Nghién ciru

XU LY SO LIEU HON HQOP GPS/GLONASS/GALILEO/
BEIDOU

Bui Thi Hong Thim
Truong Pai hoc Tai nguyén va Méi truong Ha Noi

Tom tat

S6 liéu hon hop GPS/GLONASS/Galileo/BeiDou cua luoi GNSS khu vuee xd Lién
Ha, huyén Péng Anh, thanh phé Ha Néi dwoc tap hop day dii va dwoc xiv 1y tinh todn
binh sai trong hé toa do VN 2000, kinh tuyén truc 105° 15°, hé do cao Nha nude. Két
qua cho thdy, sau binh sai, dp chinh xdc toa 6 diém yéu nhdt la 0.008 m, dg chinh xdc
dé cao diém yéu nhat la 0.015 m. Khi so sdnh két qua binh sai nay véi két qua binh
sai chi sir dung s6 liéu GPS cho thdy, toa do va do cao cia diém can xdc dinh cia lidi
co do tin cdy va do chinh xdc cao hon. Nhuw vay, toa do va do cao cua cdc diém GNSS
sau binh sai hoan toan dap vng dwoc cho viéc do vé ban do ty lé lon tai khu viee thuc
nghiém. Véi lan dau tién sé liéu hon hop GPS/GLONASS/Galileo/BeiDou diwgc tinh
toan binh sai thanh cong tai Viét Nam, nghién cuu nay sé gop phan vao viéc lam chu
cong nghé, dong thoi dwa dang sé liéu nay vao g dung thiec tién.

Tiur khéa: GNSS; S6 liéu hdn hop; GPS
Abstract
Processing of GPS/GLONASS/Galileo/BeiDou mixed data

GPS/GLONASS/Galileo/BeiDou mixed data from GNSS network about Lien Ha
commune, Dong Anh district, Hanoi city are fully compiled, processed and adjusted
in VN 2000 coordinate system, 105° 15" meridian, national height system. The results
show that after the adjustment, the accuracy of the coordinates of the weakest point
is 0.008 m, the height accuracy of the weakest point is 0.015 m. The result of this
adjustment is compared with the correction results using only GPS data. It shows
that the coordinates and levelling of GNSS points are more reliable and accurate.
Therefore, this result is suitable for large scale mapping in the experimental area.
This is the first time that GPS/GLONASS/Galileo/BeiDou mixed data was successfully
adjusted. The research results can be applied in various fields in Vietnam.
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1. Pit van dé O Viét Nam, trong thoi gian qua,
viée xtr ly s6 liéu hdn hop ciing di dugc
cac nha khoa hoc quan tdm, nghién ctru va

cong bo, cu thé:

Ngay nay, rat nhiéu loai may thu GNSS
cua cac hang c6 kha nang thu dugc tin hiéu
da hé cua cac hé théng vé tinh dan duong.

Vi vay, nghién ciru xir ly duoc s6 liéu hon
hop ciia céc hé thong dinh vi vé tinh 13 van
dé thiét yéu boi nd giup ching ta khong
nhiing khai théc, img dung duoc cac ngudn
dir liéu da dang, do chinh x4c cao ma con
khang dinh sy 1am chii vé mit cong nghé.

- S6 liéu hdn hop GPS/GLONASS
duge xir Iy bang phan mém khoa hoc
Berness 5.0 vao nam 2014 [6], 2017 [7].
S liéu hon hop dang nay duogc xir Iy bang
phan mém thuong mai Trimble Business
Center 3.5 vao nam 2015 [5].
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Nghién cuu

- S6 1iéu hdon hop GPS/GLONASS/
BeiDou duoc xir ly bang phan mém
Trimble Business Center 3.5 vao nam
2018 [3].

Céc két qua nghién ciru néu trén da
chira rﬁng, d6 chinh xac vi tri cac diém cua
ludi sau binh sai déu c6 chat lugng t6t. Cac
dang s6 liéu hon hop GPS/GLONASS,
GPS/GLONASS/BeiDou hoan toan dap
{mg tot yéu cau ciia cong viéc.

Qua cac thong ké néu trén cho théy,
chwra ¢6 cong bd vé nghién ciru xir 1y s6
lisu hon hop GPS/GLONASS/Galileo/
BeiDou. Vi vdy, trong nghién ctru nay, sb
liéu hon hop néu trén s& duoc nghién ctiru
va tinh toan binh sai. Bén canh do, két qua
tinh toan binh sai cta s6 liéu hdn hop GPS/
GLONASS/Galileo/BeiDou ciling dugc so
sanh v6i két qua tinh toan binh sai sb liéu
don hé GPS - 1a dang sb liéu thuong duoc
sir dung ¢ nudc ta - nhdm danh gia hiéu
qua cua viéc su dung s6 liéu da hé.

2. Co s 1y thuyét

2.1. Khdi qudt vé cdc hé thong vé
tinh dan dwong toan cau
Hé théng dinh vi vé tinh 1a hé thong

sir dung cac vé tinh dé xac dinh vi tri
khong gian dia ly. Cac may thu tin hi€u
hé théng dinh vi vé tinh ¢6 kha ning xac
dinh vi tri véi d0 chinh xac cd mét bé‘mg
cach st dung tin hiéu thoi gian truyén
bang séng radio tir vé tinh dén méy thu.
Hé théng cho phép xac dinh vi tri diém,
dinh vi hodac theo doi, giam sat dbi tuong.
Céc tin hiu ciling cho phép cdc may thu
tinh todn thoi gian vdi do chinh xac cao
cling nhu viéc dong b héa vé thoi gian.

