban sao ma code va so sainh ma code d6 voi ma code ma may thu nhén
duoc tir vé tinh.,

Do chinh xac cua khoang cach gia theo tin hiéu code phu thudc vao cac tri
do code va thong thuong la khoang 1% d0 dai chip. Nhu vay d6 chinh xac do
khoang cach dat duoc trong khoang 3m néu str dung C/A code va khoang 0,3m néu
st dung P-code. Gan day nhd tién bo ki thuat, ngudi ta ¢ thé dat ¢o chinh xac c&
0,1% d¢ dai chip.

Céc tri do khoang cach gia theo code chi yéu dugc st dung trong dinh vi
tuyét ddi, tuy nhién né chiu anh hudng kha 16n cua nhidu ¢b y khi phia My thuc thi
chinh sach SA va bi anh huong boi méi truong lan truyén tin hiéu. Trong dinh vi
chinh xac hodc trong dinh vi twong ddi, nguoi ta st dung khoang cach gia theo
code dugc lam tron phdi hop cling véi céc tri do pha song tai [1].

1.1.5.2 Tri do pha song tai
Quan tric pha dugc thuc hién dua trén su khac nhau giita pha tin hiéu vé tinh

nhan dugc va pha tao ra bai may thu trong cac thdi diém do t. Trong tri do pha

chua 2 dai lwong quan trong: thir nhét 1a s6 nguyén lan (N) budc séng tai chua xac
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dinh, con goi 1a s6 nguyén da tri, thir hai 1a tich liiy tan s Doppler, tuong ing V4i
téng cac dai lugng Doppler cung vai viéc do phan thap phan (phan 1¢) cua pha
song tal.

Tri do pha song tai tir vé tinh j dén may thu k tai thoi diém t trong hé théng gio
GPS (coi cac ngudn sai s6 thay doi theo thoi gian va khong gian, phu thudc vao t

va xét cho tirng vé tinh), dugc thé hién qua biéu thic:

6 = = Pl (D) + 1 [8,,(t) = FI(O)] + N} — 8L (1) + ST/ () + - )
Trong do:

pL - khoang céach hinh hoc gitr vé tinh j va may thu k tai ding thoi gian

A —budc song tai (la Ay, A, twong ng Voi song tai L1, L2)

fi(t) - tan s6 song tai (1a fy, f, twong wng vai song tai L1, L2)

i (t) — sai s6 dong ho may thu

8i(t) — sai s6 doéng ho vé tinh

N - s6 nguyén da tri & thoi diém thuc hién tri do pha déu tién.

31} (1); 8T)(t) la sai s6 do anh huong cia tang dién ly va tang ddi uu.

Trong biéu thic tri do pha bao gid ciing c6 thém mot 4n s 1a sé nguyén da tri

NL, 1a s6 chan lan budc séng chua xac dinh, duoc coi 1a khong doi trong subt thoi
gian do pha. Pé dam bao dugc yéu cau nay, may thu phai lién tuc theo ddi vé tinh.
Néu vi mét li do nao do, tin hiéu tir vé tinh dén may thu bi gian doan tam thoi, s&
xay ra hién tuong truot chu ki ma thuc chat 1a 1am thay d6i s6 nguyén da tri trong
tri do pha. Truot chu ki ¢6 thé 1am thay d6i 1 vai don vi (chu ki budc séng), nhung

cling c6 thé lam thay doi t6i hang tram, hang ngan don vi.



V6i ki thuat do pha hién nay, c6 thé xac dinh chinh xac toi ¢& 1% chu ky
budc song tal, tic 1a dat do chinh xac ¢& 2mm (budc song A ~ 20cm). Trong tuong
lai, @6 chinh xac do pha con c6 thé dugc nang cao hon.

1.1.5.3 Cac tri do Doppler
Sy thay d6i vi tri twong ddi gitta ngudn phat séng (may phat) va ngudn thu tin

hiéu (ngudi quan sat) s& lam thay d6i tan s tin hiéu nhan duoc so véi tin hiéu co

tan sb chuan da khac di. Do chinh 1a hiéu tng Doppler d6i voi song dién tu.

Phuong phéap quan sat vé tinh bang hiéu tmg Doppler dd duogc sir dung kha rong
rdi do thiét bi quan sat don gian, gon nhe, dong thoi van dam bao do chinh xéac yéu
cau trong cong tac dao hang. Do chinh xac do bién ddi khoang cach bang hé thdng

Doppler co thé dat ¢& 0,03 m/s.

Bang ki thuat Doppler, trong cac nam 1987 — 1988 & Viét Nam da xay dung
mang luéi Doppler vé tinh gom 14 diém trén dat lién va 5 diém trén cac dao
Truong Sa, Pa Lat, Thé Chu, Con Pao, Phu Qudc.

1.1.6 Cac ngudn sai so trong dinh vi vé tinh
Trong dinh vi vé tinh, cdc ngudn sai s6 dugc chia thanh 3 nhém [11]: sai s do vé

tinh, sai s6 do su lan truyén tin hiéu va sai s6 lién quan dén may thu.



Bang 1: Cdc nguon sai sé trong dinh vi vé tinh

TT | Nhém sai s6 Gom céac ngudn sai s6

1 Sai s6 phu thudc vao vé tinh Sai s6 dong ho vé tinh

Sai 50 quy dao vé tinh

Nhiéu cd y SA

2 Sai s6 phu thudc vao su lan Sai so do tang dién ly

truyén tin hiéu Sai 56 do tang doi luu

Sai so do da duong dan

3 | Saiso lién quan téi may thu Sai 56 do dong hé may thu

Sai s6 do léch tim pha anten

Sai so do sy khong on dinh phan ctng

Cua may thu

Ngoai 3 nhom ngudn sai $6 nay con co cac sai s6 do ngudi do anh hudng dén két
qua do GPS nhu: can b'fmg may, do cao anten, dat nham diém...
1.1.6.1, Sai s6 phu’thuéc vao vé tin‘h ‘ , o

Sai so lién quan den vé tinh bao gom ba nguon sai so chinh doé 1a: sai s6 dong
ho vé tinh, sai s6 quy dao vé tinh va nhiéu ¢ y SA.
Sai s6 doéng hd vé tinh:

- Sai s6 dong ho vé tinh tryuc tiép gay ra sai sb trong xac dinh thoi gian. Trong
do khoang cach bang song anh sang hay song dién tir, sai s6 thoi gian anh huong
dang ké dén @6 chinh xac khoang cach do.

- Cach khéc phuc:

+ Ddi véi dinh vi tuyét dbi khoang cach gia, sai s6 dong hd vé tinh dugc hiéu

chinh vao khoang cach gia trudc khi sir dung chung dé giai bai toan dinh vi.

10




Sai s6 dong hd vé tinh duoc xac dinh nhd vao da thirc dong hod vé tinh duoc
cung cap theo lich vé tinh, do dé tinh dugc sé hiéu chinh caa déng ho vé tinh.
+Trong dinh vi tuong dbi, dé loai bo anh huong do sai sé dong hd vé tinh gay
ra, nguoi ta st dung phuong trinh sai phan bac nhat cia céc tri do pha tir hai
tram quan sat dén cting mot vé tinh.

Sai s6 quy dao vé tinh:

- Sai s6 do quy dao vé tinh gy ra duoc hiéu 1a khi ta tinh duoc toa do cua vé
tinh nhung lai khong dung vai toa do that cia nod (chtra sai s6 khoang 2,5m) d6
chinh 13 sai s6 quy dao vé tinh hay sai s6 lich vé tinh.

- Céch khic phuc

+ Trong dinh vi tuyét d6i, sai s6 nay gan nhu anh huéng tron ven dén két qua

dinh vi vé tinh tuyét déi.

