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1. Mé dau

Ra doi tir nhing nim 1970, song do nhiéu
nguyén nhan hé thong vé tinh dan duong toan cau
GLONASS (Global Navigation Satellite System)
do Lién X0 (cil) va ngay nay la Nga diéu hanh hau
nhu chua dugc quan tdm & nudc ta. Trong thoi
gian gan day, h¢ GLONASS dugc cing cd va phat
trién, du diéu kién k¥ thuat dap ting cho cac nhiém
vu tric dia dan sy co do chinh x4c cao. Béi vay,
viéc tmg dung s6 liéu hdn hop GPS/GLONASS di
dugc quan tdm trién khai nghién ctru trén truong
qudc té [1, 4]. T6 chirc IGS (International GNSS
Service) di dan thay thé loai may thu mdt tin hiéu

(GPS) sang méy thu c6 kha ning nhan dong thoi
hai loai tin hiéu tai cac tram do trong h¢ théng luoi
do thuong tryc. Pay khong chi 1a ha ting k¥ thuat
hét sirc thuin loi ma con 1a thach thic cho viée
trién khai ciing nhu xir 1y s6 liéu hdn hop
GPS/GLONASS cho cac tng dung dinh vi trong
qua trinh hdi nhap qudc té.

S6 liéu hon hgp GPS/GLONASS la tép so lidu
trong do theo timg thoi diém (record) day tri do
bao gdm ca s6 liéu GPS va sé liéu GLONASS.
Mot s dic diém co ban ¢ thé nhan biét trén co s&
xem xét mot cach tryc quan dang Rinex cua tép sb
liéu & bdng 1.

Bang 1. Mot phan tép sé liéu hén hop BAK00940.100

1.2.11 OBSERVATION DATA M RINEX VERSION / TYPE
2 351658 LEICA GRX1200GGPRO 6.02/3.015 REC # / TYPE / VERS
200067 LEIAT504 LEIS ANT # / TYPE
3 48 # OF SATELLITES
4 G 2 1216 1216 1216 1216 1214 1214 1214 1214 PRN / # OF OBS
G 3 827 827 827 827 823 823 823 823 PRN / # OF OBS
5 G32 1067 1067 1067 1067 1058 1058 1058 1058 PRN / # OF OBS
6 R 1 950 950 950 950 944 944 944 944 PRN / # OF OBS
R 2 1349 1349 1349 1349 1333 1333 1333 1333 PRN / # OF OBS
7 R24 666 666 666 666 665 665 665 665 PRN / # OF OBS

8 10 04 04 00 00 0.0000000 O 16G02G04G05G10G12G15G17G27RO1RO2R0O7R0O8
R11R21R22R23

Bang 1 trich mot phin phan dau (header) tép sb
liéu hdn hop dang Rinex BAK00940.100. O hang
dau, M (mixed) ky hiéu so li€u duoc quan trac tir

14

nhiéu hé GNSS (Global Navigation Satellite
System). Hang 3, 48 1a s6 v€ tinh cua ca hai hé, c6
tin hi€u thu dugc trong t€p do. Cac hang tir 4 dén 7



théng ké v¢ tinh tham gia trong tép, duoc ky hi¢u
tir G1 dén G32 1a vé tinh ciia hé GPS (G: GPS); tir
Rl dén R24 1a vé tinh cia GLONASS
(R: GLONASS). Hang thtr 8, s6 vé tinh va ky hiéu,
s6 hiéu timg vé tinh lién quan tdi thoi diém do.

Vi tép $6 liéu hdn hop c¢6 hai loai tri do GPS va
GLONASS nén viéc xir ly cac t¢p so li€u nay co

nhiéu phuong an: chi xir 1y s6 liéu GPS, chi xu Iy
s6 lidu GLONASS va cudi cung 1a xir 1y ddng thoi
hai loai s6 liéu (hinh I).

Viée xtr Iy theo phuong 4n 1, vé& co ban nhur xir
Iy tép s6 liéu chi thu tin hiéu GPS. Quy trinh xtr Iy
cling nhu két qua ung dung da dugc trinh bay trong
nhiéu vin liéu trong va ngoai nude.