Hé théng dinh vi v¢ tinh c6 d¢ phu
song trén toan cau goi 1a hé théng dinh
vi vé tinh dan dudng toan cau (GNSS -
Global Navigation Satellite System).
Tinh tir thang 10 nam 2018, hé thng dinh
vi toan cau ciia M§, GLONASS cua Nga
1a cac hé théng GNSS hoat dong day du.
Hé théng Galileo va BeiDou dang trong
giai doan hoan thién.

Do bao phu cia mdi hé thong thudong
dat duoc béng mot chom sao quy dao tam
trung (MEO) bao gém khoang 18 dén 30
vé tinh ndm trén vai mat phang quy dao.
Cac hé théng thuc té rat khac nhau nhung
nhin chung déu cé d6 nghiéng quy dao
16n hon 55° va thoi gian quy dao khoang
12 gio (¢ d6 cao khoang 20000 km).

Bing 1. Mjt 56 thong sé co bén ciia cdc hé thong dinh vi vé tinh [8]

Hé théng BeiDou Galileo GLONASS GPS
Nudce s6 hitu Trung Quoc Lién minh Chiu Au Nga My
Phu séng Khu vuc (toan cau vao nam 2020) Toan cau
M3 hoa CDMA
Do cao 21150 km 23222 km 19130 km 20180 km
Thoi §;i“ M 12giosophat | 14 gi 05 phat 11 gior 15 phit 11 gior 58 phit
SO lugng vé
tinh hoat dong 33 2 24 3
Gdc nghiéng 550 56° 64.8° 55
quy dao
1561098 GHz (B1) 1.563- 1,587 GHz (L1)
o 1589742 GHz 1'515? . 41;51%?5{(?) 1593 - 1.610 GHz (G1)| 1.215 - 12396 GHz (L2)
Tin sb (B1-2) 7 Esub) 1237-1254 GHz (G2)|  1381.05 MHz (L3)
120714 GHz (B2) | e S0 8 o (1189~ 1214 Ghz (G3)|1379.913 Mz (L4
126852 GHz (B3) | - : 1,164 - 1189 GHz (L5)
Do chinh xac 10 m 0l m
dinh vi tuyét déi] 0.1 m (mahéa) | 0.01 m (mi héa) 45m-T74m >m-003m

Céc thong s6 néu trén duoc cap nhat tai thoi diém cudi nam 2018.
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2.2. Co s6 Iy thuyét xir Iy sé liéu
GNSS

Viéc tinh toan binh sai ludi duoc thuc
hién sau khi két qua giai canh cua ludi dat
yéu cau tic 14 sai s6 khép ludi GNSS nam
trong han sai cho phép. V& ban chat, ludi
GNSS la ludi khong gian 3D cho nén ludi
GNSS can duoc binh sai trong hé toa do
3D. Tuong tuy nhu cac mang ludi trac dia
khéc, ludi GNSS ciing dugc binh sai theo
nguyén ly sé binh phuong nho nhét, tirc
1a théa man diéu kién [PVV] nho nhat.
Ludi GNSS dugc trinh sai trong hé toa
dd vuong gdéc khong gian dia tdm X, Y,
Z hoac trong hé¢ toa do trac dia B, L, H.
Trong truong hop binh sai ludi trong hé
toa do tric dia, cac tri do s& 1a cac gia sb
toa d¢ tric dia AB, AL, AH,. Phan tiép
theo s€ trinh bay Ve thuat toan binh sai
luéi GNSS trong hé toa d§ vudng gdc
khong gian dia tam.

Mdi diém trong ludi GNSS s& c6 3
an s6 1a X, Y, Z. Néu lu6i ¢6 m diém can
xé4c dinh thi s& ¢6 3 m an sb. Véi mdi canh
do gitra 2 diém i, j twong tng véi 3 tri do
la 4X, AY, AZ, va ma tran hlep phuong
sai M Cac phuong trinh s6 higu chinh
duoc lap c6 dang nhu sau [4]:

VA, ==dX; +dX; +(X] - X{) - AX;
VAYij=—in+de+(Y° Y- AY; (1)

VA, =—dZ,+dZ;+(Z] - Z) - AZ,

trong do: X{,Y!", 2, X0, Y, Z] 1a toa
do gan dung cua céc diém i, j; d d d la
cac so hi€u chinh toa d¢.

Trong cong thuc (1), ky hiéu:
Oy = (X§ =X{) = AX;
by, = (Y -Y")-AY;; (2)

fzij = (Z? - Z?) —AZ;

inj ’ EYij ’ EZij dlI(_YC g()i la cac so hang
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tu do. Tir cac phuong trinh s hiéu chinh
ta co h¢ phuong trinh s6 hi€u chinh:

V=A.4X+L (3)
trong do:
-1 0 0 +1
0o -1 0 O
A=10 0 -1 0 ..[;
o o 4
dXi X
@y, y
AX=|dz. |; L=|¢,
Hé phuong trinh chuan c6 dang:
ATPAAX+ATPL=0 (5)

trong d6 ma tran trong s6 ¢ dang:
M' 0 0 0
0 M, 0 0
P= ’ 6
0 0 .. 0 ©)
0 0o 0 M
trong d6 cac ma tran hi¢p phuong sai
M. (i = 1 + n) nhin dugc khi giai canh
GNSS la ma tran c6 kich thudce 3 x 3.
Két qua binh sai dugc dénh gia do
chinh xéc qua céc cong thuc sau:
- Sai s6 trung phuong don vi trong s6:
[PVV]
- (7)
3(n —m)
- Sai sb vi tr diém trong hé toa do
vudng goc khong gian dugc xac dinh
thong qua ma tran hi€p phuong sai toa dd:

M, = u\/QXPi + QYPi +QZPi (8)

v6i Qx, > Qv > Qz, 13 cac phan tir
trén duong chéo chinh cia ma tran nghich
dao tong quat.