+ Trong dinh vi twong d6i sai s6 nay dugc giam thiéu dang ké do anh huong

cua sai s6 do quy dao vé tinh gy ra la nhu nhau nén c6 thé loai tri.

+ Anh huong caa nhiéu ¢ ¥ SA.

Nhiéu cd y SA duoc tao ra nham giam d6 chinh xac dinh vi tuyét ddi bang
cach 1am sai 1éch dong hd vé tinh va tac dong vao viéc 1ap lich vé tinh. Song tur
ngay 20/5/2000, My di chinh thiic bo ché d6 nhidu c6 y SA.

1.1.6.2 Sai sé phu thugc vao su lan truyén tin hiéu
Tin hiéu vé tinh truyén dén may thu trén mat dat phai xuyén qua khi quyén

gom nhiéu tang, trong dé c6 tang dién ly va tang d6i luu 1a hai tang anh hudng
nhiéu nhat téi sy lan truyén tin hiéu tir vé tinh, d6 duoc goi 1a hiéu tmg khi quyén
anh hudéng dén tin hiéu vé tinh. Ngoai ra do hién tuong phan xa, tin hiéu vé tinh
GPS dén may thu c6 thé bi anh huong caa da duong dan.

Anh huong cua tang dién ly:
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- Tﬁng dién ly l1am chém tin hi€u code va lam sém tin hi€u pha dén may thu.
Anh huéng cua tang dién ly dén khoang cach do c6 gia tri trung binh trong khoang
5-10m, 16n nhat c6 thé dén 50m.

- Cach khac phuc:

+ Str dung may thu 2 tan sb

+ Str dung cac mo hinh khi quyén (ban dd TEC) va thong tin dao hang

+ St dung dinh vi vi phan (DGPS)

Anh hudng cua tang d6i luu:

- Tang dbi luu 1am tin hiéu code va pha dén may thu bi cham tr&, gay ra sai
s6 trong khoang cach ¢& 2,5 m theo phuong thién dinh va khoang cach 30 m theo
phuong chan troi.

- Céch khic phuc:

+ Pé khac phuc anh huong cua tang d6i luu, ngudi ta nghién ctu xay dung

md hinh khi quyén dé dua vao d6 tinh toan hiéu chinh tri do nham loai bo

hodc giam thiéu nguon sai so.

+ Anh huong cua tang d6i luu dén tin hiéu con phu thudc vao goc cao E cua

vé tinh. Goc E cao cang nho thi duong truyén tin hiéu trong tang dién ly va

tang d6i luu cang 16n. Chinh vi vay, trong qua trinh do dac, dé giam bét sai s6
nay nguoi ta loai bo tin hiéu cta vé tinh c¢6 goc cao E < 15° (goi 1a gbdc cao
gidi han hay goc ngudng).

Anh hudng do da duong dan:

- Hién tuong da duong dan 1a do tin hiéu vé tinh dén mdy thu qua nhiéu
duong khac nhau do phan xa tin hi¢u. Néu tin hiéu phan xa da manh, may thu ghi
nhan ca tin hiéu truyén thang tir vé tinh dén may thu va ca tin hiéu phan xa khi va
dap vao cac vat (nha ctra, hang rao, cot dién...) trén duong di.

- Cach khac phuc:
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+ Cach t6t nhat loai bo sai s6 nay 1a sir dung anten may thu c6 kha nang giam
thiéu tin hiéu da duong dan nhu loai anten gém cac vong xody tron.

+ Mot cach khac 1a b6 tri tram do GPS phai xa cac vat dé phan Xa tin hiéu nhu
vat liéu kim loai, bé tong...

1.1.6.3  Sai s6 lién quan dén may thu
Sai s6 dong ho may thu:

- Tinh thé thach anh dugc ding dé ché tao ra b tao dao dong cia dong hd
may thu GPS. Do d6, d6 6n dinh cua déng hé may thu thap hon véi dong hd vé
tinh. Sai s6 dong hé may thu gy ra s& gay ra sai sb trong cac két qua do GPS.

- Cach khac phuc:

+ Trong dinh vi tuyét di khoang cach gia, ta coi sai s6 dong hoé may thu 14 an

s6 thir tu trong bai toan dinh vi, tinh dugc sai s6 dong hé may thu va hiéu

chinh.

+ Trong dinh vi tuong d6i theo pha song tai, str dung phuong trinh sai phan

bac hai dé loai bo anh hudng cia sai s6 dong hd may thu.

+ Sai s6 do léch tAm pha anten

- Khi ché tao may thu GPS, ngudi ta ché tao sao cho tdm dién tir caa anten
tring v&i tim hinh hoc cta né, nhung trén thuc té hai tam nay khong trung nhau va
gay ra sai s6 léch tam anten.

- Céch khic phuc:

+ Trong khi thao tac do GPS, dit may tai diém do ludn quay logo mdy thu vé
huéng Bic voi sai s6 trong khoang 5° s& giam bét sai s6 [éch tam pha anten.

Sai s6 do nhiéu tin hiéu:

- May thu GPS la mét thiét bi bao gdm phan ctng va phan mém, do vay
trong qua trinh 1am viéc c6 thé gdp tinh trang may thu 1am viéc khéng 6n dinh.
Trong moi trudng lan truyén tin hiéu ludn c6 cac ngudn song dién tir phat ra s& gay
nhiéu tin hiéu.
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- Cach khac phuc:
Nguoi sir dung can nam bét dugce tinh trang cua may thu thong qua sé liéu do

duoc xur Iy danh gia dé c6 bién phap khac phuc, stra chira may thu GPS.

1.1.7 M@t sé &eng dung caa dinh vi vé tinh trong tric dia
Hién nay, vdi su két hop cua nhiéu hé thong dinh vi vé tinh khac nhau da lam tang

thém s luong Vé tinh thuong truc gitp cho nguoi str dung ci thé thu duoc tin hiéu
ctia nhiéu vé tinh hon, hd tro ting d6 chinh xac cho cac muc dich dinh vi. C6 rét
nhiéu tng dung trong cong nghé GNSS trong nhiéu linh vyc khac nhau, c6 thé ké
dén nhu:

1.1.7.1 Ung ung G]YSS trog xdy dung cdc mang ludi trdc ,d.ia ‘

Nhitng tng dung dau tién cua cong nghé GNSS trong trac dia ban do la xay
dung cac mang ludi toa do mat bang. Véi nhimg wu diém vuot hon so véi cong
nghé do dac truyén théng nhu:

- Do chinh xéc cao (dinh vi tuong dbi c6 d6 chinh xac téi mm).

- Po dac trong moi diéu kién thoi tiét, bt ké thoi gian, vi tri nao.

- Gitta cac diém lu6i khong can phai thong hudng vai nhau, khoang cach giira
cac diém c6 thé 1én téi hang trim tham chi hang nghin km.

Chinh vi vay, cong nghé GNSS di duoc sir dung rat hiru hiéu trong viéc xay
dung cac mang ludi toa do, dac biét 1a doi véi cac mang ludi toa d6 qudc gia va
cac mang ludi chuyén dung khac c6 yéu cau ky thuat rat cao. O Viét Nam , tir nim
1994 , Cuc Po dac va Ban d6 Nha nudc di nghién ctru va su dung cong nghé
GNSS dé xay dung mang ludi toa do qudc gia & mot sé khu vuc kho khian nhu
Minh Hai , Tay Nguyén va mang ludi toa do trén cac ving bién dao cua nudc ta ,
g6p phan lam théng nhat hé toa do qudc gia va thanh 1ap hé qui chiéu VN - 2000 .

Hién nay, viéc tng dung GNSS khong chi trong xay dung ludi toa dd quoc gia ma
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con duoc sir dung trong xay dung cac mang ludi do vé cip thap phuc vu do vé dia
hinh, dia chinh.

