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Nghién ctru 'ng dung cong nghé GNSS dong (GNSS RTK)
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Abstract: This article investigates the application of GNSS RTK technology in combination with electronic
total stations in the cadastral surveying practice course for map creation. The objective of the study is to
enhance the quality of training and improve practical skills for students majoring in Geodesy and Land
Management (GLM). The results show that the adoption of modern technology has brought significant

efficiency and time savings in the training process.
Keywords: GNSS RTK , Total Stations, surveying

1. Dit van dé

Viéc tng dung cong ngh¢ GNSS RTK va toan
dac dién tir 1a rat can thiét dé trang bi cho sinh vién
(SV) nhiing k¥ nang thyc hanh hi¢u qua. Cong nghé
GNSS RTK cho phép SV thyc hién do dac voi do
chinh x4c cao trong thoi gian thuc, giup SV hiéu o
cach thirc hoat dong cua hé théng dinh vi toan cau
va cach tng dung trong cac dy an thuc té. Bén canh
d6, may toan dac dién tr cung cip cho SV do cac
dai lugng vé goc va khoang cach, tir d6 hinh thanh
k¥ ning xir Iy va phan tich dit liéu dia 1y. Su két hop
giita hai cong nghé nay khong chi giup SV nim viing
ly thuyét ma con tao co hdi cho SV thyc hanh trong
cac tinh huéng thue té, chudn bi tot hon cho cong
vi€c sau khi ra truong.

Dia diém nghién ctru 1a khu dau gia 2,5ha tai
phuong Phuc Dién, quan Béc Tir Liém, thanh phd
Ha No6i. Khu vuce c¢6 dia hinh bé‘mg phéng, thuan loi
cho viéc do dac va thu thap di liu.

2. N§i dung nghién ctru
2.1. Cong nghé GNSS RTK
2.1.1. Khai niém céng nghé¢ GNSS RTK

Cong nghé GNSS RTK (Real — Time Kinematic)
la mét phuong phap dinh vi vé tinh st dung cac hé
thong dinh vi toan cau (Global Navigation Satellite
Systems) nhu GPS, Glonass, Galileo hay Beidou dé
cung cép thong tin vi tri voi do chinh xac cao trong
thoi gian thyec.

Nguyén ly hoat dong cua GNSS RTK dya trén
viéc su dung mot tram tham chiéu ¢b dinh (tram géc)
va mot hodc nhiéu thiét bi di dong (rover), ca hai déu
nhén tin hi¢u v¢ tinh va so sanh chung dé cai thién do
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chinh xé4c vi tri. Tram tham chiéu ¢ dinh truyén cac
tin hiéu hiéu chinh dén thiét bi di dong qua séng vo
tuyén hodc két ndi dir liéu di dong. Thiét bi di dong
sau do6 str dung nhimg hiéu chinh nay dé cai chinh do
chinh xéc cua vi tri do dugc, thuong dat dén muc cen
ti mét. Do d6, cong nghé GNSS RTK tr¢ thanh méot
cong cu rat hitu ich trong cac linh vyc nhu tric dia,
xdy dung hay quan 1y dat dai.

2.1.2. Cong thirc co ban tinh khodng cach tir vé tinh
dén thiét bi do:

Khoang céch p. tir v¢ tinh thtr i dén thiét bi do
(rover) duoc biéu dién dudi dang [1]:

piZC'(tRi_tSi)+Ap (1)

Trong do: c la tdc d6 anh sang (khoang 3.10% m/s)

I~ ts 1a thoi gian lan truyén tin hiéu tir vé tinh
i dén thiét bi do

Ap 14 céc sai s6 do tang ddi luu, tang dién ly va
cac yéu to moi truong.

GNSS RTK st dung tin hiéu pha séng mang dé
tinh khoang cach chinh x4c hon giira vé tinh va thiét
bi do (rover). Pha séng mang @i cua tin hi¢u tur vé
tinh i dén thiét bi do duoc mé ta theo cong thuc [1]:

di :%-,0,-+N,~ 2

Trong d6: 4 1a budc song cua tin hi€u song mang

p, 1a khoang cach tir vé tinh i dén thiét bi do
(rover) theo cong thuc trén.

N la s6 chu ky pha ban dau chua biét.