O day ap dung phuong phap binh sai
cac dai lugng tuong quan (phu thudc) vi

5
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ma tran P khong phai 1a ma tran duong
chéo. Cong viéc binh sai dugc thuc hién
qua cac bude: Lap hé phuong trinh chuan;
Giai h¢ phuong trinh chuan; Tinh toa do
X, Y, Z sau binh sai; Tinh gia sb toa d0
AX;, AY;, AZ; sau binh sai; Panh gia do
chinh x4c sau binh sai.

Céc hé thong dinh vi vé tinh dan
duong toan cau GPS, GLONASS,
Galileo, BeiDou c6 h¢ toa do twong tng
la WGS 84, PZ - 90.02, GTRF, CGCS
2000; hé thong thoi gian tuong ung la
GPST, GLONASST hoac UTC, GST va
BDT. Méi quan hé giita cac hé thong thoi
gian la:

UTC = GPST - AtLS

GPST =GST = UTC + AtLS

BDT = UTC + ALS ;¢

trong d6 AtLS 13 d6 chénh léch vé
thot gian gitta GPST va UTC do giay bude
nhay duoc truyén boi cac vé tinh GPS
trong ni€n giam (2005: AtLS = 13, 2006:
AtLS =14, 2008: AtLS = 15 va 2012: AtLS
= 16); ALS, 1a d6 chénh léch vé thoi
gian gitta BDT va UTC do gidy budc nhay

)

dugc truyén béi cac vé tinh BDS trong nién
giam (2006: AtLS_ =0, 2008: ALLS, =
1va2012: AtLS, = 2).

Cac hé théng toa do va thoi gian cta
céc hé thong 1a khong dong nhat. Do vay,
vé co ban quy trinh xt 1y s6 liéu hon hop
clia cac hé thong vé tinh din duong toan
cau giéng nhu bai todn xtr 1y s6 liéu don
hé GPS. Tuy nhién, bai toan xir Iy s6 liéu
hdn hop phirc tap hon do phai tinh dén su
khac nhau gitra cac hé toa d¢ va hé thoi
gian gitra cac hé thong dinh vi vé tinh din
dudng toan cau.

3. Dit liéu thuc nghiém

Ludi thuc nghiém dugc do dac tai
khu vyc thudc xi Lién Ha nam & phia
Dong cua huyén Pong Anh, Ha Noi. Ludi
gom 02 diém 13 diém gdc, 16 diém GNSS
can xac dinh toa d6 va do cao (hinh 1).
Ludi duge do vao ngay 04 thang 8 ndm
2018 bing may thu Trimble R2 c6 kha
nang thu dugce tin hiéu dong thoi ciia cac
hé thong dinh vi vé tinh GPS, GLONASS,
Galileo va BeiDou. S6 liéu goc va sb licu
do dugc trinh bay trong cac bang sau:

KC_02

Hinh 1: So dé lwéi thuwe nghigm
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* S0 liéu goc

Bing 2. 86 liéu goc

STT Tén diém Toa do X (m) Toa do Y (m) Do cao h (m)
1 KC 01 2339650.849 591915.864 5.934
2 KC 02 2340616.563 593267.303 7.088
* 86 liéu do

Bing 3. 86 liéu do

S0 hiéu Tén Y S Cao S6 hiéu Tén n o A 1en Cao
[ .X Tén tép so li¢u . . Tén tép so li¢u

may dieém angten may diém angten
< KC 01 | KC010980.T02 | 2.042 KV1 01 | VI010984.T02 | 1.369
g KV1 05| V1050981.T02 | 1.600 § KV1 06 | V1060985.T02 | 1.375
§ KVI1 16 | V1160982.T02 | 1.545 S KVI 11 | VI110986.T02 | 1.481
Q KV1 02 | V1020983.T02 | 1.554 § KVI1 14 | V1140988.T02 | 1.545
- KV1 16 | V1160984.T02 | 1.503 b KV1 03 | V1030989.T02 | 1.495

KVI1 08 | V1080982.T02 | 1.432 KVI 14 | VI114098A.T02 | 1.584
KVI 04 | V1040983.T02 | 1.392 KVI 07 | V1070980.T02 | 1.574
KV1 09 | V1090984.T02 | 1.429 KVI 10 | VI100981.T02 | 1.471
KC_ 02 | KC020985.T02 | 1.433 KVI 13 | V1130982.T02 | 1.515
KVI 09 | V109098D.T02 | 1.410 KVI1 07 | V1070983.T02 | 1.533
KVI1 08 | VI08098F.T02 | 1.410 KVI 12 | V1120984.T02 | 1.52
KV1 15| V115098G.T02 | 1.405

5629504601
5708R15658

Mot phén cua 1 tép s6 liéu do duogc chuyén vé dang Rinex dugc thé hién tai bang

Bing 4. Mt phin ciia tép KC010980.180

3.03 OBSERVATION DATA Mixed(MIXED) RINEX VERSION / TYPE
cnvtToRINEX 3.09.11 convertToRINEX OPR 02-Mar-19 02:10 UTC PGM / RUN BY / DATE