1.1.7.2  Ung dung GNSS twong doi dong trong cdc hoat déng Trdc dia-bdan do
Khai niém dinh vi tuong d6i dong duoc dua ra tir nam 1985, day 1a phuong

phap do dua trén nguyén 1y dinh vi teong d6i. Phuong phap do dong khac véi dinh
Vi tuong ddi tinh 1a chi yéu cAu mot may thu dat cd dinh, con may thtr hai dugc
phép di chuyén trong khi do. P9 chinh xac ciia dinh vi twong dbi dong thap hon do
tinh nhung tdc do do kha nhanh, do thoi gian thu tin hiéu tai mdi diém can xac dinh
toa do chi khoang vai gidy dén vai phat tuy thudc vao tan suat ghi tin hiéu lya chon.
Tram may ¢ dinh dat tai diém da c6 toa do goi la tram co s¢ (tram Base), con tram

may di chuyén trong qué trinh do duoc goi 1a tram dong (tram rover).

Dinh vi twong ddi dong duogc chia 1am 2 dang d6 1a dinh vi dong tac thoi (Real
Time Kinematic - RTK) va dinh vi dong xt Iy sau (Post Positioning Kinematic -
PPK). Tt hai dang dinh vi nay, nguoi ta da sir dung ching trong cac muc dich khac
nhau. Dinh vi tic thoi RTK thuong dugc sir dung trong cac hoat dong nhu lam

duong giao thong, trong trac dia cong trinh hodc cac

Muc dich khac boi v6i dang dinh vi nay ta c6 thé xac dinh ngay duoc toa do cua
diém dinh vi nhd bd phat tin hiéu tir radio tir tram co s& dén tram do dong Dinh vi
dong ppk thuong duoc ap dung trong do v& cac loai ban db dia hinh ,dja chinh ti ¢
l6n do d6 chinh xac dinh vi cta nd tdi €& cm véi dinh vi dong xir 1i sau ,ta tién
hanh cong tac do ngoai thuc dia va xtr Iy ndi nghiép bang cac phan mém xu Iy sd
licu GNSS dé tinh ra toa d6 d6 cao caa diém dinh vi dé str dung trong viéc thanh 1ap
cac loai ban d6.Diém luu ¥ ctia phuong phap dinh vi twong d6i dong do 14 ci co thé
tién hanh do dugc trén nhitng khu vire quang dang ,khéng bi che khuat vi day 1a yéu
cau dic thu ciia cong nghé.Pham vi do dac giita tram base va tram rover co thé 1én t&
10km va cho d¢ chinh xac t6i ¢ cm.
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1.1.7.3  Ung dung GNSS trong tréc dia cong trinh
Trong cac hoat dong tric dia cong trinh, cong nghé GNS dugc sir dung dé xay

dung cic mang ludi co sé tric dia cong trinh, ludi thi cong trac dia cong trinh va
trong muc dich quan trac chuyén dich bién dang cong trinh .Ludi co sé tric dia
cong trinh la dang ludi toa do duoc lap trén khu vuc xay dung cong trinh, mang
ludi nay 1a sé dé lién két cac cum cong trinh trong mot hé toa do nhat dinh. Tuy
theo tinh chat cua dang cong trinh ma ludi tric dia tric dia cong trinh c6 yéu cau
vé d6 chinh xac khac nhau .Vi du nhu chinh x4c cuc cao (nha may dién nguyén
tir,nha may gia toc hat nhan ), d6 chinh xac cao nhu nha may xi ming, cic cong
trinh ham ngam, ... Pic diém chung cua mang ludi trac dia cong trinh 1a chiéu dai
canh ngdn ,c6 yéu cau vé do chinh xac tuong hd Vi tri diém kha cao,vi tri cac diém
ludi thuong gap kho khin trong viéc lya chon thong hudng gitra cac diém. Vi vay

cong nghé GNSS hoan toan c6 thé sir dung dé xay dung cic mang ludi nay .

Quan trac chuyén dich cac cong trinh 1a mot cong doan vé cling quan trong, né
gitip ta xac dinh dugc lugng dich chuyén vé do cao va toa d cua cac diém dit trén

cong trinh tir d6 xac dinh dugc nguyén nhan va phuong.

Huéngtr 1y doi v4i cong trinh, tranh xay ra cac tai bién khong ludng trudc.
Trong quan trac chuyén dich duoc chia 1am quan trac chuyén dich dimg va quan
trac chuyén dich ngang cong trinh. Déi voi quan trac chuyén dich ding, do ¢6
nhitng yéu cau dic biét va d chinh xac do cao rit cao, vi viy cong nghé GNSS
chua thé dap tmg duoc cac yéu cau trong quan trac chuyén dich dung. Tuy nhién,
cong nghé nay hoan toan co thé dap tng duoc cac diéu kién trong quan trac chuyén
dich ngang céac cong trinh. V&i vu thé do chinh xac cao, do dac trong moi diéu kién
thoi tiét va thoi gian, cong nghé GNSS da duoc sir dung trong quan trac chuyén

dich ngang cac cong trinh. Vi du nhu tai Trung Quéc, nguoi ta da cong bd mot s6
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két qua quan trac lin va chuyén dich ngang dap thay dién Tam Hiép trén song
Truong giang véi d6 chinh xac x4p xi £1mm.

1.1.7.4 Ung dung GNSS trong quan trdc dia dong

Trong nghién ctru dia dong, tor khoang nghitng nam 1985 nguoi ta thuong st
dung cac k¥ thuat tric dia khong gian nhu giao thoa canh day dai (VLBI), do
khoanh cach laser toi vé tinh (SLR), do khoang céch laser t&i mat trang (LLR). dé
tién hanh quan tric dia dong do hoat dong kién tao, do khai thac mo, khai thac
nudc ngam trén pham vi khu vie va tham chi 13 trén pham vi toan cau nham cac
muc dich nghién ctiu khoa hoc va trong cac hoat dong san xuat. Cac ky thuat nay
c6 do chinh xac cao nhung nhugc diém ciia chung 1a rat ton kém chi phi trong xay
dung cac tram do, thiét bi nang n¢, cong kénh nén khong phai qubc gia nio cling
c6 thé thuc hién dugc. Bang cac may thu GNSS, ngui ta ¢6 thé do chinh xac cac
khoang cach dai dén hang ngan km bang cac may thu rat gon nhe, chinh vi vay
cong nghé GNSS d3 dan tro thanh cong nghé cha dao trong nghién ciru dia dong.
Trén thé gidi, to chirc dich vu GNSS quéc té (International GNSS Service — IGS)
1a t6 chtic quan trong trong viéc phdi hop cac qudc gia nghién cuwsuddiaj dong
trén quy mo toan cau. Pén nim 2010, mang ludi IGS di co toi trén 500 tram quan

sat thuong xuyén

Phan b trén tat ca chau luc. Trong cac nim 1994 -1998, cac nha khoa hoc vé
dia dong luc cia sau nude chau Au di cung cac nha khoa hoc ciia tam nuéc
ASEAN trién khai dy an GEODYSSEA nghién ctru dia dong ving Nam va Pong —
Nam chau A. Tai Viét Nam c6 2 diém tham gia d6 18 CAMP dat tai Quang Ninh va
diém NONN tai Pa Nang.
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1.1.7.5 Ung dung GNSS trong cdc hoat dong lghdc
Ngoai cac tng dung c6 do chinh xac cao nhu da ké trén, GNSS con dugc st dung
trong rat nhiéu linh vuc khac phuc vu hoat dong san XUAt cling nhu quan sy trén
toan cau. Ta c6 thé ké dén mot sb tng dung khac nhu:
- Ung dung trong giao thong van tai.
- Piéu khién may moc.

- Ung dung trong quan su.

