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MO DAU

Truot 10 dat d4 13 mot dang tai bién tu nhién xay ra tuong ddi pho bién &
ving d6i nai va & nhimg khu vyuc khai thac khoang san. Hau qua cia truot 10,
sut lin bé mat dat gay ra nhiing thiét hai rat nang né vé nguoi va tai san, de doa
cudc sdng ctia nhimg khu dan cu sinh séng & dudi chan nhimg ving d6i nii.
Trong nhitng nim gan day tinh hinh thién tai & cac tinh mién nai Viét Nam noi
chung va Quang Ninh néi riéng ngay cang dién bién phic tap. Do anh hudng
cta bién doi khi hau va nhiing hién tuong thoi tiét cuc doan, cung voi cac hoat
dong nhan sinh nhu pha rung, khai thac khoang san, xay dung cac cong trinh
giao thong, nha cira... cang 1am cho qua trinh tai bién trugt 16, sut lin phat trién
manh mé€ véi quy md ngay cang 16n, mirc do thiét hai ngay cang tang, de doa
dén an sinh cong dong.

O cac mo 10 thién, do hoat dong cua khai thac khoang san ma truot 1o dat
da bai thai cling thuong xay ra. Hau qua cua truot 1& bai thai thuong gay thiét
hai 16n vé tai san, tinh mang cta con ngudi, pha hiy céc cong trinh dudi chan
bai thai va gay ra suy thoai moi truong.

Bai thai 1a mot hinh thai dia hinh do con nguoi tao ra do hoat dong cua khai
thac khoang san. Qua trinh dich chuyén dat da, bién dang bé mit va cac hoat
dong ngoai sinh van xay ra lién tuc ké tir khi méi d6 thai va kéo dai nhiéu nim
sau d6. Viéc quan tric chuyén dich bé mit bai thai s& cung cip dugc nhimg
thong tin rat c6 gia tri cua hién tuong truot 16 nhu do 16n, van tbc, gia tbc cua
chuyén dich. Nhiing thong tin ndy néu dugc phat hién sém s& giam thiéu dugc
nhing ton that co thé xay ra.

Pé giam thiéu nhitng rui ro do tai bién tir trugt 16 bai thai gy ra can phai
co hé théng quan trac lién tuc va canh bao tirc thoi. O Viét Nam, tir trude t6i nay
viéc quan trac truot 1o dat da noi chung va quan trac truot 1o dat da bai thai néi
riéng van thuc hién bang nhirng phuong phéap va thiét bi truyén théng. van chwa
co mot hé théng quan trac lién tuc va canh béo tac thoi vé truot 1 dat da bai
thai. Vi vay viéc thiét ké, phat trién, xay dung mdt hé théng quan trac theo thoi

gian thyc d¢é theo di trugt 16 dat da & cac bai thai 1a can thiét.

B4o c4o nay trinh bay mot giai phap quan trac truot 1 dat da bai thai theo
tho1 gian thuc & mo 16 thién dua trén cong nghé GNSS/CORS



CHUONG 1.
LY THUYET CHUNG VE CONG NGHE GNSS/CORS

1.1. Céng nghé hé théng vé tinh din dwdng toan cAu GNSS

Cong nghé GNSS (Global Navigation Satellite System) con dugc goi 1a hé
théng vé tinh dan dudng toan cau duoc phat trién dau tién véi muc dich dan
duong (Navigation) trong quan su, hang hai, trong khong gian...Sy két hop cua
cac hé théng GPS (Global Positioning System) do My ché tao va hoat dong tir
nim 1994, GLONASS (Global Orbiting Navigation Satellite System) do Nga ché
tao va hoat dong tir nam 1995, GALILEO mang tén nha thién van hoc GALILEO
do Lién minh chau Au (EU) ché tao va dang trong qué trinh hoan thién va
COMPASS (Trung Qudc) di hinh thanh nén hé thong vé tinh dan duong toan
cau GNSS (hinh 1.1), n6 s& cung cap sd luong vé tinh nhiéu hon so voi sd
luong vé tinh hién c6 cua GPS, vi vay nang cao dugc d0 chinh xac cua cac may
thu mat dat va cung cip duoc nhiéu tmg dung hon.

Hé théng GNSS hoat dong trén pham vi toan cau trong h¢ toa do dia tm
WGS-84 ¢o géc toa do duoc chon & tam trai dat trong khong gian 3 chiéu, co
nghia 13 vi tri mdi diém duoc biéu dién theo 3 chiéu khong gian (X, Y, Z) hoic (
B, L, H). Toan bd cac phép do va cac thanh qua co thé biéu dién trong mot h¢
toa do toan cau, vi vy cong dong qudc té da hinh thanh nén t6 chirc dich vu

GNSS qudc té (International GNSS Service - IGS).

Véi viéc bd sung va két hop cac tri do trong luc va thiy chuan, ngudi ta
da thiét 1ap duoc mo hinh thé trong trudng toan cdu EGM dé dua do cao tric dia
H vé d6 cao thily chuan h. Pay 1 kha ning tao nén nhitng budc phat trién moi

vé cong ngh¢ do cao.



Hé théng GPS ‘ Navigation ‘ Hé théng GLONASS

TR
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Hé thong GALILEOC Hé théng COMPASS

Hinh 1. 1. Hé thong vé tinh dan dwong toan cau GNSS

Mot thé manh ctia cong nghé GNSS 1a do dac trén khoang cach rat xa va co
d6 chinh xac rat cao. V&i quy trinh thich hop c6 thé dat dugc sai s6 vi tri diém
co mm trén canh do hang ngan km. Ngoai ra, vi¢c img dung cong nghé GNSS
yéu cau k¥ ning twong dbi don gian, muc d6 tu dong hoa cao, dé dio tao chuyén
giao cong ngh¢, cho nén GNSS di try thanh cong nghé chil yéu dan dan thay thé
cac cong nghé do dac truyén thong.

Véi cong nghé GNSS, cong tac dinh vi trén mat dat chu yéu duoc thuc hién
bang viéc thiét 1ap cac tram tham chiéu hoat dong lién tuc (Continuously
operating Reference Station — CORS). CORS c¢6 thé dugc hiéu 1a mot hodc
nhiéu tram tham chiéu GNSS ¢ dinh, van hanh lién tuc, duoc két ndi véi tram
chu (Server) thong qua mang Internet theo dia chi IP va cac tram CORS dugc
két ndi v6i nhau tao thanh mot mang luoi truyén dtr 1iéu. Tram chu duoc cai dat
cac phan mém chuyén dung c6 nhiém vu xtr 1y, quan 1y va luu giir thong tin tir
cac tram tham chiéu giri t6i.

Do ¢6 nhiéu thong tin tur nhiéu tram tham chiéu truyén to1 nén tai tram chu,
nguoi ta c¢6 thé xay dung dugc md hinh sb cai chinh vi phan tirc thoi nhu 1a ham
cta vi tri diém céc tram tham chiéu. Trong mé hinh nay, cé thé xét téi mot sb
ngudn sai so nhu sai sé quy dao vé tinh, sai s6 déng hd vé tinh, anh huong cia

tang d6i luu, tang dién ly v.v...



Hé théng cac tram tham chiéu 1am viéc lién tuc (CORS) co thé phuc vu cho
nhiéu muc dich khac nhau nhu:

- Cung cap dich vu dinh vi xac dinh vi tri diém (dinh vi tinh) v&i ¢ chinh
x4c ¢& mm va cm phuc vu nghién ctru chuyén dong kién tao vo trai dit va xay
dung lu6i khong ché tric dia.

- Cung cép cac dich vu dinh vi dong x1r 1y ttrc thoi (RTK) va dinh vi dong
xur 1y sau (PPK) véi1 d§ chinh xadc cm, phuc vu do vé chi tiét thanh 1ap ban dd dia
hinh, ban dd dia chinh, chuyén thiét ké ra thuc dia vv...

- Cung cép dich vu dinh vi dong x1r 1y tirc thoi voi do chinh xac ¢& dm cho
may bay, tu thuyén va cac phuong tién trén dat lién

- Hb tro cac cong tac do dac khao sat dia vat 1y va nghién ctru khi quyén
\"AY

Thanh phan cua hé théng mang ludi GNSS/CORS gdm 3 phan chinh (hinh
1.2):

+ H¢ théng tram tham chiéu CORS

+ Tram chu

+ Ngudi st dung

COES-2

CORS-1

Tram chu (Server)

Hinh 1. 2. Cdc thanh phan ciia hé thong mang lwéi tram CORS
1. Hé théng cac tram tham chiéu CORS



Tai vi tri cac tram tham chiéu duoc lép dat cac may thu GNSS lién tuc thu
tin hiéu vé tinh. Chon diém dat tram tham chiéu c6 thé & cac vi tri:
+Cac diém dat trén mat dat: Vi tri dat diém phai 1a nhimg noi c6 diéu kién
dia chat 6n dinh, d6 doc vira, khong c6 cac mé hoat dong, noi it xay ra cac hién
tuong sat 16 hay sut lun, quanh vi tri khong c6 céc vat can tdi thiéu tir 0 — 10 d9.
+Lya chon céc toa nha gach hodc bé tong cbt thép. Toa nha it nhit da phai
duogc st dung trén 5 nam va khong qua 2 tang, khong co cac vét nirt co thé nhin
thiy bang mat thuong & bén ngoai hodc bén trong, khong c6 mai bang kim loai
hay c6 tuong kim loai bao quanh toa nha.
Cac diém dat tram CORS phai cach dam bdo sy thu nhan tin hiéu v¢ tinh
1a On dinh nhat, cach xa cac ngudn phat song, duong diy dién cao thé.v.v...
Mot s yéu cau can thiét cia may thu:
- Thu duoc it nhat hai tan s6 L1 va L2
- Thu duoc it nhat 10 vé tinh
- Cung cap L1 C/A — code khoang cach gia hodc P — code khoang cach gia
va L1, L2 v6i du bude song mang.
- Ghi dir 1i€u hang giod, hang ngay, trong dong thoi gian thuc
- Kha ning cung cép dién lién tuc
- Tan suét thu tin hiéu it nhat 14 30s
2. Tram chu
Tram chu 14 noi xtr 1y, diéu khién va luu giit thong tin tir cac tram tham
chiéu gui toi. Tai day, nguoi ta c6 thé xay dung duoc md hinh s cai chinh vi
phan tic thoi nhu 13 ham ca vi tri cac diém tram tham chiéu. Tat ca dit liéu tur
cac tram tham chiéu dugc truyén qua internet dén trung tam diéu khién & tram
cha viéc tinh todn 1udi va hiéu chinh vi tri dugc thuc hién va gui chung dén

nguoi st dung.



May chu giam sat, diéu khién hoat dong cua tat ca cac tram GNSS/CORS
thong qua viéc két ndi v6i may tinh chay phan mém dit tai cac tram nay. Phan
mém phai c6 kha nang diéu khién va giam sat lién tuc vi¢c thu thap s6 liéu cla
cac tram phat tin hiéu GNSS/CORS thong qua mot trung tim diéu khién tap
trung (hinh 1.3).

M4y chu quan ly viéc thu thap sb liéu do GNSS tai cac tram. Phan mém
tai tram phai c6 kha nang két ndi duge cac tram GNSS don 1é thanh luéi
GNSS/CORS, quan 1y tir xa cac tram thong qua cac kénh két néi mot cach
toan dién, c6 kha ning xac 14p cAu hinh thu GNSS, quan 1y viéc thu, ghi, cip
phat dir li¢u, gidm sat lién tuc tinh toan ven cua ludi va dit li¢u cép phat, va

c6 cau tric mo hd trg nang cap 1én RTK va VRS.