COMMENT
KC 01 MARKER NAME
KC 01 MARKER NUMBER
GEODETIC MARKER TYPE
GNSS Observer  Trimble OBSERVER / AGENCY
5628504534 TRIMBLE R2 5.14 REC #/TYPE / VERS
TRMR2 NONE ANT #/TYPE
-1629059.2684 5723825.8938 2286731.2996 APPROX POSITION XYZ
-0.1120 0.0000 0.0000 ANTENNA: DELTA H/E/N
G 4CICC2WLICL2W SYS /#/0OBS TYPES
R 4CICC2CLICL2C SYS /#/0OBS TYPES
C 4C2CHML2ILTI SYS /#/0OBS TYPES
J 4CICC2XLICL2X SYS /#/0BS TYPES
E 4CIXC8XLIXL8X SYS /#/0OBS TYPES
5.000 INTERVAL

2018 4 8 0 25 20.0000000 GPS TIME OF FIRST OBS
2018 4 8 1 40 35.0000000 GPS TIME OF LAST OBS

0 RCV CLOCK OFFS APPL
7R01 1R02-4R08 6R10-7R11 ORI2-1R13-2 GLONASS SLOT / FRQ #
R L2C -0.25000 SYS /PHASE SHIFT
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J L2X -0.25000 SYS /PHASE SHIFT
18 LEAP SECONDS

35 # OF SATELLITES

CO1 893 893 893 893 PRN /# OF OBS
C02 887 887 887 887 PRN /# OF OBS
Cl4 895 895 895 895 PRN /# OF OBS
EO1 887 887 887 887 PRN /# OF OBS
E04 481 481 481 481 PRN /# OF OBS
E24 899 899 899 899 PRN /# OF OBS
G10 904 904 904 904 PRN/# OF OBS
G12 469 469 469 469 PRN /# OF OBS
G31 899 899 899 899 PRN /# OF OBS
G32 899 899 899 899 PRN /# OF OBS
JOI 899 899 899 899 PRN /# OF OBS
ROT 902 902 902 901 PRN /# OF OBS
RO2 902 902 902 901 PRN /# OF OBS
R13 893 892 893 &91 PRN /# OF OBS
DBHZ SIGNAL STRENGTH UNIT

END OF HEADER

>2018 04 08 00 25 30.0000000 0 5

G10 20222793.164 8 20222798.109 7 106271491.87218 82808974.94117
RO1 20136635.109 7 20136639.016 7 107641853.62917
R02 23064458.078 7 23064461.125 7 123076364.71317
R11 20090155.375 8 20090158.340 8 107355695.54818

R12 19542931.250 8

Tur bang 4 cho thdy, ddy 1a dang sb
liéu da hé hay con goi 1a s6 liéu hdn hop
(mixed). Mdy thu nay thu duogc tin hi¢u cia
cac hé théng dinh vi vé tinh d6 1a GPS (c6
ky hi€u la G tai dong 12), GLONASS (c6
ky hi¢u 1a R tai dong 13), BeiDou (c6 ky
hi¢u 1a C tai dong 14), QZSS (co ky hiéu la
J tai dong 15) va Galileo (c6 ky hi¢u I1a E tai
dong 16). Nhu vay, s6 liéu ndy hoan toan du
diéu kién phuc vu cho nghién ctru nay.

4. Két qua nghién ciru va thio luan

Ludi GNSS thyc nghi¢m dugc binh
sai bang phan mém Trimble Business

8

104394829.42018

Center phién ban 3.5 ctia hang Trimble.
Ludi dugc tinh todn trong hé toa do0 VN
2000, kinh tuyén truc 105°15°, hé do cao
Nha nudc. Mo hinh Geoid st dung 1a m6
hinh EGM 2008. Qua trinh tinh toan duoc
thuc hién nhu sau:

- Kiém tra chit lugng sb liéu GNSS
trude binh sai.

- Thiét 1ap hé toa d6 dia phuong tai
khu vuc thyc nghiém.

- Nhap sb liéu vao phan mém.

- Giéi canh va kiém tra chét lugng
giai canh.
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- Binh sai so bo.

- Binh sai chinh x4c.

- Phan tich, danh gia két qua thuc nghiém.

Viéc tinh toan binh sai ludi thuc
nghiém duoc thuc hién d6i vdi 2 dang so
ligu: so ligu hon hgp GPS/GLONASS/

Nghién ciru

Galileo/BeiDou (goi 1a phuong an 1) va
s0 liéu don hé GPS (goi 1a phuong an 2).
Mot s6 két qua tiéu biéu dugc trinh bay cu
thé nhu sau:

* Két qua tinh toan binh sai s
lidu hdon hop GPS/GLONASS/Galileo/
BeiDou

Bdng 5. Chiéu dai canh, phwong vi va sai 56

m

Piém diu | Piém cudi| Chiéu dai (m) (ms)

Phuongvi | m dh m
m/S ’ a dn
> €9 () | (m) | (m)