1.2. Tong quan vé UAV
1.2.1. Khai niém UAV

UAV la viét tit cia Unmanned aerial vehicle, c6 nghia 1a Thiét bi bay khong nguoi
lai, hodc May bay khong nguoi 14i, 1a tén goi chi chung cho cac loai may bay ma
khong c6 phi cong & budng l4i va duge didu khién tir xa tir trung tim. Loai may
bay nay duoc dung dé phuc vu cho muc dich trinh tham quan sy, hoic dan sy. Loai
t6 hop may bay nay c6 kha nang ty dong hoa cac hoat dong ciia may bay cao,
khong doi hoi nhitng trang thiét bj hang khong dic ching, gia thanh khai thac sir
dung va bao tri hé thong dé phuc vu lau dai ré, trong quén sy, loai may bay nay co
dic tinh tin cong chép nhoang.
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(PHANTOM 4 RTK VOI BASE STATION)
1.2.1. Lich sir phat trién cia UAV

Nam 1916, Archibald Montgometry Low (ngudi Anh) ché tao chiéc may bay
khong nguoi lai dau tién UAV (Unemaned Arial Vehicle). May bay khong nguoi
1ai d3 tham gia trong hai cudc chién tranh thé giéi thir nhat va tht hai. Trong chién
tranh Viét Nam, My da str sung 3.500 cac loai UAV cho nhiéu muc dich khac nhau,
nhiéu nhat 1a cho muc dich do tham. Sau chién tranh lanh, UAV bit dau duogc tng
dung trong dan su, cac thé hé UAV ra doi duoc tng dung trong nhiéu linh vuc
trong d6 c6 linh vuc tric dia-ban d6. Cac loai may anh chuyén dung véi d6 phan
giai ngdy cang cao dugc thiét ké ché tao lip trén cac UAV dé tién hanh chup anh
dia hinh. Su két hop véi cong nghé GPS/GNSS di 1am tiang hiéu qua ung dung
UAV trong cong tac do v& dja hinh (Jan Leyssens, 2009). Ung dung UAV ¢6 nhiéu
wu diém ndi troi so voi cac phuong phap do vé anh hang khong truyén théng, nhiéu
loai UAV duoc thiét ké gon nhe, thao tac nhanh; khoi bay bang tay hodc cac dung
cu don gian thich tng véi moi diéu kién dia hinh.

Cac hing san xuét cac thiét bi ngdy cang hudng téi cac thiét bi UAV véi cac thiét
bi chup anh d6 phan giai cao, giam thoi gian va cong stic trong cac ndi dung trac
dia, ban d6. Cac thiét bi UAV c6 kha niang diéu chinh d phén giai theo do cao,
kha ning dinh nghia pham vi do v&, thanh 1ap va cung cip nhanh chéng ban dd6 mo
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16 thién cac loai ty 1& 16n (1:500, 1:1000, 1:2000, 1:5000). Nhiéu két qua nghién
ctru di khang dinh do chinh xéc cao cua cac loai ban dd mo 16 thién do vé& bang
UAV, hoan toan dap tng cho cong tac quan 1y, didu hanh san xuat mo; do vé& ban
d6 hanh chinh; diéu tra khao sat, danh gia tai ngyén... Cac UAV méi nhat hién nay
nhu MD4-1000 (btic), Pteryx (Ba Lan), Swinglet CAM (Thuy si), UX-5, X-100
Trimble (M) déu c6 thé bay thap, chup anh véi 6 phan giai vai chuc cm trén khu
vuc c6 dién tich vai chuc km2. Hién nay, trong mot lan bay, cac UAV c6 thé chup
anh 4+5 km?2 véi d6 phan giai 10+15 cm va c6 thé dudi 10 cm.

1.2.3. Ung dung may bay khong nguoi 14i (UAV) trong tric dia - ban d6

Trong nhitng nim gan day khoa hoc cong nghé trac dia, ban d6, vién tham trén thé
gidi da dat duoc nhiéu thanh tyu to 16n. Nhiéu nghién cttu khoa hoc va thuc tién
san Xuat trong va ngoai nudc di minh chimg tinh hiéu qua cia cac phuong phap
cong ngh¢ mé1 nhu GNSS, GIS, vién tham, LIDAR, UAV, TLS v.v.. .Chuyén muc
phd bién kién thire s& cung cip cho cac ban trong va ngoai nganh céac kién thic 1a
két qua nghién ctu khoa hoc, trién khai cong nghé trong linh vuc trac dia, ban do,
vién tham trén thé gidi va & Viét Nam.

Trén thé gidi, viecapdung phuong phap do anhkhoangcachganvéianhchup tir
mayanh s6 gan trén UAV di dugcapdungvéiratnhiduimgdungkhac nhau nhu: do vé
hién trang tai nan giao thong, do vé& danh gia khéi lugng khai thac ¢ cac moé 19
thién, ban dd dia hinh khu vuc nho, ban do dia chinh, giam sat Tai nguyén va Moi
truong... O Viét Nam, ndm 1999, Ban Nghién ctrumuc tiéu bay - Vién K§ thuat
Phong khong Khong quan - Quan chung Phong khong Khong quan da thiét ké
lapdatmay bay khong nguoi 14i, va két qua 14 hai chiéc UAV ky hiéu M-96 (bay
ngay) va M-96D (bay dém) da bay thtr thanh cong va tiéptuc hoan thién thanh
nhitng Loai M100-CT, M400-CT... v6i su diéukhién bay theo chuong trinh, dan
duong cia GPS trén nénban dd s6. Nam 2013, Vién Cong nghé Khong gian, thudc
Vién Han 1am Khoa hoc va Cong nghé Viét Nam da bay thir nghiém 5 ngdy mau
UAYV tai bai thtr nghiém Hoa Lac - Ha Noi va da tién hanh thur nghiém bay
chypanh & Nha Trang, Lac Duong, Lam Pong (chu yéuchupanh chua dé cap
dénviéc str dung trong do anh).

Ngoai viée gid thanh tuong d6i thap, cong nghé UAV voi cic miy anh phé thong
dé dang thu nhan cac anh sé voi do phén giai rt cao (mm cm) trong dleu Kién dia

hinh phu’c tap, moi truong nguy hiém. Thém nira, cac phan Mém ma ngudn Mo va
phan mém thuong mai déu tich hop cac thuat toan SfM, cho phép gan nhu hoan
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toan tu dong xur 1y anh, xay dung cac san pham ban db (mé hinh sé bé mat, mo
hinh s6 d6 cao, ban d6 truc anh, ban do 3D, video).

Nguoi sir dung cong nghé nay khong nhét thiét phai co kién thirc qua sau vé cong
nghé do anh truyén thong. Chinh vi thé cong nghé UAV dang rat hira hen duoc
g dung rong rii hon nita vao cac linh vuc khac nhau. Biém can bd sung hién nay
ctia cong nghé nay, 1a quy trinh tinh toan, cong nghé thiét ké bay chup UAV sao
cho dat duoc d6 chinh xac mong mudbn cia cac san pham ban d6, cho tiing muc
dich cu thé.

1.2.4. Tong quan vé cong nghé

Cau tao hé théng chup anh hang khong k¥ thuat sé bang may bay khong nguoi 1ai
(UAV) dé xay dung ban d6 dia hinh duoc chia thanh 4 thanh phan chinh: Hé thong
may bay, May anh k¥ thuat s6, Tram diéu khién mat dat va Tram x 1y anh tao mo
hinh sé mat dat.

Hé thdng may bay: Hé thong bao gdm: Than may bay, dau thu GPS, cam bién toc
d6 gio, cam bién do cao, cam bién ap xuat, cam bién can bang va bo thu phat tin
hiéu. Ngoai ra trén may bay con mang theo 1 qua pin dung dé cung cap ngudn dién
cho toan b cac thiét bi trén may bay.