Sélieuh

6n hop

A

y

Xt ly s6 ligu GPS

X ly sb liéu GLONASS

Xt ly sb liéu GPS/GLONASS

Hinh 1. Cac phwong an xt Iy s liéu hén hop

Viée xur Iy theo phuong an 2, da dugc trinh bay
trong Vy Quéc Hai (2010) [7]. Bang phin mém
Bernese 5.0, s6 liéu cac ca do lién tuc cua cac diém
IGS 1an cén Viét Nam da duoc xu ly céc tri do
GLONASS mét cach thanh cong, cho két qua cubi
cung. Khao sat, so sanh v6i két qua xt 1y tri do
GPS cho thdy, cac két qua xir 1y tri do GLONASS
dat d6 chinh x4c cao trén quy mo khong gian
16n [8].

Tiép tuc huéng di trén, trong cong trinh nay s6
liéu hén hop s& duoc tién hanh xir 1y theo phuong
an 3. Qua trinh cling nhu két qua xur 1y s& trinh bay
& cac ndi dung tiép theo.

2. Co sé phwong phap, 56 liéu xir Iy

Dé xir Iy ddng thoi hai loai tri do thanh cong,
phéi quan tam t&i khac biét gitra hai hé. La hai hé
doc 1ap nén co6 khac biét co ban ve:

2.1. H¢ quy chiéu, khung toa do

GLONASS sir dung hé quy chiéu PZ-90
(Parameters of Earth 1990 System), h¢ GPS su
dung WGS-84 (World Geodetic System -84). Vé
dinh nghia cac thong s6 co ban (gbc toa do, huong
cac truc,...) giong nhau, song gia tri cu thé cua
ching c6 khac biét. Khi xtr 1y tich hop sb liéu can
tinh dén cac yéu t6 nay va co cac bién ddi thich
hop vé mot hé toa d6 duy nhét. Phuong an thudng
dugc chon 13 chuyén d6i tir hé PZ-90 vé WGS-84
r0i v& ITRF (International Terrestrial Reference
Frame). Viéc x4c dinh cac thong sé chuyén ddi

dugc tién hanh theo hai phuong phap: phuong
phap toa do va phuong phap lich v¢ tinh. Trong
phuong phap toa dd, st dung may thu tin hi¢u
GLONASS trén cac diém da biét toa do trong
WGS-84, xac dinh toa d6 trong PZ-90. Véi cac
diém song trung nay, hoan toan xac dinh dugc cac
thong s tinh chuyén. Véi phuong phép lich vé
tinh, toa d§ cua vé tinh trén PZ-90 dugc nhan tur
lich v¢ tinh quang ba cua h¢ GLONASS; toa do
trén WGS-84 duogc xac dinh tir hé théng cac tram
do lién tyc phan bé trén toan ciu va tir d6 x4c dinh
duogc cac thong s6 tinh chuyén [3, 5].

Céc thong sb tinh chuyén xac dinh bing céc
phuong 4n ndy hoan toan dép tmg yéu cau cia cac
nhiém vu dinh vi thong thuong. Phuc vu cac nhiém
vu yéu ciu d6 chinh xac cao, lich vé tinh chinh xac
cua hé¢ GLONASS ciing dugc xac dinh tir hon 50
tram quan tric lién tuc phan bd trén toan thé gidi
va 4 trung tdm xu 1y cua IGS.

2.2. Khung thoi gian st dung

GLONASS st dung GLONASS time trén co s¢
UTC _SU (Universal Coordinated Time Soviet
Union) trong khi d6 GPS st dung UTC duoc diéu
hanh bédi United States Naval Observatory
(UTC_USNO) [2]. Muén xir 1y dwoc sé liéu hdn
hop can xac dinh duoc khac biét (offset) giita hai
h¢ thoi gian. Qua cac thdo luan cua Zinoviev A.E.
(2005) [1] c6 thé thay rng, khéc biét thoi gian thay
dbi cham ¢6 thé du bao dugc. Mit khac, véi su
phat trién cua cong nghé, cac thong tin lién quan
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té6i  khac bi€ét nay duoc cidc may thu
GPS/GLONASS, vé tinh loai GLONASS-M hodc
BIPM (Bureau International des Poids et
Measures) xac dinh va cung cap.