May chu chay phan mém ung dung cé chirc ning thuc thi cac tng dyung tir
nguén dir liéu thu thap dugce tur cac tram GNSS/CORS. Phan mém tai may nay
c6 kha nang: Tinh todn toa d0 va van tbe chuyén dich cua tat ca cac tram cua
lué1 mot cach nhanh chong, xtr Iy tu dong toan bo ludi, xtir Iy dugce ludi 1on gém
rat nhiéu diém; tinh dugc s6 nguyén da tri trén khoang cach 16n dén hang nghin
km; theo d&i duoc bién dong cua tang dbi luu va tang dién ly, xac dinh dugc quy
dao vé tinh chinh x4c va tham s dinh hudng cua trai dét, tinh duoc cac s hiéu
chinh va phat dén cac tram dong; xu ly duoc s6 liéu da hé (it nhat 13 GPS va
GLONASS) vo1 @0 chinh xac rat cao, thuc hién cac dich vu dinh vi trong thoi

gian thuc, cac dich vu mang va luu trit s ligu.
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Hinh 1. 3. Phan mém tai tram chii trung tam ciia hé thong tram CORS
3. Nguroi sur dung

Nguoi str dung c6 thé dung tram CORS véi phuong phap dinh vi tic thoi
RTK hoac phuong phap dinh vi xtr 1y sau.

V&1 phuong phéap dinh vi tie thot, khi tram chtt nhan dugc thong tin tr may
thu ctia nguo1 sir dung, nod s€ tinh todn va gui gia tri hi¢u chinh t&i cac tram tham
chiéu gan d6 dé hiéu chinh ludn vao két qua do. Dir liéu duoc truyén téi nguoi
sir dung qua mang truyén thong 4G.

1.2. Cong nghé va thiét bi xay dung mang lwéi tram CORS
1.2.1. Cong nghé¢ xay dung mang luwoi tram CORS

Hién tai, mang ludi tram CORS duoc x@y dung trén cong nghé LODG
(Locally Optimized Differential GPS) nghia 1a t6i wu hoa cuc bd phuong phap
sai phan GPS, 1a mot giai phap cong nghé DGPS st dung cac tri do pha dé tinh
toan, dinh vi diém chinh xac (Precise Point Positioning - PPP) cho két qua & thoi
gian thyc. Céng nghé nay thuc hién do dac trén pham vi rong véi thoi gian ngan,
la cong nghé méi nhat & My va da dugc phét trién va sir dung ¢ nhiéu nudc trén
thé gidi. Cong nghé nay sir dung hé thong vé tinh phéi hop véi cac tram CORS
xac dinh vi tri va may do di dong két ndi véi tram xt Iy trung tdm théng qua

mang Vién théng, cho phép xac dinh toa do tuc thoi caa cac diém véi do chinh
8



X4c cao trong thoi gian ngan nhat. Theo cong ty Do Pac Dia Chinh Tién Phong
(Advanced Land systems and Engincering Incorporation - ALSE), véi ludi tram
CORS dan day trong khoang céch tir 30 dén 50 km trong thanh phé va tir 50 dén
70 km vung néng thon, va stir dung GPRS hoic VINASAT, thi chi trong vong 10
dén 20 gidy, may do di dong (Rover) thu dugc vi tri véi do chinh xac tir 1 dén 2
cm ma khong bi phu thuc vao tam nhin va khoang céch cua song radio. Nhu
vy, cong nghé LODG |a mét trong nhitng giai phap dé phat trién mang ludi tir
cac tram CORS phuc vu cho céc cong tac do dac ban dd.

Cong nghé nay st dung hé théng vé tinh phdi hop véi hé toa do quy chiéu
dia phuong dé thuc hién do dac trén pham vi rOng nhung vo61 thoi gian ngén
nhat. Néu nhu cac cong nghé trudc day so licu do dac phai dem vé vin phong xur
ly, thiét bj do cong kénh thi voi cong nghé LODG s6 lidu duoc xur 1y ngay tai
hién truong thong qua may do gon, nhe va chi can mot nguoi do vo1 mot Rover
1a 6 thé thuc hién cong tac do dac véi do chuan xac cao nhat. Ung dung cong
nghé nay s& tiét kiém thoi gian do dac ngoai nghiép, d& ton kém vé mit kinh phi

ma van dat yéu cau do chinh xac can thiét.

Pic diém vé cong nghé xay dung mang luéi tram CORS la céc tin hiéu vé
tinh dinh vi thu dugc khong bi gian doan, giam bét cac ngudn sai s6 phu thudc
do cac tram c6 dinh dugc két néi thanh ludi, khoang cach cua cac diém co so
trong mang ludi CORS dai hon 1am giam s6 luong va mat o diém va tu dong
hod viéc quy chiéu céac tri do GNSS, két qua tinh toan vé khung quy chiéu théng
nhat.

V&i mang ludi tram CORS c6 thé ty dong lién két vai mot luéi CORS bat
ky (lugi qubc té, khu vuc hay luéi dia phuong). Uu diém nay 1am cho viéc thiét
lap cac mang luéi trac dia ting day véi do chinh xac rat cao, c6 thé thyuc hién
mét cach chu dong, nhanh chdng & bét ky khu vuc nao trén vang 1anh tho.

1.2.2. Cac thanh phan cua tram CORS



Hién nay trén thé giéi co nhiéu hing san xuét thiét bi cho tram CORS, tuy
nhién céc thanh phan ctia mot tram CORS co ban giéng nhau. Mot hé théng
tram CORS bao gém cac thanh phan sau:

1. Ang ten GNSS (Choke-ring antenna)

Ang ten thu tin hiéu vé tinh GNSS c¢6 nhiém vy thu tin hiéu tir cac vé tinh
thudc hé théng GPS, GLONASS, Beidu, Galileo thong qua day dan tin hiéu bo
chuyén ndi (antenna lightning arrester) c¢6 nhiém vu truyén tin hiéu vé tinh
GNSS vao CORS Receiver. Ang ten thuong st dung vat li¢u it co dan, loai bo
song tap do hiéu tng da duong din véi hiéu qua cao. Thiét ké dinh tam theo 4
diém, tinh on dinh cua tim may dat dén 0,8 mm co6 kha nang do bat duoc tin
hiéu vé tinh c6 goc ngudng nho nhat. O hinh 1.4 thé hién mot loai dng ten GNSS
CORS cua hang South.

Hinh 1. 4. Ang ten thu tin hiéu vé tinh GNSS ciia South
Antenna c6 bd bdo vé bén ngoai nén co thé tranh dugc mura, gio, lua

v.v...V06 boc cap ang ten sir dung ong dan phu hgop dé bao vé€ cap antena khoi
thoi ti€t, Itra,... chong sy xam nhap cia nudc va tia cuc tim. Co thiét bi chong
sét dé bao vé cap antena, su dung cap antena c6 chiéu dai vira du dé két noi gitra

antena va may thu dé sao cho sy mat va chim tin hiéu 14 nho nht.
2. CORS receiver ( bo thu va giai ma tin hiéu vé tinh)

B0 giai ma tin hiéu vé€ tinh dau vao (input) két noi véi Choke-ring antenna
dau ra két no1 vé1 modem ngoai ra con mdt s6 cong ngudn, cong két ndi voi may

tinh...
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B0 thu va gidi ma tin hi€u v¢ tinh ¢6 nhi€ém vu thu tin hi€u tir antenna sau do
xtr 1y chuyén dit liéu thu dugc vé dang s6 dé cung cip cho may tinh thong qua

cong két ndi Enathernet. O hinh 1.5 12 bd thu GNSS Net S8+ ciia hiang South.

Hinh 1. 5. Bé thu va gidai ma tin hiéu vé tinh (CORS receiver) Net S8+ cua
South
Pic diém cta bd thu NET S8+ la ung dung bo mach chu cua Trimble

BD970, c6 thé thu duoc 220 kénh. Ngudi st dung c6 thé thong qua cac cach
nhu: Internet, cong ndi tiép, Bluetooth va cac nut trén man hinh LCD dé tién
hanh thiét lap tham s6 cho hé théng, thuc hién thao tac cho may thu tur xa. B
thu duoc trang bi tinh ning ty dong phuc hdi vi tri, may chi phuc hdi sau khi
méat dién va tu dong hoat dong lién tuc nhu cai dat ban dau, néu mat tin hiéu
mang internet van bao luu sb liéu va sau khi két ndi dugc vo1 mang thi $6 liéu

tiép tuc tu dong thu va luu vao may chu.

Chtic ning ctia NET S8+ dé dit cac tham sé cho may thu, giam sat tinh
hinh vé tinh, thuc hién céc tinh ning nhu thu thap sb liéu quan trac, g, khoi
dong tur xa. bé dang nhap vao vao bg thu duoc thuc hién thong qua dia chi IP va
cong két ndi trong qua trinh thiét 1ap mang Internet. Pi v6i tram CORS N0O01
lap dat o truong Pai hoc M6 - Dia chat duong truyén Internet c6 dia chi IP la:

119.70.171.179 véi cong két ndi 1a 5005
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3. Router va Modem

La hé théng két ndi mang internet cho toan bo hé théng, c6 nhiém vu truyén
dir liéu tur hé théng IGS vé sd cai chinh diém tram CORS va céc thong sb cai

chinh tang do6i luu , khi quyén trong khu vyec... bao gdm cdc nhi€ém vu nhu sau:

a) Truyén sd cai chinh tir mang ludi IGS vé tram CORS

b) Truyén sb cai chinh tir CORS ra cac ROVER (RTK)

¢) Lay dit liéu do dac tir cic ROVER

d) Truyén dit liu do dac tir CORS sang mang ludi IGS dé tiép tuc tinh toan
toa do turc thoi cua tram CORS.
Tai router c6 cai dat 2 céng dé c6 thé truy xuét dir liéu v6i IP mic dinh trén

Computer 192.168.0.251 cong ra 6060 va 8080.
4. May tinh chu (Server)

May cha can phai c6 cdu hinh 16n, bd nhd Ram t6i thiéu 8 Gb, 3 6 clng
mdi 6 500 Gb dé c6 thé chay duoc Raid 3. May chu can c6 bo luu dién UBS dé

dam bao cho may chu khong bi mat dién dot ngdt va hoat dong dugc lién tuc.

May chu duoc cai diat phdn mém chuyén dung va luu trit cac sé lidu cua
tram CORS. Vi tram CORS theo cong ngh¢ cia South duogc cai dat hai phén
mém NRS-Station va NRS-Rerver. Phan mém NRS-Station ¢ chirc ning tinh
toan sb liéu, phan b s6 liéu tram thu tinh va NRS-Server cung cip thong tin sai
phan cho diém do di dong, xtr Iy s6 liéu ctia mang ludi do dong RTK, dong thoi
hiéu chinh cac s6 nguyén da trj ciia toan mang, thiét 14p mé hinh cai chinh (gém

cai chinh sai s6 tr:fmg ddi luu, téng dién ly, quy dao v¢ tinh).