May bay khong ngudi l4i 6 nhiéu hinh dang va kich c¢& khac nhau, mdi loai déu co
nhitng vu diém va nhugc diém riéng, do d6 tuy timg cong viéc cu thé ma ngudi sur
dung lra chon loai may bay phu hop. UAV duogc chia ra lam 2 loai chinh theo cu
tao 1a may bay canh cd dinh (Fixed Wing UAV) va may bay canh quay (Rotary
Wing UAV).

May anh k§ thuat s6: Thong thudng cac may anh sir dung dé chup anh mit dat
bang UAV 14 cac loai may anh ky thuat s6 c6 kich thudc nhé gon, co tiéu cy €6
dinh va kha ning 14y nét ty dong.

Tram diéu khién mat dat: Mdi hé théng may bay UAV déu phai duoc diéu khién
bang tram diéu khién mit dat. C4u tao caa tram diéu khién mat dat bao gém 2 bo
phan chinh. Thir nhat, may tinh bang hoac dién thoai thong minh duoc cai dat phan
mém lap trinh bay va diéu khién bay. DAy 1a cac phan mém chuyén dung dé thiét
ké bay, diéu khién bay va c6 thé 1ap ké hoach vi tri huéng cét canh, ha canh tai
thuc dia. Tha hai, Bo diéu khién c6 thiét bi thu phét tin hiéu dung dé két néi may
tinh bang v&1 may bay.
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Tram xt I anh UAV tao m6 hinh sb mat dat: Tram xu 1y anh bao gom may tinh
tram Workstations ¢6 cAu hinh manh dugc cai dat phﬁn mém chuyén xu Iy anh
may bay dé tao mé hinh s6 mat dat. Pac diém chung cua cac phan mém xir 1y nay
1a tir cac bic anh sé duoc chup tir UAV véi d6 phu tir 70 - 90%, sau khi xir 1y s&
tao ra mo hinh dam may diém (Point Cloud), mé hinh s6 bé mit (DSM), md hinh
s6 d6 cao (DEM) va anh truc giao (Orthomosaic).

Pic diém cua cong nghé chup anh hang khong bang UAV 1a bay chup theo ting
dai bay, do d6 rat phu hop dé tng dung trong cong tac khao sat dia hinh cac cong
trinh dang tuyén nhu cac tuyén dudng giao théng. Viéc két hop phuong phap do
truyén thdng véi phuong phap bay chup s& dem lai hiéu qua va do chinh xac cao.
Viéc sir dung cong nghé nay sé& cho ta san pham 1a md hinh s6 d6 cao, binh d6 anh
mot cach nhanh chong va tryc quan, gitp cho ngudi thiét ké chon dugc cac phuong
an tuyén t6i wu, pht hop cho cong tac giai phong mit bang va budc lap dé xuat du
an.

Pé c6 thé (ing dung cong nghé chup anh hang khong bang UAV vao cac du 4n can
d6 chinh x4c va mirc d¢ chi tiét cao nhu thiét ké ky thuat thi can phai tiép tuc
nghién ctru, danh gia d6 chinh xac cua két qua bay chup ciing nhu hoan thién
phuong phép xr Iy anh dé nang cao d6 chinh xéc, dac biét trong cac dia hinh c6
thue phu 16n va khu vue dong dan cu. Ngoai ra, can nghién ctru va dua ra quy trinh
s6 hoa ban do 3D tir md hinh dam may diém va binh d6 anh truc giao dé co san
pham phu hop véi quy trinh, quy pham hién hanh.

1.2.5. Qui trinh thyc hién va két qua dat duoc

Cong tac chuan bi bao gom hoach dinh vi tri va pham vi can bay chup, kiém tra
vung cam bay, tiép dén 1a kiém tra cac diéu kién thoi tiét co phu hop cho cong tac
bay chup hay khong. Viéc kiém tra diéu kién thoi tiét va ving cam bay duoc thuc
hién boi phan mém UAV Forecast dugc cung cap mién phi, chay trén hé diéu hanh
iOS hoac Android. Tiép dén 1a thiét ké tuyén bay bang phan mém chuyén dung va
tién hanh bay chup anh.

Sau khi c6 két qua bay chup, s6 liéu bay chup bao gom anh sb va toa d6 cac diém
khong ché anh dugc dua vao phan mém xu Iy anh AgisoftPhotoscan hoic cac phan
mém Xt 1y anh c6 chiic ning tuong ti dé ghép anh va tao mo hinh sé mit dat. Bé
c6 duoc két qua tot hon con str dung mot s6 phan mém xu 1y anh ki thuat sb khac
nhu: Global Mapper, Photoshop...
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Két qua xur Iy anh UAV. Sau khi bay chup va xt 1y sb liéu anh biang phan mém
chuyén dung, san pham c6 duoc 12 mé hinh dam may diém, mo hinh sé bé mat, mo
hinh s6 d¢ cao va binh dd anh truc giao.
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CHUONG 2: GIOI THIEU GIAI PHAP PO GNSS TUONG POl
PONG(PPK) SU DUNG TRAM THAM CHIEU AO(VRS)
2.1 Cac phuwong phap do GNSS
2.1.1 Pinh vi tuyét déi (SSP)
bo GPS tuyét déi 1a trudng hop str dung may thu GPS dé xéac dinh ngay ra
toa do tuyét doi cua diém dat may (X, Y, Z) hoac (B, H, L).
Nguyen tac 1a ung dung do khoang cach tir cac v¢ tinh dén may thu theo nguyén
tac giao hoi khong gian tir cac diém da c6 toa do da biét 1 cac vé tinh.

‘%
*, LAY o, *,

]

Hinh 1: Nguyén Iy dinh vj tuyét doi

(May thu GNSS Aitogy C290 — Made in Vietnam)

Trong truong hop 1y tudng dé xac dinh vi tri ciia mot diém, ching ta chi can
quan sat 3 vé tinh 1a da (véi mdi mot vé tinh s& cung cip mot gia tri R, tir d6 giai
hé phuong trinh 3 an 3 phuong trinh dé tim cac gia tri X, Y, Z hoac B, H, L). Tuy
nhién do lu6n ludn ton tai sai sO giita dfmg hd may thu va déng ho vé tinh, lic nay
yéu tb sai so nay dong vai tro la mot an trong h¢ phuong trinh. Piéu d6 doi hoi
trong thuc té phai quan sat it nhat 4 vé tinh méi c6 thé dinh vi dugc chinh xac toa
d6 diém. Tir 4 vé tinh quan sat duoc, 1ap thanh hé phuong trinh 4 an téng quat nhu
Sau:

= JX:=X)2+ (Y, =YV)2+ (Z; — Z)? + c.(dt — dT;)
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Trong do:
R; 12 khoang cach tir vé tinh thir i dén may thu
X, Y, Z 1a toa do diém dit may thu
Xi, Yi, Zi 12 toa do da biét cia v¢ tinh thir i
dt: 12 sai sb ctia dong hd may thu
dT; 13 sai s6 dong ho cua vé tinh thir i
Do dT; 1a sai s6 cuia dong hd vé tinh nén gia tri nay da biét nén lic nay hé
phuong trinh c6 dang téng quat nhu sau:

Ri=V&X—X)2+ (Y, = Y)2+ (Z;—Z)? +c.dt

Giai hé phuong trinh trén, ta sé thu dugc cac gia tr1 X, Y, Z, dt; tic l1a xéc
dinh duoc toa do diém dat may thu.

Trong trudng hop sd vé tinh nhiéu hon 4, bai toan s& dugc giai theo phuong
phap sb binh phuong nhé nhét.

Két qua dinh vi tuyét d6i phu thudc vao nhiéu ngudn sai sd, trong d6 sai s6 do
v¢ tinh anh hudéng tron ven dén két qua dinh vi (vi ching ta khong xem dT 1a mot
én). bé 1ap ludi khéng ché tric dia, thuong khong st dung dinh vi tuyét ddi, sai s6
cta dinh vi tuyét d6i dao dong tir 3m — 20m, tuy thudc thoi diém do va loai may.
Uu diém cta phuong phap nay 13 xac dinh toa d6 nhanh, to chitc do don gian, it
tén kém.