Trén day 1a mot vai khac bi¢t mang tinh co ban
va ly thuyét. Lién quan t6i viée xir 1y s liéu c6 thé
thdy ring, vé nguyén 1y, qua trinh xtr 1y xuét phat
tr lich vé tinh chinh xac, cu thé 1a toa dd chinh xac
clia vé tinh theo ting thoi diém thu tin hiéu. Trong
xtr 1y s6 liéu véi d6 chinh x4c cao va khong gian

16n, lich vé tinh chinh xac duoc biéu dién trong hé
ITRF (IGS) v6i sai s6 xép xi Sem. Nhu trén da
viét, sb lidu (tri do) cua ca hai h¢ dugc ghi nhan
theo tirng thoi diém, trong tép Rinex dugc trinh
bay theo tirng trudng (record). TAt nhién, khi xir 1y,
lich vé tinh phai duoc tich hop thich hgp véi dang
s6 liéu hdn hop nay.

Mubn thuc hién dugc phuong an theo so dd
hinh 1, can xur Iy theo quy trinh (hinh 2) bang viéc
ap dung céc thuat toan sau:

Lich vé tinh chinh xac

S6 ligu, di liéu hd tro

S6 liéu hén hop

v
Chuyén déi lich vé tinh (2)

A 4

Chuyén dbi dang sb liéu (1)

A 4

\4

Tién xt ly:
Sai sb dbng ho,
Phwong trinh pha <
Loc sai sb

A4

Xac dinh cac tham sé:
canh, toa do,...

A 4

Thiét Iap phwong trinh
chuén theo ca do

A4

Kiém tra, xr ly lai ca do
(néu can thiét)

A 4

Tich hop cac phuong
trinh chuén; L&i giai
cudi cung (3)

Hinh 2. Quy trinh xt ly s liéu

- Thuét toan trich xuét sb liéu: theo ting thoi
diém c6 hai loai s6 liéu GPS va GLONASS. Muén
xu ly riéng 1€, phin mém phai tach (hay con goi 1a
trich xuét) dugc theo timg loai sé liéu. Trén co s&
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sO liéu nay cung véi lich v€ tinh twong ing mai c6
thé tién hanh céc bude tlep theo. pé giai quyét van
dé trich xudt s6 liéu c6 thé viét phan mém, nhung
nhu d3 nhin manh, viéc xu 1y s0 liéu vdi dd chinh



xé4c cao yéu cau str dung cac phan mém mang tinh
khoa hoc va chuyén nghi¢p. Trong hang loat phan
mém duogc su dung, Bernese 5.0 dép ung duoc viéc
trich xuét sb liéu nay va duoc lya chon dé xur ly $6
liéu hon hop (md dun (1) hink 2).

- Thuat toan tich hop $6 li¢u: dugc 4ap dung
trong truong hop tich hop lich v¢ tinh chinh xac.
Lich vé tinh chinh xac co thé duoc IGS cung cép
theo dang hdn hgp GPS/GLONASS. Song trong
truong hop chi nhan dugc theo ting hé GPS va
GLONASS, phéi c6 phuong an tich hop theo tung
thoi diém dé co thé xur 1y dong thoi ca hai loai so
liéu (m6 dun (2) hinh 2).

- Thudt toan tich hop phuong trinh chuin: ban
chit cta thuat toan tich hgp phuong trinh chuan la
cho phép nguoi xtr 1y tich hop céc phuwong trinh
chuén (NEQ) cua 10i giai thanh phan nhdm nhéan
dugc 161 giai cudi cung (hink 3). Theo so dd, qua
trinh tich hgp céc phuong trinh chuan dwgc thyc
hién nhu sau: tri do (cac canh hodc 10i giai theo
doan tin hiéu) tich hop thanh phuong trinh chuén.
Tir d6 phwong trinh chuan dugc tich hop theo
ngay. Tur 101 gidi ngay tich hop theo nhom ngay,
theo dot do. Tir phuong trinh chuan dot do (nhiéu
ngay) tich hop tiép cho dén 10i giai (phuong trinh
chuan) mong mudn.