KC 01 | KVI1 01 352.349 0.003

1/128906 33424 1.94 | 1.387 | 0.008

KC 01 | KV1 07 529.682 0.003

1/188717 | 440617 | 1.15 | 1.136 | 0.008

KC 01 | KVI 08 224.466 0.003

1/71108 753220 |2.30 | 0.461 | 0.008

KC 02 | KVI 10 511.329 0.003

1/146484 | 2301119 | 1.30 | 0.324 | 0.010

KC 02 | KVI 11 366.324 0.004

196917 | 2115222 | 1.99 | -0.355 | 0.011

KVI 01 | KVI 07 347.868 0.003

1/100641 851613 | 1.63 | -0.252 | 0.009

KVI 02 | KVI 03 261.012 0.002

1/107651 | 2283240 | 2.02 | -0.175 | 0.006

KVI 02 | KVI 07 230.570 0.003

1/71376 | 2990559 | 227 | 0.788 | 0.007

KVI 02 | KVI 08 411.642 0.003

1/138022 | 2385832 | 142 | 0.113 | 0.007

KVI1 03 | KVI 07 284.993 0.002

1/117837 | 3584929 | 2.34 | 0.963 | 0.007

KV1 04 | KV1 06 231.135 0.003

1/69107 | 1154935 | 2.69 | -1.101 | 0.010

KVI 04 | KVI 07 196.947 0.004

1/52500 | 1675009 | 437 | -0.786 | 0.012

KVI 05 | KVI 04 175.939 0.003

1/53355 | 2491450 | 3.41 | 0.303 | 0.010

KVI 05 | KVI 06 168.745 0.002

1/81632 | 1650309 | 2.67 | -0.798 | 0.006

KVI 05 | KV1 07 283.006 0.003

197151 | 2054600 | 2.63 | -0.483 | 0.010

KVI 05 | KVI 09 506.455 0.004

1/127113 | 1133934 | 1.64 | -0.470 | 0.010

KVI 05 | KVI 10 466.999 0.003

1/135721 | 893705 | 1.62 | -0.140 | 0.009

KVI 06 | KVI 07 190.189 0.003

1/58971 | 2410743 | 3.51 | 0.315 | 0.010

KVI 06 | KVI 10 454.893 0.003

1/140002 | 683438 | 1.55 | 0.658 | 0.009

KVI 08 | KVI 01 354.350 0.003

1/109111 | 32632010 | 2.04 | 0.927 | 0.009

KVI 08 | KVI 03 161.991 0.003

1/59193 755614 | 2.75 | -0.289 | 0.007

KVI 08 | KVI 07 357.848 0.002

1/151599 | 250036 | 1.67 | 0.675 | 0.007

KVI 09 | KVI 06 422.279 0.004

1/119360 | 2752749 | 1.85 | -0.328 | 0.010

KVI 09 | KVI 10 206.378 0.004

1/58823 05141 341 | 0.330 | 0.010

KVI 09 | KVI 13 209.641 0.005

1/43324 1705211 | 4.60 | -0.915 | 0.012

KVI 09 | KVI 14 283.030 0.004

1/76405 1413235 | 2.36 | -0.980 | 0.010

KVI 11 | KVI1 10 200.014 0.004

1/52436 | 2651938 | 3.29 | 0.679 | 0.010

KV1 14 | KVI 12 391.429 0.004

1/93149 0665142 |2.12 | 0.858 | 0.010

KVI 14 | KVI 13 143.508 0.004

1/37533 | 2755132 | 543 | 0.065 | 0.010

KVI 15 | KVI 12 333.613 0.005

1/73139 762611 | 291 | 0412 | 0.012

KVI 15 | KVI 14 83.551 0.003

1/25973 | 2051443 | 7.76 | -0.446 | 0.009

KVI 16 | KC 02 512.543 0.003

1/149313 191323 | 1.45 | -0.177 | 0.010

KVI 16 | KVI 09 232.520 0.003

1/74148 | 2573821 | 2.66 | -0.182 | 0.009

KVI 16 | KVI 10 273.323 0.003

1/91497 | 3045704 | 231 | 0.148 | 0.008

KVI 16 | KVI 11 174.627 0.003

1/56305 | 3515233 | 443 | -0.531 | 0.010

KVI 16 | KVI 12 330.467 0.004

1/90856 | 1105044 | 2.74 | -0.304 | 0.009

KVI 16 | KVI 13 321.728 0.003

1/92662 | 2170315 | 2.79 | -1.097 | 0.010

KVI 16 | KVI 14 276.179 0.002

1/134548 | 1903950 | 1.64 | -1.162 | 0.005

KVI 16 | KVI 15 196.448 0.003

1/59757 1843102 | 3.34 | -0.716 | 0.009
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Bing 6. Thanh qud tea dp va dp cao sau binh sai sé licu hon hop GPS/GLONASS/

Galileo/BeiDou
. ek Toa do Do cao Sai s0 vi tri diém (m)