2.1.2 Pinh vi twong d6i

Pinh vi tuong d6i 1a sir dung it nhat 2 may thu dé thu dong thoi tin hiéu vé tinh
nham x4c dinh hiéu sb toa do giita hai diém dat may (AX, AY, AZ). Mot may thu
duoc dat tai mot diém da biét toa do, may con lai dat tai diém can xac dinh toa do.
Dua vao diém di biét toa do va hiéu sb toa do gitta 2 diém dé xac dinh toa do cho
diém da biét. Nhu vdy, thuc chit cua dinh vi twong ddi 1a xac dinh vecto cua
duong thang nbi gitta 2 diém, duong thang nay duoc goi la baseline.
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Piém da
biét toa do

Differem'\a\ BaselLine

Hinh 2: Nguyén Iy dinh Vi tiong doi
(May thu GNSS Aitogy C290 — Made in Vietnam)

Po GPS tuong ddi c6 do chinh xac cao hon so véi do GPS tuyét di vi c6
kha nang loai bo duogc céac sai so do v¢ tinh, sai s0O do dong ho may thu bang khai
niém sai phan.
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boh o

RECEVER q RECEIVER ¢ FLCOVER

(a) Sai phan bac 1 (b) Sai phan bac 2
Hinh 3: Nguyén ly xac dinh sai phdn

Trong trudng hop, 2 mdy thu dong thoi thu tin hiéu tir 1 vé tinh, ta ¢ phan
sai bac nhat.

Néu ky hiéu pha song tai tir vé tinh i dén may thu A 1a @%; pha song tai tir vé
tinh i dén may thu B 1a @}

Taco: @4y = 04 — @Y duoc goi la sai phan bac nhat. Do anh hudng cua sai
sO v€ tinh thir 1 dén A va B la nhu nhau, nén trong sai phan bac nhat ching ta loai
bé duoc sai s6 do v¢ tinh.

Trong trudong hop, 2 may thu dong thoi thu tin hiéu tir 2 vé tinh khac nhau,
ta c6 phan sai bac hai.

Néu ky hiéu pha song tai tir vé tinh i dén may thu A 1a @}, pha song tai tir vé
tinh i dén may thu B 12 @%; pha song tai tir vé tinh k dén may thu A 1a @%; pha song
tai tir vé tinh k dén may thu B 1a ¢%; Phan sai bac hai duoc tinh 1a hiéu cua 2 phan
sai bac nhat cta vé tinh 1, k dén hai diém A, B.

0 = Os — Oks = 05— 04— (@ — 0%) = (@} — o) — (@ — 0%)

Ta théy rang: Anh huéng ctia may thu tai diém A dén vé tinh k, i 1a nhu
nhau, nén 0% — @} s& khir duoc sai sd cua méy thu tai diém A; twong tu nhu vay
tai diém B. Mt khac: (D g %5 dad loai bo sai sd vé tinh. Chinh vi vdy, phan sai bac
hai loai bo dugc sai s6 vé tinh va sai s do dong hé may thu.

2.1.3 Phuwong phap do dong va cong nghé PPK
Cac ky thuat do GPS dong
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- Do dong dung va di (Stop And Go):

La k¥ thuat do ma may tai tram Rover ding lai tai cac diém can xac dinh dé thu tin
hiéu khoang vai gidy dén vai phut sau do lai di chuyén dén diém khac. K¥ thuat do
nay duoc tng dung cha yéu dé do vé thanh 1ap ban dd, do v& mat cit, do cac diém
ludi khdng ché c6 do chinh xac thap wv...

- Do dong lién tuc (Continuous):

La k¥ thuat do ma may tai tram Rover vira di chuyén vira do, khong dung lai tai
diém cu thé nao, két qua s& xac dinh dugc cac diém trén dudng di chuyén sau
nhitng khoang thoi gian nhét dinh nao d6. K thuét nay thuong duoc tng dung dé
xac dinh toa do cua cac vat di chuyén nhu tau, thuyén, 6 t6 hoic do xac dinh bé
mat dia hinh, vv...

- Po dong danh dau sy kién:

La k¥ thuat do ma may tai tram dong xac dinh toa d6 diém dong thoi véi mot su
kién nao ddy. Vi du: May dong xac dinh toa 6 tim chup cia may chup anh hang
khong dong thoi vai viéc cira chép nhanh ciia may chup anh mo.

Cac k¥ thuat do trén lai duoc thyuc hién theo hai nguyén tac xtr 1y s6 liéu: Po dong
Xt Iy sau (Post Processing Kinematic): La k¥ thuat do ma viéc do dac dugc thuc
hién ngoai thuc dia, sau d6 dua s6 lidu trat vao may tinh, dung cac phan mém
chuyén dung dé tinh toan ra cac baseline va toa do cac diém;

Nguyén 1y van hanh cua do dong xtur 1y sau (PPK)

- Luu s6 liéu vao Base va Rover.

- Surdung tri do song tai.

- Giai canh baseline bang phan mém chuyén dung.
- B0 chinh x4c cao 1 cm + 1ppm.

2.2 Cong nghé tram CORS (Continuosly Operation Reference Station)
2.2.1 Khai niém tram CORS

Tram CORS 1a hé théng tram tham chiéu 1am viéc lién tuc, c6 thé duoc hiéu la
mot hodc nhiéu tram tham chiéu GNSS (Global Navigation Satellite System) van
hanh lién tuc tai cac diém cd dinh, ung dung cong nghé may tinh hi¢n dai va
internet truyén dir li¢u tao thanh mot mang ludi. Do céd nhiéu thong tin tur nhiéu
tram tham chiéu truyén té1 nén tai tram chu nguoi ta ¢ thé xay dung dugc mo hinh
s6 cai chinh vi phan tirc thoi nhu 1a ham cua vi tri diém cac tram tham chiéu. Trong
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mo hinh nay, ngudi ta c6 thé xét toi mot sé ngudn sai sd nhu sai s6 quy dao vé
tinh, sai s6 dong hd vé tinh, anh huong cua tang dbi luu, tang dién ly, ...

Céc tram tham chiéu hoat dong lién tuc duogc xay dung bdo dam cho mat do
tuong dbi ddng déu, khoang cach giita cac tram tham chiéu 13 mot tham sb dic
trung cho do chinh xéac ctua h¢ théng. Vi tri cac tram tham chiéu s& duoc xac dinh
chinh xé4c trong hé thyc dung. Tai mdi tram tham chiéu s& ldp dit may thu GNSS
da tﬁn s6 do chinh xac cao va lién tuc thu tin hiéu vé tinh. Cac tram CORS duoc
két ndi voi tram cha (MS) thong qua internet. Tram chu c6 nhiém vu xu ly va luu
gilr cac thong tin tu cac tram tham chiéu gui t6i, ngoai ra cung cp mot nén tang dé
anh xa chinh xac tu’ng co s& ha tang vé6i dinh vi duoc tiéu chuan hoa.

2.2.2 Hién trang vé xay dung tram CORS & Viét Nam

Viét Nam dang trong qua trinh x4y dung luéi GNSS/CORS Qudc gia. Hé
thong nay cua Viét Nam duoc thiét ké vai muc tiéu 1a ludi da muc dich, dap ung
dugc nhiéu nhiém vu véi d6 chinh x4c khic nhau.