5. Puong truyén Internet

Yéu cau quan trong nhat can mot duong truyén Internet 6n dinh, téc do
nhanh, bang thong truy cap qudc té 16n. Hién nay duong truyén Internet thuong
str dung mang cap quang cia cac don vi cung cap dich vu nhu FPT, VNPT

Céc thanh phan cta hé thong tram CORS duoc thé hién nhu ¢ hinh 1.7

12



Cot thu l6i
Cac ngudn dién dau
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Solar  Wind power system 220V AC  12VDC
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Internet

Hinh 1. 6. Cdc thanh phan ciia hé thong tram CORS
Céac thiét bi cia mot tram CORS theo cong nghé cia South duoc lép dat

hoan chinh thé hién nhu hinh 1.8.

Hinh 1. 7. Hé thong tram CORS theo cong nghé va thiét bi ciia hdng South

13



1.3. Nguyén ly hoat dgng caa tram CORS

Tin hi¢u v¢ tinh GNSS duoc angten (1) thu nhén, dugc truyén vé bo thu
GNSS Net S8+ thong qua moét day cap chuyén dung, tai day tin hi€u v¢ tinh
dugc giai ma va di qua modem (3) vé may tinh cha (4). Thong qua may tinh chu
duoc két ndi voi mot duong truyén Internet véi mot dia chi IP tinh ¢d dinh, c6 thé
phan cap quan 1y, tiy theo timg d6i twong ngudi st dung bang hai phan mém di
kém: NRS-Station (phuc vu tinh toan sd liéu, phan bd s liéu tram thu tinh) va
NRS-Server cung cip thong tin sai phan cho diém do di dong, xir Iy s6 liéu cta
mang ludi do dong RTK, dong thoi hiéu chinh cic sd nguyén da tri cta toan
mang, thiét 1ap mo hinh cai chinh (gém cai chinh sai s6 tang d6i luu, tang dién ly,
quy dao vé tinh). Cac sd liéu ¢ tram CORS duoc thu lién tuc véi tan suét 1 gidy,
15 giay hodc 30 gidy tiy vao yéu cau ciia ngudi st dung va duoc thiét dat trong
phan mém NRS-Station. S6 liéu duogc luu trit trong mot thu muc nhat dinh trong

may chu theo chudn dinh dang cta tép RINEX.

Viéc do dac theo cong nghé tram CORS thuong dugc thuc hién theo phuong
thuc do dong thoi gian thuc (Real Time Kinematic - RTK). Sir dung may thu
GNSS hai tan s6, két ndi duoc véi mang vién thong dé truyén sb lidu thong qua
phﬁn mém chuyén dung cai dat trong s6 do dién tir (Fieldbook). Toa dg cua tram
déng dugc gui vé may chu theo dinh dang chuin dit liéu NMEA (National
Marine Electronics Association) cuia hiép hoi dién tir hang hai quéc gia (M¥)
[19]. Tai may chu phén mém NRS-Server sé& tinh toan va xac dinh s cai chinh
cho tram dong va xé&c dinh dugc toa do chinh xac cho tram dong va gu trd lai
cho tram dong Rover theo dinh dang dir liéu RTCM [20] va dugc luu gitt trong

s6 tay cua tram dong Rover.
Toa dg cua tram dong Rover dugc tinh theo cong thirc:[10]
Xrover=Xrover(t) +0X(t);
Y rover=Y Rover() +0Y(t); (1.1)

ZRoverzzRover(t)+52(t)-
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trong d6: Xrover: Y Rovers ZRover -

phan toa do dinh vi tuyét d6i ctia tram Rover & thoi diém t; Sx(t), dy(t), dz(t) 1a

Cac thanh phﬁn toa do cua tram dong can Xac
dinh trong hé toa d6 ctuia tram CORS; Xrover(t), Yrover(t), Zrover(t) - Cac thanh

sb hiéu chinh duoc xac dinh theo cong thuc: [10]

OX(t)=Xcors - Xcors(l);
dY()=Ycors - Ycors(l);

8Z(t)=Zcors - Zcors(t).

Trong do: Xcors, Ycors: Zcors - Céac thanh phén toa do da biét cua tram
CORS; Xcors(t), Ycors(t), Zcors(t) - Cac thanh phan toa do dinh vi tuyét ddi cua

tram CORS & thoi diém t.

So d6 nguyén 1y hoat dong ctia tram CORS dugc thé hién nhu hinh 1.9

GPS/GLONASS/GALILEO/COMPASS
(GNSS)

Receiver
GNSS

Moderm
Wifi

Server

Antena
GNSS

TCHIP

=

1

Tram idong (Rover)

]

Rover  Field Book

RTCM ﬁME N

NTRIP Server {(

l'l [.I? 11t
—

NTERIP Client

He thong tram tham chien hoat dong lién tuc

{CORS)

Hinh 1. 8. So dé nguyén 1y hoat déng cia tram CORS
Co ché truyén dan s6 lidu cai chinh RTCM va sé liéu tri do NMEA duoc
thuc hién theo giao thuc NTRIP (Network Transport of RTCM via Internet

Protocol) trén nén mang IP.
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CHUONG 2
NGHIEN CUU THIET KE XAY DUNG HE THONG QUAN TRAC
TRUQT LO PAT PA THEO THOI GIAN THUC DUA TREN CONG
NGHE GNSS/CORS

2.1. Nguyén ly hoat dong va cc thanh phan ciia hé thong quan tric lién tuc
truwot 16 dat da
2.1.1. Nguyén Iy hoat dong ciia hé théng quan tric lién tuc

Hé thong quan tric trugt 16 dat datheo thoi gian thyc dugc dinh nghia 1a
mot hé théng 1am viée lién tuc véi muc dich chinh theo ddi, gidm sat su dich
chuyén bién dang cong trinh mot cach lién tuc tic thoi. Nhu vay doi hoi hé
théng phai c6 phan cung tét va phan mém duoc toi wu hoa cho sy 1am viéc lién
tuc 24/7. Nguyén 1y hoat dong ctia hé thdng tram quan trac lién tuc dich chuyén
bién dang cong trinh duoc xay dua trén nguyén 1y hoat dong cua hé thong

GNSS/CORS. (hinh 2.1).

a) Continuously Operating Reference b) Continuously Monitoring Station
Station (CORS) System (CMSS)

Hinh 2. 1. Nguyén Iy hoat dong ciia hé thong quan trdc truot 16 dat dd bang
cong nghé GNSS/CORS
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Tin hiéu vé tinh GNSS dugc angten (1) thu nhan, duoc truyén qua mdt day
cap chuyén dung (2) vé bd thu GNSS (3), tai day tin hiéu vé€ tinh dugc giai ma
va di qua modem (4) vé may tinh chu (5). Thong qua mdy tinh chii dugc két nbi
vo1 mot duong truyén Internet v&i mot dia chi IP tinh ¢d dinh, 6 thé phan cép
quan ly, ty theo timg d6i tuong ngudi st dung bang hai phan mém di kém:
NRS-Station (phuc vu tinh toan s liéu, phan bo sb liéu tram thu tinh) va NRS-
Server cung cip thong tin sai phan cho diém do di dong, xir 1y s6 liéu ciia mang
ludi do dong RTK, dong thoi hiéu chinh cic sé nguyén da tri cua toan mang,
thiét 1a4p mo hinh cai chinh (gém cai chinh sai sb ting dbi luu, tang dién ly, quy
dao v¢ tinh). Cac s6 liu & tram CORS duoc thu lién tuc véi tan suét 1 giay, 15
gidy hodc 30 gidy tlly vao yéu cau cua nguoi st dung va dugc thiét dat trong
phan mém NRS-Station.

SO liéu cai chinh ctia tram CORS cho tram quan trac theo dinh dang tiéu
chuan RTCM. S6 liéu quan trac da duoc cai chinh tir tram quan trac truyén vé
may tinh chu theo dinh dang tiéu chuan NMEA-0183. Cac dinh dang tiéu chuan
dir liéu nay duoc truyén dan trén nén mang IP theo giao thirc NTRIP (Network

Transport of RTCM via Internet Protocol). (Hinh 2.2)

NTRIP Client (1) .o NTRIP Client (n)
: HTTP Streams :

NTRIP Caster

t HTTP Streams :
NTRIP Server (1) }.ocovievvinsiciiiecseeneend - NTRIP Server (m)

i 1
EF‘— NTRIP Source (1) NTRIP Sourcer (p) —Z,}\

Hinh 2. 2. Phuong thitc truyén dan sé liéu GNSS theo giao thirc NTRIP
Tin hiéu vé tinh GNSS dugc ang ten thu nhan sau d6 truyén dén bo thu
thong qua cap truyén dir li¢u (NTRIP Source), dir liéu tir bo thu dugc truyén dén
may chu qua modem bang dudng truyén internet (NTRIP Server), modem & may
chil trung tdm dugc md san cac céng vao va dit dia chi IP dé s liéu tir cac tram

CORS truyén vé (NTRIP Caster). Modem & may chu trung tim cta timg tram
17



CORS dugc md cac cong twong tmg voi cac cong & tram quan tric. Mdy chu
trung tdm c6 nhiém vu truyén sb liéu cai chinh dén cho cac tram quan tric béng
NTRIP Client.
2.1.2. Cdc thanh phdn ciia hé théng quan tric

Hé théng quan trac lién tuc truot 1o dat da duoc nghién ctru phat trién dua
trén cong nghé GNSS/CORS. Toan bo hé théng gdm c6 hai phan. Phan thir nhat
13 hé théng tram CORS (Continuously Operating Reference Station) va phan thtr
hai 1a hé thong tram quan tric CMSS (Continuously Monitoring Station
System).
2.1.2.1. Hé thong tram CORS

Hé¢ théng tram CORS 1a hé théng dugc dat tai noi cach xa cong trinh, trén hé
théng mébc cb dinh chac chan va khoan sau xudng tang da gdc khac voi cac tram
CORS binh thuong. Hé thong nay tich hop may thu tin hiéu GNSS, bo giai ma
tin hiéu va may tinh Server hoat dong 24/24h c6 nhi¢m vu thu tin hiéu sau dé
tinh ra s cai chinh dé truyén vé Rover dudi dang thirc truyén thong TCP/IP.
Toan b0 hé théng duoc két ndi vai mang ludi IGS hoac cdc mang ludi ndi bo
tuong tu. So do mot hé théng tram CORS dugc thé hién & (hinh 2.3)

Cét thu 161
Cac ngudn dién dau vao

l A =

Solar  wind power system 220VAC  12VDC

Ang ten ‘
= GNSS

g B& luu

CORS
Receiver

—
Internet \ é'

Modem Server

Hinh 2. 3. So do hé thong tram CORS
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Hé thong tram CORS bao gdm céc thanh phan sau:

+ Ang ten thu tin hiéu vé tinh GNSS

+ B6 thu nhan va giai ma tin hi¢u v¢ tinh CORS recever
+ Hé thong may chu Server

+ Hé théng mang truyén thong

+ Ngudn cép dién

+ Hé théng on dinh va luu trir dién nang

+ Day két ndi

+ Heé théng chong Sét

+ MOt sb hé théng khac...