STT | Tén diem X (m) Y (m) h (m) m, m, m, m,
1 KV1 01 | 2340002.513 | 591937.825 | 7.321 0.003 | 0.003 | 0.004 | 0.008
2 KV1 02 | 2339919.064 | 592485.974 | 6.282 | 0.003 | 0.004 | 0.005 | 0.010
3 KVI1 03 | 2339746.264 | 592290.354 | 6.106 | 0.003 | 0.004 | 0.005 | 0.010
4 KV1 04 | 2340223.722 | 592243.009 | 7.855 | 0.004 | 0.005 | 0.006 | 0.013
5 KVI1 05 | 2340286.064 | 592407.533 | 7.553 | 0.004 | 0.004 | 0.006 | 0.011
6 KV1 06 | 2340123.029 | 592451.058 | 6.754 | 0.003 | 0.004 | 0.005 | 0.010
7 KV1 07 | 2340031.197 | 592284.508 | 7.070 | 0.003 | 0.003 | 0.004 | 0.008
8 KVI1 08 | 2339706.903 | 592133.218 | 6.395 | 0.002 | 0.003 | 0.004 | 0.008
9 KV1 09 | 2340082.823 | 592871.419 | 7.082 | 0.004 | 0.004 | 0.006 | 0.012
10 | KV1 10 | 2340289.178 | 592874.522 | 7.412 | 0.003 | 0.004 | 0.005 | 0.010
11 KVI1 11 | 2340305.472 | 593073.871 | 6.733 | 0.003 | 0.004 | 0.005 [ 0.011
12 | KVI1 12 | 2340015.001 | 593407.385 | 6.961 0.006 | 0.006 | 0.008 | 0.014
13 | KVI1 13 | 2339875.838 | 592904.685 | 6.167 | 0.005 | 0.005 | 0.007 | 0.014
14 | KVI1 14 | 2339861.189 | 593047.443 | 6.102 | 0.004 | 0.005 | 0.006 | 0.011
15 | KVI1 15 | 2339936.76 | 593083.077 | 6.549 | 0.005 | 0.005 | 0.007 | 0.013
16 | KV1 16 | 2340132.598 | 593098.549 | 7.265 | 0.003 | 0.004 | 0.005 | 0.010

* Két qua tinh toan binh sai s6 liéu don hé GPS

Bing 7. Chiéu dai canh, phwong vi va sai sé

P S P z. | Chiéudai | mg Phwong vi | m, dh m,
Diém d4u | Diém cuoi (m) (m) m./S ©<% ) (m) (m)
KC 01 KV1 01 352.352 1 0.003 | 1/135070 | 33424 | 1.86 | 1.391 | 0.009
KC 01 KVI1 07 529.683 | 0.003 | 1/199381 | 440617 | 1.07 | 1.133 | 0.008
KC 01 KV1 08 224.468 | 0.003 | 1/77270 | 753220 | 2.13 | 0.458 | 0.009
KC 02 KV1 10 511.327 1 0.003 | 1/152041 | 2301119 | 1.25 | 0.318 | 0.010
KC 02 KV1 11 366.321 | 0.004 | 1/91720 | 2115222 | 2.10 | -0.365 | 0.012
KV1 01 KV1 07 347.869 | 0.003 | 1/111781 | 851613 | 1.50 | -0.258 | 0.009
KV1 02 KVI1 03 261.011 | 0.003 | 1/95703 | 2283239 | 2.00 | -0.177 | 0.006
KV1 02 KVI1 07 230.569 | 0.003 | 1/78788 | 2990559 | 2.24 | 0.787 | 0.007
KV1 02 KVI1 08 411.640 | 0.003 | 1/127572 | 2385831 | 1.38 | 0.112 | 0.007
KV1 03 KV1 07 284.993 | 0.002 | 1/123670 | 3584929 | 2.24 | 0.964 | 0.007
KV1 04 KV1 06 231.134 | 0.004 | 1/55761 | 1154935 | 2.68 | -1.101 | 0.010
KV1 04 KV1 07 196.946 | 0.004 | 1/53426 | 1675010 | 4.49 | -0.782 | 0.011
KV1 05 KV1 04 175940 | 0.004 | 1/46921 | 2491449 |3.92 | 0.300 | 0.010
KV1 05 KV1 06 168.745 | 0.002 | 1/71210 | 1650310 | 2.97 | -0.801 | 0.006
KVI1 05 KV1 07 283.006 | 0.003 | 1/101418 | 2054601 | 2.58 | -0.482 | 0.009
KVI1 05 KV1 09 506.459 | 0.005 | 1/100790 | 1133936 | 2.09 | -0.471 | 0.012
KVI1 05 KV1 10 467.000 | 0.003 | 1/139402 | 893705 | 1.68 | -0.143 | 0.009
KV1 06 KV1 07 190.189 ] 0.003 | 1/60917 | 2410743 | 3.45 | 0.319 | 0.009
KV1 06 KV1 10 454.894 | 0.003 | 1/146960 | 683438 | 1.61 | 0.658 | 0.008
KV1 08 KV1 01 354.353 | 0.003 | 1/117175 | 3263209 | 1.92 | 0.933 | 0.009
KV1 08 KV1 03 161.989 | 0.003 | 1/55338 | 755613 | 2.67 | -0.289 | 0.007
KVI1 08 KV1 07 357.848 | 0.002 | 1/154479 | 250035 | 1.55 | 0.675 | 0.007
KVI1 09 KV1 06 422282 | 0.004 | 1/96494 | 2752751 | 2.54 | -0.330 | 0.012
KVI1 09 KV1 10 206.384 | 0.005 | 1/40760 05141 ]398 ] 0328 | 0.011
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R A
Piem dau

R Ko
Piem cuoi

Chiéu dai
(m)

m

S
(m)

m./S

Phuong vi
(O ¢ “)

m

()

dh
(m)

1’ndh
(m)