Trong truong hop can thiét, c6 thé ap dung mot

cach linh hoat thuat toan nay trong xu ly s6 lidu
hon hgp (md dun (3) hink 2).

khai thac (bang 2). Day la cac diém thuong truc
cua mang IGS ¢ lan can nudc ta, c6 thé khai thac
duoc ) liéu hdn hop GPS/GLONASS. Viéc st
dung cac s6 liéu nay co nhiéu vu thé, do cac diéu
kién ky thuat vé may thu, anten, vi tri méc,... phai
dap tmg cac yéu cau cao va vi vay so liéu dat
chuin IGS. Mit khac, cac diém nay déu c6 toa do
do IGS cong bb tao diéu kién thuan loi xir 1y va
kiém tra két qua.

Bang 2. Cac théng sé s6 liéu khai thac

Piém May thu Anten Sé tép do
BAKO LEICA LEIAT504GG 7
GRX1200GGPRO  LEIS
Ccoco TRIMBLE NETRS AOAD/M_T 7
NONE
LHAZ TPS E_GGD ASH701941.B 7
SNOW
NTUS LEICA LEIAT504GG 7
GRX1200GGPRO

P -P-0
F_F-0-0
A N
F.8-0
O
F-F-0
F_F-0-0
-0
Tri do NEQ NEQ NEQ NEQ
(canh) (canh) theo nhém theo dot
ngay ngay do

Hinh 3. So dd tich hop cac phwong trinh chuan

Trén co s& cac quan diém néu trén, s6 liéu cua
7 ca do lién tuc c6 DOY (ngay trong nam) 094,
095, 096, 097, 098, 099 va 100 ndm 2010 cta cac
diém BAKO, COCO, LHAZ va NTUS da dugc

3. Két qua xir ly

Viéc xir 1y s liéu tudn theo phuong an, quy
trinh da lya chon va theo trinh don ctia phan mém
Bernese 5.0 [6], c6 thé md ta ngan gon nhu sau:

(i) Chuan bi sb lidu: can khai thac s liéu do
cuia cac diém IGS, lich vé tinh chinh x4c va cac tép
sO liéu hd trg phan mém (tim pha anten, chuyén
dong cuc, thuy triéu,. ..)

(i1) Lép lich do: day la budc ky thuat tuy don
gian song hét sirc quan trong gitip ngudi xir 1y quan
1y va theo ddi dwoc qua trinh xir 1y (théng s6 lich
v¢ tinh, ngay trong ndm,...).

(iii) Lap Project va cac thu muc, cap nhat cac
tép vao thu muc: thiét 1ap va cép nhat cac tép so
liéu va céc t&p so li¢u ho trg phan mém hoat dong.

(iv) Xtr 1y theo timg budc dén két qua binh sai:
xu ly trén co so trinh don, dam bao khong sai sot
chc thong sb dau vao-ra. Sau mdi bude can kiém
tra, trong truong hop can thiét c6 thé can thiép,
thay ddi cac Iva chon.

Tir du ra cia phan mém, cac két qua chu yéu:
két qua tinh canh, toa do binh sai, sai s6 da tap hop.
Bang 3 tap hop d6 dai canh theo tung ca do, tir 6
tinh gi4 tri trung binh va sai s (hang in dam sau 7
ca do). Mdi lién hé gitta d§ dai va tri hi¢u chinh
duogc biéu dién truc quan trén hinh 4. Co thé thiy,
Kkét qua tinh canh tur s6 liéu hon hop c6 do hoi tu
cao, hiéu chinh nho: gia tri 16n nhat 12 11lmm &
khoang cach 1.265km. Két qua tinh canh tir s liéu
GLONASS kém hoi tu hon [7], d6 hoi tu cua két
qua tinh tr sd lieu GPS va sé liu hdn hop
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GPS/GLONASS ¢6 thé coi la twong duong [8]. Sai  cach hang ngan km, 16n nhét 13 6mm ¢ khoang
s0 trung phuong nho, c& mot vai mm trén khoang  cach 1.265km (bang 3, hinh 5).