Chtrc nang chinh cta hé thong tram CORS 1a thu tin hiéu vé tinh GNSS, tinh
toan va truyén sb liéu cai chinh cho cac tram Rover. Khi tich hop chuc ning
quan trac cho hé théng thi hé théng tram CORS duoc dinh nghia lai vai vai tro
1a mot may chu trung tAm co6 chirc nang thu nhan s6 lidu tir cic Rover nham muc
dich tinh toan cac thong sb dé xac dinh duoc vi tri chinh x4c cia Rover mot cach
lién tuc theo thoi gian.
2.1.2.2. Hé théng tram quan trdc

Hé théng tram quan tric hoat dong lién tuc 1a mot hé théng duoc dat truc
tiép trén cong trinh 24/24h va duoc két ndi véi tram CORS théng qua giao thirc
TCP/IP. Chuc nang chinh cua hé théng tram quan tric 1a thu tin hiéu vé tinh
GNSS va truyén toan bo thong tin thu nhan dugc vé may chu cua hé théng tram
CORS.

Hé théng tram quan tric bao gdm cac thanh phan sau:

+ Ang ten thu tin hiéu vé tinh GNSS

+ B0 thu nhan va truyén dan sb liéu quan tric

+ Modem internet khong day

+ Acquy 12 v

+ TAm pin ning luong mit troi
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+ USB 3G (DCOM 3G) hoic 4G c6 gan Sim da ding ky dich vu cua bat ky
nha mang nao cung cap dich vu.
+ Cap ndi may thu GNSS véi b thu nhan va truyén dan sé liéu GNSS.
+ Day ndi ngudn tir 4c quy va tir tAm pin ning luong mit troi dén bo thu
nhan va truyén dan s liéu GNSS.
+ DAy internet cé hat
Mot hé théng tram quan tric lién tuc truot 16 dat da dua trén cong nghé

GNSS/CORS duoc thiét ké, phat trién thé hién nhu hinh 2.4

= - P oS

Hinh 2. 4. H¢ théng tram quan trdc trieot 16 dat da theo thoi gian thuc
2.2. Thiét ké phat trién b thu so liéu GNSS cho tram quan tric

B6 thu s6 liéu GNSS c¢6 chire nang thu nhan tin hi€u tir ang ten, duoc giai
ma va truyén dan vé may chu cua tram CORS duogc thyc hién lién tuc nham
cung cap vi tri khong gian cta diém quan tric theo thoi gian thuc. B thu nhan
sb lieu GNSS duoc thiét ké dua trén nén tang cong ngh¢ va thiét bi cua hang

Trimble gdm c6 cac module chinh nhu & (hinh 2.5).

@) ® ©) ®)

Hinh 2. 5. Mt s6 module dé phdt trién bé thu GNSS cho tram quan trdc

Tén cac module chinh dé phat trién bd thu nhan sb liéu GNSS thé hién nhu
O bang 2.1.
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Bang 2. 1. Tén cic module chinh dé phat trién b thu s6 liéu GNSS
TT | Tén module

Module xtr 1y tin hiéu vé tinh GNSS Trimble BD970
Module thay doi dién ap DC-DC LM2596

Module RS232 to TTL

Module Atmega328P

Man hinh hién thi LCD12864

Module canh bao

o O B~ W N -

2.2.1. Module xa ly tin higu vé tinh GNSS

Bo mach thu nhan tin hiéu vé tinh GNSS duoc lua chon dé thiét phat trién hé
thong quan trac ciia hing Trimble 1a dong san pham BD970 (hinh 2.6a).
Module gom c6 3 cong, modt cong ndi véi dng ten thu tin hiéu vé tinh GNSS,
mot céng vao dé nhan s6 liéu cai chinh RTCM nhan tir tram CORS, mét céng ra
truyén sb liéu do da cai chinh dinh dang NMEA vé may tinh chua. Bo mach thu
duoc 220 kénh cua cac hé théng v¢ tinh sau:
- Hé théng GPS:L1C/A, L2E, L2C, L5
- Hé théng GLONASS: L1C/A, L1P, L2C/A, L2P
- Hé théng GALILEO: L1BOC, E5A, E5B
- Hé théng BEIDOU
2.2.2. Module thay déi dién dp DC-DC LM2596

Module thay dbi dién ap DC-DC LM2596 1a Module dung dé ha dién ap dau
ra v6i dai dién ap dau ra 16n (tir 1.23V dén 30V). Module ndy nho gon, dé& dang
sir dung trong cac mach bién d6i nguén DC - DC hay mach can giam dién ap
(hinh 2.6D).

Cic thong so Ki thuit ciia module thay d6i dién ap DC-DC LM2596

- Dién ap dau vao: 4V-35V

- dién 4p dau ra: 1.23V-30V

- Dong dau ra: 3A (max)
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- Hiéu suét chuyén d6i: 92% (tdi da)
- Téan sb hoat dong module ha &p: 150kHz
- Nhiét d6 hoat dong: -40°C dén + 85°C
3.2.3. Module RS232to TTL
Module RS232 to TTL chuyén mrc dit liéu giira chuan RS232 va TTL ding

IC MAX 232. Giup chiing ta ¢ thé két ndi luon truyén théng ndi tiép véi vi diéu
khién ma khong can thém cac ngoai vi nao khac (hinh 2.6¢).

Thong s6 ki thuat ciia mach RS232 to TTL:

- IC diéu khién: MAX232

- bién &p hoat dong: 3-5V DC.

- Dong ti€u thu 20mA.

- Thur tu chan : VCC, GND, RX, TX.

- Khoang céch truyén xa ctia RS232 xa nhat 1a 15m.

- Toc d6 truyén dir liéu RS232 1a 20kbps

Code giao tiép v6i Max232 ciing giébng nhu code giao tiép véi UART.
3.2.4. Module Atmega328P

Module Atmega328P 1a bo mach c6 kich thudc nhd gon, vdi viée thu nhd
va tach phan nap 1a Board USB to serial UART ra khoi board lam cho board
thuc sy tré nén phi hop cho cac tmg dung nho va khong can phai phi tién cho
phan mach nap nhu board Arduino Nano, chiing ta c6 thé thoa thich sir dung
board Arduino Pro Mini dé 1am céc project mini ma khong so ton kém qua nhiéu
chi phi so vo1 Arduino Uno R3.

Céc thong sb k¥ thuat cia Module Atmega328P:

Vi diéu khién: ATmega328 - AU

Nguén vao dé nghi: 6 - 9V

Dong t6i da chan 5V: 500mA

Dong t6i da chan 3.3V: 50mA

Dong tbi da chan I/O: 40mA
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e S4 chan I/O: 14 chan (6 chan PWM)

e Analog Inputs: 8 chan

e Flash Memory: 32kb

e Clock Speed: 16Mhz

e 14 chan digital 1/0: RX, TX, D2 ~ D13

e 8 cong analog input: AO~A7

e 1 cip TTL - ndi tiép va cong RX/TX

e 6cong PWM, D3, D5, D6, D9, D10, D11
e Chip Atmel Atmega328P-AU

e H) tro ngudn dién bén ngoai: 3.3~12 VDC
e Ho tro pin 9V

e Tan s6 16MHz.

e Kich thudc: 33,3 x 18,0 mm

2.2.5. Man hinh hién thi LCDI12864

Man hinh hién thi LCD 128%64 5V xanh 1a cdy 1a loai man hinh tinh thé
1ong nho dung dé hién thi chit, sé hodc hinh anh.

Man hinh hién thi LCD 128x64 5V khéng duoc chia thanh céc 6 dé hién thi
cac md ASCII vi GLCD khong c¢6 by nhd CGRAM (Character Generation
RAM). Man hinh hién thi LCD 128x64 5V c¢6 128 cot va 64 hang twong tmg c6
128x64=8192 cham (dot). Mdi cham twong tng véi 1 bit dir liéu, va nhu thé can
8192 bits hay 1024 bytes RAM dé chira dit liéu hién thi ddy mdi man hinh hién
thi LCD 128x64. Tuy theo loai chip diéu khién, nguyén 1y hoat dong ctia LCD
c¢6 thé khac nhau. Man hinh hién thi LCD 128x64 5V xanh duong dung chip
KS0108. — Chip KS0108 chi c6 512 bytes RAM (4096 bits = 64x64) vi vay chi
diéu khién hién thi duoc 64 dong x 64 cot. Dé diéu khién man hinh hién thi LCD
128%64 5V xanh duong can 2 chip KS0108, va thuc thé trong cac loai LCD c6 2
chip KS0108, man hinh hién thi LCD 128x64 s& tuong tu 2 LCD 64x64 ghép
lai.
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Man hinh LCD 12864 su dung IC Driver ST7920, d0 phan giai 128x64.
Céc thong sb ky thuat:
— bién &p hoat dong: 5VDC
— IC Driver: ST7920
— Chit nén den xanh 14 cay
— Graphic LCD: 128x64 diém anh
— Chuan giao tiép: Ndi tiép, song song 4 bit, song song 8 bit
— Kich thuéce: 93 x 70 x 13.5 mm
— Kich thuéc man hinh: 77 x 50 mm
2.2.6. Module cinh bao
Céc thong tin dinh vi v€ tinh GNSS va gidi ma tin hi¢u cling nhu hién thi
va canh bao can duoc hién thi trén man hinh LCD dé ngudi st dung c6 thé theo
ddi, biét dugc tinh trang hoat dong cua hé thdng quan tric chuyén dich cong
trinh. Tt ca cac thong tin déu phai duoc hién thi va canh bao theo thdi gian
thuc. Cac thong tin vé dinh vi s& thu nhan lién tuc véi tan suat 16n nhat dén
50Hz, vi vy mét bo mach da duoc thiét ké, ché tao. Viéc thiét ké mach st dung
cac phan mém Altium Designer va dugc in bang may in mach CNC 3018.
Mach dién tir giai ma tin hiéu-hién thi va canh bdo, sau khi thiét ké va in

trén may in CNC-3018 va hoan thién s& dugc san pham nhu hinh 2.6.

—

Hinh 2. 6. Mach dién tir gidi ma tin hiéu-hién thi va canh bdo sau khi in
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Cac module cta bo thu sb liéu GNSS cho tram quan tric duoc két ndi véi

nhau theo so d6 thiét ké nhu ¢ hinh 2.7 [5].

Coéng noi

nguédn

Coéng noi véi bd
truyén so liéu

Céng nap
code

Céng néi
;\ng ten

Céng néi
canh bao

Hinh 2. 7. So do két néi cdc thanh phan ciia bo thu GNSS
B6 thu GNSS sau khi 1dp rap hoan chinh duoc thé hién nhu hinh 2.8.

Behimnd

Front

a)Chua hoan thién

b)Pa hoan thién

Hinh 2. 8. Bo thu GNSS da dwoc hoan thién
2.2.7. Xdy dung chwong trinh diéu khién cho b thu sé ligu GNSS
Bo thu dit lidu GNSS sau khi dugc thiét ké lap dat, dé hé théng nay hoat

dong duoc can phai thanh 1ap mot phan mém diéu khién. Phan mém dugc viét
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theo dng dinh dang tiéu chuan NMEA, sir dung cdng cu Arduino va ngén ngix
lap trinh C# (hinh 2.9).