KV1

09

KVI 13

209.636

0.007

1/30744

170 52 09

5.82

-0.925

0.015

KVl

09

KVI 14

283.028

0.006

1/46207

141 32 31

3.97

-0.992

0.014

KVI

11

KVI 10

200.014

0.003

1/57306

26519 37

2.84

0.683

0.009

KVl

14

KVI 12

391.428

0.004

1/94794

66 5142

2.14

0.863

0.010

KV1

14

KVI 13

143.510

0.004

1/40719

2755132

5.05

0.068

0.009

KV1

15

KVI 12

333.614

0.005

1/69359

762611

3.30

0.420

0.012

KVl

15

KVI 14

83.551

0.005

1/16794

205 14 38

8.19

-0.443

0.010

KVl

16

KC 02

512.540

0.004

1/144392

191323

1.54

-0.166

0.010

KVl

16

KVI 09

232.522

0.005

1/50096

2573816

4.87

-0.176

0.013

KVl

16

KVI 10

273.324

0.003

1/100018

304 57 03

2.15

0.152

0.007

KVl

16

KVI 11

174.628

0.003

1/62715

3515232

4.26

-0.531

0.010

KVl

16

KV1 12

330.468

0.004

1/93077

110 50 44

2.72

-0.305

0.009

KV1

16

KVI 13

321.729

0.003

1/100236

21703 15

2.63

-1.101

0.009

KV1

16

KVI 14

276.179

0.003

1/104977

190 39 48

1.81

-1.168

0.006

KV1

16

KVI 15

196.448

0.005

1/39751

184 31 02

3.74

-0.725

0.010

Bing 8. Thanh qud toa d¢ va dp cao sau binh sai sé liéu GPS

STT

A o R
Ten diem

Toa do

X (m)

Y (m)

Dj cao
h (m)

Sai s0 vi tri diém (m)

m

m

m

KV1

01

2340002.516

591937.824

7.325

0.003

0.003

mn
0.004

0.009

KV1

02

2339919.066

592485.973

6.280

0.003

0.004

0.005

0.010

KVl

03

2339746.266

592290.354

6.103

0.003

0.004

0.005

0.010

KVl

04

2340223.723

592243.010

7.849

0.004

0.005

0.006

0.013

KVl

05

2340286.066

592407.534

7.549

0.004

0.004

0.006

0.010

KV1

06

2340123.031

592451.058

6.748

0.003

0.004

0.005

0.010

KVl

07

2340031.199

592284.508

7.067

0.003

0.003

0.004

0.008

KVl

08

2339706.904

592133.220

6.392

0.002

0.003

0.004

0.009

KV1

09

2340082.819

592871.421

7.078

0.005

0.005

0.007

0.014

KVl

10

2340289.180

592874.524

7.406

0.003

0.003

0.004

0.010

KVI

11

2340305.475

593073.873

6.723

0.004

0.004

0.006

0.012

KVl

12

2340015.003

593407.389

6.949

0.006

0.006

0.008

0.014

KV1

13

2339875.839

592904.688

6.153

0.005

0.005

0.007

0.014

KV1

14

2339861.190

593047.448

6.086

0.005

0.005

0.007

0.012

KVl

15

2339936.762

593083.080

6.529

0.006

0.006

0.008

0.015

SN TN I IS = 1= D= I RN SN RS F PR N )

KVl

16

2340132.600

593098.552

7.254

0.003

0.004

0.005

0.010

* So sanh két qua tinh toan binh sai theo phuong an 1 va phuong an 2

Tu céc két qua tinh todn tai bang 5 va bang 7 sé& tinh dugc do chénh vé sai sb
phuong vi m,_ va sai sd chénh cao m o &itta phuong én 1 va phuong an 2.

Bdng 9. D¢ chénh sai so phwong vi va sai so chénh cao

STT | Piém dau | Piém cudi| dm_(“) | dm, (m) | STT | Piém diu | Diém cudi| dm_ () | dm,, (m)
1 | KCOl | KVI Ol | 0.08 | -0.001 | 21 | KVI 08 | KV1 03 | 0.08 0
2 | KC Ol | KVI 07 | 0.08 0 22 [ KVl 08 | KV1 07 | 0.12 0
3 | KCOl | KVI 08 | 0.17 | -0.001 [ 23 [ KV1 09 | KVI 06 | -0.69 | -0.002
4 | KC 02 | KV110 | 0.05 0 24 [ KV1 09 | KV1 10 | -0.57 | -0.001
5 | KC02 | KVI 11 | -0.11 | -0.001 | 25 [ KV1 09 [ KVI 13 | -1.22 | -0.003
6 | KV1 01 | KV1 07 | 0.13 0 26 | KV1 09 | KV1 14 | -1.61 | -0.004
7 [ Kvi 02| KV 03] 0.02 0 27 | KVI 11 | KV1 10 | 0.45 | 0.001
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STT | Piém dau | Piém cudi | dm_ () | dm (m) | STT | Piém dau | Diém cuoi| dm_ (%) [ dm,, (m)
8 | KVl 02| KV1 07 | 0.03 0 28 | KVI 14 | KV1 12 | -0.02 0
9 | KVI 02 | KV1 08 | 0.04 0 29 | KVI 14 | KV1 13 | 038 | 0.001
10 [ KV1 03 | KV1 07 [ 0.10 0 30 | KV1 15 | KV1 12 [ -0.39 0
11 | KV1 04 | KV1 06 | 0.01 0 31 | KV1 15 | KVI 14 | -043 | -0.001
12 | KV1 04 | KV1 07 | -0.12 | 0.001 | 32 | KVl 16 | KC 02 | -0.09 0
13 | KV1 05 | KVI 04 | -0.51 0 33 [ KVI 16 | KV1 09 | -2.21 | -0.004
14 | KVI 05 [ KVI 06 | -0.30 0 34 | KVI 16 | KV1 10 | 0.16 | 0.001
15 | KV1 05 | KVI 07 | 0.05 | 0.001 | 35 | KVI 16 | KVI 11 | 0.17 0
16 | KV1 05 | KV1 09 | -045 | -0.002 | 36 | KVI 16 | KV1 12 | 0.02 0
17 | KV1 05 | KV1 10 [ -0.06 0 37 | KVI 16 | KV1 13 | 0.16 | 0.001
18 | KV1 06 | KV1 07 | 0.06 | 0.001 | 38 | KVI 16 | KV1 14 | -0.17 | -0.001
19 | KV1 06 | KVI 10 | -0.06 | 0.001 | 39 | KVI 16 | KV1 15 | 040 | -0.001
20 | KV1 08 | KV1 01 | 0.12 0