Do khoang cach tir vé tinh dén thiét b thu 16n, sai
s6 lan truyén tin hiéu anh huong dén ca tram gdc va
tram rover. Khi tram géc (Base Station) tinh dugc sai
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so Ap, no s€ truyen thong t1n nay dén tram rover. Sai
) A , dugc tinh tai tram gbe:

Apb p b IO b
Trong do: p, la khoang cach tir v¢ tinh dén tram
goc
0, 1a khoang cach chinh xac da biét cua tram gdc
Rover s& nhan thong tin sai s4 nay va hiéu chinh
khoang cach tinh todn cua né:

pr:pr_APb

Trong d6: p, la khoang cach da duoc sira 18i cho
rover

p, la khoang cach tinh todn ban dau tir vé tinh dén
rover.
2.1.3. Cong thuee tinh vi tri trong GNSS RTK

Vi tri ctia rover c6 thé duge xac dinh béng cach sur
dung toa do tu nhiéu vé tinh va két hop voi thong tin
stra 16i tir tram géc. Vitri X cua rover dugc sac dinh
thong qua hé phuong trinh sau [1]:

X X IX X)) O

Trong d6: X, 1a toa do cia rover can tim
X » 1a toa do cta tram géc (da biét),
X 1a toa do cta vé tinh thir i
nlasd luong vé tinh dugc st dung dé tinh toan.
2.2. Toan dac dién tir
May toan dac dién tir 1a mot thiét bi do dac hién
dai, két hop gitta may do khoang cach dién tir (EDM)
va may kinh vi (theodolite) dé do khoang cach, goc
va toa do clia cac diém trén bé mit dat. Dudi day 1a
cac cong thire chinh & mo ta nguyén 1y hoat dong
clia may toan dac dién tu:
2.2.1. Cong thuee tinh khoang cach nghiéng
May toan dac do khoang cach nghiéng D gitra
hai diém (tram do va muc tiéu) bang song anh sang
hodc song vo tuyén theo cong thirc [2]:

Dt @

Trong d6: Dgla khoang cach nghiéng

¢ la toc do anh sang (hoac tdc do song tin hiéu)

At 1a thoi gian tin hiéu cud song trong khong gian.
2.2.2. Cong thuee tinh khoang cach ngang

Khoang cach ngng dugec tinh theo cong thic [2]:

D,=Dycos(9)  (5)
Trong do: D, 1a khoang cach ngang
6 la doc ding cua may do duogc

2.2.3. Cong thurc tinh chénh cao

May toan dac cling cho phép tinh toan chénh cao
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gitia tram do va muc ti€éu. Chénh cao AH dugc tinh
theo cong thuc [2]:
AH = [) .sin(6) (6)

Trong do: AH 1a chénh cao gilra tram do va muc
tiéu

D, la khoang cach nghiéng

0 1a goc nghiéng
2.2.4. Cong thuee tinh toa do

Tu cic phép do khoing cich ngang D, goc
phuong vi ngang o va toa do cua tram do, c6 thé
tinh toa do cua cac diém do (X, Y, Z) theo h¢ toa
do Pé - cac:

- Tinh toa d6 X Y,

X =X, *D,sin(a) (7)

Y=Y, + D cos(a)

Trong do X Y latoa do diém do

X, Y, 1atoa do dlem tram do

D 1a khoang cach ngang

o lél g6c phuong vi ngang

- Tinh toa d6 Z,

Z =Z,+AH (8)

Trong do6 Z la do cao dlem do

Z, la d6 cao diém tram do

AH la chenh cao do tinh theo cong thuc trén.
2.3. Nghién ciru irng dung cong nghé GNSS dong
(GNSS RTK) két hop toan dac dién tir trong thanh
Idp bin dé phuc vu dao tao sinh vién Nganh Tric
dia — Qudn Ly Pit Pai
2.3.1. Lap ké hoach thuc dia

- Chon dia diém: Khu ddu gia 2,5ha, phuong
Phiic Dién, quan Bic Tu Liém, Ha Noi, dugc chon
vi tinh da dang dia hinh va su can thiét trong vi¢c 1ap
ban do.

- Thiét lgp lwéi do: Sir dung may GNSS RTK tao
lu6i do gdbm 12 diém dudng chuyén kinh vi, phan bd
déu dé dam bao do phu va do chinh xéac cua di liéu.
2.3.2. Sir dung thiét bi

GNSS RTK EFIX F7+: Trién khai tram gbc va
tram di dong. Pam bao thiét bi duoc hiéu chuan va
cai dat ding thong sb trude khi bit dau do dac.

- May toan dac dién tr TOPcon 220: Pugc su
dung dé do cac diém trong ludi, thu thap dit liéu vé
dia chinh va cac ciu triic ¢ lién quan.

Trong nhimng nim qua, sinh vién nganh Tric dia
va Quan ly dat dai, truong Pai hoc Tai nguyén va
Maéi truong Ha Noi di tmg dung thiét bi trong thuc té
va 1am duogc nhitng san phim dang, chat luong. Dudi
day la mot s6 hinh anh do dac thuc té cua SV nganh
Tric dia — Quan 1y dét dai va két qua xur 1y.
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Hinh 2 2. SV tham gia thuc
tap

Hinh 2.1.Do GNSS RTK tai
khu vuee thue nghiém

2.3.3. Xur ly dir liéu

(1). Thu thap dir liéu do

Dir liéu thu thap bang may GNSS RTK EFIX F7+
duge xir 1y bang phan mém chuyén dung. Két qua
xtr 1y 13 toa d6 cua 12 diém khéng ché mit bang va
do cao.