File Edit Sketch Tools Help

OO BEEERA =
=

max232

byTte ™ = &7 o
bvwte SWwval;

Tup () {

= {rx, INFUT) ;7

Vi

digitalWrite (13, HIGH) »r J/sturn on debugging LED
SWprint{"hh") 7 Sldebugging hello

SWprint {("i")

SWprint{10)r JScarriage return

1

imt SWread()

1

Eytce wal = 07
while ({(digitalRead{rx)):r
FSrwait for start bitc
if [digitalResad{rx) —— LOW) {
delavMicrosseconds (halfBit2600Delavw) 5 e

Hinh 2. 9. Md nguén phan mém diéu khién bg thu GNSS

Ma nguén phén mém sau khi duogc viét va kiém tra 16i, duoc nap vao bo
truyén sb liéu GNSS thong qua cong két néi USB véi may tinh nho céng cu 1ap
trinh cta Arduino. Phan mém diéu khién chirc ning thu nhan va truyén dan sé
liéu GNSS duoc thuc hién nhu sau:

-Tin hi€u v¢ tinh thu tr angten GNSS theo dinh dang chuan NMEA duoc
truyén tryc tiép vé Arduino theo cong RS232;

-Tin hi€u v¢ tinh ma Arduino nhan duoc gém nhiéu loai tin nhin trong do co
loai tin nhan chtra thong tin tri do 1a SGPGGA hoac SGNGGA.

Céc tin hiéu SGNGGA duoc truyén vé Server theo giao thirc NTRIP Server
dong thoi cac tin hieu NMEA khac dugc truyén vé Ethernet va duoc luu trit
trong thé nhé SD card duogc tich hop trong Ethernet dudi dinh dang té€p van ban
(text file);

Céc tin hiéu SGNGGA dugc phan mém chuyén dung xir 1y va giri két qua

vao phan mém trong may chu dé dua ra dugc vi tri tuc thot;
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Céc dit liéu nay duoc xtr 1y tu dong nhd phan mém chuyén dung di duoc
thiét ké xdy dung va xac dinh dugc cac dai lugng chuyén dich theo thdi gian
thuc véi do chinh xac cao nhit.

2.3. Quan tric thwe nghiém mé phéng chuyén dich dit da bing cong nghé
GNSS/CORS
2.3.1. Nguyén ly thge nghigm mo phéng quan trdc chuyén dich dit dd bai thai
Pé kiém chimg, danh gia do chinh xac ctia phuwong phap quan tric chuyén
dich dat da bai thai theo thoi gian thuc dua trén cong nghé GNSS/CORS, mot
thuc nghiém mé phong di duogc tién hanh. Nguyén 1y cua thuc nghiém mé
phong dua trén sy thay doi vi tri cua dng ten GNSS trong khong gian theo
phuong nam ngang va phuong thang dang (hinh 2.1).

Anp ten GNSS

| Chuyén dich dimg

NEy do khoang cach
Laser

MEydo khoang cach
Lazer

ChuyEn dich ngang
———

[llu}?in dich ngang
—i—

Hinh 2. 10. Nguyén Iy quan trdc thwc nghiém mé phong chuyén dich dat dd
bang céng nghé GNSS/CORS
Hé thong thiét bi mé phong co thé danh gia dugc ca chuyén dich ngang va
chuyén dich dimg. D¢ tién hanh thuc nghiém mo phong mét hé thong thiét bi da
dugc thiét ké ché tao gom c6 hai 6ng thép hinh tru 16ng vao nhau. Ong thép
ngoai c¢b dinh va dng thép trong c6 thé di chuyén theo phuong thang ding bén
trong 10ng dng thép ngoai, phia trén éng thép trong co6 gan mot dia thép tron,
tam ctia dia thép ndy c6 khoét mot 16 dé lip dng ten thu tin hiéu vé tinh GNSS.

Toan bd tru moéc nay dugc gan c¢o dinh véi 4 banh xe. Cac banh xe nay c6 thé di
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chuyén ngang trén mot duong ray. Str dung may do Laser dé do khoang dich
chuyén theo phuong ngang va theo phuong thang dung tir diém tham chiéu co
dinh dén try mdc c6 lap dng ten GNSS. Sau khi thu tin hiéu vé tinh trong khoang
thoi gian khoang 30 thi thay ddi vi tri dng ten theo phuong ngang va phuong
thang dimg, roi lai do khoang cach tir diém tham chiéu dén tru méc c6 lap dng
ten va lai thu tin hiéu v¢ tinh & vi tri moé1. Hi€u khoang cach do duoc gitra hai
lan do theo phuwong nim ngang va phuong thiang ding chinh 1a do chuyén dich
ngang va chuyén dich ding. Dt li¢u thu duogc ¢ tram quan tric s& duogc xu 1y dé
xac dinh ra toa do vi tri dng ten ¢ hai chu ky quan tric tir d6 tinh duoc d6

chuyén dich theo cac cong thirc (2.1):

- Dich chuyén theo truc X: Qx =X (t+1) = X; (1) )

- Dich chuyén theo truc Y: Qy =Y, (t+1) - Y; (1)

- Dich chuyén ngang: Qp= \/ (Qx)* + (Qy)? >(2.1)
- Chuyén dich dimg: S=H; (t+1) — H; ()

- Chuyén dich toan phan: Q= \/ (Qx)* +(Qy)* +S? J

Céc dai lugng chuyén dich ngang Qp, chuyén dich dimg S va chuyén dich
toan phan Q xéac dinh bang hé thong quan tric dya trén cong nghé GNSS/CORS
dugc so sanh vai dai lugng dich chuyén xac dinh truc tiép bﬁng may do khoang
cach Laser s€ danh gia dugc do chinh xac ctia hé théng quan trac.
2.3.2.Thiét lgp h¢ thang thiec nghiém mé phéng

Hé thdng thuc nghiém md phong quan trac chuyén dich dat da duoc thiét
lap bao gém hai phan chinh, d6 1a hé thong tram CORS va hé théng tram quan
trac chuyén dich mé phong (hinh 2.2).
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[ Hé thing vé tinh din dwimg tohn cin (GNSS) I
-

{ Hf chéug oram quan tric mé phing -]
0 ﬁ;sr‘;\'l—.— Mpudn did \\ '
~ Angten - . ran e % ten

= CORS © —
,[" GNSS - - My ek
P
| -“I_'_I
Bd thu NMEA

F—
i

3)

M

CORS GNSS

[||.,.rh..;.==mu=hmurhu-uho;:q«_.n:lnamc CORS ]

Hinh 2. 11. So dé ciia hé thong quan trac chuyén dich mé phong
Hé thong tram CORS duoc thiét 1p bao gdm ang ten thu tin hiéu vé tinh
GNSS CORS (1), b thu dir liéu GNSS (2), modem va router (3), may tinh cha
(4), b6 luu dién (5), dudng truyén internet (6).

Khi thiét 1ap tram CORS-CAMPHA, st dung ang ten GNSS Zephyr 2
Geodetic cua Trimble (hinh 2.3)

e [
e

Hinh 2. 12. Ang ten GNSS Zephyr 2 Geodetic cho tram CORS-CAMPHA

Ang ten Zephyr 2 Geodetic 1a dong ang ten hang dau cia Trimble c6 thé
giam toi da hiéu tng da duong dan, thu duoc tin hiéu vé tinh & gbc ngudng nho,
dd 6n dinh tam pha ang ten dudi mot milimet, cung cép ho tro dﬁy du dé thu tin
hiéu vé tinh GNSS hién tai va tuong lai gan. Két hop véi do bén cao va chic
chan, ang-ten Zephyr 2 Geodetic rat thich hgp va 1y tudng cho viéc thiét 1ap
tram CORS.

Bo6 thu cho tram CORS-CAMPHA 1a loai SC2200 ctuia hang Stonex (Italia)
(hinh 2.4)
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Hinh 2. 13. BJ thu SC2200 ciia Stonex cho tram CORS-CAMPHA
Cong nghé ciia STONEX cho cac tram va mang tham chiéu GNSS phat trién

dap ung cho nhu cau cong nghé GNSS dang thay doi nhanh chéng. SC2200 1a
bd thu GNSS cho tram CORS rét linh hoat va c6 kha nang thich tng véi nhiéu
loai ang ten, cung cap nhiéu giai phap cho nhiéu nhu cau khac nhau, dép ung
nhu ciu cao nhat vé d6 tin cdy va hoat dong trong méi trudng khic nghiét nhat.
Bo thu SC2200 thu dugc tin hiéu v¢ tinh cua cac hé théng GPS, Glonass,
Beidou, Galileo, QZSS, IRNSS, SBAS v61 550 kénh.
Dit liéu tram CORS-CAMPHA dugc truyén vé may tinh chu trung tdm dat

tai truong Pai hoc M6 - Pia chat qua duong truyén internet va dugce quan 1y bai
phan mém NRS-Station va NRS-Server (hinh 2.5).

RS (Master)[4.01.170921] NetStatson - Eaghetiet - =lelx]
(PEEHY VRO e e | R
X 001 Fors Fooms M ML M oImss Booss & osss -
conplate 90 ITR DL 00 4 LAl E
Satelite 10| Azeresth | Mok lomaaw | oeorroe | sprese | TR«
8 Go2 25147 T M3 43,00 20.88 <
§ o3 0%0.62 .o 4L% 30.%0/43.2% .0 w
| o8 WA T 2 5188 5, 38/49.00 “e <
§ G17 01ass T 4w %0.00 39.50/46. 30 w©
§ 619 34190 T 204 423 38.25 i<
| I 132.27 63.83 .30 .80 i
| 832 4% .69 25.06/39.7% M5 W
§ RO4 orses T 0.2 46.56/43.73 Al 3040 %6 w
§ ROS 1% T 207 42.06/39.%0 35.00/35.06 w©
| ) 225> 2. 51.00/46.25 47.00/48.69 i
RO X964 T BB 40, 75/44, 56 30.56/37.75 w©
8 R 178.84 ! 16.18 38.06/36. 19 33.96/33.23 «©K
| LA 7. s 42.06/41. 39 AL30/0, 75 w
§ & 2368 T R0 41.06/39.00 43, 50/43.69 i©K
§ cor nzrs ) 46.00 2
§ <02 2299 T $602 4500 47.00 2
§ <o3 0. L 45.00 49.00 r §—
g <o4 103,94 75 39.00 41,00 a
§ cos 25318 T s 4100 42.00 a
i <os 15481 T M%7 3.00 40,00 A
" Co? 17585 - . 44.00 45.00 2 =
<l 1 >
System Setuo T Gase wshim  # Serebtes et | on Emor | L3 Setelie Sl | — Fecerver ot |
X § 20170029 04738 2 eeeessssssssssses Rirwx Path C: Program Pies (xB6) \South Net Reference Station Eagiestason), -l
B 2017052 siands Base 00 1)Uisten port 6804 Fawsh
B 20170029 B:a7s NRS Server 170919 Connect(127.0.0.1 1)
B 2017209/29 84817 Load C1Program Fles (x86) South Net Reference Staton EagieStaton |\SP 3gho 19685 00503 Ox From S8 248. 35, 130
B 201200 e Load C: 'Wrogram Fles (x86) South Net Reforence Stabon EagieStation |59 Tiou 19684 _ 18,503 OK From 53,240, 33, 130 T
Rover 10 Base: 1/1(1) CPU:L 7 nASE (4 P |

Hinh 2. 14. Giao dién phdn mém tqi mady chu cua hé théng tram CORS
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Hé théng tram quan tric mod phong gdm co6 ang ten thu tin hiéu vé tinh
GNSS (7), bd thu GNSS (8), bd phat wifi 4G (9), dc quy (10), bd doi ngudn (11)

va tAm pin nang lugng mat troi (12).

Phan mém diéu khién va quan tram quan tric gdm c6 phan mém Server
GNSS CORS WDM d¢ thiét 1ap cac thong sé diéu khién thu nhan va truyén dan
s6 liéu GNSS tir tram quan tric vé may chii va phan mém GNSS CORS WDM

xur 1y s0 liéu quan trac dich chuyén.