Hién nay, Cuc Po dac, Ban do va Thong tin dia 1y Viét Nam dang thuc hién
xay dung 65 tram GNSS CORS trén lanh tho Viét Nam véi muc tiéu co ban va
quan trong nhat 14 cung cap dich vu so liéu hiéu chinh d6 chinh xéac cao, phuc vu
cho tat ca cac ung dung xac dinh vi tri va dan duong trong ché do thoi gian thuc
dua trén nén tang truyén soé liéu qua Internet. Trong s6 65 tram dugc xay dung néu
trén co 24 tram Geodetic CORS, cac tram con lai la NTRK CORS. 24 tram
Geodetic CORS duoc xay dung dua trén co s& nang cép 6 tram DGNSS hién co
cua Bo Tai nguyén va Méi1 truong va 18 tram dugc xay dung mdi. 6 tram hoat
dong hién tai ctia B6 Tai nguyén va Méi trudng phuc vu cong tic phan gidi cam
mbc bién gi61 va phuc vu khdo sat, do dac bién va dan duong cho cac phuong tién
hoat dong trén bién. Ngoai ra, cac tram DGNSS/CORS cia Bo Québc phong co
chtrc nang phat s6 hiéu chinh phan sai va vi phan phuc vu khao sat, do dac bién va
dan dudng cho cac phuong tién hoat dong trén bién va phuc vu cho viéc xay dung
hé quy chiéu, hé toa d6 quan su, nghién ctru dia dong luc, danh gid hau qua do
tham hoa thién tai gdy ra trong nudc, khu vuc va trén thé gidi, tham gia vao viéc
khang dinh chu quyén lanh thd va lanh hai ctia dat nude (Duong Thanh Trung,
2019).
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Hinh 3: So d6 65 tram CORS (Piém chdm tron) va viing phii Mang hedi
VNGEONET (Viing phii trong noi tram CORS)

2.3 Giai phap VRS PPK cho UAV

Gia thiét mang lu6i cong nghé VRS bao gdm n tram quy chiéu lién tuc thu cac
tin hiéu tir cac vé tinh. Cac dir liéu vé tinh thu duoc tir cac tram tham chiéu duoc
truyén vé Tram xu 1y trung tdm nho cdc mang LAN, Internet Modem. Tram xir 1y
trung tam tién hanh xir 1y cac dir liéu vé tinh theo cac baselines giita cac tram tham
chiéu trén co s giai cac tri nguyén da tri theo cac phuong trinh hi¢u kep cua tri do
pha. Két qua xac dinh tiép theo cac s6 hiéu chinh khi quyén bao gdm téng cua sO
hi¢u chinh do anh huong cua tang dién ly va s6 hiéu chinh do anh hu’ong cua tang
d6i Iuu. Céc s hiéu chinh khi quyen duoc m6 hinh hoa boi mé hinh néi suy tuyen
tinh v6i viée xac dinh dugc cac hé s6 ciia mo hinh nhd cac s6 hiéu chinh khi quyén
da duoc xac dinh trén n tram tham chiéu.

Tram Rover giii cac toa do gan dung ciia nd vé Tram xir 1y trung tAm nho cac
dich vu GSM, GPRS, 3G, ... Tram xtur ly trung tam s¢& thiét 1ap tram VRS gﬁn khu
vuc cia tram Rover dya trén cac dir liéu vé tinh trén n tram tham chiéu va guri cac
dit liéu tinh toan ddi v6i tram VRS dén tram Rover trong dinh dang chuan RTCM.
Dua trén cac dir liéu nhan dugc, tram Rover giai da tri va xac dinh vector baseline
gifta tram VRS va tram Rover. Tur day xac dinh dugc vi tri ciia tram Rover.

Hé thong tram VRS hoat dong dua trén nguyén tic sau:
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- Mang ludi phai co it nhat 3 tram tham chiéu c6 dinh CORS. Cac tram nay
két ndi dén mot mang cha thong qua cac lién két truyén thong (LAN,
Internet hodac Radio Modem).

After flight

CORS

- Mot hay nhiéu Rover hoat dong trong vung bao phu cua mang ludi cac tram
CORS. Cac Rover nay gui vi tri tuong d6i ctia né vé trung tam xu ly s liu.
Cac s6 lidu vé vi tri twong dbi cua Rover dugc gui bang cac giao thuc
truyén dir li€u trén dién thoai di dong nhu GSM hodac GPRS. Dinh dang
chuan cua dir liéu gui tr Rover thuong la NMEA (Natinonal Marine
Electronics Association). Loai dinh dang nay c6 san ¢ hau hét cac may thu
GPS.

- Trung tam xt 1y phai duogc trang bi cac phdn mém c6 kha ning phan tich,
téng hop cac dir li¢u thu dugc tr cac tram CORS va Rover nhu cac phén
mém GPSNet, GPServer hoic CRNet. Sau khi nhan thong diép thong qua
chuan NMEA tir Rover, may chu trung tim s& gui lai tin hiéu RTCM tix
trung tam xu 1y dir liéu dé cap nhat lai vi tri cia minh va tiép tuc gui vi tri
moi ctia minh vé trung tam xu 1y dit liéu. Luc ndy mdy chi trung tdm méi
tinh toan cho ra tin hiéu hiéu chinh tham chiéu 4o ngay sat véi Rover.

Mang luéi cac tram tham chiéu nay tao ra mot tram tham chiéu ngay sat voi Rover,
nhung tram tham chiéu nay hoan toan khong c6 thuc nén tram nay goi la tram tham
chiéu 4o.

> Uu nhudce diém cia VRS PPK cho UAV

Uu diém:

+ Khong can khong ché mat dat

+ Khong can tram Base vt Iy

+ Khong can do ndi khdng ché

+ Tbi uu khoang cach Baseline

+ Do chinh x4c GNSS dén cm

Nhuoc diém:
+ Can tai khoan CORS
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+ Cén phan mém xtr Iy chuyén dung

CHUONG 3: THUC NGHIEM SU DUNG CONG NGHE PPK VRS
CHO UAV BANG PHAN MEM AIPOS

3.1 Pic diém Khu vue nghién ctru ‘

Chung toi dé’ tién hanh thyuc hién nghién ctru cia minh tai Khu gan truong Pai hoc

Mo - DPia chat noi ¢6 tram CORS thu tin hiéu vé tinh 24/7

3.2 Thyc nghiém

Pé kiém tra do chinh xac cua cong nghé VRS PPK cho UAV chung t6i tién thanh
thu tin hi€u cia ca base 4o va base vat 1y sau do so sanh gitta 2 cong nghé nay




3.2.1 Quy trinh céng nghé VRS PPK cho UAV

Pé thyuc hién duoc quy trinh cong nghé ta thuc hién cac budc sau:

Nhan RTCM

'

Convert to RINEX

v

Xt Iy GNSS PPK

Anh chup

UAV’s RINEX

T

Toa do GNSS PPK [+

Pong bo

—————

vy

v

Toa do tam anh PPK

Toa d¢ tam anh(SSP)

Hiéu chinhl

y

Y

Tinh chuyén toa do

goc xoay

»  Goc xoay cua anh

Y

J Toa d5 tim anh chinh
xac trong VN2000

]

So dé 1: Quy trinh Céng nghé VRS PPK cho UAV
Budc 1: Thu va xir Iy dit liéu RTCM

My thu Di liéu
Gps [ e

1

Chu}'én
doi

Budc 2: Déng bo hoa dir licu

53 Xir iy s6 ligu GPS - m] %
Diligu  Thigt dat
Dii liéu Rover
Téptido  |D:\detal\TNMT\solieu'trangan'day2\1'\Huacet|  [EE
Tép dao hang |D"‘\dEtai"- TNMTmIieu'\trangan'-day?‘-.‘\‘-HuaceE| m
Higu chinh tam ang ten
dXm) [0 dvim) [0 | dzm) [0 \
Dii iéu Base
| Sua | B
Ne Dada file Position mode Position (4
» B 0 detai\ TNMT solieu'tran... | From RINEX ..~
< >
Két qua [LJ “detai’ I NM I 'solieu'trangan \dayZ\‘\\HuaceHase]