Bang 2.1. Toa do sau binh sai va sai $6 vi tri diém

Hé toa dg VN2000 — Miii chiéu 3°. Kinh tuyén

truc 105°D
TT dlerI; X (m) Y(@m) |H(m) (1:4n) M, (m) ?fni M, (mm)
1 | GT1 [2328221.866 | 2328154.209 | 4.654]0.001] 0.001 | 0.001 | 3.0
2 | GT2 [2328228.483 ] 475014.990 | 4.856]0.001] 0.001 | 0.001| 2.8
3 | GT3 [2328161.751| 474945278 | 4.891]0.000] 0.000 | 0.000] 2.9
4 | GT4 |2328117.866 | 474892.398 |4.772]0.000] 0.000 | 0.000| 3.5
5 | GTs [2328059.412] 474999.918 | 4.864]0.000] 0.000 | 0.000| 3.4
6 | GT6 |2328093.708 | 475024.355 | 4.838]0.000] 0.000 | 0.000| 3.6
7 | GT7 2328130363 | 475024.355 | 4.6580.001] 0.000 | 0.001| 3.1
8 | GT8 |2328154.209 | 475054.054 | 4.7800.001 0.001 [ 0.001| 2.7
9 [ KV12328183.017] 475060391 | 4.764]0.010] 0.003 | 0.010] 3.4
10 | Kv2 [2328185.980 | 475039.638 | 4.812[0.010]0.010 [ 0.014| 3.6
11| KV3 [2328171.173 ] 475016.428 | 4.6850.009] 0.010 | 0.014| 3.3
12| Kv4 [2328135.100| 474977.838 | 4.738]0.006| 0.008 | 0.010| 3.5

Déi chiéu voi quy pham thanh 1ap ludi khdng ché
mit bang hang IV va ludi thuy chuan k¥ thuat. thy
két qua hoan toan phu hop lam co s& dé do v& chi tiét
thanh 1ap ban d6 bang may toan dac dién tu.

(2). Bién tap ban db béng Phan mém MicroStation
SE

S liéu do bang may Toan dac dién tir dugc trat
va bién tap bang phan mém chuyén dung.

Dudi déy la bang minh hoa dir li€u tram do va dir
lidu do chi tiét mot tram.

@) nhom? chuan - Notepad - 0 X
File Edit Format View Help
TR DC19 2328352.181  578989.318  4.511 "
TR DCOB 2328397.406  578943.644  4.319
TR CPOY 2328355.640  5789@5.400
TR CP18 2328306.005  5789@5.658
TR CP16 2328265.819  578911.579
TR CP19 2328379.819  578998.027
TR DC@8
DKD DCB9
1 253728°12°" 13.8
2 245050°12° " 17.3
3 242732'54°" 23.5 v

Ln 25, Col 1 100%  Windows (CRLF)

Hinh 2.3: File s6 liéu do chi tiét duoc sir dung aé
bién tap ban do

UTF-8
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Tiép theo, dit liéu duoc bién tap trén phan mém
Famis chay trén nén MicroStation SE. Két qua 13 ban
dd hoan chinh c6 thé dugc sir dung trong cc cong
viée tiép thep.

Hmh 2.4. Trich ban do d‘u’oc bzen tdp bang phan
mém MicroStation SE

2.3.4. Panh gid két qua: So sanh d6 chinh xac: Panh
gi4 d6 chinh xac cua ban d thanh 1ap bang cach so
sanh véi cac ban dd hién co, phan tich sai s6 va do tin
cay cua dir liéu thu thap.

2.4. Két qua va thio ludn. Két qua tir qué trinh thuc
hién cho thiy:

- Dg chinh xdc: Cong nghé GNSS RTK két hop
v6i toan dac dién tir di gitip giam sai s6 do dac xudng
dudi 5 cm, dam bao do chinh xac cao cho ban db.

- Thoi gian thu théap dir li¢u: Thoi gian thyuc hién
do dac dugc rit ngan dang ké so voi phuong phap
truyén thong, cho phép SV ¢ nhiéu thoi gian thuc
hanh hon.

- Nang cao ky nang: SV da c6 co hoi thuc hanh
v6i thiét bi hién dai, tir viéc thiét 1ap thiét bi dén xir
1y dix liéu, gitp ho ndm viing quy trinh do dac va img
dung thyec tién.

3. Két luan

Nghién ciru khing dinh rang viéc ing dung cong
nghé GNSS RTK két hop véi toan dac dién tir trong
thanh 1ap ban do tai khu d4u gia 2,5ha, phuong Phuc
Dién 14 rat hiéu qua. Cong nghé hién dai khong chi
nang cao chat lugng ban dd ma con tao diéu kién cho
SV phat trién k¥ nang thyuc hanh, gop phan chuan bi
cho chinh SV trong méi truong lam viéc thuc té sau
khi ra truong.
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