Nguyén 1y hoat dong cua hé thong quan tric dich chuyén dat da theo thoi gian
thuc dugc xay dua trén nguyén 1y hoat dong ciia hé thong GNSS CORS. Tin
hiéu vé tinh GNSS duoc dngten (1) thu nhan, dugc truyén vé bo thu GNSS (2)
thong qua mdt day cap chuyén dung, tai day tin hi€u vé tinh dugc giai ma va di
qua modem (3) vé may tinh chil (4). Thong qua may tinh chu duoc két ndi véi
mot duong truyén Internet voi mot dia chi IP tinh, c¢6 thé phan cép quan 1y, tiy
theo timg doi twong nguoi sit dung bang hai phan mém di kém: NRS-Station
(phuc vu tinh toan s6 liéu, phan b6 s liéu tram thu tinh) va NRS-Server cung
cap thong tin sai phan cho diém do di dong, xtr Iy s liéu cia mang ludi do dong
RTK, dong thoi hiéu chinh cic sd nguyén da tri cia toan mang, thiét 1ap mo
hinh céi chinh (gém cai chinh sai s6 tang d6i luu, tang dién ly, quy dao vé tinh).
Céc s0 lidu ¢ tram CORS duoc thu lién tuc véi tan suat 1 gidy, 15 gidy hoic 30
gidy ty vao yéu cu ctia ngudi stt dung va duogc thiét dit trong phan mém NRS-
Station. So liéu duoc lwu trit trong mot thu muc nhét dinh trong may chu theo
chuan dinh dang cua tép RINEX.

O tram quan tric, ang ten GNSS (7) thu tin hiéu vé tinh truyén vé bo thu va
giai ma tin hiéu vé tinh (8) thanh tin hiéu s6 theo chuan dinh dang dir liéu
NMEA 0183. Dit liéu ¢ dinh dang tiéu chuan NMEAO0183 dugc truyén vé may
tinh chua cua tram CORS nho bd truyén dir 1iéu theo phuong thirc NTRIP.
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Co ché truyén dan s liéu cai chinh RTCM va thong tin tri do NMEA duoc
thuc hién theo giao thuc NTRIP (Network Transport of RTCM via Internet
Protocol) trén nén mang IP dugc thé hién nhu (hinh 2.6)

NTRIP Client (1) }.ooiriiiiiii NTRIP Client (n)
: HTTP Streams :
NTRIP Caster

i HTTP Streams i

i 3 F 3
NTRIP Source (1) [ooviiiiiiniiieenen, NTRIP Sourcer (p) j

Hinh 2. 15. Co ché truyén dan sé liéu ciia tram CORS theo giao thitc NTRIP
Tin hiéu v¢ tinh GNSS dugc ang ten thu nhan sau do truyén dén bo thu thong

qua céap truyén dir liéu (NTRIP Source), dit liéu tir bo thu dugc truyén dén may
cht qua modem bang dudng truyén internet (NTRIP Server), modem & may chu
trung tim dugc mo san Cac céng vao va dat dia chi TP dé s liéu tir cac tram
CORS truyén vé (NTRIP Caster). Modem ctia may chil trung tim phai md tat ca
cac cong trung véi cong cua ting tram CORS. May chu trung tim c6 nhiém vu
truyén s6 liéu cai chinh dén cho céc tram dong Rover béng NTRIP Client.
2.3.3.Tién hanh theec nghiém quan trac mé phéng

Pé danh gia do tin cay ctua tram CORS Cam Pha, viéc thuc nghiém quan
trac thuc nghi¢m mo phdng ciling dugc tién hanh & khu vuc Cam Pha. Hai vi tri
duoc lya chon dé dat thiét bi quan tric mo phong c6 khoang cach dén tram
CORS-CAMPHA khac nhau. Sir dung tram CORS theo cong nghé va thiét bi
ctia hang Stonex (Italia) dugc lap dit & thanh phd Cam Pha, Quang Ninh. Vi tri
tram quan trac thuc nghiém mo phong thir nhat dit trén 1& dudng bao bién Cam
Pha - Ha Long cach tram CORS-CAMPHA khoang 3.40 km. Vi tri tram quan
tric thyc nghiém mo phong tht hai dit & khu quy hoach d6 thi Van Pon cach
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tram CORS-CAMPHA khoang 11.08 km. Vi tri tram CORS-CAMPHA va vi tri
dat hai tram quan tric thuc nghi¢m moé phdéng thé hién nhu & hinh (Hinh 2.7)

e 154
(Moithan DeoNai + MohaN SeEIRgY

CAMIPHAA

Bai Tam Quang HOonguis
CAM THINH

Hinh 2. 16. Vi tri tram CORS va tram quan tréic thwc nghiém mé phong

H¢ théng tram quan trac gém mot ang ten thu tin hiéu v€ tinh GNSS, mot
bd thu GNSS, bo phat wifi 4G, dc quyl2v, pin ning lugng mit troi, bo phan
canh bao. Ang ten GNSS duoc lép ¢d dinh 1én try mée, khi quan trac. Tram
quan tric dugc két ndi dén tram CORS-CAMPHA.

O tram quan triac, thiét lap dau ra dé nhén céc tin nhin trj do NMEA béng
cach dang nhap vao bo thu GNSS cua tram quan trac. Két ndi wifi may tinh voi
bo truyén s6 liéu ¢ tram quan tric, rdi vao trinh duyét web sau d6 nhap vao dia
chi 192.168.0.100 dé dang nhap vao trinh quan 1y bd thu GNSS & tram quan
trac. Sau khi dang nhap User name va password xuét hién giao dién trang web

quan 1y bo thu GNSS ¢ tram quan tric nhu & hinh 2.8.
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C @ Knéngbdo mall 192.168.1.100 o % =

=) 1/0 Configuration® @ Trimble, ..,

Receiver Status

Satellites Client: TCP 192.168.1.100 -
Receiver Configuration
1/O Configuration Cf)nnetted to remote 118.70.171.179:3006

Port Summary @ Client

@ Output only
Network Configuration () Disable Nagle Algorithm
s = ) UDP Mode

-ecunty Remote IP: (11870 171.178 | [3008
finwarg IP Resolves to.118.70.171.179
Help

Input/Qutput

Output:NMEA-GGA (1 Hz), Output:NMEA-GST (1 Hz)

NMEA
AVR:[of  +| GLL[oF  +| LLQ:[oOf VIG: of v
BPQ:[of | GNS:[of v PJK of ZDA[of 7|

J J
J J
DP: |Off v| GRS:|off *| PJT|[off ] EVT:[of v
DTM: | of v| GSA:[of *| RMC:|off v | PASHR,PBN:
GBS:[Of  v| GST:[(20Hz +| ROT[off  +]
GGA:[20Hz v| GSV:[of v | VGK:|of |
GGK:[0f  v| HDT:of  v| VHD:[off |
Standard

© NMEA Legacy
O IEC61162-1:2010/NMEA 0183 V4.10

Vlarintinmn fram abamdand

Hinh 2. 17. Giao dién trang quan 1y b6 thu GNSS & tram quan trdc

O trang ndy chon vao chirc ning 1/0O Configuration dé kich hoat cac loai tin
nhén tri do NMEA cén thu nhan.

H¢ théng tram CORS-CAMPHA duoc NCS thiét ké, xay dung va 12"1p dat
vao ngay 19 thang 6 ndm 2023 nhu hinh 2.9.

Hinh 2. 18. H¢ thong tram CORS-CAMPHA da duoc thiét lap
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Pé xac dinh chuyén dich can thyc hién it nhat hai chu ky quan tric. O chu
ky dau (chu ky 0) sir dung méy do khoang cach Laser dit tai diém cd dinh (diém
tham chiéu) do khoang cach theo phuong nam ngang va theo phuong thang
dung dén diém cd dinh. Tram quan tric s& thu tin hiéu vé tinh trong khoang thoi
gian 30 phdt vé6i tan suét thu s liéu 13 1gidy. Dir liéu thu dugce & tram quan trac
theo dinh dang tiéu chuan NMEAO0183 v&i cac loai tin nhan GGA, GST va duge
truyén vé mdy tinh cht quan Iy tram CORS va duoc luu thanh mot tép dang text.
Sau d6 thay doi vi tri cia dng ten theo phuong nam ngang va theo phuong thang
dung sau d6 do khoang cach tir diém tham chiéu dén ang ten ¢ vi tri mdi. Hiéu
khodng cach tir diém tham chiéu & hai chu ky quan tric ké nhau 1a d chuyén
dich x4c dinh tryc tiép.

2.4. Phwong phéap xir ly dir liéu quan tric
2.4.1. Céu tritc div liéu quan tric theo dinh dang tiéu chudn NMEA-0183

Céu tric dir liéu theo dinh dang tiéu chuan NMEA-0183 14 tiéu chuan ki
thuat cho phép céc thiét bi dién tr guri thong tin vé may tinh va téi mot thiét bi
dién tir khac. Tiéu chuan duoc xay dung boi Hiép hoi Pién tir Hang hai Quéc
gia My (National Marine Electronics Association - NMEA) nén dugc goi 1a tiéu
chuan NMEA. Hién nay cau tric dir liéu NMEA c6 nhiéu phién ban khac nhau
nhung phién ban NMEA-0183 dang dugc str dung rong rai hon cé []

Dt liéu theo dinh dang tiéu chuin NMEA-0183 st dung ma tiéu chuan
ASCII, ¢6 cau trac chung nhu sau:

$aaccc,C-c*hh<CR><LF>,

MJdi doan ma theo chuén dinh dang ti€u chuin NMEA bit dau v4i mot ky
tu “$” trén mot hang ndi tiép va khong 16n hon 80 ky tw. Sau ky tu “$” 1a ma
nhan dién phuong thirc dinh vi (aa) gdm hai ky tu 1a GP khi dinh vi 1a GPS va
GN khi dinh vi 1a GNSS. Tiép theo 1a ba ky tu (ccc) xac dinh loai tin nhan.
Nhiing loai tin nhin thuong dung 1a GGA, GST, GSV, GSA, GLL ..., Dt liéu

dugc chtra dung bén trén mot hang vo1 nhitng kiéu khéac nhau va dugc cach nhau
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bai ddu phay (,), sau ddu phay c6 ky tu khoang tréng. Poan mi C-c 1a khéi cac
cdu lénh tuy thudc vao loai tin nhan.

C6 nhiéu loai tin nhan trong cau trac dit liéu theo dinh dang tiéu chuan
NMEA thu duoc trong dinh vi theo cong ngh¢ GNSS/CORS/RTK. Pac biét co
hai loai tin nhan GGA va GST ma ngudi st dung can quan tdm trong qua trinh
xtr 1y sb liéu dé ning cao d6 chinh xac két qua quan tric.

Dong tin nhian GGA bao gdm cac thong tin sau: thoi gian dinh vi theo
hé thoi gian UTC (1) gébm gid, phut va gidy 1dy dén hai s 1¢, thoi gian nay
chénh véi thoi gian theo gid Ha Noi 1a 7 gio; vi 6 (2) gom phan do, phan
phut 1y dén 8 s6 1¢; vi d6 bac hodc nam (3); kinh d6 (4) gdm phan d6, phan
phat 1ay dén 8 sd 1é; kinh do dong hodc tay (5); chi s6 chat lugng dinh vi (6);
s6 luong vé tinh duoc st dung (7); do suy giam do chinh xac mat bang (8);
cao d6 dng ten so voi mit Geoid thudng goi 1a d6 cao tric dia H (9); don vi
d6 cao ang ten (10) thuong 1a mét; khoang cach giita mat ellipsoid trai dat
WGS-84 va mat Geoid (11) thuong goi la di thuong do cao; don vi khoang
cach (12), kiém tra (checksum) tinh toan ven cua thong tin tri do (13). Cau
trac cia tin nhan GGA va céc thong tin chi tiét ctia n6 duogc thé hién nhu &

bang 2.1.