Thodt
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(] 100_0001_Timestamp.MRK ||
HESA xR 0
1 373023.212225|  [2136] 12N -3BE 190V P1.07271166Lat  105.76914520.Lon 78.571.8h 1.047328, 1.101343. 2.711898 160
2 373026.002193 | [2136] 20N 43E 189V P1.07271854lat 105.76924897.Lon 77.930.Hh 1.066341. 1.102856. 2.724806 16Q
3 373028.806497 |  [2136] -14, -23.E 1934 [21.07272823Lat 105 76944814 Lon 77937 Elh 1.058344 1.070745. 2 542851 160
4 373031.604145 | [2136] -11, 1.07274171 Lat o Diing bé dirliéu
5 [2136] -14, 1.07274814 Lat L
213 - 1.07275742.Lat LTy
[2136] - - 1.07276604 Lat Tép chudn [ humg\2020- 2021\ HNKH\ 12172020\ Data\UAV_Rover\100_0001_PPKRA| Erowse
[2136] X 17, 1.07277504 Lat
[2136] -11, -10, X 1.07278455 Lat Diliéu cin chinh
g;ggg;}g% g}gg} ¥ . }gg&s;gg Tép cénchinh |D:\humg'\2020-2021\HNKH\ 12172020\ Data UAV_Rover\100_0001_Timesta|
2138l 107280450 Lat Két qua chich D \humg'2020-2021\HNKH\ 12172020\ Data \UAV_Pover\100_0001_Timesta Browse
Phincichoitvso | | Phén cich cit ra ~
[ 100_0001_RinexPOS_vrs.txt
Cét chudn ~ Cotchinh [0]1 4 K > | pos-miz -BH
HACA A ‘{' EE E o Ref Cobmnl Sy Cokmni  Tagged Field Offset value
T3t Ton v 0 1 =] 0
1.072724618 105.769140584 1 1 3 ] 0
1.072724827 105.769141032 2 2 I 0 [l
1.072725179 105.769142565 3 3 T B 0 0
1.072725573 105.769145124 " " 1 5 o o
1.072725955 105.769148785
1.072726516 105769153565 : : ® = ’
1.072727083 105.769159436
1.072727730 105.769166282 K Béng
71 NTI7IR474 108 TRA17491

c-frame

m m b
/,." R s ) = Rb (t) Rc
e ’150:“’ ’ ’
TILT (80% of Max P-Mode) Camera Calibration

attitude INS attitude
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! Hiéu chinh léch tdm dng ten va tuthé — O r 4
Tép s6 liéu | D:\Atogy\data\UAV\Org\imgatag.csv | Browse
Vi do(®o) Kinh d6(D9) Cao ddfm)
Vitri [[2]21,27213878 vl |[3]106.0084157 v] [[41145_154007 v]
Géc lan(deg) Géc tric(deg) Phudng vi(deg)
Tuthé | 1 |[5]o v]‘ 1 H[e]o v] [[710 v|
dxBim) dyB(m) dzB{m)
Léchtam |0 | 0 | |o0d |
Tépkét qua |D:\Atogy'data\UAV\Org\imgatag_cor txt | Browse

Phan cach

OK

Budc 4: Chuyén ddi toa do vé VN2000

RTCM messages

Target:
VN-2000

e

sl Hiéu chinh RTCM va tinh chuyén toa dé - o X
7, DA liéu RTCM
RCTM [D:\humg\2020-2021\HNKH\12172020\Data \VRS2101\VRS2 Bro
/Range RTCM 3.1 S \ Nhip tép [D:\umg T\HNKH\121 \Data\! 1\RS2| wse
1021 > Id. Techniqus of N.S -EW area dimensions Théng tin xilif RTCM [ D:\humg)\2020-2021\HNKH\12172020\Data\VRS2101\VRS2 Browse
Transformation +d. Expected accuracy Hiéu chinh va Chuyén d&i
1022 -TxTy,Tz,Ds,Rx,Ry,Rz —— 5| Height Tépcanxil(BLH)  [D:\humg\2020-2021\HNKH\12172020\Data\UAV_Rover\100) Browse
<{d. Interpolation Technique ‘ i) Lt
B A Mau Toa d§ [M21072722477 | [121105.76914035¢ ]

. /?VREID P A\ GRID valuesdpi, SAi/ Tepktaus [D:\humg\2020-2021\HNKH\12172020\Data \UAV._Rover\100] Browse
1023_.Origin @ A/N E GRID - ONi, SEi = T G e —
1024 |.GRID Dimensions Kehtyéntee (105 | [0 ] [ ] [3degre ] [NEH vl
10.27 ; -ld. Interpolation technique

GRID N GEOID - Id. Expected accuracy " ‘
-GRID values BNigeoid oK 2|

3.2.2. Thuc hién danh gia két qua
S liéu gom:
-S4 liéu Rover RINEX tir UAV

- S6 lidu Base RINEX vat 1y (Comnav T300)

35



- S6 liéu CORS don (HUMG CORS)

- S liéu VRS (DOSM CORS 2101)

- Toa do gan dang tam anh (GPS tuyét d01)
- So litu RTK cac diém kiém tra mat dat

& aipos - o X
Tép Dihos XiljsSliéu MohinhsGdécao PPK-GNSS Tiéntich Hiénthi Trogicp
B 2B & SaelitemageMap + VN2000_1053
Gudn by d&itudng  Wieri Bndd DIy
L_] Object
: I8
+ M) 100_0001_PPKRAWPOS_VRS_NEHbe

106.5m

372998.597 373170.894 373350.365 373529.825 09.,
1053 m

North 2330672,021 East 580615195

Béang do 1€ch toa dd va do cao gilra Base 4o va Base vat 1y

0.08

0.06

0.04 |

0.02

0 ——dN(m)

e dE(m)
e dH(m)

-0.02

Léch tQa dd(m)

-0.04

-0.06

-0.08

-0.12 ¢
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Tham s6 do léch gitra Base 40 va Base vat ly

Tong sd dN (m) dE (m) dH (m)
S6 luong diém do 3623 3623 3623
Do 1éch 16n nhit 0.016 0.002 0.057
Do 1éch trung binh 0.005 -0.010 0.002
Do 1éch chuan 0.004 0.002 0.007

Két qua cho thay rang c6 thé st dung Base 40 thay cho Base vt 1y v6i do chinh
xac tam chup c& centimet

Két luan
Tt nhitng két qua nghién ctru, chung toi rat ra két luan sau:

Thong qua thuc nghiém cho thdy do chinh xac dinh vi tri diém do chi tiét cia
phuong phap PPK st dung tram base a0 c6 thé cai thién tir 25-50% so voi phuong
phap st dung tram Base don. Uu diém cta phuong phap do PPK 13 khong can sir
dung dén cac phuong tién truyén dit liéu cai chinh tir base dén rover. Nhuogc diém
ctia phuong phap do PPK 1a khéng thu dugc toa do tirc thoi cta diém do va ciing
khong kiém soat dugc chit lugng do dac ngay tai thoi diém do ma két qua va chat
lugng do dac chi thu duoc sau khi da xtr Iy ndi nghiép bang cac phan mém chuyén
dung.

Qua viéc chuyén d6i khuon dang va viéc ddng bo hoa dir liéu, chung toi da co thé
hoan toan thay thé tram Base vat 1y bang tram Base 40 véi nhiéu wu diém vuot troi
nhu tiét kiém chi phi may moc va lap dit ciing nhu do ndi khéng ché tai tram Base
vat 1y. Thuc nghiém da duogc tién hanh ngoai thuc dia da cho thay rang st dung
tram Base 40 hoan toan co thé thay thé dugc tram Base vat Iy truyén thong.
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