Bang 3. Két qua tinh canh

Canh DOY Do dai H.chinh Canh DOY Do dai H.chinh
BAKO-NTUS 94 934568.990 0.000 LHAZ-NTUS 94 3365015.196 0.001
95 934568.988 -0.002 95 3365015.195 0.000
96 934568.987 -0.003 96 3365015.193 -0.002
97 934568.990 0.000 97 3365015.192 -0.003
98 934568.990 0.000 98 3365015.197 0.002
99 934568.993 0.004 99 3365015.193 -0.002
100 934568.990 0.000 100 3365015.198 0.003
Trung binh va sai s6 934568.990 0.002 Trung binh va sai s6 3365015.195 0.002
BAKO-COCO 94 1265326.745 0.004 BAKO-LHAZ 94 4257262.201 0.000
95 1265326.742 0.000 95 4257262.200 -0.001
96 1265326.734 -0.007 96 4257262.197 -0.004
97 1265326.740 -0.001 97 4257262.195 -0.006
98 1265326.741 0.000 98 4257262.204 0.003
99 1265326.735 -0.007 99 4257262.202 0.001
100 1265326.752 0.011 100 4257262.208 0.007
Trung binh va sai s6 1265326.741 0.006 Trung binh va sai s6 4257262.201 0.004
COCO-NTUS 94 1672354.752 0.001  COCO-LHAZ 94 4567097.711 0.000
95 1672354.750 -0.001 95 4567097.713 0.002
96 1672354.751 0.000 96 4567097.710 0.000
97 1672354.749 -0.002 97 4567097.707 -0.004
98 1672354.751 0.000 98 4567097.712 0.001
99 1672354.748 -0.003 99 4567097.705 -0.005
100 1672354.756 0.005 100 4567097.716 0.005
Trung binh va sai s6 1672354.751 0.003 Trung binh va sai s6 4567097.710 0.004
12.0 2G
100 ha
5.0
= 6.0 = =
E ;g & o 3 — * T3 s
= - - - - -
.‘E. =2.0 Jguu 2Oy OO ey OOr SO0
= a0 * -
-6.0 -—
-8.0 3
-10.0
P o dai (kn)
Hinh 4. D6 thi hiéu chinh va do dai
7 2G
6 &
5 /\
: . /N :
= 3 / \ / ——2G
= 2 4 x
1%
1
0 T T T T
0 1000 2000 3000 4000 5000
Do dai (k)

Hinh 5. D6 thi sai sb trung phwong va dé dai
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Vé téng thé, d6 16n hi¢u chinh ciing nhu sai $6
trung phuong tinh canh bién thién theo do dai, co
bat thuong & khoang cach 1.265km, co thé do sb
lidu GLONASS. Sai s twong ddi tinh tir sai sb
trung phuong va khoang cach rat nho, gia trj trung
binh x4p xi 1/764 000 000, dugc tap hop & bdng 4.

Bang 4. Sai s6 twong doi

Canh Do dai(km) Sai s6(mm) Sai s6 twong ddi
BAKO-NTUS 934 2 1/467 000 000
BAKO-COCO 1256 6 1/209 333 333
COCO-NTUS 1672 3 1/557 333 333
LHAZ-NTUS 3365 2 1/1682 500 000
BAKO-LHAZ 4257 4 1/1064 250 000
COCO-LHAZ 4567 4 1/1141 750 000
Trung binh 2675 3.5 1/764 333 333

Tir két qua tung ngay, tich hop phuong trinh

chuin dé x4c dinh toa do cubi cing cho toan bo dot
do (bdng 5). Trong bdng 5, cot 3 tap hop toa dd
nhan duoc tir IGS cua cac diém COCO va LHAZ,
NTUS di duge tinh chuyén vé thoi diém dot do
duoc nhan nhu toa do trudce binh sai. Cot 4 1a toa
d6 binh sai theo $6 liéu hoén hop, cot 5 1a d léch
toa d¢ binh sai so véi toa do IGS. Tuong tu cot 6 1a
sai sb trung phuong toa d¢ binh sai.