Bang 2. 2. Ciu triic ciia tin nhin GGA va cac thong tin chi tiét ciia né

GGA-Global Positioning System Fix Data. Time, Position and fix related data for a GPS

1 2 3 4 567 8 10 11 12 13

vV ¢ VY o4

SGNGGA, hhmmss.ss,1111.11,a,yyyyy.VV,a,X, XX, X.X,X.X,M,x.x,M

$GNGGA,094616.00,2103.33415041,N,10547.84535284,E,4,10,1.0,9.009,M, -

r1 FREY TR 1

1 2 34 56 78 9 10 11 12 13

Chi sb chat lugng dinh vi RTK ¢6 6 mirc d6 khac nhau tir mic 0 dén mirc

5, & bang 2.2 1a céc chi s6 twong tmg véi chat lugng cia tri do.
Bang 2. 3. Chi s6 chit lwgng dinh vi RTK
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TT | Chisb | Chat luong dinh vi Giai thich

1 0 Ivalid B4o 16i dinh vi
2 1 GPS Fix Cai chinh tir dinh vi GPS
3 2 DGPS Fix Cai chinh tr dinh vi DGPS
) Cai chinh tr dich vu dinh vi diém chinh

4 3 PPS Fix ) _ - _

xac (Precise Positioning Service).
5 4 RTK Fix Cai chinh do RTK tir tram CORS
6 5 Fload RTK Cai chinh do RTK tu do

Khi do RTK néu chi sé nay 1a 4 thi c6 nghia 1a tri do ndy d3 duoc hiéu
chinh tir tram CORS va ngudi do sé 1y tri do ndy. Céc thong tin ctia mot dong

tin nhan tri do GGA dugc gidi ma cu thé nhu & hinh 2.10.

£.-24.900 D 00RD" 40

$GP GGACL70002 00DKI104.461 73 LODY

Thé glan Vi da: 21° Eanh do: 1050
17:00:02.000 04.4617310° 45.8333454°
UTcC (Bac) (P éng)
Fix quality:
0 = mvalid <6 N -
1=GPS fix vé HDOP Do
2 =DGPS fix tinh o suy || YO €20 14 ' 1 "
3 =PPS fix dane giam  dd Ang ten o chénh [* C,lzlccl;.S_u?ln
4 =RTK fix st chinh xac so Vol giita (tong kiem
5 = Float RTK dune miit bing TG MG C Elipsoid va tra tin
— bien () Geoid (m) nhdn)

Hinh 2. 19. Gidi md dong tin nhan ciia tri do GGA

Dong tin nhan GST bao gom cac thong tin sau: thoi gian dinh vi theo hé thoi
gian UTC (1) gdm gid, phut va gidy 14y dén hai s6 1¢, thoi gian nay chénh véi thoi
gian theo gid Ha Noi 1a 7 gio; phan du cta khoang cach gia (2); gia tri ban truc
16n cua ellip sai s6 (3); gia tri ban truc nho cua ellip sai s (4); goc dinh hudng
ctia ban truc 16n cua ellip sai s6 (5); gia tri sai s6 theo truc Y (6); gia tri sai sd theo
truc X (7); gid tri sai s6 do cao (8); kiém tra (checksum) tinh toan ven cua thong
tin tri do (9). CAu tric cua tin nhdn GST va cac thong tin chi tiét dugc thé hién

nhu & bang 2.3
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Bang 2. 4. Cu tric ciia tin nhin GST va cac thong tin chi tiét ciia né

GST - Position error statistics

1 2 3 4 5 6 7

vy v
.c,d.d

SGNGST, hhmmss.ss,a.a,b.b,c

Hhe— O

8
v
, d. .e, f.

,e »9.g*hh

$GNGST,094614.00,0.084,0.010,0.009,56.9,0.010,0.010,0.026*7D

S

1 2 3 4 5 6 7 8 9

Céc thong tin ctia mot dong tin nhan tri do GST duoc giai md cu thé nhu

¢ hinh 2.11.

0K006.0.023.,0.020Q73 )

$GPGS

.@33.().()30.().@

Thot gan Cac thanh Géc dinh || Cac thanh CheckSum
17:28:14.0 phan cia hwéng phin  cna Kiem tra
UTC Ellip sai cua trye sal $0 Vi tri tinh toan
50 Ellip sa1 ven tin
56 nhin

Hinh 2. 20. Giai ma dong tin nhin cia tri do GST
Khi dau ra cta dit lieu NMEA-0183 duoc kich hoat & tram CORS, mét tap
hop con cac tin nhan NMEA-0183 ¢6 thé duoc xuit ra & cac may thu dugc két nbi
dén tram CORS. Céc tin nhan tri do NMEA-0183 nay cho phép cac thiét bi bén
ngoai thu nhan dé st dung cho muc dich xtr Iy sau nhim nang cao d6 chinh xéac vi

tri dinh v1.

2.4.2. Phwong phdp xir Iy di¥ liéu quan tric chuyén dich dét dd theo dinh dang
tiéu chuan NMEA-0183

Tat ca cac thong tin tr1 do theo dinh dang tiéu chudn NMEA, can duoc loc ra
nhiing tri do cé chat luong tdt nhat dé xu 1y, dac biét chu y dén hai loai tin nhin
$GNGGA va $GNGST. Dong tin nhin GNGGA cho biét nhiing tri do nao da
dugc cai chinh vi tri tor tram CORS va dat yéu cau dd chinh xac (tr1 do Fixed),
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con dong tin nhan GNGST cho biét sai sé vi tri diém do da dugc cai chinh
nhung c6 gia tri nhd nhat. Tat ca nhitng tri do dat yéu cau do chinh x4c duge luu
trir trong mot tép theo timg ngay va co tén data két hop voi ngay thang nam (vi
du: data25082023.txt). Tép s6 liéu nay dugc dugc mot phén mém XU ly dé cho
két qua chuyén dich bién dang cong trinh theo thoi gian thuc.

Tu tép dir li€u thu dugc theo chuin NMEA cua loai tin nhin GNGGA va
GPGST thu duogc dé xir 1y loc ra nhiing tri do tdt nhat, qua trinh loc thong tin tri

do tién hanh qua cac budc sau:

1- Bwée thir nhat: Kiém tra tinh toan ven cua cac tin nhan trong tép dit liéu
NMEA

Khi céc tin nhin theo dinh dang NMEA nhan duoc tir Rover, can phai kiém
tra tinh toan ven (ddy du) cua cac tin nhin trong tép dit liéu ndy, néu trong céc
dong tin nhan nay thiéu hay thira thong tin thi khong sir dung tin nhan nay dé lay
s6 liéu. Viéc kiém tra tinh toan ven cta dir liéu duoc thuc hién bang cach phan
tich tat ca cac ky tu trong khoang tir ky tu $ dén ky tu * cta chudi tin nhin
NMEA thanh mt chudi méi. Sau do, chi can thuc hién thuat toan thao tac bit
XOR ky tu dau tién véi ky tu tiép theo, cho dén khi két thuc chudi. St dung
Checksum trong chudi tin nhan tri do di gtri kém dé so sanh v6i Checksum tinh
toan dugc, néu trong chudi tin nhén tri do c6 mot thay ddi nho cling s€ tao ra
tong Checksum khac nhau rat 16n. Néu dong tin nhan tri do khong thay doi tirc
1a Checksum giri dén va Checksum tinh toan duoc gidng nhau, c6 nghia la dong
tin nhin gui di dugc bao toan, khong bj thay dbi va né dugc nguoi str dung chip

nhan.

2- Budc thir hai: Loc ra nhitng tin nhin ¢6 toa d6 d3 duoc hiéu chinh vi tri
(Fixed).

Trong chudi tin nhin GGA c6 chi sb bao chat luong phép do GPS (GNSS),
cac chi sd bao cit lugng nay co6 6 muirc khac nhau danh s6 tir 0 dén 5. Cac chi s6

tuong tmg véi chat luong tri do thé hién nhu & bang 2.2.
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Trong dinh vi GNSS/CORS/RTK, khi chi s bao chat lugng 12 4 thi tri do nay
da duoc duoc cai chinh vi tri va cho chat lugng tdt nhat va gia tri nay duoc loc
ra cho muc dich str dung. Néu chi sd bao chit luong 1a cac s6 0, 1, 2, 3, 5 thi
khong 13y tri do nay.

3- Budc thir ba: Loc nhiing tin nhéin ¢6 toa do da duoc hiéu chinh vj tri nhung
c6 sai s vi tri nho nhét.

Trong $6 nhirng tin nhin ¢ toa d6 di dugc hiéu chinh nhung sai sb vi tri
cua no cling khac nhau, vi vay dé nang cao d§ chinh xac dinh vi can loc ra
nhirng tin nhin c6 sai sb vi tri diém nho nhat. Viéc loc ra toa d6 co sai sb nho
duogc thyce hién bang cach phan tich chudi tin nhan GST.

Trong tép tri do GGA c¢6 céac gia tri thanh phan toa d6 ciia diém do trong hé
toa A0 WGS-84, cac gia tri toa d0 nay duogc tinh chuyén vé hé toa d6 VN-2000

dé phuc vu cho viéc tinh chuyén dich.

4. Buwée thit tw: Tinh doi toa d6

1. Tinh doi gitta hé toa do trac dia va hé toa dé vuong goc khong gian
a) Céng thike tinh déi tir (B,L,H) sang (X,Y,Z)

X = (N+H)cosB.cosL

Y = (N+H)cosB.sinL (2.2)

Z = [N(1-e%)+H].sinB
Trong d6: B 1a vi do trac dia; L 13 kinh d6 tric dia; H 1 d6 cao trac dia
N 14 ban kinh vong thang dmg thi nhat tai diém xét:

a

Vi-e%in’B

e 1a tAm sai tht nhét cua ellipsoid:

va?-b?

a

N =

e =

a 1a ban truc 16n, b 1a ban truc nhé cua ellipsoid.
40



b) Céng thire tinh doi tir (X,Y,H) sang (B,L,H)

H=K,E —a) )
K.Z
B =arctg—=2—— > (2.3)
VX? +Y?
Y J
L = arctg—
arctg

Trong do:
E=X*+Y?+(1+e%).2°

JE

K. =
" JE+et(1+e?).22

K, = (1+e?)(1-e’K, E)

e 14 tAm sai thir hai cua ellipsoid

2. Thuat toan chuyén doi gitta cac hé toa do
a). Tinh chuyén déi hé toa do WGS- 84 sang VN2000

Toa do cua cac tram quan tric duge xac dinh trong hé toa d0 WGS-84, sau

d6 duoc tinh chuyén sang hé toa do VN-2000 theo cong thic (2.4)
X = AXo + k(X + 6.Y - Wo.Z")
Y=AY,+K(-6.X +Y + ©,.2") (2.4)
Z=AZy+K(yo. X" - 0,.Y +2Z7)
Trong do:
X, Y, Z la toa d6 vudng goc khong gian trong hé toa do VN-2000, (m)

X, Y’,Z’ 1a toa d6 vuong goc khong gian trong hé toa d0 WGS-84, (m)
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AXq, AY,, AZ,la cac tham s dich chuyén gdc toa d6 (m)
Mo , Vo, & la 3 gbc xoay truc toa do tuong tng vdéi cac truc X, Y, Z,
(radian)
k 12 hé s ty 1& chiéu dai gitra 2 hé.
Cac tham sb tinh chuyén toa do tir hé WGS- 84 sang hé toa dd VN- 2000

do Bo Tai nguyén va Moi truong cong bb nhu & bang 2.4.