Trong bang 9, gia tri dm , dm , la hi€u cua gia tri m , m , theo phuong an I trir di
m_, m, tuong ung theo phuong an 2. Ciing tur bang nay ta c6 do thi nhu sau:

1

s 0.5 &
B O Y e
‘2 -0.5 10 0’—0 20 ' & e
S
B -1
2 *
g 1 *
g 2
*
-2.5

phuong vi

Hinh 2: Do thi dp léch sai s6 phuong vi

E 000l 0 000—006—00

g 6600000006000 66600

£ ’ 10 20 30 40

g -0001 0@ . 2 4 49

2 .0.002 * ¢

<

g -0.003 L 4

é. -0.004 L 2 4
-0.005

0.002

chénh cao

Hinh 3: Do thi dj léch sai s6 chénh cao

Bdng 10. Dy chénh sai s6 toa d va dp cao

STT | Tén diém dm (m) | dm (m) | STT | Tén diém dm (m) | dm, (m)
1 KV1 01 0 -0.001 9 KV1 09 -0.001 -0.002
2 KV1 02 0 0 10 KV1 10 0.001 0
3 KV1 03 0 0 11 KV1 11 -0.001 -0.001
4 KV1 04 0 0 12 KV1 12 0 0
5 KV1 05 0 0.001 13 KV1 13 0 0
6 KV1 06 0 0 14 KV1 14 -0.001 -0.001
7 KV1 07 0 0 15 KV1 15 -0.001 -0.002
8 KV1 08 0 -0.001 | 16 KV1 16 0 0

Khi so sanh d6 chinh xac véi phuong
vi canh giita 2 phuong an cho thdy, xét
vé sb lugng canh thi giita phuong 4n 1 va
phuong an 2 ¢ thé coi 14 twong duong (s6
luong canh theo phuong an 1 cé d6 chinh
xdc cao hon phuong 4n 2 1a 18, thap hon 1a
21). Tuy nhién, d6i véi do chinh xac chénh
cao thi khi sir dung s6 liéu hdn hop GPS/
GLONASS/Galileo/BeiDou thi ¢6 su khac

12

biét 16n so vdi sir dung s6 liéu don hé GPS.
S6 lwong chénh cao co d6 chinh xdc cao
hon khi str dung s6 liéu da hé cao gip 3.75
1an so v&i khi chi sir dung s6 liéu don hé.
Trong bang 10, gia tri dm, dm, la
hi¢u cua gia tri m, m, theo phwong an
l trir di m, m, twong 1’1:ng theo phu’()}lg
an 2. Tu bang 10 cho thay, chi ¢6 1 diém
(KV1_05) trong sb 16 diém cé d6 chinh

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 27 - nam 2019



xéc vé toa do hodc do cao so kém hon so
khi so sanh phuong an 1 v&i phuong an 2.
Diéu nay chimg t6, d6 chinh xéac toa do va
d6 cao cta diém khi st dung s6 liéu hon
hop  GPS/GLONASS/Galileo/BeiDou
cao hon khi chi st dung s6 liéu GPS.

5. Két luin

Qua qua trinh nghién ctru, mot sd két
luan duogc rut ra nhu sau:

- S6 1iéu hdn hop GPS/GLONASS/
Galileo/BeiDou cua ludi GNSS thuc
nghiém dugc tap hop day du, duoc tinh
toan binh sai dua trén mot co s 1y thuyét
chit ché va phan mém chuyén nganh ¢
thuong hi€u. Ludi dugc tinh toan binh sai
trong hé toa do VN 2000, h¢ do cao Nha
nude. Két qua tinh toan binh sai rat déng
tin cdy do boi tinh nhat quan cia s liéu
ludi thuc nghiém thé hién & chd tai tit ca
cac diém do GNSS s6 lidu déu & dang hén
hop GPS/GLONASS/Galileo/BeiDou.

- Khi str dung s liéu hdn hop GPS/
GLONASS/Galileo/BeiDou (phuong an
1) dé binh sai lu6i, d6 chinh xac toa do
va d0 cao sau binh sai cé d tin cdy cao
hon so v&i khi chi sir dung sb liéu GPS
(phuong 4n 2) do bdi sé luwong tin hiéu vé
tinh cia phuong 4n 1 nhiéu hon phuong
an 2. Khong nhiing vay, d6 chinh x4c toa
dd va dd cao sau binh sai cua phuong an 1
cling cao hon so vdi phuong an 2.

Nhu vay, lan dau tién s6 litu GPS/
GLONASS/Galileo/BeiDou  dugc  xur
ly tinh todn binh sai thanh cong tai Viét
Nam. Nghién ciru nay gép phan vao viéc
lam chd cong tac khai thac va su dung
dugc cac nguon dir liéu khong gian néi
chung va sb liéu GNSS noéi riéng. Day la
viéc rat c6 y nghia trong giai doan hién
nay khi ma khoa hoc cong nghé phat trién,
viéc khai thac va ung dung dugc da dang
cac ngudn sd liéu trong thuc tién 1 hét
strc can thiét.

Nghién ciru
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