V& két qua binh sai toan dot do, c6 thé thiy sai
s6 sau binh sai (cot 6) theo phin mém thong bdo,
theo chiéu cao chua téi 2mm, theo chiéu kinh
tuyén va vy tuyén nho hon 1mm. Véi khong gian
lu6i hang ngan km (khoang cach BAKO-LHAZ
4.257km), day 14 sai s6 rat nho, chimg to viée xur ly
s6 liéu hdn hop di di dén thanh qua cudi cing (toa
d% binh sai) va dat d6 chinh xac va tin ciy cao.

Bang 5. Tong hop két qua binh sai

Diém Thoéng sb Toa d6 gan ding Toa do binh sai Do léch (m) Sai s6 (m)
(1) (2) (3) 4) (5) (6)
COCo U (m) -35,2874 -35.2891 -0,0018 0,0011
NCE™ -12° 11 18",042256 -12° 11" 18",041150 0,0342 0,0002
EC™ 96° 50 02,297134 96° 50 02',296993 -0,0043 0,0004
LHAZ U (m) 3624,5972 3624,6257 0,0285 0,0016
N ) 29° 39 26',397700 29° 39 26',398044 0,0106 0,0007
EC™ 91° 06 14',500121 91° 06 14',500396 0,0074 0,0006
NTUS U (m) 75,4124 75,4018 -0,0106 0,0009
NCE™ 1° 20 44’,886558 1° 20 44’,885696 -0,0267 0,0002
EC') 103° 40 47',850404 103° 40 47',848236 -0,0670 0,0004

4. Két luan

Viéc tng dung s6 liéu da hé GNSS ngay cang
tré nén hién hitu & nudc ta. Nhim dong gop mot
phan dénh gia vé tinh kha dung cac hé GNSS ciing
nhu s6 liéu hdn hgp GPS/GLONASS chudi sb ligu
7 ngay do clia 4 diém IGS da dugc xir Iy bang phan
mém Bernese 5.0.

- Viée xtr 1y dugce tién hanh trén co s& phuong
phap chat ché, bang phan mém khoa hoc tién tién
dugc thira nhén trén truong quoc te.

- 86 liéu dugc khai théc tir cac diém IGS dam
bao khdi luong, chat lwong dat chudn qudc té, cac
diém phan b trén khong gian 16n. Cac s6 liéu hd
tro dugc thu thap va cép nhat dﬁy du cho qua trinh
xu ly.

- S6 lidu hdn hop da duoc xtr 1y thanh cong, dat
d6 chinh x4c va tin cy cao; sai sd tuong dbi trung
binh tinh canh xap xi 1/764 000 000, sai s trung
phuong toa d§ sau binh sai 1-2 mm trén quy md
ludi xap xi 4.500km.

- Viéc danh gia tinh kha dung cla ting loai sb
liéu (hay mng he GNSS) yéu cau viéc tong hop so
sanh chi tiét tiép theo. Song cung véi két qua duorc
trinh bay & [7, 8], két qua xir 1y dip nay chi ra rang
sO liéu hdn hop hoan toan dap ung cac nhiém vu
nghién ciru dia dong luc véi do chinh xac cao nhét
trén quy mo khong gian 16n.

V6i wu thé néu trén, viée trién khai cac chuong
trmh ung dung da hé GNSS (may thu da hé, phan
mém xir 1y) can duoc cin nhéc, lya chon nhim
theo kip xu thé thé giéi.

Loi cam on: Bai bao duoc hoan thanh vai su tai
trg cia Vién Han 1am Khoa hoc va Cong nghé Viét
Nam vé Dé tai “Xa 1y sb liéu hdn hop
GPS/GLONASS phuc vu nghién ctru dia dong luc
hién dai”, ma s6: VAST05.03/12-13.
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SUMMARY

Processing GPS/GLONASS data

The GPS/GLONASS data processing and application of two (or more) global positioning system offers many
practical benefits. In this paper, some GNSS data of IGS sites (BAKO, COCO, NTUS and LHAZ) has been collected

and processed by Bernese 5.0 software.

The results show that, baseline processing achieved satisfactory accuracy with relative error about 1/764 000 000,
error of adjusted coordinates smaller than 2 mm in large spatial scales network- the distance about 4500km.

Based on of those parameters, a conclusion can be made, GPS/GLONASS data absolutely fulfill requirements of

investigation crustal movements.
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