X=Kk,(X+ iz N.tcos’B.I* + ! -N.t(5-t° + 9M® + 4n*)cos*B.1*
2p 24p
23 =N.t(61 - 58t% +t* + 270n” - 330n°t*)cos’B.I° + ...)
p

y = ko(ﬂcosB.l +% N(1-t*—n*)cos’B.I° +
P P

. (2.5)

+ N(5-18t* + t* +14n° —58n°t*)cos’B.I° +...

5

120p
Trong do: t = tgB

n=e'.cosB

— (L — Lo )

Ko = 0.9996 g v&i mui 6°,
Ko = 0.9999 g v&i mui 3°,
L, kinh tuyén truc tuong tng véi timg tinh thanh trong ca nude. Voi Quang
Ninh thi Lo = 107°45°,

Bang 2. 5. Cac tham so tinh chuyén toa dd tir hé WGS-84

san hé toa do VIN-2000
TT Tham so Gia tri Pon vi
1 AX, -191,90441429 m
2 AY, -39,30318279 m
3 AZ, -111,45032835 m
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4 o, -0,00928836 Giay
5 Vo 0,01975479 Gidy
6 & -0,00427372 Gidy
7 Kk 1,000000252906278 -

5. Budc thit nim: Danh gia do chinh xac cua két qua do

Do chinh x4c ctia cac thanh phan toa do va do cao dugc xac dinh theo cac

cong thuce (2.6):

(2.6)

Trong do:

_V o 1
v, =Y =Y, Y:H;Yi (2.7)

6.Buérc thir sau: Xac dinh cac dai lugng chuyén dich

Dua vao cac thanh ph?m toa do cua diém quan triac, khi do dai lugng chuyén

dich theo cac tryc toa d§ duoc xac dinh theo cac cong thuc (2.1) nhu da trinh

bay o trén.
2.5.S0 liéu va két qua quan tric thuc nghiém mo phong

2.5.1. 86 ligu tric thwe nghiém mé phong

Viéc quan tric thuc nghiém mé phong dugc tién hanh vao ngay 15 thang 8

nam 2023. Vi tri dat tram quan trac thuc nghiém moé phong thir nhét ndm bén 18
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dudng bao bién Cam Pha - Ha Long cach tram CORS-CAMPHA khoang 3.40
km (hinh 2.12).

a)Tram quan tric thyc nghiém mo phong b)Tram CORS-
CAMPHA

Hinh 2. 21. Khu viee b6 tri tram quan tréc thue nghiém mé phong thir nhat
Sau khi tram quan tric duoc két ndi v6i tram CORS-CAMPHA, dit liéu

quan tric dugc guri vé may tinh chu & tram CORS theo timg chu ky do. Viéc
quan tric thyc nghiém mé phong thuc hién véi 6 chu ky do, mdi chu ky do vai
thoi gian thu tin hiéu vé tinh khoang 30 phut.

O bang 2.5 1a mdt doan dir 1iéu quan trac thuc nghi¢ém moé phong theo dinh

dang tiéu chuan NMEAO183 ¢ chu ky thir nhat.
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Bang 2. 6. Mot doan dir liéu quan tric md phong ¢ chu ky thir nhat

SGNGGA,045915.00,2059.77350765,N,10716.19035748,E,1,10,0.9,21.233,M,-23.050,M,,*66
SGNGGA,045916.00,2059.77331679,N,10716.18999453,E,1,11,0.8,17.321,M,-23.050,M,, *6E
SGNGGA,045917.00,2059.77311549,N,10716.18981344,E,1,11,0.8,16.627,M,-23.050,M,,*67
SGNGST,045917.00,8.083,2.096,1.647,1.6,2.096,1.648,4.100*49
SGNRMC,045917.00,A,2059.77311549,N,10716.18981344,E,0.004,0.000,041123,1.8379,W,A*0C
SGNGGA,045918.00,2059.77304372,N,10716.18975178,E,1,11,0.8,16.292,M,-23.050,M,, *6E
SGNGGA,045919.00,2059.77301436,N,10716.18971853,E,1,11,0.8,16.105,M,-23.050,M,,*64
SGNGGA,045920.00,2059.77299939,N,10716.18969193,E,1,11,0.8,15.966,M,-23.050,M,, *6E
SGNGGA,045921.00,2059.77299360,N,10716.18967400,E,1,11,0.8,15.876,M,-23.050,M,,*68
SGNGGA,045922.00,2059.77299225,N,10716.18966106,E,1,11,0.8,15.804,M,-23.050,M,,*6C
SGNGST,045922.00,8.005,1.893,1.497,177.9,1.893,1.498,3.565*4E
SGNRMC,045922.00,A,2059.77299225,N,10716.18966106,E,0.007,0.000,041123,1.8379,W,A*08
SGNGGA,045923.00,2059.77284417,N,10716.18968195,E,1,19,0.7,15.442,M,-23.050,M,,*6B
SGNGGA,045924.00,2059.77275739,N,10716.18968241,E,1,19,0.7,15.175,M,-23.050,M,,*66
SGNGGA,045925.00,2059.77255615,N,10716.18964076,E,1,20,0.6,14.807,M,-23.050,M,,*66
SGNGGA,045926.00,2059.77239659,N,10716.18959916,E,1,20,0.6,14.475,M,-23.050,M,,*6F
SGNGGA,045927.00,2059.77228694,N,10716.18956554,E,1,20,0.6,14.195,M,-23.050,M,,*61
SGNGST,045927.00,9.950,1.409,1.262,155.7,1.385,1.289,2.801*4A
SGNRMC,045927.00,A,2059.77228694,N,10716.18956554,E,0.011,39.958,041123,1.8379,W,A*30
SGNGGA,045928.00,2059.77221586,N,10716.18955802,E,1,21,0.6,13.950,M,-23.050,M,,*6D
SGNGGA,045929.00,2059.77217880,N,10716.18960659,E,1,22,0.6,13.742,M,-23.050,M,,*6A
SGNGGA,045930.00,2059.77215357,N,10716.18963683,E,1,22,0.6,13.567,M,-23.050,M,,*60
SGNGGA,045931.00,2059.77213716,N,10716.18965806,E,1,22,0.6,13.420,M,-23.050,M,,*61
SGNGGA,045932.00,2059.77212546,N,10716.18967398,E,1,22,0.6,13.296,M,-23.050,M,,*61
SGNGST,045932.00,9.242,1.373,1.171,165.9,1.362,1.184,2.646*4A
SGNRMC,045932.00,A,2059.77212546,N,10716.18967398,E,0.014,324.778,041123,1.8379,W,A*03
SGNGGA,045933.00,2059.77211705,N,10716.18968645,E,1,22,0.6,13.187,M,-23.050,M,,*6F
SGNGGA,045934.00,2059.77211261,N,10716.18969620,E,1,22,0.6,13.090,M,-23.050,M,,*6A
SGNGGA,045935.00,2059.76848707,N,10716.18868797,E,5,19,0.6,4.162,M,-23.050,M,1.0,0000*7D
SGNGGA,045936.00,2059.76848644,N,10716.18868808,E,4,19,0.6,4.156,M,-23.050,M,1.0,0000*77
SGNGGA,045937.00,2059.76848666,N,10716.18868776,E,4,19,0.6,4.153,M,-23.050,M,1.0,0000*75
SGNGST,045937.00,0.031,0.004,0.003,163.7,0.004,0.003,0.010*45
SGNRMC,045937.00,A,2059.76848666,N,10716.18868776,E,0.002,0.000,041123,1.8379,W,D*06

2.5.2.Két qud quan tric thuc nghiém mo phong

Tir két qua xir Iy dir liéu quan trac thuc nghiém mo phong ciia cac chu ky
nhu trén, dya vao toa do va do cao cua ang ten xac dinh duoc, s€ tinh dugc do
chuyén dich ngang, chuyén dich dimg va chuyén dich toan phan. Cac dai luong
chuyén dich nay duogc so sanh vo1 gia tri chuyén dich do truc tiép béng thiét bi
do Laser. Cac dai lugng chuyén dich dua va két qua quan tric va dai lugng
chuyén dich do truc tiép cling nhu d6 chénh Iéch cua n6 duoc thé hién nhu &

bang 2.7
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Bang 2. 7. Két qua quan tric thwe nghiém mé phéng

, Cdich | Cdich Cdich
. bo Chuyén dich theo Cdich . bo . .
Toa d§ mat bang Do lun toan ngang toan Do chénh 1éch chuyén dich
cao truc toa do ngang . Iun do .
TT phan do phan do
Qx Q S Q Q Qp (do) | S (do) | Qre (do)
X(m) Y(m) | H(m) Y " ™| Qp(do) v ‘
(m) (m) (m) (m) (m) (m) (m) (m) Ngang | bung | Toan phan
1 |2323503.981 | 735754.160 | 4.183
0.032 -0.012 | -0.068 | 0.034 | 0.076 0.030 | -0.057 | 0.064 0.004 | 0.011 0.012
2 | 2323504.013 | 735754.148 | 4.115
0.057 -0.007 | -0.009 | 0.057 | 0.058 0.060 |-0.015| 0.062 -0.003 | -0.006 -0.004
3 | 2323504.070 | 735754.141 | 4.106
0.064 0.006 | -0.056 | 0.064 | 0.085 0.073 | -0.030 | 0.079 -0.009 | 0.026 0.006
4 | 2323504.134 | 735754.147 | 4.050
0.105 0.003 | -0.064 | 0.105 | 0.123 0.107 | 0.039 0.114 -0.002 | 0.025 0.009
5 | 2323504.239 | 735754.150 | 3.986
0.182 0.013 | -0.074 | 0.182 | 0.197 0.183 | -0.095| 0.206 -0.001 | -0.021 -0.009
6 | 2323504.421 | 735754.163 | 3.912
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KET LUAN
Cong nghé GNSS/CORS di 1am thay doi vé phuong phap quan trac chuyén
dich bién dang cong trinh n6i chung va quan trac chuyén dich chuyén dich dat

d4 bai thai néi riéng tir quan tric theo chu ky sang quan tric theo thoi gian thuc.

Viéc tmg dung cong nghé tram tham chiéu hoat dong lién tuc CORS trong
cong tac quan tric lién tuc trugt 16 dat da hoan toan kha thi dép tng yéu cau vé
kinh té - k¥ thuat. Hé thong c6 kha ning quan tric trong thoi gian thyc, dua ra
nhitg canh bao tirc thdi dé phong nhiing rai ro ¢ thé xay ra, thong qua viée

quan trac cau trac mot cach lién tuc.

Cong nghé GNSS/CORS da chiing minh dugc sy vuot trdi trong cong tac

quan tric lién tuc truot 16 dat da so véi cong nghé truyén thong.
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